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Further Qualification of a Therapeutic Responder
Index for Patients with Chronic Low Back Pain
CLAIRE BOMBARDIER, CHRIS J. EVANS, NATHANIEL KATZ, JACK MARDEKIAN, GERGANA ZLATEVA, 
and LEE S. SIMON

ABSTRACT. Objective. Previously, a preliminary patient responder index (RI) in chronic low back pain (CLBP)

was developed and validated in 5 placebo-controlled clinical trials. The resulting RI was a > 30%

improvement in CLBP and patient global assessment (PGA), and no worsening (< 20%) in the

Roland Morris Disability Questionnaire (RMDQ) total score. Our objective was to provide further

characterization of the preliminary RI in a trial with an active control.

Methods. Data from a 6-week randomized, double-blind study of celecoxib compared to tramadol

hydrochloride was analyzed to determine differences by treatment group on the CLBP RI and its

components, to compare the CLBP RI with each of its individual components, and to reanalyze the

original cutoff points for the responder criteria.

Results. Of the celecoxib arm, 50.7%, and of the tramadol hydrochloride arm, 43.7% were classi-

fied as responders under the CLBP RI (p = 0.043). The PGA is the most important component in the

RI (45% of the sample failed to reach the > 30% improvement criteria on the PGA compared to 34%

on the low back pain visual analog scale and only 11% on the RMDQ. The agreement among the

CLBP RI with each of its 3 components was largest for the PGA component (κ coefficient 0.849)

and smallest for the RMDQ component (κ coefficient 0.207).

Conclusion. The RI appears to be particularly sensitive to the cutoff point used for improvement in

the PGA component. Further testing of the index in trials with other active comparators is required

to gain a fuller understanding of its performance. (First Release Nov 1 2010; J Rheumatol 2011;

38:362–9; doi:10.3899/jrheum.091444)
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Low back pain (LBP) is a common condition that affects an
estimated 70% to 80% of adults in the United States at some
time in their lives1. It presents a significant health and eco-
nomic burden to society. In the US, back pain is one of the
most frequent reasons for hospitalization and physician vis-
its, resulting in high medical care costs. The economic bur-
den for patients with LBP in the US has been estimated at
between $12.2 billion and $90.6 billion in direct medical
costs and from $7.4 billion and $28.2 billion in indirect
costs (i.e., lost productivity) annually2. Based on data from
the Medical Expenditure Panel Survey, individuals with

LBP have been found to have annual medical care costs
$1320 greater ($3498 vs $2178) than those without LBP3.

Chronic low back pain (CLBP), a subset of LBP in which
pain is persistent for 3 months or more, is difficult to treat
because its effect is multidimensional: it involves pain, lim-
itation of normal activities, decreased health-related quality
of life, the potential for the increased use of strong pain
medications, depression, and sleep disturbances. Adults
with LBP are nearly 3 times as likely to report fair or poor
health than those without back pain (26% vs 9%, respec-
tively), more than 4 times as likely to report arthritis-attrib-
utable activity limitations, 4 times as likely to be unable to
work, twice as likely to report reduced sleep (< 6 hours per
day), and 7 times more likely to report psychological dis-
tress4. The goal of CLBP treatment lies beyond pain control
and includes the reduction of disability and the correspon-
ding preservation of function5. It is therefore essential to
assess physical functioning, the degree of limitation on
activities of daily living, and overall well-being alongside
pain intensity.

The selection and use of appropriate outcome measures
in clinical trials of CLBP is difficult and is associated with
several problems. First, researchers do not consistently use
the same measures across clinical trials, which limits the
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ability to compare results across studies. Second, outcome
measures may focus narrowly on 1 aspect of treatment [e.g.,
the alleviation of the sensation of pain as measured on a
numeric rating scale (NRS-Pain) or visual analog scale
(VAS)] and ignore other important aspects such as the effect
of CLBP on activities of daily living and sleep. Third, the
interpretation of clinically important changes for some out-
come measures has not been well researched and
 established.

A responder index (RI) is seen as a way to overcome
some of these problems. An RI is a composite measure of
face-valid and nonredundant clinical endpoints that usually
measures different aspects of the disease manifestation.
Response to treatment is measured by specific improvement
criteria selected for the endpoints. These improvement crite-
ria establish clinical efficacy and differentiate between
placebo and active responses. To date, such improvement
and response criteria have been developed and used in
 several different musculoskeletal disorders, including anky-
losing spondylitis (Assessment of Spondyloarthritis Inter -
national Society 20)6, rheumatoid arthritis [American
College of Rheumatology (ACR) 20]7, osteoarthritis
(Outcome Measures in Rheumatology Clinical Trials/
Osteoarthritis Research Society International)8, and juvenile
arthritis9. For example, the ACR20 requires > 20% improve-
ment in swollen joint count, > 20% improvement in tender
joint count; and > 20% improvement in 3 of the following 5
measures: patient global assessment (PGA), physician glob-
al assessment, patient pain (measured by VAS), Health
Assessment Questionnaire (patient-assessed disability), and
acute-phase reactant (C-reactive protein or erythrocyte sed-
imentation rate)7.

Consistent with recommendations to standardize the
selection and interpretation of outcome measures in chronic
pain trials10,11 and specifically LBP trials12, we developed
and validated a preliminary RI in CLBP in 5 clinical trials.
The full results of that exercise are reported elsewhere13.
The content of the initial RI was based on a review of the lit-
erature, discussions with patients with CLBP, and input
from clinical experts. From these sources a list of candidate
RI items was chosen. These items were subsequently tested
in three 12-week placebo-controlled clinical trials of cele-
coxib therapy as compared to placebo in CLBP to identify a
short list of candidate RI. The findings from these analyses
were then validated in data available from two 12-week,
placebo-controlled trials of valdecoxib as compared to
placebo.

The resulting preliminary RI was > 30% improvement in
LBP intensity as measured on a VAS and PGA, and no
 worsening (< 20%) in the Roland Morris Disability
Questionnaire (RMDQ) total score. The LBP VAS is a
10-cm horizontal line (from no pain to extreme pain) that
measures LBP severity. The PGA is a single question,
“Considering all the ways your lower back pain affects you,

how are you doing today?” and responses are recorded on a
5-point Likert-type response scale (from very good to very
poor). The RMDQ14,15 is a 24-item patient-completed meas-
ure designed to assess the degree of functional limitations in
patients with LBP (e.g., getting dressed slowly because of
back pain).

We describe the additional validation of this RI in CLBP.
Our purpose is to provide further information on the per-
formance of the CLBP RI in a prospective trial with an
active control.

MATERIALS AND METHODS

Data from a multicenter, randomized, parallel-group, double-blind, double-

dummy study at 56 centers in the US were analyzed posthoc16. The proto-

col was approved by the institutional review boards at each participating

center, and written informed consent was obtained from each subject prior

to study entry and before any study-related procedures were performed.

The study was conducted in compliance with the Declaration of Helsinki

and all International Conference on Harmonisation Good Clinical Practice

guidelines.

Patients in this study were aged ≥ 18 years with a physician-confirmed

diagnosis of CLBP. The primary location of back pain was between the

12th thoracic vertebra and the gluteal folds with or without radiation into

the posterior thigh, classified as Category 1 or 2 according to the classifi-

cation of the Quebec Task Force on Spinal Disorders. The duration of

CLBP had to have been ≥ 3 months, requiring regular use of analgesics, and

subjects had to have a moderate to severe LBP score of ≥ 4 on an NRS-Pain

scale at baseline. Patients were randomized to receive either celecoxib 200

mg twice daily (bid) or tramadol hydrochloride (HCL) 50 mg 4 times daily

(qid) for 6 weeks. Key exclusion criteria were CLBP of a neuropathic ori-

gin, history of rheumatoid arthritis, psoriasis, spondyloarthropathy, spinal

stenosis, herniated disc for ≤ 2 years, fibromyalgia, and tumor or infection

of the brain, spinal cord or peripheral nerves.

Use of nonselective nonsteroidal antiinflammatory drugs, cyclooxyge-

nase (COX)-2 selective inhibitors (other than study medication), and other

analgesics by any route was specifically excluded during the course of the

study. Patients taking ≤ 325 mg of aspirin for nonanalgesic or arthritis rea-

sons, at a stable dose for at least 30 days before the first dose of study med-

ication, were allowed to continue their aspirin regimen for the duration of

the study. Rescue medication was not allowed for CLBP during the study.

Any medication and nondrug treatment that the patient took during the

study other than study medication as specified in the protocol was record-

ed in the patient’s medical record and on the case report forms.

The primary efficacy endpoint in the study was the proportion of sub-

jects responding successfully to treatment, defined as ≥ 30% improvement

from baseline on the NRS-Pain. A 2-stage analysis was used to test for non-

inferiority and superiority of celecoxib. Secondary efficacy endpoints

included outcomes related to pain, functioning, overall impressions of

health, tolerability, RI analysis, and safety assessments.

The objectives of this study were to analyze posthoc the performance of

the CLBP RI in the following aspects: (1) to determine differences by treat-

ment group on the preliminary CLBP RI in this population; (2) to compare

the CLBP RI with each of its individual components; (3) to reanalyze the

original cutoff points for the responder criteria; and (4) to examine the

effect size of the RI.

The κ coefficient was used to measure the degree of reliability between

the CLBP RI and the primary efficacy endpoint in the study in classifying

responders. The κ coefficient is generally believed to be a more robust

measure than simple percentage agreement since κ takes into account

agreement occurring by chance. Possible values range from +1 (perfect

agreement) to –1 (complete disagreement). A sensitivity analysis of the

CLBP RI cutoff points was performed by varying each of its component

cutoff values by ± 5%. The percentage of responders was computed for
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each combination of cutoff values. The effect size for the change in LBP

VAS, PGA, and RMDQ was computed using the mean difference divided

by the common baseline standard deviation. The CLBP RI effect size was

computed using the difference in proportions of responders divided by the

square root of ppooled * (1 – ppooled), in which ppooled is the combined pro-

portion of CLBP RI responders. Primary analyses for the noninferiority

assessment were performed on the evaluable population and repeated using

the intent to treat (ITT) population. The ITT population includes random-

ized subjects who received at least 1 dose of study medication. All second-

ary analyses were done on the ITT population only. Dropouts were handled

using last observation carried forward for secondary efficacy analyses. All

analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC,

USA).

RESULTS

A total of 1027 subjects were screened, of which 796 were
randomized to study treatment: 404 to celecoxib 200 mg bid
and 392 to tramadol HCL 50 mg qid (Figure 1). A higher
percentage of subjects completed study treatment in the
celecoxib group (85.6%) than in the tramadol HCL group
(69.4%). In the celecoxib group, 58 subjects (14.4%) left the
study: 22 (5.5%) for reasons related to study medication and
36 (9.0%) for reasons not related to study medication. In the
tramadol HCL group, 119 subjects (30.6%) left the study: 71
(18.3%) for reasons related to study medication and 48

Figure 1. Patient disposition. *Includes subjects who did not meet entrance criteria, protocol violations, with-

drawal because of pregnancy, or other specified. †Includes subjects lost to followup and subjects no longer will-

ing to participate. HCL: hydrochloride.
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(12.3%) for reasons not related to study medication. A
review of patient source records and case report forms noted
8 celecoxib and 21 tramadol patients used analgesic thera-
pies during the course of the study. These patients were
appropriately included in the ITT analysis but the statistical
analysis was not controlled for these interventions.

Demographic and clinical characteristics are reported in
Table 1. The mean age of patients was 49 years in the cele-
coxib arm and 48 years in the tramadol arm. The majority of
patients were women (58% and 59% in the celecoxib and
tramadol arms, respectively) and white (67% and 61%,
respectively). On average, patients experienced LBP for 419
weeks and 365 weeks in the celecoxib and tramadol arms,
respectively. The majority of patients included in the trial
characterized their pain as severe (Table 1).

The results of the individual components of the RI are
reported in Figure 2 (A-C). On the CLBP VAS there was a
significant difference in mean change from baseline to 6
weeks (–34.6 in celecoxib vs –30.4 for tramadol; p = 0.008).
Although the numeric improvements were greater for cele-
coxib compared with tramadol from baseline to Week 6, for
PGA and the RMDQ there were no statistically significant
differences on either measure between arms. Under the
CLBP RI (p = 0.043) criteria, 50.7% of subjects in the cele-
coxib arm and 43.7% in the tramadol arm were classified as
responders (p = 0.043; Figure 3).

The PGA is the most important component in the RI:
45% of the sample failed to reach the > 30% improvement
criteria on the PGA compared with 34% on the LBP VAS

and only 11% on the RMDQ. The agreement among the
CLBP RI with each of its 3 components was largest for the
PGA component (κ coefficient = 0.849; near-perfect agree-
ment17) and smallest for the RMDQ component (κ coeffi-
cient = 0.207; weak agreement). The κ coefficient (0.625)
showed substantial agreement with the VAS component
(Table 2).

The results of the RI are driven by the improvement cri-
terion definition for the PGA. The highest and lowest
responder rates occur with changes to the PGA improve-
ment criterion. If the improvement criterion on the PGA is
increased from 30% (the recommended level) to 35%,
reflecting a higher hurdle for patients to achieve in terms of
clinical benefit, the percentage of responders drops to 21.9%
(Table 3A). If the PGA criterion is decreased to 25%, then
the percentage of responders increases to 51.2% (Table 3A).
A change to the improvement criterion for the RMDQ (mov-
ing it either up or down 5%) has only a negligible effect on
the percentage of responders (Table 3B, 3C).

Analysis of the individual components of the RI and the
total index reveal low effect sizes18. In the original study13

used to develop the preliminary RI, the effect size for the RI
was slightly higher (0.19 and 0.23 in the original trials)
compared with this study (0.14; Table 4).

DISCUSSION

The proposed RI performed well in this clinical trial: it was
able to differentiate the effects of the treatments on patients
based on outcome measures they find to be clinically rele-
vant and important in their everyday lives. Moreover,
although the observed effect sizes were small, the criteria
used to demonstrate improvement or no worsening in the
index incorporate the concept of clinically meaningful
change (> 30% for the pain VAS and the PGA and < 20% in
the RMDQ). Decreases in pain intensity on a VAS of around
30% have been reported to be above a minimal amount of
change considered to be important to patients with chronic
pain19,20. On the RMDQ a 5-point change (20%) is consid-
ered the minimal amount of change that must occur before
it is noted by patients according to anchor-based methods
for calculating the minimal important difference, and
improvements around 30% are considered important based
on distribution-based calculations of the minimal important
difference. The > 30% improvement criteria for the PGA in
this study exceeds the > 20% improvement originally
 recommended as part of a responder criteria for a PGA in
osteoarthritis21. Further, the RI aligns well with recommen-
dations from leading clinical experts and a consensus panel
on pain measurement8,12.

That the PGA is the major driver of the RI is not surpris-
ing, as some consider this simple, single-item measure a valid
method of determining the patient’s overall impression of a
treatment: pain relief, effect on functioning, and tolerability.

For this study we were interested in the possibility of

Table 1. Demographic characteristics.

Characteristics Celecoxib Tramadol HCI

200 mg bid, 50 mg qid,

n = 402 n = 389 p

Age, yrs

Mean (SD) 49.1 (14.8) 47.9 (14.5)

Range 18–88 18–83 0.314

Sex, n (%)

Male 170 (42.3) 159 (40.9)

Female 232 (57.7) 230 (59.1) 0.8384

Race, n (%)

White 271 (67.4) 236 (60.7)

Black 70 (17.4) 82 (21.2)

Asian 8 (2.0) 12 (3.1) 0.066

Other 53 (13.2) 59 (15.2)

Primary diagnosis

Back pain, n (%) 402 (100) 389 (100)

Duration since first 

diagnosis (wks) 0.0729

Mean 418.9 364.7

Range 2.1–2896.1 13.7–2988.9

Unspecified (n) 1 0

Severity of LBP 

(11-point NRS), mean 6.76 6.80 0.8300

LBP: low back pain; NRS: numeric rating scale.
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improving the preliminary RI by substituting the short-form
version of the RMDQ (18 items) with the longer-form ver-
sion used in this study (24 items). There is some preliminary
evidence that the content validity of the short version is bet-
ter than the long version; therefore it would be anticipated
that the measure may perform better in a clinical trial22.
When we scored the long form excluding the items that are
not included in the short form, only 21 of the 791 patients

(2.7%) would be flagged differently for the RMDQ compo-
nent of the CLBP RI using the RMDQ 18 versus the RMDQ
24. More importantly, only 6 of the 791 patients (0.8%)
would have a different CLBP RI classification if based on
the RMDQ 18 instead of the RMDQ 24. Therefore, there is
little advantage to using the short version of the RMDQ in
the RI except for reduction of burden to the study subject.

We also considered whether it might be useful to use an

Figure 2. A. Analysis of severity of low back pain as measured by VAS. B. Change in patient

global assessment of disease activity at Week 6. *Celecoxib vs tramadol HCL, based on a gen-

eral linear model with a change from baseline as dependent variable and factors for treatment

and center and baseline score as a covariate. C. (overleaf) Roland-Morris Disability

Questionnaire scores. HCL: hydrochloride; ET: early termination; NS: not significant.
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NRS rather than a VAS in the CLBP RI as patients have
shown a preference for using an NRS over a VAS23, and
therefore there might be fewer missing data on an NRS.
Among the 3805 observed cases generated by the 791
patients across visits, there were only 3 cases in which the
VAS was completed and the NRS was not completed.
Moreover, there were only 2 cases where the NRS was com-
pleted and the VAS was not completed.

It may be useful to alter the threshold cutoff point for the
RMDQ. In our study, about 700 of 800 subjects met the
RMDQ threshold. It is hypothesized, therefore, that making
this cutoff more stringent may improve the performance of
the index.

The effect sizes found in our study are low for the indi-

vidual components of the index and for the total RI. This

indicates a low magnitude of treatment effect; however,

given the current available treatment options for CLBP, a

moderate to large effect size would have been a surprise. A

systematic literature review of effect sizes of nonsurgical

treatments for CLBP identified small treatment effect sizes,

with treatment effect being lowest in nonspecific LBP24.

Acupuncture, behavioral therapy, exercise therapy, and non-

steroidal antiinflammatory drugs (standardized mean differ-

ences 0.61, 0.57, and 0.52, respectively; RR 0.61) had

almost equivalent effect sizes. The small difference between

interventions and placebo as measured by a pain endpoint

supports further the need for multidomain criteria that may

enhance discrimination between responders and nonrespon-

ders. Overall, the RI has greater construct validity than the

individual components alone and it is able to differentiate

between 2 active treatments as well as an active treatment

versus placebo. Further, the RI discriminates better com-

pared with using the RMDQ alone.
One weakness of our study is that it is purely quantita-

tive. We did no further testing of the content validity of the
CLBP RI in patients and have essentially started from the
point that the components of the RI are correct. In the orig-

Figure 2C.

Figure 3. Results on the chronic low back pain responder index at 

Week 6. *Celecoxib vs tramadol hydrochloride (HCL), based on the

Cochran-Mantel-Haenszel test, stratified by center.
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inal study, the components of the index were determined
based on a review of the literature, 3 CLBP focus groups,
and clinical opinion, so there is a clear rationale for the
index; however, there can be no assurances that if addition-
al patients or clinicians were interviewed regarding the cor-
rect makeup of the index, alternative content would be
derived. Further, even if the content of the index is largely
correct, a constraint is imposed because of the availability of
existing measures that may be used to measure the content.

For instance, the RMDQ is used to measure functioning and
daily activities. It is possible that there are other measures,
as yet to be developed, that would more appropriately tap
into those constructs and prove more responsive in a CLBP
RI.

A further weakness of our study is that the validation of
the RI has been limited to trials of COX-2 selective
inhibitors (i.e., celecoxib and valdecoxib) in LBP of noci-
ceptive origin. Although our trial offers the advantage of an
active comparator, it is necessary to determine how this
index performs in trials of other analgesics (e.g., opioids)
and LBP of a different etiology (e.g., neuropathic). There

Table 2. Components of the responder index.

PGA LBP VAS RMDQ

> 30% ≥ 30%

Improvement Improvement < 20% Worsening

No Yes No Yes No Yes Total (%)

Nonresponder 357 60 266 151 90 327 417 (52.7)

Responder 0 374 0 374 0 374 374 (47.3)

Total (%) 357 (45.1) 434 (54.9) 266 (33.6) 525 (66.4) 90 (11.4) 701 (88.6) 791

κ coefficient 0.849 0.625 0.207

PGA: patient global assessment; LBP: low back pain; VAS: visual analog scale; RMDQ: Roland-Morris

Disability Questionnaire.

Table 3A. Sensitivity analysis of chronic low back pain responder index

cutoff points (keeping the RMDQ at 20%).

LBP VAS PGA Cutoff RMDQ Responders, %

Cutoff Cutoff

25 25 20 52.0

25 30 20 47.7

25 35 20 21.9

30 25 20 51.2

30 30 20 47.3

30 35 20 21.9

35 25 20 49.4

35 30 20 46.3

35 35 20 21.7

LBP: low back pain; VAS: visual analog scale; PGA: patient global assess-

ment; RMDQ: Roland-Morris Disability Questionnaire.

Table 3B. Sensitivity analysis of chronic low back pain responder index

cutoff points (decreasing the RMDQ cutoff by 5%).

LBP VAS PGA Cutoff RMDQ Responders, %

Cutoff Cutoff

25 25 15 51.8

25 30 15 47.7

25 35 15 21.9

30 25 15 51.1

30 30 15 47.3

30 35 15 21.9

35 25 15 49.3

35 30 15 46.3

35 35 15 21.7

RMDQ: Roland-Morris Disability Questionnaire; LBP: low back pain;

VAS: visual analog scale; PGA: patient global assessment.

Table 3C. Sensitivity analysis of chronic low back pain responder index

cutoff points (increasing the RMDQ cutoff by 5%).

LBP VAS PGA Cutoff RMDQ Responders, %

Cutoff Cutoff

25 25 25 52.2

25 30 25 47.8

25 35 25 22.0

30 25 25 51.5

30 30 25 47.4

30 35 25 22.0

35 25 25 49.7

35 30 25 46.4

35 35 25 21.9

RMDQ: Roland-Morris Disability Questionnaire; LBP: low back pain;

VAS: visual analog scale; PGA: patient global assessment.

Table 4. Comparison of chronic low back pain (CLBP) responder index

(RI) effect size.

Variable Effect Size in Current Study Pooled Effect Size in Initial

CLBP RI Studies

LBP VAS –0.24 –0.25

PGA –0.24 –0.20

RMDQ –0.12 –0.08

Responder index 0.14 0.19 (in COX-A-244)

0.23 (in COX-245)

LBP: low back pain; VAS: visual analog scale; PGA: patient global assess-

ment; RMDQ: Roland-Morris Disability Questionnaire.
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could be a risk also of concluding effectiveness in treat-
ments where the therapeutic effect on individual endpoints
is minimal, thus warranting assessment of outcomes based
on clinical relevance.

Significantly more patients improved with celecoxib
compared with tramadol HCL based on the CLBP RI pro-
posed in the initial investigation. The RI appears to be par-
ticularly sensitive to the cutoff point used for improvement
in the PGA component. Changes in the improvement crite-
rion for this component determine, to a large extent, the per-
centage of patients classified as responders. Further testing
of the CLBP RI in clinical trials of other agents is necessary
to confirm its validity in this population.
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