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Relative Responsiveness of Physician/Assessor-
Derived and Patient-Derived Core Set Measures in
Rheumatoid Arthritis Trials
TUHINA NEOGI, HUI XIE, and DAVID T. FELSON

ABSTRACT. Objective. We assessed whether individual American College of Rheumatology core set measures
(CSM), and the CSM grouped as composite patient-derived (CPD) or composite physician/assessor-
derived (CMD), performed differently in rheumatoid arthritis (RA) clinical trials.
Methods. We used data from 9 RA trials [anti-tumor necrosis factor-α (TNF-α) and disease modi-
fying antirheumatic drug (DMARD)] in which CSM had been assessed, conducted from the early
1990s to present, with a total of 2969 patients. We grouped the CSM as CPD (pain, patient global
assessment, function) and CMD [tender joint count (TJC), swollen joint count (SJC), physician glob-
al, inflammatory marker]. Using bootstrap simulation, we estimated the sample size that would be
required to distinguish active treatment from placebo with the Wilcoxon rank-sum test in the clini-
cal trials for the outcomes of percentage change of each individual CSM, of the Disease Activity
Score (DAS), and average percentage change of the CMD or of the CPD.
Results. Comparing the performance of individual CSM relative to one another, the physician and
patient global assessments and TJC would require the lowest sample sizes to distinguish active treat-
ment from placebo, while use of the SJC, inflammatory marker, and function would require the high-
est. The CMD performed similarly to the DAS, requiring similar sample sizes, while the CPD would
require 1.7 times greater sample size to distinguish treatment from placebo. The results were simi-
lar across DMARD and anti-TNF-α trials.
Conclusion. Because of their demonstrated sensitivity to change, composite measures assessing RA
outcomes in clinical trials should continue to include physician/assessor-derived core set measure
assessments. (First Release April 15 2008; J Rheumatol 2008;35:757–62)
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Outcomes of rheumatoid arthritis (RA) clinical trials are
assessed by means of composite indices such as the
American College of Rheumatology (ACR) core data set1

and the Disease Activity Score (DAS)2. The ACR core set
measures include tender joint count (TJC), swollen joint
count (SJC), physician global assessment, patient-reported
pain, patient-reported function, patient global assessment,

and an inflammatory marker, either erythrocyte sedimenta-
tion rate (ESR) or C-reactive protein (CRP). The Disease
Activity Score (DAS) includes TJC, SJC, patient global
assessment, and an inflammatory marker (ESR or CRP).
Thus, these composite measures include physician/assessor-
derived assessments, patient-derived assessments, and a lab-
oratory measure.
Of the core set measures, those that are patient-derived

have been advocated as better predictors of longterm out-
comes like disability and death3-7, and as a better tool to
document the longterm course of RA in the clinic8. One
study has suggested that single measures assessed by
patients, such as severity of pain and global assessment, are
at least as sensitive to change in trials as such physician/
assessor measures as joint counts9. However, composite
measures are not the same as individual core set items, and
the relative sensitivity to change of such composite meas-
ures may not parallel those of their specific building-block
items. Composite measures combining patient-derived and
physician/assessor-derived elements from the core set have
rarely been compared for their sensitivity to change10,11.
These reports, one limited to 3 trials testing anakinra and the
other to one trial of methotrexate and leflunomide, suggest-
ed equivalence or superiority of the patient-derived meas-
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ures compared to physician/assessor-derived measures. The
implication of this finding would be to place a greater
emphasis on composite patient-derived outcomes not only in
clinical practice, but also in clinical trials. However, the rel-
ative performance of the composite patient-derived versus
composite physician/assessor-derived core set measures has
not been evaluated in a larger number of patients from trials,
or in a comprehensive study that includes trials of a wide
spectrum of agents. Nor have the implications for clinical
trial design with respect to required sample size been evalu-
ated with such a strategy.
In a recent reevaluation of response definitions for RA,

we assembled a large dataset of recently completed multi-
center RA trials; this gave us the opportunity to compare the
sensitivity to change of patient-derived versus physician/
assessor-derived composite measures in RA. We investigat-
ed whether a composite of patient-derived (CPD) core set
measures performed similarly to a composite of physi-
cian/assessor-derived (CMD) core set measures in its ability
to distinguish efficacious RA therapies.

MATERIALS AND METHODS
Participants and dataset.We used data assembled as part of the ACR effort
to reevaluate improvement criteria in RA12. This dataset included 11 large,
multicenter randomized RA trials with core set outcome measures assessed,
conducted from the early 1990s to the present. For 2 of the trials used for
the ACR effort, data were not provided to us, precluding use of these trials
in this study. The trials we included were placebo-controlled trials of dis-
ease modifying antirheumatic drugs (DMARD), different anti-tumor necro-
sis factor-α (TNF-α) inhibitors, and a non-anti-TNF-α-inhibiting biologic
agent. There was also one comparative trial of a combination of agents ver-
sus a single agent. In total, there were 2969 participants (1976 participants
in 7 anti-TNF-α inhibitors vs placebo arms, and 993 in 4 DMARD vs
placebo or single-agent arms). Based on agreement with sponsors provid-
ing the data, we have not provided identifiable trial information. Sponsors
provided data either on all patients or on a randomly selected 80% of par-
ticipants in the trial. Data included the core set measure scores at each study
visit and treatment assignment code. Individual participant information
other than treatment assignment and ACR core set measures were not
released from these trials in developing this dataset. As these were all ran-
domized trials, any known or potential confounders are therefore expected
to be equally distributed among the treatment arms.

ACR core set measures, composite measures, and DAS. We assessed indi-
vidual ACR core set measures separately as well as composite measures,
which were defined as ACR core measures grouped as follows11: (1) physi-
cian/assessor-derived (CMD), which consisted of TJC, SJC, and physician
global assessment; (2) physician/assessor- plus laboratory-derived
(CMD+lab), which consisted of CMD plus an inflammatory marker (ESR
or CRP); and (3) patient-derived (CPD), which consisted of patient-report-
ed pain, patient-reported function, patient global assessment (Table 1). The
DAS with the 28-joint count (DAS28) was used as a comparator13. For trial
data that used CRP, the DAS28-4(crp) was used14. Calculations are provid-
ed in the Appendix. We did not use the ACR20 as a comparator since it is
not a continuous measure.

Statistical analysis. Our overall purpose was to evaluate the ability of the
composite measures (CMD, CMD+lab, CPD), and the DAS to distinguish
active treatment from placebo. One approach to determining how well an
outcome measure performs in distinguishing active treatment from placebo
is to estimate the sample size that would be required for the outcome meas-
ure to detect a difference between treatment arms. This would be deter-

mined by the standardized magnitude of the difference between treatment
and placebo, which, in turn, is influenced by the outcome measure’s sensi-
tivity to change and variability in the measure.

To distinguish active treatment from placebo in terms of disease
improvement, we first calculated the subject-specific improvements using
data from each of the trials. For the 7 ACR core set measures and the DAS,
improvement was defined as the percentage change from baseline. For the
composite measures (CMD, CMD+lab, CPD), improvement was defined as
the average percentage change from baseline11. We then applied the
Wilcoxon rank-sum test to the resultant data and evaluated whether the null
hypothesis of equal efficacy of active treatment and placebo was rejected.
The Wilcoxon test, a nonparametric test, has the advantage of being robust
to distributional assumptions. To evaluate power and sample size require-
ments for the Wilcoxon rank-sum test using the improvement definitions
described above, we conducted nonparametric bootstrap simulations15

(random sampling with replacement) as follows: for each clinical trial, we
resampled with replacement a “K” number of subjects from the original
trial data. This process generates one simulated dataset with “K” subjects
drawn from the same population as the original data for this trial. We
repeated this process of resampling “n” times, which gives rise to “n” sim-
ulated datasets for a particular trial with sample size being varied to “K.”
For each of these “n” simulated datasets, we then applied the Wilcoxon
rank-sum test based on the improvement definitions of each measure and
determined whether or not the null hypothesis was rejected. The power for
sample size “K” was then calculated as the proportion of “n” simulated
datasets in which the null hypothesis was rejected. The value of “K” that
had a corresponding power of 80% was the required sample size for the
improvement definition for a particular measure. We used this same proce-
dure to obtain the required sample sizes for each definition of improvement
of the measures (ACR core set, composite, and DAS). To ensure that the
results were robust and were not specific to drug type, we also calculated
the sample sizes grouped by type of trial, either DMARD or anti-TNF-α.

To put these sample sizes into context, we also estimated the sample
size that would be required for a “gold standard” test procedure using all of
the core set measures with optimal weighting based on each measure’s vari-
ability16. O’Brien’s test was used for testing whether multiple outcomes in
one treatment group had consistently larger values than the outcomes in the
other treatment group. In O’Brien’s test, subjects in each trial are ranked
from smallest to largest percentage change for each core set item separate-
ly, and for each subject, these ranks are summed across core set measures
and then compared17. Therefore, although O’Brien’s global test statistic
reduces the 7 core set measures into a single outcome, its rank-based defi-
nition means that one subject’s value is dependent on the values of all other
subjects, the weights for the core set items change from one dataset to the
next. As a result, O’Brien’s test does not produce an appropriate definition
of response and the summed rank values are not clinically interpretable,
although some effort has been made to overcome these issues18. We use it
here only because it has excellent power to detect differences and can serve
as a benchmark for other improvement definitions.

Estimated sample sizes required for each outcome across trials or sub-
group of trials were combined using an average weighted by the size of
each trial and are reported as a relative ratio to the gold-standard sample
size, which is assigned a value of 1. For example, a sample size reported as
having a ratio of 2.0 means that use of that measure as a trial’s primary out-
come would require double the sample size compared to the gold standard.

RESULTS
In comparing the performance of individual core set meas-
ures relative to one another, the physician and patient glob-
al assessments and TJC would require the lowest sample
sizes to distinguish active treatment from placebo, while use
of the SJC, inflammatory marker, and function would
require the highest (Table 2). For example, if a trial were to
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use physician global assessment as the outcome measure,
the estimated required sample size would be 1.6 times that
of the gold standard (O’Brien’s test), while for patient-
reported function, the estimated required sample size would
be 2.1 times that of the gold standard.
The results were similar across DMARD and anti-TNF-

α trials, with the exception of the inflammatory marker and
swollen joint count. In DMARD trials, using an inflamma-
tory marker as the outcome measure would require 3.1 times
the sample size of the gold standard, while in anti-TNF-α
trials, it would require 1.9 times the sample size (Table 2).
The differences in sample sizes required for swollen joint
count were smaller. The differences in sample sizes between
the trial types may speak to differences between drug mech-
anisms and to the fact that the group of DMARD trials
included a variety of agents with differing efficacy.
In the grouped composite measures, the CMD required a

sample size of 1.2 times the gold standard, while the DAS
required 1.3 times the sample size of the gold standard. The
CMD+lab required only 1.1 times the gold-standard sample
size to distinguish active treatment from placebo. Although
the patient global assessment on its own performed well, the
CPD would require on average 1.7 times greater sample size
than the gold standard to distinguish treatment from placebo
(Table 3). As a hypothetical example, if a trial used the gold
standard (O’Brien’s test) as its outcome and needed to enroll
200 participants to have an 80% likelihood of detecting a

significant difference between active treatment and placebo,
using CMD as the outcome would require 240 participants,
using CMD+lab would require 220 participants, and using
CPD would require 340 participants to detect the difference.
As in the individual core set measures, results of these

composite measures were similar across the 2 types of trials,
DMARD and anti-TNF-α (Table 3).

DISCUSSION
Like other investigators, we found that the individual core
set measures that were least sensitive to change were SJC
and Health Assessment Questionnaire (HAQ) disability,
while both physician and patient global assessments per-
formed well. Composite physician/assessor-derived (CMD
or CMD+lab) outcome measures performed equivalently or
slightly better than patient-derived (CPD) ones in distin-
guishing active treatment from placebo in the 9 large ran-
domized trials we analyzed. Further, this held true for both
types of trials, DMARD and anti-TNF-α, suggesting that
both physician/assessor- and patient-derived composite
measures perform similarly regardless of therapy tested.
Interestingly, the inflammatory marker itself did not appear
to add to the ability to distinguish active treatment from
placebo, even though all trials had average CRP values at
baseline that were greater than 2 mg/dl (ranging from 2.2 to
5.3 mg/dl), indicating elevated levels in these trial
participants.
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Table 1. Core set and composite measures.

Components of Core Set Measures Used for
ACR Core Dataset of 7 Physician/Assessor-derived Physician/Assessor-plus Patient-Derived Core Disease Activity
Disease Activity Measures Core Set Measures (CMD) Lab-Derived Core Set Set Measures (CPD) Score (DAS)
for RA Measures (CMD+lab)

Tender joint count � � �

Swollen joint count � � �

Physician global assessment � �

Inflammatory marker � �

Patient-reported pain �

Patient-reported functional disability (HAQ) �

Patient global assessment � �

Table 2. Relative sample sizes required for individual core set measures versus the O’Brien-derived sample size.

Relative Ratio of the Estimated Sample Size Required
to Distinguish Active from Placebo

All Trials DMARD Trials Anti-TNF-α Trials

“Gold standard” from O’Brien test 1.0 1.0 1.0
Physician global assessment 1.6 1.3 1.7
Patient global assessment 1.6 1.4 1.7
Swollen joint count 2.2 2.5 2.0
Tender joint count 1.7 1.7 1.7
Pain 1.8 1.8 1.8
Functional disability 2.1 2.4 2.0
Inflammatory marker (generally CRP) 2.4 3.1 1.9
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These results based on a number of clinical trials with a
large number of persons with RA indicate that patient-
derived composite measures are not more efficient as an out-
come measure than physician/assessor-derived measures in
attempting to distinguish effective therapy from placebo.
The comparable performance of both composite measures
could be ascribed to less change occurring with some of the
individual measures, less precision of the measures, or a
combination of factors. Studies have shown that the SJC is
not among the core set measures with the greatest sensitivi-
ty to change19-21. However, it is widely advocated as a cen-
trally important measure of patient status in RA22.
Despite inclusion of SJC and the variably sensitive labo-

ratory measure, composite physician/assessor-derived meas-
ures were as sensitive to change as, if not more sensitive
than, patient-derived measures, even though patient global
assessment performed well. Why is this? One reason is that
another core set measure with less sensitivity to change was
the HAQ. The HAQ may be poorly sensitive to change
because subjects in these trials had longstanding disease,
with average disease duration at study entry > 6 years for all
trials, with several being 11–13 years, and had fixed func-
tional loss, reflected by average baseline HAQ values rang-
ing from 1.5 to 1.8, with only one study having baseline
HAQ of 0.8–0.923-25. Another reason for our findings has to
do with the correlation of measures. An index is more sensi-
tive to change when its precision is better than that of its
individual components, which can be achieved in part by
diminishing the variability or noise of its change. One way
indices accomplish this is by combining measures that cor-
relate with one another modestly26. The patient-derived
measures — patient global assessment, HAQ, and pain —
correlate highly with one another27,28, suggesting that they
are not fully independent measures. Indeed, in one study, all
8 subdimensions of the HAQ were explained by pain, sug-
gesting that the HAQ and pain are measuring similar con-
structs29. Items that are too highly correlated fail to add
additional information to an index. On the other hand, while
SJC and TJC are highly correlated, physician global assess-
ment does not load on the same factor1, suggesting that
physician global assessment is not strongly correlated with
joint counts, and laboratory measures are, at best, modestly
correlated with these other 3 factors. Thus, although SJC is

not very sensitive to change, the covariate structure of the
physician/assessor-derived assessment measure ensures that
an index of these measures will, overall, be sensitive to
change. The DAS also performed well and this may reflect
the higher weights assigned to SJC, TJC, and the inflamma-
tory marker in the DAS (Appendix), with the inflammatory
marker not correlating highly with the joint counts. Thus,
relying solely on individual core set measures or on parts of
composite measures may sacrifice sensitivity to change.
This has implications for trial design for the number of
patients that need to be recruited into a trial.
In comparison to traditional dichotomous-based thresh-

old outcome measures, such as the ACR20, continuous out-
come measures have greater statistical power and sensitivity
to change. This is reflected in the current ACR recommen-
dation to use the recently developed ACR Hybrid, a contin-
uous measure, as the preferred outcome measure in RA tri-
als12. As expected, when we performed additional analyses
to evaluate the relative sensitivity to change of the ACR20
measure, the relative sample size required would have been
2.1, indicating that it has less sensitivity to change than
either composite patient-derived or physician/assessor-
derived measures (both continuous measures), while the
continuous ACR Hybrid measure performed similarly to the
composite physician/assessor-derived measure (relative
sample size 1.1).
Why have previous studies more readily demonstrated

equivalence or even superiority of patient-reported out-
comes in other trials? These previous studies generally
focused on individual patient-derived measures, and meas-
ures such as patient global assessment and pain are among
the most sensitive to change of outcome measures in
RA1,19,21. In the one study that directly compared patient
and physician/assessor composite measures using data from
3 anakinra trials, the reported findings were opposite to ours,
that composite patient measures were more sensitive to
change. This difference may be explained by peculiarities of
anakinra’s effects, with much less effect on SJC, a physi-
cian/assessor-derived measure, than on other core set meas-
ures10. Our results suggest that the anakinra findings may be
treatment-specific and not generalizable. In the study com-
paring patient-derived measures to physician/assessor-
derived measures using data from a methotrexate/lefluno-

760 The Journal of Rheumatology 2008; 35:5

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

Table 3. Relative sample sizes required for composite measures versus the O’Brien-derived sample size.

Relative Ratio of the Estimated Sample Size Required
to Distinguish Active from Placebo

All Trials DMARD Trials Anti-TNF-α Trials

“Gold standard” from O’Brien test 1.0 1.0 1.0
Disease Activity Score 1.2 1.3 1.1
CMD (physician/assessor-derived) 1.3 1.3 1.3
CMD+lab (physician/assessor- plus lab-derived) 1.1 1.2 1.0
CPD (patient-derived) 1.7 1.9 1.6
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mide trial, sensitivity to change was not directly compared
statistically11.
We were unable to assess the sensitivity to change of

other potentially important patient-derived outcomes, such
as fatigue, as these data were not collected/provided in the
trial data analyzed. However, current research standards in
RA clinical trials continue to promote the use of the ACR
core set measures used in these analyses. Similarly, we were
unable to assess the predictive validity of composite physi-
cian/assessor- and patient-derived core set measures for
radiographic structural outcomes as these data were not
available in the trial data analyzed. Finally, these results may
not be applicable to trials of persons with early RA, in which
patient-derived outcomes may have improved sensitivity to
change since functional loss may be more sensitive to
change in earlier than in later stages of disease.
Nonetheless, our results are based on a large number of

RA trial participants with outcome definitions derived from
the ACR core set measures that are currently widely used in
RA clinical trials, using a wide variety of drugs, with simi-
lar results being noted in both anti-TNF-α inhibitor and
DMARD trials, and with robust uniform analytic techniques
across all trials. Of note, one of the trials used in the other
studies evaluating patient-derived outcomes was also
included in our current study. While in selected trials, the
composite patient-derived outcome may perform at least as
well as or even better than other measures, our results sug-
gest that overall a composite patient-derived outcome is no
better than a composite physician/assessor-derived measure
in terms of sensitivity to change.
In summary, our study provides insight into the perform-

ance of the individual core set measures and the ability of
physician/assessor-derived versus patient-derived composite
measures to detect a difference between the efficacies of
treatments in RA clinical trials. Patient-reported measures
that are of importance in determining longterm outcomes in
the clinic setting may not be sufficient for use in clinical tri-
als on their own. Because of their demonstrated sensitivity
to change, composite measures assessing RA outcomes in
clinical trials should therefore continue to include physi-
cian/assessor-derived core set measure assessments.

APPENDIX
DAS28 calculation using ESR:
DAS28 = 0.56 * sqrt(TJC28) + 0.28 * sqrt(SJC28) + 0.70 * ln(ESR) +
0.014 * GH
DAS28 calculation using CRP:
DAS28-4(crp) = 0.56 * sqrt(TJC28) + 0.28 * sqrt(SJC28) + 0.36 *
ln(CRP+1) + 0.014 * GH + 0.96
where GH = patient’s general health measured on 100 mm visual analog
scale.
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