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ABSTRACT. Objective. To analyze 2 indices composed of the 3 patient reported outcomes (PRO) in the American
College of Rheumatology (ACR) Core Data Set — physical function, pain, and global estimate — without joint count or laboratory data, for capacities to distinguish active from control treatments in 4
pivotal clinical trials.
Methods. Data from 4 clinical trials involving adalimumab, in combination with methotrexate or other
disease-modifying antirheumatic drugs (DMARD) or as monotherapy, versus control treatment were
made available to analyze properties of various indices. A categorical PRO-Index M was defined as
“majority” improvement in 2 of the 3 PRO measures at 20%, 50%, and 70% levels; results were evaluated to analyze agreement with ACR20, ACR50, ACR70 responses and an “all Core Data Set measures” index based on 4 of the 7 measures having such levels of improvement. A continuous PRO-Index
C was defined as the median or 2nd highest of 3 percentage differences from baseline to endpoint;
results were evaluated to analyze agreement with a continuous ACR-N, “all Core Data Set measures”
index, and Disease Activity Score 28 (DAS28).
Results. All indices distinguished active versus control treatment at similar levels, including PRO-Index
M versus ACR20, ACR50, and ACR70 responses, and PRO-Index C versus DAS28.
Conclusion. PRO indices based only on patient questionnaire data, without joint counts or laboratory
tests, may be useful quantitative measures of therapeutic efficacy for use in standard rheumatology clinical care. (First Release Oct 15 2006; J Rheumatol 2006;33:2146–52)
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The American College of Rheumatology (ACR) Core Data
Set1-3 and Disease Activity Score 28 (DAS28)4,5 are major
advances to standardize measurement in rheumatoid arthritis
(RA) clinical trials and other clinical research. Criteria based
on 20%, 50%, and 70% improvement in ACR Core Data Set
measures (ACR20, 50, 70) have been developed for clinical
trials6. The ACR response criteria represent change scores
from baseline to endpoint, and cannot be used as an absolute
clinical measure. DAS scores have an absolute value rather
than being based on change, and are useful in both clinical trials and standard clinical care.
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RANDOMIZED CONTROLLED TRIAL
PATIENT INDEX

These indices are advances used primarily to assess RA in
clinical trials and clinical research. Most standard rheumatology clinical care, however, is conducted according to empirical qualitative impressions rather than quantitative clinical
measurement. Formal quantitative joint counts, although
regarded by rheumatologists as the most important means to
assess RA5, and needed to calculate ACR criteria or a DAS,
generally are not performed at most visits of patients with RA
to most rheumatologists6. The only quantitative measure
recorded at most visits is a laboratory test such as erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), which
may be normal in 40% of patients7. Therefore, ACR criteria or
a DAS generally are not available in standard rheumatology
care, despite an excellent website (www.das-score.nl) and calculators that simplify computation of the DAS.
A pragmatic quantitative measure that does not require
joint counts or laboratory tests, for which the patient does
almost all the work, might be of value to rheumatologists and
their patients in standard clinical care. Three of the 7 components of the ACR Core Data Set, physical function, pain, and
global estimate, are patient reported outcome (PRO) measures. A quantitative index of only these 3 patient self-report
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questionnaire measures could facilitate quantitative assessment in standard clinical care.
We have reported that an index of patient measures yielded results similar to standard indices to distinguish results of
treatment with leflunomide or methotrexate (MTX) versus
placebo8,9. A “majority” PRO-Index M, similar in design to
ACR20, 50, 704, was comparable to ACR response criteria;
“continuous” PRO-Index C, similar in design to a continuous
ACR-N8, was similar to the ACR-N and DAS28 in the same
clinical trial9. These results were all based on a single clinical
trial. A PRO-Index termed the Patient Activity Score has been
reported to be in agreement with other measures in standard
clinical care11.
Further analyses of additional RA clinical trials involving
different therapeutic regimens appear desirable to assess the
generalizability of PRO-Indices to distinguish between active
versus control therapies at levels similar to ACR20 and
DAS28. Therefore, we analyzed PRO-Index M and PROIndex C for capacity to distinguish active from control treatments in 4 additional RA clinical trials involving adalimumab
versus control treatments.
MATERIALS AND METHODS

Clinical trials. Clinical data from the adalimumab and control arms of 4 clinical trials were analyzed: ARMADA12 and DE01913, in which a regimen of
adalimumab plus MTX was compared to placebo plus MTX; DE01114, in
which adalimumab monotherapy was compared to placebo; and STAR15, in
which a regimen of adalimumab plus other disease-modifying antirheumatic
drugs (DMARD) was compared to placebo plus DMARD. Adalimumab treatments included study arms with the standard 40 mg every-other-week dose as
well as other dosages. Analyses of all 4 trials were performed at 24 weeks, or
at last observation during the 24 week-time period with sufficient data for
determination of the indices, so the results would be based on similar periods,
although 2 trials were conducted over longer periods.
A dichotomous, categorical PRO-Index M was computed from scores for
physical function, pain, and patient’s global estimate, i.e., the 3 PRO measures on a patient questionnaire in the ACR Core Data Set. This “majority”
method is based on changes in the individual ACR Core Data Set measures
from baseline to endpoint. Responders are defined as those patients who meet
the required criteria of at least 20%, 50%, or 70% improvement, respectively,
for at least 2 of the available measures. The index was computed only for
patients who had available 2 of 3 measures among physical function, pain, or
patient’s global estimate at week 24, or last observation prior to week 24.
The primary evaluation of PRO-Index M was with respect to standard
ACR20, ACR50, and ACR70 responses4. PRO-Index M also was evaluated
relative to a categorical “all ACR Core Data Set” “majority” index, computed from all 7 measures, i.e., the 3 PRO measures, plus swollen joint count,
tender joint count, assessor’s global estimate, and C-reactive protein (CRP),
without specific prioritization for changes in joint counts. Responders were
defined as those patients who met the required criteria of at least 20%, 50%,
or 70% improvement for at least 4 of the available measures. The index was
computed only for patients who had available at least 4 of the 7 ACR Core
Data Set measures at week 24, or at a last observation prior to week 24. These
indices are analogous to ACR20, ACR50, or ACR70 responses4 for which a
“majority” of measures are required to show improvement at various levels.
A continuous version of the PRO index (PRO-Index C) was computed as
the second highest of the 3 PRO measures for percentage change, (median
value if all 3 measures were available, or the smallest of 2 available measures
if one was missing)9. DAS28 was computed for patients who had all necessary components available at the last visit: tender joints, swollen joints, CRP,
and patient’s global estimate16. DAS28 was analyzed not only directly for its

absolute change from baseline to endpoint, but also as percentage change, so
as to have analyses comparable to the other continuous indices. Two additional continuous indices were analyzed: (a) A “continuous” version of the
“all ACR Core Data Set” index is based on the median value for percentage
change of all 7 ACR Core Data Set measures, or the fourth largest of the available measures if one or more was missing9. (b) A continuous ACR-N8 was
computed as the lowest of the percentage changes for tender joints, swollen
joints, and the median (i.e., third largest) for the other 5 measures, or the second largest if one or more was missing.
Analyses according to both categorical “majority” type and continuous
indices were also performed according to 4 additional indices: (a) PRO-Index
M plus CRP; (b) PRO-Index C plus CRP; (c) “assessor-only index” involving
2 of 3 assessor measures: swollen joint count, tender joint count, assessor estimate of status; and (d) “assessor only plus CRP” involving 3 assessor-derived
measures plus CRP8,9. The results were quite similar to ACR20, DAS28,
PRO-Index M, and PRO-Index C, and are not presented here, but are available from the authors.

Statistical methods. Standard ACR20, ACR50, and ACR70 responses were
computed as described4. The “all ACR Core Data Set” index is reported as the
percentages of patients meeting criteria of at least 20%, 50%, and 70%
improvements in each of the 4 clinical trials. Comparisons between treatments were made for each of the categorical indices from each study; statistical significance was tested according to the Fisher’s exact test. Cross-tabulations were performed to evaluate possible agreement of ACR20 and ACR50
responses with PRO-Index 20% and PRO-Index 50% responses in individual
patients.
The continuous indices, including PRO-Index C, a continuous “all ACR
Core Data Set” index, ACR-N, and the DAS28 percentage improvement are
reported as adjacent box plots for the active and control treatments. The tops
and bottoms of boxes in the box plots indicate the 25th and 75th percentiles.
Moreover, changes in shading of the boxes indicate the medians, dots in the
boxes indicate the means, and lines below and above the boxes represent the
extent of variability beyond the 25th and 75th percentiles (in terms of 150%
of the distance between the 25th and 75th percentiles or the distance to the
minimum or maximum values, whichever is smaller). For each study, comparisons between active and control treatments were made for the PRO-Index
C, the “all ACR Core Data Set” index, ACR-N, and the change of DAS28
from baseline to endpoint in its own right, using 2-sample t tests (those for
DAS28 were adjusted for baseline by analysis of covariance).
The PRO-Index C also has its entire distribution described graphically for
each study according to cumulative probability curves. Values indicated by
the vertical axis and related point on the curve reveal the percentage of
patients who have the percentage change indicated on the horizontal axis.
Each point indicates the percentage of patients with at least 2 of 3 patient
measures showing a percentage improvement that is at least as large as the
corresponding value on the horizontal axis in a manner analogous to a
Kaplan-Meier cumulative survival curve. Negative values indicate worsening, while positive values indicate improvement.

RESULTS
Categorical indices. The “PRO-Index M,” the “majority” categorical index, “all ACR Core Data Set” index, and categorical ACR response criteria all indicated statistically significant
advantages to active versus control treatment in all 4 clinical
trials (p < 0.01 for all comparisons, except p = 0.021 for 20%
improvement in ARMADA for the PRO-Index M; Figure 1).
Differences between active versus control treatment were
greater according to ACR criteria than according to the PROIndex M for 3 of 4 comparisons of 20% improvement, but
showed the opposite pattern for 8 of 8 comparisons of 50%
and 70% improvement (Figure 1). Similarly, “all ACR Core
Data Set” indicated greater discrimination of active versus
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Figure 1. Analyses of 20%, 50%, and 70% changes according to 3 categorical indices, patient reported outcomes majority (PRO-Index M), “all ACR Core Data
Set,” and standard ACR improvement criteria. The PRO-Index M includes 3 patient questionnaire measures for physical function, pain, and patient global assessment. “All ACR Core Data Set” includes all 7 ACR Core Data Set measures without prioritization for joint counts (standard ACR improvement criteria require
improvement for tender joints and swollen joints, as well as 3 of the other 5 criteria). The top of the black bar identifies the percentage with 70% or more improvement, the top of the grey bar cumulatively identifies the percentage with 50% or more improvement, and the top of the white bar cumulatively identifies the percentage with 20% or more improvement. The p values for all comparisons by Fisher exact test were < 0.001, other than p = 0.021 for 20% improvement according to the PRO-Index M in ARMADA, and p = 0.005 for 50%, and p = 0.001 for 70% improvement according to ACR improvement criteria in DE011. *All differences had p values < 0.001, except for p 0.01 for 50% improvement level for the ACR Index in DE011 and p < 0.05 for the 20% improvement level for PROM in ARMADA. ADA: adalimumab, CTL: control.

control for 2 of 4 comparisons at 20% improvement, and all 8
comparisons at 50% and 70% improvement.
Agreement was seen between ACR20 and ACR50 responses versus PRO-Index M 20% and 50% responses for 80% of
patients, including patients treated with either adalimumab or
control therapies (Table 1). A higher proportion of patients
had 20% or 50% PRO-Index M responses in the absence of
ACR20 or ACR50 responses (12–17%) compared to the
opposite pattern of ACR20 responses in the absence of PROIndex M 20% or PRO-Index M 50% responses (1–4%), due in
large part to the greater stringency of ACR response criteria in
requiring 20% improvement in tender and swollen joints.
The data suggest that prioritizing swollen and tender joint
2148

counts as requirements for ACR improvement criteria does
not enhance sensitivity to detect differences between active
and control treatments. However, this prioritization may be
desirable because of added specificity. We interpret the findings to suggest that the PRO-Index M has capacities to distinguish active from control treatment that are similar to ACR
improvement criteria4 and “all ACR Core Data Set” measures,
as might be expected since the PRO-Index M variables contribute importantly to ACR criteria.
Continuous indices. Statistically significant advantages to
active versus control treatments (p < 0.001) were seen for
PRO-Index C, ACR-N, all Core Data Set, and DAS28 (Figure
2). The mean percentage differences between adalimumab
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Table 1. ACR 20 and ACR 50 responses and Pro-Index M 20 and 50 responses in 4 adalimumab clinical trials
ARMADA, DE019, DE011, and STAR.
ACR 20
Responses
+
+
–
–
ACR 50
Responses
+
+
–
–
Total

PRO-Index M
20% Responses
+
–
+
–
PRO-Index M
50% Responses
+
–
+
–

All Patients,
no. (%)

Adalimumab Patients,
no. (%)

Control Patients,
no. (%)

300 (21.7)
20 (1.4)
202 (14.6)
862 (62.2)
1384 (100)

237 (34.0)
12 (1.7)
118 (16.9)
330 (47.3)
697 (100)

63 (9.2)
8 (1.2)
84 (12.2)
532 (77.4)
687 (100)

580 (41.9)
41 (3.0)
220 (15.9)
543 (39.2)

384 (55.1)
27 (3.9)
91 (13.1)
195 (28.0)

196 (28.5)
14 (2.0)
129 (18.8)
348 (50.7)

Figure 2. Box plots indicating percentages of patients who improved with active adalimumab versus control treatments according to 4 continuous indices: patient
reported outcomes continuous (PRO-Index C), all ACR Core Data Set, ACR-N, and DAS 28. The tops and bottoms of the boxes in the box plots indicate the 25th
and 75th percentiles, the locations of change in shading indicate the medians, the dots in the boxes indicate the means, and the lines below and above the boxes
represent the extent of variability beyond the 25th and 75th percentiles. The p values for all treatment group comparisons according to analysis of variance t tests
were < 0.001. *All differences had p values ≤ 0.001. ADA: adalimumab, CTL: control.
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versus control groups according to the PRO-Index C was 33%
in ARMADA, 27% in DE011, 31% in DE019, and 25% in
STAR. The range of 25–33% was similar to the 14–32% differences in DAS28 in the 4 trials: 32% in ARMADA, 16% in
DE011, 18% in DE019, and 14% in STAR. Results according
to the other 2 continuous indices, ACR-N and All Core Data
Set, were also similar to results according to the DAS28
(Figure 2). Mean improvements with active and control treatments were lowest according to ACR-N, including a higher
proportion of patients in the control group with ACR-N values
of 0 or less, indicating no improvement or worsening of status.
Probability plots illustrate in greater detail the capacity of
the PRO-Index C to detect no improvement or worsening in
each of the 4 clinical trials (Figure 3). Each point indicates the
percentage of patients with at least 2 of 3 patient measures
showing a percentage improvement at least as large as the corresponding value on the horizontal axis, analogous to a
Kaplan-Meier cumulative survival curve, with negative values
indicating worsening. No improvement was seen for about
15–25% of patients treated with adalimumab, compared with
35–40% of control patients. The lowest rate of control

responses was seen in DE011, in which adalimumab was compared to placebo, in contrast to the other clinical trials that
included MTX in the control group.

DISCUSSION
Our data indicate that PRO-Index M distinguishes adalimumab from control treatment groups in 4 clinical trials at levels
similar to the categorical ACR20 index. Similarly, the PROIndex C distinguishes the 2 treatment groups at levels comparable to the continuous DAS28, as well as ACR-N and other
continuous indices developed in this study from the ACR Core
Data Set. These findings extend previous evidence from one
clinical trial of leflunomide, MTX, and placebo to 4 additional clinical trials using the anti-tumor necrosis factor biological
agent adalimumab, highlighting the potential clinical value of
PRO indices8,9.
The ACR response criteria and DAS28 include joint counts,
providing greater specificity for RA than PRO indices or assessor global measures. Therefore, ACR20, 50, and 70, and
DAS28 appear desirable endpoints for clinical trials. However,
PRO indices, without formal joint counts, appear of value to
monitor drug therapy for RA in standard clinical care, with

Figure 3. Cumulative probability curves for a patient reported outcomes continuous index (PRO-Index C), in 4 clinical trials comparing adalimumab versus control responses. A point on a curve and the vertical axis reveal the percentages of patients who have at least 2 of 3 patient measures with percentage improvement
at least as large as the corresponding value on the horizontal axis in a manner analogous to a Kaplan-Meier cumulative survival curve. These displays include negative responses, indicating worsening clinical status.
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little loss of information from indices that require formal joint
counts.
Data from patient questionnaires are correlated significantly with data from traditional joint counts, radiographs, and
laboratory tests17, and can be more explanatory of other clinical information than these other measures17. Measures such
as rheumatoid factor, shared epitope, ESR and CRP, and a
baseline radiograph have significantly greater capacity to predict longterm radiographic progression compared to a patient
questionnaire18. However, patient questionnaires have far
greater capacity than a radiograph, joint count, or laboratory
test to predict other severe patient outcomes of RA, including
work disability, costs, premature death, and even joint
replacement surgery19.
The continuous PRO-Index C method removes arbitrary
20%, 50%, or 70% cutoff points seen with ACR response criteria and the categorical “majority” PRO-Index M. A continuous index usually provides greater statistical power than a categorical index20. Further, a continuous index has the capacity
to recognize worsening, expressed as a possible negative
change9, in addition to improvement, as seen in Figure 3. For
example, if one patient has a 25% improvement and a second
patient a 25% deterioration, the net result of a continuous
index would be 0. By contrast, according to ACR20 categorical criteria, the net result with 25% improvement and 25%
deterioration would be expressed as a “20% improvement in
50% of patients.” Most reports of RA clinical trials indicated
that 20%–30% of patients met ACR20 response criteria with
comparator or placebo treatment. Such results may be in part
an artifact of the structure of ACR response criteria, rather
than an actual direct benefit or a “placebo effect”21-23.
Some limitations are seen in these studies. First, the total
number of clinical trials that have been analyzed according to
PRO indices remains small. Nonetheless, our report increases
the number of clinical trials that have been analyzed according to PRO indices from 1 to 5. It would appear desirable that
clinical trials involving other agents be analyzed to further
characterize the possible value of PRO indices.
A second limitation is that all analyses are post-hoc. It is
unlikely that prospective assessment in a clinical trial would
be performed according to a PRO Index. Indeed, we do not
suggest that any clinical trial be conducted only according to
a PRO Index, as joint counts have greater specificity for
change in RA clinical status than PRO measures24.
Nonetheless, PRO Index data could be reported in addition to
ACR20, 50, 70, ACR-N and/or DAS28 criteria, to provide
prospective data concerning performance of such indices to
distinguish active from control treatment compared to standard indices.
Perhaps the most important advantage of PRO indices is
that quantitative and informative data can be acquired easily
in standard clinical care, without joint counts or laboratory
tests25. Most rheumatologists do not perform quantitative
joint counts in most patients at most visits7, and, therefore, do

not have available quantitative documentation of clinical
improvement unless with ESR or CRP, or patient questionnaire data. Even if patient questionnaire measures have somewhat less sensitivity than information in a full ACR Core Data
Set or DAS28, their pragmatic utility might be desirable compared to the current situation in which most clinical rheumatology care is conducted without quantitative information26.
The data reported here, and previous reports9,10, further support that patient questionnaire data alone can also be used
effectively to assess changes in clinical status in patients with
RA in standard clinical care.
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