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ORIGINAL RESEARCH

Buprenorphine transdermal system compared with placebo reduces
interference in functioning for chronic low back pain

Aaron Yarlas1, Kate Miller1, Warren Wen2, Shau Yu Lynch2, Catherine Munera2, Joseph V. Pergolizzi Jr3,4,5,
Robert Raffa6 & Steven R. Ripa2

1Optum, Lincoln, RI, 2Purdue Pharma LP, Stamford, CT, 3Department of Medicine, Johns Hopkins University, Baltimore, MD, USA, 4Department of
Anesthesiology, Georgetown University School of Medicine, Washington, DC, USA, 5Department of Pharmacology, Temple University School of
Medicine, Philadelphia, PA, and 6Department of Pharmaceutical Sciences, Temple University School of Pharmacy, Philadelphia, PA, USA

Abstract

Objective: This study examines the efficacy of the buprenorphine transdermal system (BTDS) for
reducing the interference of pain on physical and emotional functioning associated with chronic
low back pain (CLBP). Methods: A post-hoc analysis used data from a randomized, placebo-
controlled, double-blind trial of patients with moderate-to-severe CLBP. The Brief Pain Inventory
(BPI) measured pain interference at screening, following a run-in period, and during the 12-week
double-blind treatment phase. Statistical analyses examined treatment arm differences (BTDS vs
placebo) for the following: BPI Interference subscale items and subscale scores at the trial end
point (week 12); patterns of change in the Interference subscale scores over time; proportions of
patients indicating mild or no interference following treatment; and proportions of patients
showing improvement (30%, 50%, 2-point, or 4-point change in score from screening to week
12) for each item and subscale. Results: Mean scores for BPI Interference items and Interference
subscale were significantly lower (ie, indicated less interference) for BTDS than for placebo (all
P < 0.001). Treatment arm differences in Interference subscale scores emerged within 4 weeks of
treatment. The BTDS patients were significantly more likely to indicate mild/no interference on
5 of 7 Interference subscale items following treatment (P < 0.05). For most comparisons, BTDS
patients were significantly more likely to show criterion-level improvements in Interference item
and subscale scores (P < 0.05 for differences). Discussion: Results indicate the efficacy of BTDS
treatment, compared with placebo, for reducing the interference of pain on physical and
emotional functioning in patients with moderate-to-severe CLBP. The advantage of BTDS was
observed within 4 weeks of treatment, and was maintained throughout the 12-week treatment
phase.
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Introduction

Low back pain (LBP) is a common and costly condition in
the industrialized world. As the most prevalent type of
bodily pain reported in the United States [1], LBP imposes a
considerable economic and societal burden [2]. Estimates of
direct costs of LBP treatment in the United States range
from $12 billion to $90 billion annually [3], and LBP is the
single largest cause of costs due to time absent for work
compared with all other conditions [4]. About 10% of LBP
cases persist for ‡ 3 months [5,6], meeting a common
definition of chronic low back pain (CLBP) [7].

The societal impact of CLBP is likely due not only to the
direct effect of pain itself, but also to the indirect effects that
pain exerts on a person’s physical and psychological
functioning. CLBP impedes patients’ health-related quality
of life, including limitations in physical functioning, work,
and social functioning, as well as in their mental and

emotional health [8–11]. Further, effective pain treatment
has been shown to reduce impairments in these secondary
outcomes of CLBP as well [9,11–14].

The buprenorphine transdermal system (BTDS; Butrans�,
Purdue Pharma L.P., Stamford, CT) is a skin patch that con-
tinuously delivers 5, 10, 15, or 20 mg/h of buprenorphine for
7 days. Previous studies have shown BTDS to be effective
for reducing pain [15–17] and improving generic health-
related quality of life [11,18] in patients suffering from
moderate-to-severe CLBP. However, it has not yet been
shown whether this treatment also reduces the pain-specific
impact on a variety of activities and factors, including
walking, working, sleeping, mood, and life satisfaction.

The analysis presented here addresses this gap using data
from a randomized, placebo-controlled, double-blind trial of
BTDS in patients with moderate-to-severe CLBP. Trial
patients completed the Brief Pain Inventory (BPI) [19], a
patient-reported survey instrument that measures the impact
of both pain severity as well as the interference of pain on a
variety of outcomes. As one of the most commonly used
patient-reported instruments in CLBP patients [20], the BPI
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has been validated for use in this patient population [21] and
has been shown to be responsive to pain-relief treatment in
several studies of CLBP patients [13,22,23]. The current
analyses examine changes in BPI scores as a function of
treatment in order to test the efficacy of BTDS for reducing
pain-specific impairments in physical, emotional, social, and
everyday functioning.

Materials and methods

Sample and study design

This post-hoc analysis used data from opioid-naive adult
patients with moderate-to-severe CLBP who were enrolled
in a multicenter, randomized, double-blind, placebo-
controlled trial of BTDS (Clinicaltrials.gov Identifier:
NCT00490919). “Opioid-naive” was defined in this trial as a
patient who was receiving nonopioid analgesics (eg., ibupro-
fen, naproxen, acetaminophen) or intermittent use of 5 mg/
day of oxycodone or the equivalent on average during the
14-day period immediately preceding the screening, and
who, in the opinion of the investigator, was not opioid
dependent at the time of entry into the study.

The trial’s primary objective was to examine the safety and
efficacy of BTDS at 10 or 20 mg/h (BTDS 10 and BTDS 20,
respectively) for the relief of pain intensity in this patient pop-
ulation; the current analyses were exploratory. The trial used
an enriched-enrollment design, with a pre-randomization
phase that included both a 6- to 10-day screening period and a
subsequent open-label run-in period on BTDS of up to
27 days. The run-in period established a patient’s responsive-
ness and tolerability to BTDS 10 or BTDS 20. After a 3-day
treatment with BTDS at 5 mg/h, 943 patients (92.1%) who tol-
erated the drug at this dose were then titrated to a stable and
efficacious dose of BTDS (ie, BTDS 10 or BTDS 20) prior to
randomization into the double-blind phase. Upon entry into
the double-blind phase, patients were randomized in a 1:1 ratio
either to BTDS or to a matching placebo, stratified within
each treatment arm by the last stable BTDS dose (BTDS
10 or 20) achieved at the end of the run-in period.

All outcomes were analyzed at the end of the screening
period, at the end of the run-in period, and at weeks 4, 8,
and 12 of the double-blind phase, with the week-12 visit
treated as the study end point. For the purpose of this analy-
sis, both BTDS 10 and BTDS 20 patients were pooled into a
single treatment group (BTDS arm). Figure 1 provides a
flowchart of the trial phases, including the number of
patients who participated or were eliminated within each
phase.

This study was approved by the institutional review
boards at each study site, and the patients provided informed
consent. A more detailed description of the trial sample and
design has been previously published [17].

Measures

Brief pain inventory. The BPI is a self-administered survey
designed to measure pain intensity and the impact of pain on
mood and functioning over the previous 24 hours [19].

Patients were administered the shortened version of the sur-
vey, which is recommended by developers as most appropri-
ate for use in clinical trials [24]. Patient responses to
11 items were scored and included in the current analysis.
Four of these items—patients’ ratings of worst pain, least
pain, and average pain over the previous 24 hours, as well as
their current pain at the time of administration—contribute
to the scoring of a Severity subscale, calculated as the aver-
age score of these items. The Interference subscale is the
average score of the remaining seven items: pain interference
with general activity, mood, walking ability, normal work
(including housework), relations with other people, sleep,
and enjoyment of life.

Each BPI item is scored on an 11-point (0–10) scale, with
higher scores indicating worse pain intensity and greater
pain impact. For Severity subscale items, extreme scores are
labeled as indicating “no pain” (a score of 0) and “pain as
bad as you can imagine” (a score of 10). For Interference
subscale items, extreme scores are labeled as indicating
“does not interfere” (a score of 0) and “completely inter-
feres” (a score of 10). Following the BPI developers’ recom-
mendations for imputation techniques for handling item
scores that are left blank [24], no correction was used for the
Severity subscale, whereas a half-scale rule was used for the
Interference subscale, meaning the Interference subscale was
scored as the average of the filled-in items if ‡ 4 constituent
items were completed.

The minimal clinically important difference (MCID) of a
measure is the smallest change in a patient’s score that
would be considered clinically meaningful or consequential,
that is, a change “that patients perceive to be beneficial and
which would mandate . . . a change in the patient’s manage-
ment [25].” Although no studies appear to have estimated
MCIDs for BPI items or subscales in a CLBP patient popu-
lation, several studies have used anchor-based approaches to
estimate MCIDs in patient populations of other conditions
for which pain is a primary symptom [26–28]. One study
used pooled data from 4 randomized placebo-controlled tri-
als of fibromyalgia patients and found an MCID of 2.1 points
for the average pain item and 2.2 points for the Severity
subscale [27]. A second study used pooled data from
5 randomized, placebo-controlled trials that included patients
with diabetic peripheral neuropathic pain or fibromyalgia
and found individual-level MCIDs of 3.0 points for the worst
pain item, 2.0 for the least pain item, and 2.5 for the average
pain item [26]. A third study analyzed BPI scores from a
sample of 94 patients with painful bone metastases who
showed a clinical response to radiation treatment over
12 weeks. Within this sample, estimated MCIDs for items
on the Interference subscale ranged from 1.9 (relations with
others) to 4.0 (normal work), with MCIDs for most remain-
ing items falling between 3 and 4 points [28].

Average pain severity numerical rating scale. An individual
item measured average pain over the previous 24 hours on a
0 to 10 numerical rating scale throughout the study, with
higher scores indicating greater pain severity. At the screen-
ing visit, scores on this measure, which served as the pri-
mary efficacy end point of the trial, were calculated as the
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mean of daily pain ratings, as recorded in take-home diaries,
for the 2 days preceding the visit, whereas scores at the
post–run-in visit were calculated as the mean of pain ratings
over the preceding 3 days. During the double-blind phase,
the average pain numerical rating scale score was simply the
patients’ pain rating on the day of the visit.

Statistical analysis

For each BPI item and subscale, analysis of covariance
(ANCOVA) models, with treatment arm as a fixed factor and
with scores at screening and randomization visits as covari-
ates, tested for differences in scores at week 12 between the
BTDS and placebo arms. To control for alpha inflation due

Assessed for eligibility (n = 1466)

Excluded for screening failure (n = 439)

Entered run−in period (n = 1027)
• Recevied BTDS (n = 1024)

Completed run-in (n = 541)
Discontinued (n = 483)

Completed study (n = 170)
Discontinued (n = 86)

Completed study (n = 199)
Discontinued (n = 84)

Randomized analysis population (n = 541)

Randomized to BTDS arm (n = 257)
• Received BTDS (n = 256)

Randomized to placebo arm (n = 284)
• Received placebo (n = 283)

• Adverse event (n = 239)
• Declined to paticipate (n = 37)
• Lack of effect (n = 143)
• Lost to follow-up (n = 21)
• Other (n = 43)

• Adverse event (n = 20)
• Lack of therapeutic effect (n = 36)
• Lost to follow−up (n = 11)
• Other (n = 17)

• Adverse event (n = 40)
• Lack of therapeutic effect (n = 22)
• Lost to follow−up (n = 8)
• Other (n = 16)

Full analysis population (n = 256)
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Figure 1. Consort flow diagram. Abbreviation: BTDS = buprenorphine transdermal system.
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to multiplicity of tests, Hommel’s [29] adjustments were
used to maintain family-wise alpha at 0.05 for the full set of
ANCOVA models. For all comparisons, Cohen’s d
effect sizes were computed to interpret the magnitude of the
differences between treatment arms, using the following
guidelines: d = 0.2 indicates a small effect; d = 0.5 indicates
a medium-sized effect; and d = 0.8 indicates a large effect
[30].

Repeated-measures mixed-effects models tested if
patterns of changes in the Severity and Interference subscale
scores differed between treatment groups at weeks 4, 8, and
12 of the double-blind phase. For each model, the patient
was treated as a random effect, whereas the treatment arm,
the visit, and the treatment arm-by-visit interaction were
treated as fixed effects. Each model used restricted
maximum-likelihood estimation, and specified an unstruc-
tured covariance matrix for residuals.

To further examine the efficacy of BTDS on pain impact,
we converted numeric responses on each of the pain interfer-
ence items into dichotomous categories, with the first cate-
gory including responses indicating mild or no interference
in functioning and the second category including responses
indicating moderate or severe interference. Based on
previous work indicating that a score of 4 points on each
item provided the best cut-point between mild and moderate
pain for osteoarthritis patients awaiting total hip or knee
arthroplasty [31]—a value that was supported by our own
exploratory analysis of CLBP patients from the current trial
(results not shown)—patients who scored £ 4 on an item
were classified as having mild or no interference. The per-
centage of patients meeting this classification was calculated
at both screening and week-12 double-blind visits. Logistic
regression models for each item tested whether the treatment
arm predicted the likelihood of a patient demonstrating mild
or no interference at the end point while controlling for
interference at the baseline. All models used maximum-
likelihood estimation. Hommel’s [29] adjustments were used
to maintain family-wise alpha at 0.05.

Finally, we conducted a responder analysis to examine
the degree to which BTDS, relative to placebo, produced
clinically meaningful reductions in pain intensity and
impact. We applied commonly used improvement bench-
marks of 30% and 50% to all items and both subscales, as
well as approximate MCIDs of 2 points for the Severity
items and subscale [26,27], and 4 points for the Interference
items and subscale [28]. The percentages of responders
within each treatment arm were calculated and compared
using chi-square tests of association. Hommel’s [29] adjust-
ments were used to maintain a family-wise alpha of 0.05 for
all tests within a responder category.

Results

Descriptive statistics for sample characteristics at screening
are presented in Table I. Prior to treatment, patients rated
their average and current level of pain at about 7 points out
of 10. Baseline mean scores on Interference items ranged
from approximately 6 to 7 points out of 10, with the excep-
tion of the item “relations with others”, which had a mean

score of 4.8, indicating it was less impacted by pain than the
other dimensions of interference.

Estimated mean BPI item and subscale scores at week
12 for each treatment arm are presented in Table II. Across
both treatment conditions, the end-point scores were rela-
tively low, with means for all items and subscales ranging
from 2.2 to 4.2 points for placebo and from 1.4 to 3.2 for
BTDS, indicating mild severity and interference. For all
items and both subscales, the mean end point scores for the
BTDS group were statistically significantly lower than for
the placebo group (all P < 0.001), indicating less intensity
and less impact of pain on functioning among BTDS users.
The magnitude of differences between arms was fairly con-
sistent across items and subscales, with all differences being
approximately 1 point (range, 0.8–1.1 points), reflecting
medium-sized treatment effects (range of d’s, 0.40 to 0.57).

Repeated-measures mixed-effects models of Severity and
Interference subscales yielded similar patterns of scores,
with each finding a statistically significant main effect of
treatment arm (both P < 0.001), but no statistically signifi-
cant effects of visit (both P < 0.05) or of the arm-by-visit
interaction (both P < 0.05). Observed Severity and Interfer-
ence subscale mean scores at screening and at the end of
the run-in visits, and estimated means at weeks 4, 8, and 12
of the double-blind phase, are presented for each treatment
arm in Figure 2. For both subscales, the largest changes in
scores occurred between the screening and run-in period
while all patients were exposed to BTDS. After randomiza-
tion, separation in scores between treatment arms clearly
emerged for both subscales by week 4, with lower scores in
the BTDS arm maintained through the remainder of the
double-blind phase.

Table III presents the percentage of patients within each
treatment arm who indicated mild or no interference for
each Interference item at the screening and the week-12 vis-
its. At screening, a minority of patients indicated mild or no
interference on each item, with the lowest proportion for
normal work (approximately 15% of patients) and the

Table I. Patient characteristics at baseline.

Variable All Patients (N = 541)a

Age, mean ± SD 49.4 ± 13.0
Sex, number (percentage)
Female 298 (55.1)
Male 243 (44.9)

Average pain NRS, mean ± SD 7.2 ± 1.2
BPI score, mean ± SD
Worst pain 7.7 ± 1.3
Least pain 5.5 ± 2.1
Average pain 6.7 ± 1.4
Pain right now 6.7 ± 1.9
Severity subscale 6.7 ± 1.4
General activity 6.2 ± 2.1
Mood 5.9 ± 2.5
Walking ability 6.0 ± 2.3
Normal work 6.6 ± 2.1
Relations with others 4.8 ± 2.8
Sleeping 6.4 ± 2.4
Enjoyment of life 6.2 ± 2.5
Interference subscale 6.0 ± 2.0

aSample size varies slightly across variables due to missing data.
Abbreviations: BPI = Brief pain inventory; NRS = Numerical rating scale.
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highest proportion for relations with others (approximately
41%). Following 12 weeks of treatment in the double-blind
phase, the percentage of patients with responses indicating
mild or no impairment increased in both treatment arms for
every item. For the BTDS arm, the percentage of patients
indicating mild or no interference at week 12 ranged from
80.7% (normal work) to 91.0% (relations with others),
whereas for the placebo arm this percentage ranged from
69.4% (normal work) to 84.2% (relations with others).

Table III also presents results from logistic regression
models, which estimate the log odds of a BTDS user indicat-
ing mild or no impairment at end point as compared to a
placebo user, and their associated odds ratios (ORs) with
95% CIs. Based on the Hommel-adjusted P values, ORs for
5 of the 7 items—general activity, mood, walking ability,
normal work, and enjoyment of life—were statistically

significantly > 1 (P < 0.05), with a mean OR of approxi-
mately 2 across all items, suggesting that BTDS patients
were twice as likely as placebo patients to indicate mild or
no interference on these dimensions.

The percentages of treatment responders in each arm by
the specified criteria for each BPI item and subscale are pre-
sented in Table IV. For all applicable criteria, a significantly
higher proportion of patients receiving BTDS demonstrated
a treatment response as compared with placebo patients (all
P < 0.05), with differences ranging from 14.1% (2-point
improvement in current pain) to 24.0% (50% improvement
in average pain). Smaller differences between treatment
arms were observed for Interference measures. For the 30%
improvement criteria, statistically significant treatment arm
differences were found for 3 items—mood (86.8% for BTDS
vs 74.4% for placebo, P = 0.018), sleeping (82.6% vs

Table II. Comparison of estimated means for BPI Item and subscale scores between BTDS and placebo treatment arms at study end point (Week 12).

BPI Measure

BTDS Placebo

Mean
Difference

Hommel’s
Adjusted Pa

Effect Size
(d)N

Estimated
Mean SE N

Estimated
Mean SE

Worst pain 166 3.2 0.18 193 4.2 0.17 –1.0 <0.001 0.45
Least pain 166 1.8 0.14 194 2.7 0.13 –0.9 <0.001 0.48
Average pain 164 2.5 0.15 194 3.6 0.14 –1.1 <0.001 0.57
Pain right now 165 2.1 0.17 191 3.2 0.16 –1.1 <0.001 0.53
Severity subscale 165 2.4 0.15 194 3.4 0.14 –1.0 <0.001 0.53
General activity 166 2.2 0.16 194 3.1 0.15 –0.9 <0.001 0.42
Mood 166 1.7 0.16 194 2.7 0.15 –0.9 <0.001 0.46
Walking ability 166 2.2 0.16 193 3.1 0.15 –1.0 <0.001 0.46
Normal work 164 2.3 0.17 194 3.2 0.15 –0.9 <0.001 0.40
Relations with others 166 1.4 0.15 194 2.2 0.14 –0.9 <0.001 0.45
Sleeping 166 2.2 0.17 194 3.1 0.16 –0.9 <0.001 0.43
Enjoyment of life 166 1.8 0.16 194 2.6 0.14 –0.8 <0.001 0.41
Interference subscale 165 2.0 0.14 194 2.8 0.13 –0.9 <0.001 0.47

aP values are based on ANCOVA models for end-point score with treatment arm as an independent variable and scores from pre-randomization
(screening and post–run-in) visits as covariates.
Abbreviations: BPI = Brief Pain Inventory; BTDS = Buprenorphine transdermal system; SE = Standard error around the estimated mean.
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70.8%, P = 0.042), and enjoyment of life (88.0% vs 75.9%,
P = 0.018)—with no difference in the Interference subscale
(81.9% vs 71.8%, P < 0.05). More treatment arm differences
emerged based on the 50% improvement criteria, with sig-
nificantly larger percentages of responders in the BTDS
group than the placebo group on 5 of the 7 items (all but
normal work and relations with others) and on the Interfer-
ence subscale (all P < 0.05 for differences). Using the
4-point improvement criteria, 4 of the Interference items—
general activity, walking ability, normal work, and relations
with others—as well as the Interference subscale showed a
higher proportion of responders in the BTDS group as com-
pared with the placebo group (all P < 0.05), with differences
ranging from 11.2% (mood) to 17.6% (relations with others).

Discussion

Although previous studies have found that BTDS reduces
the severity of pain in patients with mild-to-moderate CLBP
[15–17], the current analysis suggests that BTDS, like other
stable dosed long-acting opioids, reduces pain-mediated
emotional and physical functionality. Mean scores on all BPI
Interference items showed a statistically significant

advantage of BTDS treatment over placebo after 12 weeks
of treatment in a randomized, double-blind study. Further,
this advantage emerged early in the double-blind treatment
phase, with significant differences detectable by week 4.
Whether the impact of the 2 treatment paths diverge even
earlier cannot be established here; given the short recall
period of the BPI (24 hours), future studies could administer
this instrument earlier and more frequently during the treat-
ment period in order to more closely track this phenomenon.

As discussed in the introduction, reducing the impact of
pain is a secondary outcome, following the reduction of pain
severity. With separate items and subscales for pain severity
and interference, the BPI examines both these primary and
secondary outcomes. As expected, treatment arm differences
in severity items emerged clearly and consistently across a
variety of responder criteria (ie, improvement of 30%, 50%,
and 2 points). However, response on interference items was
more muted, likely because decreased interference is an indi-
rect effect of pain reduction treatment. The benefit of BTDS
most clearly emerged using the 50% improvement responder
criteria, but was also discernible in some items using less
stringent (30% improvement) or more stringent (4-point
improvement) criteria.

Table III. Comparison of the percentage of patients indicating mild or no interference (ie, Score £ 4) on interference subscale items at study end
point, controlling for the percentage at screening, between BTDS and placebo treatment armsa

Interference Item

BTDS Placebo
Treatment
Arm parameter
estimate (SE) ORb

Hommel’s
Adjusted P

95% CI
of OR

Screening
(n = 257)

End point
(n = 167)

Screening
(n = 282)

End point
(n = 196)

General activity 21.0% 85.6% 18.4% 71.9% 0.82 (0.28) 2.3 0.0263 1.3–3.9
Mood 25.7% 88.6% 25.2% 77.6% 0.83 (0.30) 2.3 0.0263 1.3–4.2
Walking ability 21.4% 83.2% 25.9% 70.3% 0.77 (0.27) 2.3 0.0263 1.3–3.7
Normal work 13.6% 80.7% 15.6% 69.4% 0.65 (0.25) 1.9 0.0406 1.2–3.1
Relations with others 41.6% 91.0% 41.3% 84.2% 0.71 (0.34) 2.0 0.0991 1.0–4.0
Sleeping 19.5% 82.6% 20.6% 72.4% 0.60 (0.27) 1.8 0.0716 1.1–3.1
Enjoyment of life 22.2% 88.6% 19.1% 76.0% 0.85 (0.30) 2.3 0.0263 1.3–4.2

aAll models had overall fit of P < 0.001.
bORs estimated as exp (arm parameter estimate).
Abbreviations: BTDS = Buprenorphine transdermal system; OR = Odds ratio; SE = Standard error around the treatment arm parameter estimate.

Table IV. Comparison between the BTDS and placebo treatment arms of the percentage of treatment responders, based on 30%, 50%, 2-point, or
4-point improvement from screening to end point.

BPI Measure

30% Improvement 50% Improvement 2-Point improvementa 4-Point improvementb

BTDS Placebo Pa BTDS Placebo Pc BTDS Placebo Pc BTDS Placebo Pa

Worst pain 80.8% 62.1% 0.001 61.7% 47.2% 0.024 87.4% 70.8% 0.005
Least pain 83.2% 67.2% 0.005 76.6% 55.9% <0.001 82.6% 66.2% 0.005
Average pain 81.9% 66.2% 0.006 71.7% 47.7% <0.001 86.1% 71.8% 0.010
Current pain 83.8% 65.8% 0.001 76.0% 53.9% <0.001 85.6% 71.5% 0.010
Severity subscale 84.3% 65.6% 0.001 69.9% 48.2% <0.001 83.1% 66.0% 0.005
General activity 79.0% 70.8% 0.269 68.9% 55.4% 0.032 56.9% 40.5% 0.009
Mood 86.8% 74.4% 0.018 80.8% 65.1% 0.007 56.3% 45.1% 0.109
Walking ability 80.2% 68.6% 0.054 71.3% 56.2% 0.018 55.1% 38.1% 0.007
Normal work 80.1% 72.3% 0.288 69.3% 58.5% 0.115 62.0% 47.7% 0.026
Relations with others 82.6% 76.4% 0.462 76.6% 67.2% 0.148 47.9% 30.3% 0.003
Sleeping 82.6% 70.8% 0.042 72.5% 57.9% 0.018 56.3% 44.6% 0.092
Enjoyment of life 88.0% 75.9% 0.018 79.0% 64.1% 0.012 61.1% 48.2% 0.054
Interference subscale 81.9% 71.8% 0.098 71.1% 56.4% 0.018 51.8% 32.6% 0.002

aMCID for Severity items/subscale.
bMCID for Interference items/subscale.
cHommel’s adjusted P values based on X2 tests of association.
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Although these patterns of findings reflect a more reliable
impact of treatment on pain intensity than on pain interfer-
ence, they may also be at least partially accounted for by the
lack of well-established criteria for defining meaningful
improvement in pain interference. Numerous studies have
used a variety of both anchor-based and distribution-based
approaches to establish MCIDs for BPI Severity items or
very similar pain intensity items [26,27,32,33]. However, we
located only a single study estimating MCIDs for the BPI
Interference items [28]. Relevant MCIDs from that study
came from only a small sample (n = 94) of cancer pain
patients who showed partial or complete improvement in
pain following 12 weeks of treatment. This lack of precision
led us to use general, conservative estimates of MCIDs for
Interference outcomes in the current analysis.

One potential explanation for the lack of established
MCIDs for Interference items is that these items are not
commonly interpreted at the item level. In our unstructured
review of the literature for this instrument, we found that
although several studies used individual Severity items as
analysis end points, it was less common for individual Inter-
ference items to be used as separable end points, with almost
all studies examining only the Interference subscale. The
current analysis examined individual items as end points for
the purpose of exploring whether pain treatment had differ-
ential effects on the impact of pain across a wider range of
outcomes. We found that the burden at baseline (before
BTDS treatment) was similar across the majority of items,
with mean scores at screening approximately 6 to 7 points
for all items except “relations with others,” which was
considerably lower than the rest (4.8). Further, regardless of
variation in initial scores, the impact of treatment was very
similar across all domains, with changes in scores from
screening to end point ranging from 3.4 to 4.4 points for
BTDS and 2.6 to 3.6 points for placebo patients, resulting in
an approximately 1-point difference between the 2 groups
for each scale. This relatively high similarity in effects
across items indicate that although they cover a wide variety
of functional dimensions, the impact of pain on the dimen-
sions, and the degree to which this impact is alleviated by
treatment, is relatively uniform, and so the Interference
subscale should be sufficient for analyzing pain impact for
most purposes.

A potential limitation of the current study stems from the
use of a complete-case analysis, such that BPI scores of
patients who were missing at a visit were not imputed from
prior visits. A consequence of this approach, which was
specified in the trial protocol, is that end point data in these
analyses included scores only from patients who completed
the 12 weeks of treatment. Completion of the trial was at
least partially dependent on patients’ responsiveness to treat-
ment; as shown in Figure 1, 58 patients in the full analysis
population—22 in the BTDS arm and 36 in the placebo
arm—were discontinued from the double-blind phase due to
lack of therapeutic effect. Assuming that these 58 patients
would show less improvement in BPI scores than patients
who completed treatment, excluding these patients from our
analyses may have resulted in an overestimation of the
magnitude of improvement in BPI scores across the entire

sample. However, because fewer patients were discontinued
due to lack of response in the BTDS arm than in the placebo
arm, the relative magnitude of improvement observed in BPI
scores between arms (ie, treatment efficacy) would likely be
even larger with the inclusion of these patients, meaning that
our current results may in fact be underestimating the actual
treatment efficacy of BTDS. Future trials using imputation
techniques to include data from treatment noncompleters
would provide further insight into the efficacy of BTDS
treatment among this patient population.

Conclusion

This analysis, using a variety of approaches, demonstrated
the efficacy of BTDS treatment for reducing the impact of
pain on several domains of functioning in patients with mod-
erate-to-severe CLBP. This efficacy was evident within the
first 4 weeks of the randomized, double-blinded treatment
phase, and was maintained through the entirety of the
12-week study.
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