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ABSTRACT
Objective: This study compared the efficacy and

safety of low-dose 7-day buprenorphine patches and
prolonged-release tramadol tablets in patients with
chronic, moderate to severe osteoarthritis (OA) pain
of the hip and/or knee.

Methods: Eligible patients were adults with a clini
cal and radiologic diagnosis of OA of the hip and/or
knee and moderate to severe pain, as confirmed by a
mean Box Scale 11 (BS-11) score ::::4 while using par
acetamol 4000 mg/d for pain during the screening
week. Patients were randomized in a 1: 1 ratio to re
ceive either low-dose 7-day buprenorphine patches
(patch strengths of 5, 10, and 20 flg/h, with a maxi
mum dosage of 20 rg/h) or twice-daily prolonged
release tramadol tablets (tablet strengths of 75, 100,
150, and 200 mg, with a maximum dosage of 400 mg/d)
over a 12-week open-label treatment period. Supple
mentary paracetamol was available as rescue medica
tion throughout the study. The primary end point was
the difference in BS-11 scores from baseline to the com
pletion of treatment. Noninferiority was assumed if the
treatment difference on the BS-11 scale was -1.5 boxes,
indicating a clinically meaningful result. Secondary
efficacy variables were rescue medication use, sleep
disturbance and quality of sleep, and patients' and
investigators' global assessments of pain relief. In ad
dition, patient preference was assessed at the comple
tion visit by asking patients whether, given equal pain
relief, they would prefer basic treatment for OA pain
with a patch applied once weekly or a tablet taken
twice daily. Exploratory variables included investiga
tors' assessments of patients' pain, stiffness, and abili
ty to perform daily activities (Western Ontario and
McMaster Universities Osteoarthritis Index); patients'
quality of life (EuroQol EQ-5D health states index
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and EuroQol visual analog scale); and abuse and di
version of study drug.

Results: One hundred thirty-four patients (69 re
ceiving 7-day buprenorphine patches and 65 receiving
tramadol tablets) were randomized and received
::::1 dose of study medication. A respective 98.6% and
100% of the 2 treatment groups were white, with
mean (SD) ages of 64.4 (11.1) and 64.2 (9.3) years.
Both treatments were associated with a clinically
meaningful reduction in pain from baseline to study
completion. The least squares mean change from base
line in BS-11 scores in the 7-day buprenorphine patch
and tramadol tablet groups was -2.26 (95% CI, -2.76
to -1.76) and -2.09 (95% CI, -2.61 to -1.58). The
efficacy of 7-day buprenorphine patches was non
inferior to that of prolonged-release tramadol tablets.
The incidence of adverse events (AEs) was comparable
in the 2 treatment groups: 226 AEs were reported in
61 patients (88.4%) in the 7-day buprenorphine patch
group, and 152 AEs were reported in 51 patients
(78.5%) in the tramadol group. Ten patients (14.5%)
in the 7-day buprenorphine patch group and 19 (29.2%)
in the tramadol tablet group withdrew from the study
due to AEs. The most common AEs in the 7-day bu
prenorphine patch group were nausea (30.4%), con
stipation (18.8%), and dizziness (15.9%); the most
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common AEs in the tramadol tablet group were nau
sea (24.6%), fatigue (18.5%), and pain (12.3%). Most
patients (47/67 [70.1 %] in the 7-day buprenorphine
patch group and 43/61 [70.5%] in the tramadol tablet
group) reported that they would prefer a 7-day patch
to a twice-daily tablet for future pain treatment.

Conclusions: In these patients with chronic, moder
ate to severe OA pain of the hip and/or knee, 7-day
low-dose buprenorphine patches were an effective and
well-tolerated analgesic. The buprenorphine patches
were noninferior to prolonged-release tramadol tab
lets. European Union Drug Regulating Authorities
Clinical Trials number: 2006-003233-32. (Clin Ther.
2009;31:503-513) © 2009 Excerpta Medica Inc.

Key words: transdermal, buprenorphine, knee osteo
arthritis, hip osteoarthritis, pain, tramadol.

INTRODUCTION
Osteoarthritis (OA) is the most prevalent joint disease
worldwide. Results of a 2004 telephone survey involv
ing 4839 respondents indicated that just under 1 in
5 European adults had a chronic pain condition for at
least 6 months, and that arthritis was the most fre
quent cause of pain. 1 No curative treatments are
available for OA. Its main symptom is pain; therefore,
effective analgesia plays a pivotal role in the medical
treatment of OA. Swedish guidelines recommend par
acetamol for the initial treatment of OA pain.2 If
paracetamol does not provide optimal treatment of
pain, the guidelines recommend second-line treatment
with a low-potency opioid analgesic (eg, codeine, dex
tropropoxyphene) or tramadol. The 7-day buprenor
phine patches, which are available in low doses, fit the
guideline recommendations in this respect.3- 5

Buprenorphine is a synthetic opioid analgesic with
partial fl-opioid-agonist and K-opioid-antagonist
properties. 6- 8 It has been marketed in Scandinavia in
parenteral (0.3 mg/rnL) and sublingual (0.2 and 0.4 mg)
forms since the early 1980s, primarily for the manage
ment of postoperative pain. Sublingual buprenorphine
was approved in Scandinavia in 1999 for the treat
ment of addiction.9 In 2005, 7-day buprenorphine
patches·' (5, 10, and 20 flg/h) were approved in Swe
den for the treatment of severe opioid-responsive pain
conditions that have not responded adequately to

*Trademark: Norspan® (Mundipharma AB, Gbteborg,
Sweden).
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nonopioid analgesics. 10 The 7-day buprenorphine
patches have also been approved in Australia, Den
mark, Finland, Iceland, Ireland, Israel, New Zealand,
Norway, South Korea, and the United Kingdom. They
are not currently approved in the United States. Bu
prenorphine is classified as a narcotic drug in Sweden.9

The availability of 7-day buprenorphine patches in
3 low-dose strengths enables titration to achieve opti
mal pain control 10 and provide continuous delivery of
buprenorphine over a 7-day period. Given that ap
propriate analgesic prescribing can be difficult in
elderly patients with OA and that patients may be
taking a number of concomitant medications, the
buprenorphine patches offer an alternative to the use
of oral medication. A patch that provides 7 days'
background analgesia may improve patient compli
ance by reducing the pill burden. Adverse effects that
have been reported with the use of 7-day buprenor
phine patches are nausea, dizziness, and constipation,
all well-known fl-opioid agonist-related effects, and
application-site reactions. 10

Tramadolt is a centrally acting fl-opioid receptor
analgesic. It is a nonselective pure agonist at fl-, 8-,
and K-opioid receptors, with a higher affinity for the
fl-opioid receptor. 11 The analgesic effect of tramadol
is mediated mainly by its metabolite (+) M1 ([+]-0
desmethyltramadol), which has ~300-fold higher af
finity for the fl-opioid receptor than does the parent
compound. 12 This metabolite is produced by the ac
tion of the cytochrome P450 (CYP) 2D6 isozyme. A
gene mutation occurring in ~7% to 10% of Northern
Europeans renders them unable to metabolize trama
dol to its active metabolite; as a result, they may re
ceive little, if any, analgesia from its use. 13- 15 CYP2D6
activation may also cause some drug interactions.
Studies of tramadol have suggested that administra
tion of the antiarrhythmic agent quinidine, a known
CYP2D6 inhibitor, eliminates the analgesic effect of
tramadol. 16 Tramadol also has an antidepressant ef
fect due to stimulation of neuronal serotonin release
and inhibition of presynaptic reuptake of noradrena
lin and serotonin. 17 Tramadol is approved in Sweden
for the treatment of chronic pain,ll although there are
few data on its long-term tolerability and efficacy.
Reported adverse effects associated with tramadol are
dizziness, nausea, sedation, dry mouth, and sweating. 18

tTrademark: Tiparol® Retard (AstraZeneca AB, Sbdertalje,
Sweden).
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Sleep disturbances have also been reported. Tramadol
is reported to be associated with a lower prevalence of
opioid adverse effects such as constipation. 19 This
may be due to its weak affinity for opioid receptors. 20

It has also been reported to have little depressive effect
on respiration. 21 However, tramadol has been associ
ated with psychiatric drug reactions (hallucinations and
confusion).22 Since June 2008, tramadol has been clas
sified as a narcotic drug in Sweden because of the risk
for abuse and physical and psychological dependence.23

The present study was conducted to evaluate the ef
ficacy and safety of low-dose 7-day buprenorphine
patches (5, 10, and 20 flg/h) compared with prolonged
release tramadol tablets (75, 100, 150, and 200 mg) in
patients with chronic, moderate to severe OA pain of
the hip and/or knee.

PATIENTS AND METHODS
This randomized, open-label, controlled, parallel
group noninferiority study was conducted at 14 sites
in Sweden. The study was performed in accordance
with the Declaration of Helsinki, the Good Clinical
Practice guidelines, and applicable regulatory require
ments. The clinical study protocol, patient information
sheet, and informed-consent form were approved by
the appropriate independent ethics committee. All pa
tients signed the informed-consent form at screening
before any study-specific procedures were conducted.

Eligible patients were aged >18 years with a clinical
diagnosis of OA of the hip and/or knee, based on
American College of Rheumatology and radiographic
criteria.24,25 Analgesia in the primary osteoarthritic
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Jomt had to be suboptimal in the week before the
baseline visit, as evidenced by a Box Scale 11 (BS-11)
score ::::4. In addition, patients had to experience in
adequate pain relief while taking immediate-release
paracetamol 4000 mg/d during the screening week.
Patients were excluded from the study if they had
been treated for OA pain with high-potency opioid
analgesics (eg, morphine, fentanyl, oxycodone, metha
done, hydromorphone, ketobemidone, buprenorphine)
or with a usual dose of tramadol, codeine, or dextro
propoxyphene for >1 week in the past 3 months; if
they required frequent analgesic therapy for other
chronic conditions (eg, migraine, gout, rheumatoid
arthritis); if they were scheduled for surgery during
the screening or treatment phase of the study; if they
were abusing controlled substances or alcohol or, in
the opinion of the investigator, demonstrated behav
iors suggestive of addiction or substance abuse; and if
they received a diagnosis of cancer (except basal cell
carcinoma) or had cancer in the past 5 years (except
treated basal cell carcinoma).

The study consisted of a screening phase, a treat
ment phase, and a follow-up phase (Figure 1). The
screening visit (visit 1) was conducted 1 week before
the baseline visit. At visit 1, the patient discontinued
current analgesic treatment and began taking sponsor
provided paracetamol tablets (4000 mg/d). Paracet
amol tablets (0:;2000 mg/d) were also available as res
cue medication throughout the study. At the baseline
visit (visit 2), a computer-generated randomization
schedule was used to allocate patients to receive 7-day
buprenorphine patches or twice-daily oral tramadol

Screening
phase

1 Week

Screening Randomization
visit visit (baseline)

Open-label treatment phase Follow-up

12 Weeks 2 Weeks

Completion Follow-up
visit visit

V1 V2 V3 V4 VS V6 V7 V8 V9

Figure 1. Study design. V = visit.
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tablets. Randomization was performed in randomly
permuted blocks of 10 patients. Patients were allocated
to 7-day buprenorphine patches or oral twice-daily
tramadol tablets in a 1:1 ratio balanced over all
blocks, but not within each block to avoid bias. Sealed
envelopes with the treatment codes were forwarded to
the investigators at each site. Eligible patients were
randomized to the lowest available patient number at
their site.

The study involved a maximum of 9 visits; the
follow-up visit (visit 9) could be conducted by tele
phone if all used (patches) and unused (tablets) study
medication had been returned. The treatment phase
lasted 12 weeks, during which doses of study medica
tion could be titrated as needed to achieve stable pain
control. The possible doses of the 7-day buprenorphine
patches were 5, 10, 15, and 20 flg/h; up to 2 patches
could be worn at the same time to achieve the re
quired doses. The possible doses of tramadol tablets
were 150, 200, 300, and 400 mg/d. The selection of
doses was made according to recommendations in the
summary of product characteristics for each drug10,11

and based on general guidelines for the treatment of
pain. 4 Investigators assessed whether patients had
achieved stable pain control based on information
entered on the case record form, including adverse
events (AEs), and in patient diaries (pain score and
number of paracetamol tablets taken). Antiemetics
could be taken as needed.

After completion of or withdrawal from the study,
patients stopped taking study medication. Because of
their sustained-release formulations, no downward
titration of either study drug was considered neces
sary. However, if downward titration was required,
it was to be completed within 3 to 4 days, and the
patient had to attend the follow-up visit (visit 9) in
person.

Study Assessments
The primary efficacy measure was the mean weekly

BS-11 pain score, calculated from the scores recorded
in the patient diaries every evening. Secondary efficacy
measures included the patient-recorded number of
paracetamol tablets (rescue medication) taken daily.

Sleep disturbance and quality of sleep were as
sessed by asking patients the following questions:
"How many nights have you woken due to pain in the
past 7 nights?" and "Please rate the quality of sleep
over the past 7 nights" (response options: very poor,
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poor, fair, good, and very good). These questions were
asked at screening, baseline, and all visits during the
treatment phase (visits 3-8).

At the completion visit (visit 8), a global assessment
of pain relief was obtained by asking patients and
investigators to rate the study medication in terms of
pain relief (very poor, poor, fair, good, or very good).
Patient preference was assessed at the completion visit
by asking subjects the following question: "Imagine
equal pain relief-what would you prefer as a basic
analgesic treatment for your OA pain in the future: a
patch applied once a week or a tablet taken twice
daily?"

To assess patient compliance, the site clinical re
search associate reviewed drug accountability during
site visits and at the completion of the study.

Exploratory Measures
At visits 1,2, and 8, investigators assessed patients'

pain, stiffness, and ability to perform daily activi
ties using the Western Ontario and McMaster Univer
sities (WOMAC) Osteoarthritis Index. They evaluated
patients' quality of life using the EuroQol EQ-5D
health states index and the EuroQol visual analog
scale (EQ-VAS).

At visit 8, the investigators recorded any findings of
abuse or diversion of the study drug on a specific page
in the case record form. The following questions were
used to capture these data: (1) "Was there any indica
tion of abuse of alcohol or illicit drugs by this subject
at any time during the study?" (2) "Was there any indi
cation of abuse of the study drug by this subject at any
time during the study?" and (3) "Was there any indica
tion of diversion of this subject's study drug to someone
other than the subject at any time during the study?"

Safety Assessments
At each study visit, the investigator asked patients

if they had experienced any AEs. All serious AEs
(SAEs) were reported on a standard SAE form within
24 hours. At visits 2 and 8, a physical examination
was performed, and systolic and diastolic blood pres
sure and heart rate were measured.

Statistical Methods
It was estimated that 39 patients completing treat

ment in each group would provide 90% power at the
2.5% significance level to suggest that the 7-day bu
prenorphine patches were noninferior to the tramadol
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tablets. The main study hypothesis was that the re
sponse to 7-day buprenorphine patches would be
noninferior to the response to tramadol tablets; non
inferiority was assumed if the treatment difference on
the BS-II scale was -1.5 boxes, indicating a clinically
meaningful difference. For the primary efficacy mea
sure, a I-sided CI for the mean treatment difference
was calculated with a 97.5% coverage probability.
A 95% CI for the treatment difference was calculated
in the same way for the secondary variables. No for
mal statistical inference was performed for the safety
analysis. Variables for the 2 treatment groups are pre
sented using descriptive statistics.

M. Karlsson and A.-c. Berggren

The full analysis set (FAS) included all patients who
were randomized and received at least 1 dose of study
medication. The per-protocol analysis set (PPAS) in
cluded patients who were in the FAS and had no ma
jor protocol violations.

RESULTS
The numbers of patients completing each part of the
study and the reasons for withdrawal are shown in
Figure 2. The FAS included 69 patients in the 7-day
buprenorphine patch group and 65 patients in the
tramadol tablet group (66 patients were randomized
to receive tramadol, but 1 patient in the tramadol

Screened
(N=l72)

~
Randomized

(n ~ 135)

~
~ ~

7-Day buprenorphine patches Tramadol
(n = 69) (n = 66)

~ ~
Withdrew (n - 14) Withdrew (n - 21)

Adverse event (1 0) Adverse event (1 9)
Protocol violation (3) Withdrawal of consent (1)
Other (1) Lost to follow-up (1)

~ ~
Completed Completed

(n = 55) (n = 45)

~ ~
Analyzed for efficacy Analyzed for efficacy

(n= 69 [FAS], (n= 65 [FAS],
n = 49 [PPAS]) n = 41 [PPAS])

Figure 2. Flow of patients through the study. FAS = full analysis set; PPAS = per-protocol analysis set.
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tablet group discontinued immediately after randomi
zation). After removing patients in the FAS who had
major protocol violations, the PPAS included 49 and
41 patients, respectively; the most common major
protocol violations were lack of treatment for at least
79 days and occurrence of the visit-8 BS-11 assess
ment before day 78. The demographic characteristics
of the treatment groups are summarized in Table I.

Efficacy Assessments
Table II summarizes mean BS-11 pain scores at

baseline and study completion, and the least squares
mean change in scores from baseline to study comple
tion. The upper confidence limit for the difference
between the 7-day buprenorphine patch group and
the tramadol tablet group was 0.54 in the FAS analy
sis and 0.59 in the PPAS analysis. Both values were
below the prespecified noninferiority margin (treat
ment difference of -1.5 boxes).

In the FAS, the mean number of rescue paracetamol
tablets used during the study was 206.4 in the 7-day
buprenorphine patch group and 203.7 in the trama
dol tablet group. In the PPAS, the corresponding val
ues were 223.9 and 244.8 tablets. These differences
between groups were not statistically significant.

The number of nights in the preceding 7 nights that
patients reported waking because of pain decreased
by 2 nights between baseline and study completion
in both treatment groups (FAS). In the PPAS, the
decrease was 2.5 nights in the 7-day buprenorphine
patch group and 2.9 nights in the tramadol tablet
group. The difference between treatments was not
statistically significant in either analytic set.

The quality of sleep was reported as improved by
at least 1 category from baseline to study completion
by 59% of patients in the 7-day buprenorphine patch
group and 48% of patients in the tramadol tablet
group (FAS). In the PPAS, the corresponding values
were 71 % and 63 %. The difference was not statisti
cally significant between groups.

The global impression of pain relief derived from
patients' (Table III) and investigators' (Table IV) rat
ings of the study medication compared with prestudy
medication significantly favored the 7-day bupre
norphine patches (P = 0.039 and P = 0.020, respec
tively). Numerically more patients in the 7-day bu
prenorphine patch group (FAS) reported that they
achieved good or very good pain relief compared with
the tramadol group (44 vs 33, respectively) (Table III).
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Table I. Demographic characteristics of the full
analysis set.

7-Day
Buprenorphine Tramadol

Patches Tablets
Characteristic (n = 69) (n = 65)

Age, y
Mean (SD) 64.4 (11.1) 64.2 (9.3)

Median
(range) 64.0 (36-87) 63.0 (43-88)

Age group,
no. (%)

>65 Years 33 (47.8) 25 (38.5)

>75 Years 12 (17.4) 9 (13.8)

Sex, no. (%)
Female 41 (59.4) 35 (53.8)

Male 28 (40.6) 30 (46.2)

Race, no. (%)
White 68 (98.6) 65 (100)

Asian 1 (1.4) 0

The results were similar in the PPAS group. On the
patient preference question, 90 of the 128 patients
(70.3 %) who answered the question preferred a patch
applied once a week (95% CI, 62-78) (FAS); in the
PPAS, 57 of 89 patients (64.0%) answering the ques
tion preferred a once-weekly patch (95% CI,54-74).

There were changes from baseline to study comple
tion on all WOMAC Osteoarthritis Index subscale scores
in both treatment groups, with no significant differ
ences between treatment groups. As measured on the
EQ-5D, mobility, self-care, usual activities, and pain!
discomfort did not differ significantly between groups.
There was an improvement in anxiety/depression in
the tramadol group. There were also improvements on
the EQ-VAS in both treatment groups but no differ
ence between treatments. There was no indication of
abuse or diversion in either treatment group.

Safety Profile
There were no differences between groups in terms

of the total number of AEs or total number of patients
with at least 1 AE. Two hundred twenty-six AEs were
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Table II. Box Scale 11 (BS-11) scores at baseline and study completion, and change from baseline to study
completion.

Variable

BS-11 score, mean (SO)
Baseline
Study completion

Point estimate for
change from baseline,
LSM (95% CI)

Full Analysis Set Per-Protocol Analysis Set

7-0ay 7-0ay
Buprenorphine Tramadol Buprenorphine Tramadol

Patches Tablets Patches Tablets
(n = 69) (n = 65) (n = 49) (n = 41)

6.16 (1.35) 6.21 (1.55) 6.07 (1.31) 6.39 (1.58)
3.92 (2.07) 4.10 (2.15) 3.50 (1.83) 3.80 (2.20)

-2.26 -2.09 -2.69 -2.43
(-2.76 to -1.76) (-2.61 to -1.58) (-3.27 to -2.12) (-3.06 to -1.80)

Point estimate for
difference in change
from baseline between
7-day buprenorphine patches
and tramadol tablets,
LSM (95% CI)

LSM = least squares mean.

-0.17
(-0.89 to 0.54)

-0.26
(-1.11 to 0.59)

Table III. Patients' ratings of pain relief with Table IV. Investigators' ratings of pain relief with
study medication compared with their study medication compared with pa-
prestudy medication (full analysis set).* tients' prestudy medication (full analy-
Data are no. (%) of patients. sis set).* Data are no. (%) of patients.

7-0ay 7-Day
Buprenorphine Tramadol Buprenorphine Tramadol

Patches Tablets Patches Tablets
Rating (n = 68) (n = 62) Rating (n = 68) (n = 63)

Very poor 1 (1.5) 6 (9.7)
Very poor 1 (1.5) 4 (6.3)

Poor 6 (8.8) 15 (24.2) Poor 4 (5.9) 16 (25.4)

Fair 17 (25.0) 8 (12.9) Fair 14 (20.6) 9 (14.3)

Good 28(41.2) 22 (35.5) Good 38 (55.9) 25 (39.7)

Very good 16 (23.5) 11 (17.7) Very good 11 (16.2) 9 (14.3)

*P ~ 0.039 for 7-day buprenorphine patches versus *p = 0.020 for the difference between 7-day buprenor-
tramadol tablets. phine patches and tramadol tablets.
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reported in 61 patients (88.4%) in the 7-day buprenor
phine patch group, and 152 AEs were reported in 51 pa
tients (78.5%) in the tramadol group. There were too
few events in the various Medical Dictionary for Regu
latory Activities organ classes to draw any conclusions
regarding differences between the treatments.

The most common AE in both groups was nausea,
reported by 21 patients (30.4%) in the 7-day buprenor
phine patch group and 16 patients (24.6%) in the
tramadol tablet group (Table V). The next most com
mon AEs in the 7-day buprenorphine patch group
were constipation (18.8%) and dizziness (15.9%); in
the tramadol tablet group, the next most common
AEs were fatigue (18.5%) and pain (12.3%).

Fourteen patients (20.3%) in the 7-day buprenor
phine patch group and 21 (32.3%) in the tramadol
tablet group withdrew from the study. Ten (14.5%)
and 19 (29.2%) of the respective withdrawals were
due to AEs.

Three SAEs were reported during the study, all in
the tramadol group. The SAEs of abdominal pain and
chest pain were not considered related to treatment.
The only SAE considered possibly related to study
medication was a subendocardial myocardial infarc-

tion in a 66-year-old man for whom no medical his
tory was available. At study entry, the patient began
treatment with tramadol150 mg/d, which was titrated
to 200 mg/d after a week. The patient, who took only
1 tablet (75 mg) of his assigned dose of 150 mg/d,
contacted the investigator 5 days later because of pain
in the chest radiating into the neck. Electrocardio
graphic findings, blood pressure, and laboratory test
results were normal. Five days later, the pain had
worsened, and the patient was anxious and sweating.
He was hospitalized and subsequently recovered. This
patient was withdrawn from the study.

There were no clinically significant changes in
blood pressure or heart rate from screening to the end
of the study in either treatment group.

DISCUSSION
The results of this noninferiority study of low-dose
7-day buprenorphine patches and prolonged-release
tramadol tablets suggest that the buprenorphine
patches were noninferior to the tramadol tablets, and
that both products provided statistical and clinically
significant reductions in pain. The validated BS-ll
pain scale was used to measure pain reduction. How-

Table V. Most commonly reported adverse events, by Medical Dictionary for Regulatory Activities (MedORA)
preferred term (safety population).

7-Day Buprenorphine Patches Tramadol Tablets
(n = 69) (n = 65)

No. (%) of No. (%) of
MedORA Patients No. of Patients No. of
Preferred Term Reporting Event Events Reporting Event Events

Nausea 21 (30.4) 26 16 (24.6) 19
Constipation 13 (18.8) 15 5 (7.7) 6
Dizziness 11 (15.9) 11 3 (4.6) 3
Pain 10 (14.5) 13 8 (12.3) 8
Hyperh idrosis 10 (14.5) 10 4 (6.2) 5
Fatigue 9 (13.0) 10 12 (18.5) 12
Vertigo 9 (13.0) 13 1 (1.5) 1
Headache 8 (11.6) 13 7 (10.8) 7
Arthralgia 4 (5.8) 5 2 (3.1) 2
Application-site pruritus 4 (5.8) 4 0 0
Edema, peripheral 4 (5.8) 4 0 0
Nasopharyngitis 4 (5.8) 5 0 0
Dry mouth 2 (2.9) 2 7 (10.8) 8
Pruritus 2 (2.9) 2 6 (9.2) 7
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ever, it is becoming increasingly clear that pain reduc
tion cannot be measured in isolation and that a num
ber of other factors should be taken into account,
including the use of rescue analgesics, quality of sleep,
functionality, AEs, and patients' overall impression of
treatment. In the present study, these additional fac
tors were analyzed through the secondary and explora
tory end points, as well as in the safety assessment.

A noninferiority design was chosen as, at the time
the study was planned, no other studies comparing the
low-dose 7-day buprenorphine patch and a clinically
relevant and commonly used treatment in Sweden had
been conducted in patients with chronic, moderate to
severe OA pain of the hip and/or knee. There was also
limited clinical experience with use of the patch.

In Sweden, the most commonly prescribed formu
lation of tramadol is the short-acting one. It may
therefore be argued that the prolonged-release formu
lation used in this trial does not reflect typical clini
cal practice in Sweden. The reason for selecting the
prolonged-release formulation was to conduct a usual
care comparison between 2 long-acting preparations.
The current Swedish treatment guidelines for chronic
pain conditions recommend the use of long-acting
preparations.4

The demographic characteristics of the study popu
lation, particularly with respect to sex and racial dis
tribution, reflected the characteristics of the overall
Swedish population. One weakness of the study may
be the low proportion of patients aged> 75 years. The
mean age of the study population was 64 years, but a
considerable number of patients with OA pain in the
hip and/or knee are aged >75 years.

Most secondary and exploratory parameters sug
gested favorable changes or significant improvements
from baseline to study completion with both treatments.
The exceptions were patients' and investigators' rat
ings of pain relief with study medication compared
with prestudy medication, which were significantly
higher for the 7-day buprenorphine patches compared
with tramadol tablets (P = 0.039 and P = 0.020,
respectively), and the significantly lower incidence of
anxiety/depression at study completion in the trama
dol tablet group compared with the 7-day buprenor
phine patch group (FAS: P = 0.049; PPAS: P = 0.036).
The latter finding may have been a result of the anti
depressant activity of tramadol. In addition, 70.3 % of
patients, regardless of treatment allocation, indicated
that they would prefer treatment with a patch applied
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once weekly rather than a tablet taken twice daily. This
preference with respect to the mode of drug delivery
may lead to improved patient compliance, which is an
important factor in successful pain management.

Based on previous studies and clinical experience,
the AEs reported in the 2 treatment groups were as
expected. Nausea was the most common AE in both
treatment groups. Antiemetics could be taken if need
ed, but not as prophylactic treatment. Considering the
findings of this study, a prophylactic approach may be
advisable for both products.

Transdermal treatment can cause skin irritation at
the application site, predominantly due to the adhe
sives used or to the drug itself. The general recommen
dation for avoiding skin irritation is to keep the skin
in good condition, for example by using skin lotion
regularly and avoiding skin dehydration. The patch
application site should be changed weekly when the
old patch is removed and a new patch is applied. lO

One patient experienced a subendocardial myocar
dial infarction that was considered possibly related to
tramadol. According to the summary of product char
acteristics for tramadol,ll cardiovascular events are
uncommon AEs for this product.

Even though the pattern of reported AEs was as
expected in both treatment groups, premature discon
tinuation of study treatment due to AEs was approxi
mately twice as high in the tramadol tablet group as
in the 7-day buprenorphine patch group. The reason
for this difference is unclear, although the explanation
could be of clinical importance, as the results reflect a
common clinical experience. The most common rea
son for withdrawal in both treatment groups was AEs,
the most common of which was nausea.

An open-label design was chosen for 2 reasons. The
primary consideration was to reflect usual clinical
practice in a way that was relevant to the 2 treatment
options studied, including slow titration, flexible dos
ing, and minimized use of concomitant and rescue
analgesics.26 Second, it was necessary to allow flexible
dose titration in accordance with the prescribing in
formation for the 2 products, treatment guidelines,
and individual needs. Use of this design may have in
troduced bias, as patients and investigators may have
had differing expectations with respect to the allocat
ed treatments. When the study was designed, it was
felt that the potential benefits of an open-label design
outweighed those of a blinded design. The higher
dropout rate in the tramadol group may also be as-
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sociated with the open-label design, as it is well docu
mented that patients enroll in clinical trials in hopes
of receiving a newer treatment. Nevertheless, the total
study dropout rate was lower than rates in other pub
lished chronic pain studies.

CONCLUSIONS
In these patients with chronic, moderate to severe OA
pain of the hip and/or knee, 7-day low-dose buprenor
phine patches were effective in providing pain relief
and were well tolerated. The 7-day buprenorphine
patches were noninferior to prolonged-release trama
dol tablets.

ACKNOWLEDGM ENTS
This study was sponsored and designed by Mundi
pharma AB, Goteborg, Sweden, and was conducted by
qualified investigators. Data were gathered by the
sponsor and evaluated jointly by the authors and the
sponsor. The authors are responsible for the integrity
and accuracy of the data analysis, were involved in the
development and writing of the manuscript, and had
final responsibility for the decision to submit the
manuscript for publication.

The authors thank Louisa Thompson, Napp Phar
maceuticals Limited, Cambridge, United Kingdom,
who provided medical writing services on behalf of
Mundipharma AB.

REFERENCES
1. Breivik H, Collett B, Ventafridda V, et al. Survey ofchronic

pain in Europe: Prevalence, impact on daily life, and treat
ment. fur} Pain. 2006;10:287-333.

2. Information from the Medical Products Agency. Treat

ment of osteoarthritis: Treatment recommendations [in

Swedish]. 3:2004.

3. Information from the Medical Products Agency. Treat

ment of osteoarthritis [in Swedish]. 2004;13:19-25.

4. Information from the Medical Products Agency. Use of

opioids for chronic nonmalignant pain-recommendations

[in Swedish]. 2002;1:17-28.

5. The Swedish Council on Technology Assessment in Health

Care. Methods for treatment of chronic pain [in Swed

ish]. Stockholm, Sweden: SBU; 2006.

6. Heel RC, Brogden RN, Speight TM, Avery GS. Buprenor

phine: A review of its pharmacological properties and

therapeutic efficacy. Drugs. 1979; 17:81-110.

7. Hoskin Pj, Hanks GW. Opioid agonist-antagonist drugs

in acute and chronic pain states. Drugs. 1991 ;41 :326

344.

512

8. Lewis jW. Clinical pharmacology of buprenorphine in re

lation to its use as an analgesic. In: Cowan A, Lewis jW,

eds. Buprenorphine: Combating Drug Abuse with a Unique Opi

oid. New York, NY: Wiley-Liss; 1995:151-163.

9. Subutex 0.4 mg, 2 mg and 8 mg sublingual tablets [sum

mary of product characteristics]. Welwyn Garden City,

UK: Schering-Plough Ltd; 1998.

10. Norspan [summary of product characteristics]. Ander

nach, Germany: Lohmann Therapie-Systeme AG; 2006.

11. Tiparol Retard [summary of product characteristics].

Sbdertalje, Sweden: AstraZeneca AB; 2007.

12. Grond 5, Sablotzki A. Clinical pharmacology oftramadol.

Clin Pharmacokinet. 2004;43:879-923.

13. Lurcott G. The effects of the genetic absence and inhibi
tion of CYP2D6 on the metabolism of codeine and its de

rivatives, hydrocodone and oxycodone. Anesth Prog. 1998;

45:154-156.

14. Eckhardt K, Li 5, Ammon 5, et al. Same incidence of ad

verse drug events after codeine administration irrespective

of the genetically determined differences in morphine

formation. Pain. 1998;76:27-33.

15. Poulson L, Arendt-Nielsen L, Br0sen K, Sindrup SH. The

hypoalgesic effect oftramadol in relation to CYP2D6. Clin

Pharmacol Ther. 1996;60:636-644.

16. Hersh EV, Pinto A, Moore P. Adverse drug interactions

involving common prescription and over-the-counter an

algesic agents. Clin Ther. 2007;29(Suppl):2477-2497.

17. Mongin G. Tramadol extended-release formulations in

the management of pain due to osteoarthritis. Expert Rev

Neurother. 2007;7: 1775-1784.

18. Lee CR, McTavish D, Sorkin EM. Tramadol. A preliminary

review of its pharmacodynamic and pharmacokinetic

properties, and therapeutic potential in acute and chronic

pain states. Drugs. 1993;46:313-340.

19. Cossmann M, Wilsmann K. Effects and side-effects of

tramadol. An open Phase IV study with 7198 patients [in

German]. Therapiewoche. 1987;37:3475-3485.

20. Raffa RB, Nayak RK, Liao S. The mechanism(s) of action

and pharmacokinetics of tramadol hydrochloride. Rev

Contemp Pharmacother. 1995;6:485-497.

21. Vickers MD, O'Flaherty D, Szekely SM, et al. Tramadol:

Pain reliefby an opioid without depression of respiration.

Anaesthesia. 1992;47:291-296.

22. Committee on the Safety of Medicines, Medicines Control

Agency. Tramadol (Zydol)-psychiatric reactions. In: Cur

rent Problems in Pharmacovigilance. 1995;21 :2.

23. Medical Products Agency. The substance tramadol now has

the same drug classification as codeine and dextropropoxy

phene [in Swedish]. Uppsala, Sweden: May 14,2008.

24. Katz N. Methodological issues in clinical trials of opioids

for chronic pain. Neurology. 2005;65(Suppl 4):532-549.

25. Altman R, Asch, E, Bloch D, et ai, for the Diagnostic and

Therapeutic Criteria Committee ofthe American Rheuma-

Volume 31 Number 3



tism Association. Development of

criteria for the classification and

reporting of osteoarthritis. Classifi

cation of osteoarthritis of the knee.

Arthritis Rheum. 1986;29:1039-1049.
26. Altman R, Alarcon G, Appelrouth

D, et al. The American College of

Rheumatology criteria for the clas

sification and reporting of osteoar

thritis of the hip. Arthritis Rheum.

1991 ;34:505-514.

March 2009

M. Karlsson and A.-c. Berggren

Address correspondence to: Mats Karlsson, MD, Smartkliniken Sankt
Olaf, Odengatan 24 (Collegium Park), SE-521 43 Falkoping, Sweden.
E-mail: mats@smartkliniken.se

513




