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There is still no cure for rheumatoid arthritis (RA), but in
recent years the number of available disease modifying
agents has grown considerably. To evaluate which agents
perform best, the reader should be able to compare the
results of respective trials. However, in addition to different

study designs, most trials present different endpoint mea-
sures. Therefore a minimum set of valid disease activity
variables, the core set, was proposed a few years ago1,2.
Using standard measurement techniques and measurement
protocols, one could then compare the group results of these
7 or 8 separate variables among trials. Besides group results,
it is important to know how many patients actually
improved, i.e., is a good group result based on a large num-
ber of patients improving moderately, or on a small number
of patients with a considerable improvement. The choice for
such an individual response measure should also be uniform
among trials to improve comparability.

Using the core set of disease activity variables, two dif-
ferent definitions of response or improvement in RA clinical
trials have been promulgated. One has been recommended
by the American College of Rheumatology (ACR)
Committee as a definition of improvement in RA clinical tri-
als3. For each individual patient in a trial, it tests whether the
patient has experienced clinical improvement by evaluating
their percentage of improvement in core set variables during
the trial. Generally speaking, if the patient experiences at
least 20% improvement in multiple variables simultaneous-
ly, they are defined as having satisfied the definition of clin-
ical improvement, a definition that corresponds to clini-
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cians’ impressions that the patient has experienced improve-
ment. The ACR definition focuses on patient change, not on
the absolute state of activity of their disease. The European
League Against Rheumatism (EULAR) also developed a
definition of response in RA using some core set variables4.
This definition of response differs from the ACR response
conceptually. First, rather than defining improvement or no
improvement, the EULAR definition classifies persons into
3 groups, those experiencing no response, those experienc-
ing moderate response, and those experiencing a good
response. Also, the EULAR response criteria factors in both
change and the absolute level of disease. If a patient
improves greatly, yet does not reach a certain level of dis-
ease inactivity, she cannot be characterized as having expe-
rienced a good response. The EULAR response criteria are
computed using an index of activity in RA, the Disease
Activity Scale (DAS)5. The DAS combines information
from the Ritchie Articular Index, the swollen joint count, the
erythrocyte sedimentation rate, and patient global assess-
ment of their disease activity.

The criteria sets have been validated separately both for
full and limited joint counts, and appear to perform well. It
is not clear which definition of improvement or response is
better able to differentiate between treatments in RA clinical
trials. Discriminant validity can be defined as the ability to
distinguish between clinically relevant levels of treatment
efficacy. In the setting of this study, this was equated with
the statistical ability to distinguish between the responses of
treatment groups in a trial. The goal of our analysis was to
compare the validity of the ACR and EULAR definitions of
response. For this purpose datasets from several mainly
North American groups6-12 were analyzed by a US research

group (JA/DF), and two European datasets were analyzed
by a European (EU) research group (AG/PR). Whereas the
US group focused on discriminant validity, the EU group
also studied construct and criterion validity.

MATERIALS AND METHODS
US group. To compare the discriminant validity to the ACR and EULAR
definitions of response or improvement, we used data from a group of ran-
domized double blind controlled trials in RA, most of them placebo con-
trolled. Using intent-to-treat (last observation brought forward) data on
patients at the end of the trial, compared to patient baseline, we character-
ized the number of responders in each treatment group in each trial accord-
ing to ACR improvement criteria (Table 1). Using a similar approach after
computing DAS scores, we characterized EULAR non, moderate, and good
responder rates in each treatment group in each trial (Table 1). For the DAS
computation, we used the following formula5: 

DAS = 0.53938 sqrt (RAI) + 0.06465 (swollen joint count)
+ 0.3330 ln (ESR) + 0.00722 (patient global)

For each trial using both ACR and EULAR response definitions, we
computed a Mantel-Haenszel chi-squared statistic to differentiate response
on active treatment from response control treatment. This chi-squared value
was our measure of discriminant validity. 

The trials we analyzed are as follows: 
(1) Cooperative systematic studies of rheumatic disease trial of methotrex-
ate versus placebo6. (2) Cooperative systematic studies of rheumatic dis-
ease trial of penicillamine versus placebo from which we removed the low
dose of penicillamine group7. (3) Cooperative systematic studies of rheu-
matic disease trial of injectable gold, auranofin versus placebo8. (4) The
COBRA (Combination Therapy in Rheumatoid Arthritis) trial testing high
dose corticosteroids, methotrexate, and sulfasalazine versus sulfasalazine
and double placebo in early RA9. (5) Trial of methotrexate versus auranofin
in early RA10. (6) Trial of the combination of methotrexate and
cyclosporine versus methotrexate and placebo in partial methotrexate
responders with RA11. (7) Trial of TNFR:Fc (16 mg/m2 dose only) versus
placebo in RA12.

As in previous analyses3 we combined data from 3 Cooperative
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Table 1. RA improvement criteria.

ACR Improvement Criteria

≥ 20% improvement in Tender joint count, and
Swollen joint count, and
At least 3 of the following:
ESR of CRP
Investigator assessment of global disease activity
Patient assessment of global disease activity
Patient assessment of pain
Physical disability

EULAR (EULAR28) Response Criteria

Reached Value Change in DAS or DAS28 from Baseline

DAS28 DAS > 1.2 > 0.6 and ≤ 1.2 ≤ 0.6

≤ 3.2 ≤ 2.4 Good

> 3.2 and ≤ 5.1 > 2.4 and ≤ 3.7 Moderate
> 5.1 > 3.7 Non

DAS: Disease Activity Score; DAS28: Disease Activity Score including 28 joint counts for tenderness and
swelling.



Systematic Studies in the Rheumatic Diseases (CSSRD) trials of
methotrexate, penicillamine, and injectable gold characterizing the active
treatment group in these trials as “strong second-line drugs.” We performed
one pooled analysis of these 3 trials. Considering the auranofin group as a
“weak second-line drug”13, we looked at the auranofin versus placebo trial
of the CSSRD trial that included gold, auranofin, and placebo in a second
analysis. We analyzed the other trials separately, the COBRA trial, the
methotrexate versus auranofin trial, the combination methotrexate/
cyclosporine trial, and the TNFR:Fc trial. Because the CSSRD trials do not
include measures of self-reported disability, which are part of the core sets,
we substituted grip strength as we have done in previous analyses of these
trials3. Our analyses have shown that grip strength correlates with self-
reported functional disability at values ranging from 0.44 to 0.60.

Statistics. The Mantel-Haenszel chi-squared test permitted us to compare
the discriminant validity of these two definitions of response, even though
one is dichotomous and the other has 3 levels. To further compare these two
measures, we computed a chi-squared ratio, using the ACR chi-squared
divided by the EULAR chi-squared. If the chi-squared ratio is close to one,
then the two measures have equivalent discriminant validity.

European group. Journal articles (since 1990) and abstracts of all RA clin-
ical trials of at least 24 weeks’ duration were screened on the basis of the
following criteria:  
• report of all components of ACR and EULAR improvement criteria (base-
line and endpoint): individual joint counts for tenderness and swelling (at
least 28 joint count), ESR, or C-reactive protein (CRP), patient and inves-
tigator assessment of global disease activity, patient assessment of pain, and
a measure of physical disability; 
• patient and investigator assessment of improvement (endpoint); 
• radiographic damage score (baseline and endpoint).

If information was available for all these variables, the authors con-
cerned were asked for an extract of their dataset. 

For all studies treatment response was calculated per patient using both
ACR and EULAR criteria. When possible, two sets of criteria were calcu-
lated: (1) with extensive joint counts (ACR) or Ritchie Articular Index and
44 swollen joint count (EULAR), and (2) with 28 joint counts (ACR28 and
EULAR28) (Table 1)14-16. The classification of treatment response with
ACR (ACR28) and EULAR (EULAR28) criteria were compared using
cross tables. The following aspects of validity of the improvement criteria
were studied: I. the ability to detect differences between treatment groups
(discriminant validity); II. the association with patient’s and investigator’s
assessment of improvement (construct validity); and III. the association
with radiographic progression (criterion validity).

Statistics. Because of different designs, all trials were analyzed separately.
Mantel-Haenszel chi-squared statistics compared the differences in
response between treatment groups. Wilcoxon two sample tests (ACR) and
Kruskal-Wallis tests (EULAR) tested the association between response and
patient and investigator assessment of improvement. Analysis of variance
or Kruskal-Wallis (when the progression score could not be transformed to

a more normal distribution) tests studied the association between response
and radiographic progression.

RESULTS
US Group
Results of our analyses are shown in Table 2. We analyzed a
total of 7 data sets. For the COBRA trial, we looked sepa-
rately at 16 weeks (9 weeks after the end of the oral pred-
nisolone pulse) and at 28 weeks (the last assessment while
taking low dose prednisolone). For the other trials, we
examined only the end point of the trial. Generally speaking,
using the ACR definition of improvement, improvement on
active treatment was much more common than improve-
ment on control treatment with the rate of improvement on
control being lowest in the Cooperating Clinics Trials, 
and in the methotrexate/cyclosporine combination trial.
Improvement rate was highest in the control treatment arm
in the COBRA trial, especially at the end of the trial. The
Mantel-Haenszel chi-squared was high using both the ACR
and EULAR criteria for almost all of the trials, indicating
good discrimination between treatment arms.

The chi-squared ratio (see Table 2) for most trials was
close to 1, with some trials having ratios above 1 (e.g.,
methotrexate/cyclosporine combination trial) and others
having ratios below 1 (e.g., auranofin vs placebo component
of the CSSRD trial). Most trials had ratios close to one
(CSSRD stronger trials; the COBRA trial at 16 weeks). 

Generally speaking, there was no clear pattern by which
one could say that the discriminant validity of the ACR cri-
teria was stronger than the discriminant validity of the
EULAR definition response or vice versa.

It should be noted that a chi-squared value of at least 3.84
yields a p < 0.05; a chi-squared value of at least 6.64 yields
a p value < 0.01, and a chi-squared value of at least 10.83
yields p < 0.001. With one exception, either ACR or
EULAR criteria would have yielded significant results for
these trials, and further, in most cases, a value more strin-
gent than p < 0.05 would have been reached.

European Group 
Trials. There were only two trials meeting all above men-
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Table 2. Discriminant validity of ACR and EULAR improvement criteria. US trials.

Trial N Stronger/N Control Percentage Reaching ACR Improvement                Mantel-Haenszel Chi-Squared Chi-Squared Ratio
Stronger, % Control, % ACR EULAR

CSSRD stronger 155/119 40 8 36.8 31.4 1.2
CSSRD AUR 56/38 23 8 3.7 11.5 0.3
COBRA 16 wks 76/79 74 32 25.6 22.8 1.1
COBRA 28 wks 76/79 70 49 8.5 15.0 0.6
MTX vs AUR 119/118 65 29 30.5 16.6 1.8
MTX + Cyclo vs MTX 75/73 44 8 18.1 4.9 3.7
TNFR vs Placebo 44/44 75 14 33.2 18.9 1.8

AUR: auranofin; MTX: methotrexate; Cyclo: cyclosporine; TNFR: tumor necrosis factor receptor.



tioned requirements available for further analysis. Trial 1: A
24-week randomized, double blind, placebo controlled mul-
ticenter trial. Patients (n = 472) with early active RA
received either placebo or 30 mg, 75 mg, or 150 mg recom-
binant human interleukin 1 receptor antagonist (rhIL-1ra) by
daily subcutaneous injections17,18. Trial 2: A 52-week ran-
domized, double blind, placebo controlled trial. Patients (n
= 105) with early active RA received either sulfasalazine
(2000-3000 mg/day), methotrexate (7.5–15 mg/wk), or the
combination of sulfasalazine and methotrexate19. Table 3
summarizes for both trials the measurements used for the
specified variables.

Response classification. Regardless of treatment group,
the ACR criteria classified 159 patients of trial 1 (34%) as
responders, and 305 patients (66%) as non-responders
(Table 4). The EULAR criteria classified 28 patients of trial
1 (7%) as good responders, 188 (41%) as moderate respon-
ders, and 248 (53%) as non-responders. ACR and EULAR

had conflicting results in 3% of the patients: 13 patients who
were classified as ACR responder but not as EULAR
responder had no significant change in DAS and endpoint
DAS > 3.7, while of the ACR components, in general the
Health Assessment Questionnaire (HAQ) and/or the ESR
change was less than 20%. One patient who was classified
as a EULAR responder but not as ACR responder did not
change in number of swollen joints and HAQ score, which
were low at baseline (swollen joint count = 9, HAQ = 0.00).
Only 1% of the patients (n = 6) had conflicting results (ACR
responders, EULAR non-responders) when using the
ACR28 and EULAR28 criteria. In most of these patients the
ESR improved less than 20% and the endpoint DAS28 was
> 5.1. Between EULAR and EULAR28 criteria there were
no real conflicting results, and the percentages of patients in
the different classes remained almost the same, although
there were 66 patients (14%) shifting between the classes,
mainly because of the different joint counts used. The per-
centage of responders with ACR28 criteria (32%) is compa-
rable with the ACR criteria (34%), with 45 patients (10%)
changing classes.

In trial 2 the number of ACR responders is 78 (76%), and
the number of EULAR good, moderate, and non-responders
is, respectively, 41 (40%), 45 (44%), and 18 (17%) (Table
4). Conflicting results between ACR and EULAR were pre-
sent in 3 patients (3%). The number of responders with
ACR28 and EULAR28 criteria compared with the original
criteria comprising extensive joint counts was somewhat
lower (ACR28: 70%, EULAR28: 36% good and 46% mod-
erate).

Treatment groups. According to both ACR and EULAR cri-
teria, the treatment response in trial 1 was not very impres-
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Table 3. Methods of assessment. European trials.

Trial 1 Trial 2

Joint counts: tender (swollen) 68 (66) 53 (44)
Patient/investigator global* 0–4 Likert scale 1–5 Likert scale
Pain 100 mm VAS 100 mm VAS
General health — 100 mm VAS
ESR mm/h mm/h
HAQ Several versions Dutch
Patient/investigator overall** 1–7 Likert scale 1–5 Likert scale
Radiographs Larsen Modified Sharp

VAS: visual analog scale; *patient’s and investigator’s assessment of glob-
al disease activity; **patient’s and investigator’s assessment of improve-
ment.

Table 4. Response classification (N). European trials.

Trial 1
EULAR EULAR 26 ACR

G M N G M N G N

EU28 G 21 4 0
M 7 152 23
N 0 32 225

ACR G 27 118 13 25 119 14
N 1 70 233 0 63 241

AC28 G 26 109 11 24 116 6 131 17
N 1 78 236 0 66 249 28 288

Trial 2

EU28 G 36 1 0
M 5 39 3
N 0 5 15

ACR G 39 36 2 36 36 5
N 1 8 16 1 9 15

AC28 G 38 31 2 36 33 2 71 1
N 2 13 16 1 12 18 7 24

G: good; M: moderate; N: non-responder.



sive, with the majority of patients classified as non-respon-
der. Also there was no clear dose-response relation between
the 30, 75, and 150 mg recombinant human interleukin 1
receptor antagonist (rhIL-1ra) groups (Table 5). However,
there was a small difference in treatment response between
the groups, as expressed by the p values of the Mantel-
Haenszel chi-squared statistics for the ACR criteria, p = 0.02
(ACR28 p = 0.04). Using the EULAR criteria the p value
was somewhat higher, p = 0.07 (EULAR28 p = 0.02).

In trial 2 the majority of patients were classified as
responder with both criteria, but there were no significant
differences between the 3 treatment groups (ACR p = 0.77,

ACR28 p = 0.50, EULAR p = 0.73, EULAR28 p = 0.15)
(Table 5).
Patient’s and investigator’s overall improvement.
Overall improvement was assessed by both patient and
investigator on a scale from 1 to 7 (1 = marked improve-
ment, 7 = markedly worse) in trial 1, and on a scale from 1
to 5 (1 = very much improved, 5 = very much deteriorated)
in trial 2. In both trials treatment response as assessed with
ACR and EULAR criteria was linearly associated with the
overall assessments of both patients and investigators (p =
0.0001 for all 4 response criteria). At the extremes, there
were no EULAR good and 1 EULAR moderate responders
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Figure 1. ACR and EULAR improvement classification compared with the investigator overall assessment of improvement. The bars indicate the percentage
of EULAR response (good, moderate, non), and the line indicates the percentage of ACR responders, per category of overall improvement. A. European trial
1, x axis: 1 = marked improvement, 2 = moderate improvement, 3 = slight improvement, 4 = no change, 5 = slightly worse, 6 = moderately worse, 7 = marked-
ly worse. B. European trial 2, x axis: 1 = very much improved, 2 = moderately improved, 3 = no change, 4 = moderately deteriorated, 5 = much deteriorated. 

Table 5. Response per treatment group (N). European trials.

Trial 1
EULAR EULAR28 ACR ACR28

G M N G M N G N G N

0 mg 4 44 70 3 39 76 31 88 29 90
30 10 43 64 8 45 64 44 75 41 78
75 10 41 64 9 42 64 36 79 34 80
150 4 60 50 5 56 53 49 64 44 69

p = 0.07 p = 0.02 p = 0.02 p = 0.04

Trial 2

SSZ 13 13 8 11 12 11 25 9 22 12
MTX 13 17 4 11 19 4 25 9 23 11
S+M 15 15 6 15 16 5 28 7 27 8

p = 0.73 p = 0.15 p = 0.77 p = 0.50

SSZ: sulfasalazine; MTX: methotrexate; S+M: combined.

A B



in class 7, i.e. “markedly worse,” and 4 non-responders in
class 1, i.e. “marked improvement” (Figure 1a). Similarly, at
the extremes there were 0 ACR responders in the worst class
and 6 non-responders in the best class. In trial 2 there were
no cases with score 5 (Figure 1b). Zero EULAR good and
moderate responders were in class 4, and 0 non-responders
in class 1. Similarly, class 4 comprised no ACR responders,
and class 1 comprised 2 non-responders. 

Radiographic progression. The interquartile range of radi-
ographic progression per response class is visualized in
Figure 2. The response criteria including 28 joint counts
gave results comparable to the results using the original
response criteria. Disregarding treatment groups, in trial 1
there was no significant association between radiographic
progression and treatment response. The median radi-
ographic progression was 3 for almost all response groups
(EULAR p = 0.57, EULAR28 p = 0.35, ACR p = 0.40,
ACR28 p = 0.76). Trial 2 did show a significant association,
with more progression in patients without a good treatment
response (EULAR p = 0.0001, EULAR28 p = 0.0001, ACR
p = 0.03, ACR28 p = 0.01). 
DISCUSSION
This transatlantic study shows that ACR and EULAR defin-
itions of response in RA have equivalent discriminant valid-
ity. The combined analysis was based on 9 well done clini-
cal trials, and covered a range of response and differences in
response between treatment groups. Both criteria sets per-
formed similarly in differentiating active or experimental
treatment from placebo or control treatment. In addition, the
European analysis indicated comparable construct and crite-
rion validity.

Although the number of published RA clinical trials is
substantial, it was difficult to find trials in which both the
ACR and the EULAR improvement criteria could be calcu-
lated, and in which radiographs (European analyses) were
taken and scored. Only recently has the complete core set of
disease activity measures been included in trials, and even
within these trials there is a lot of discrepancy in the mea-
surement techniques used. Joint counts differ with respect to
the number of joints included, and the way they are exam-
ined, i.e., one joint at a time, or a complete joint unit at a
time. Most trials did not include both the original Ritchie
Articular Index and the full joint count necessary to calcu-
late the 2 improvement criteria. In future the standard
assessment of the 28 joint count will make it possible to cal-
culate both ACR28 and EULAR28 improvement. The avail-
ability of radiographic scores appeared to be the main limi-
tation to include trials in the European study. 

In the European setting of 2 trials there was only 3% real
discrepancy between ACR and EULAR improvement
despite readily apparent differences in the definition of
response. The main difference is determined by the number
of response classes per criteria. The EULAR moderate
group comprises more ACR good than non-responders. On
an increasing level of response, patients will generally first
classify as EULAR moderate responders, then as ACR
responder, and finally as EULAR good responders.
Response criteria with extensive and with 28 joint counts
yielded similar percentages of patients per class, although
there were some shifts between the classes.

Both ACR and EULAR criteria showed a high associa-
tion with patient and investigator overall impression of
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Figure 2. ACR and EULAR improvement classification compared with the progression of joint damage per
European trial. Bars indicate the interquartile range of radiographic progression per response class. The median
is the demarcation between the two shades of grey of the bars. The left y axis indicates the progression in Larsen
score after 24 weeks for European trial 1, and the right y axis indicates the progression in modified Sharp score
after 52 weeks for European trial 2.



improvement in the European trials. There were some dis-
crepancies, especially where ACR and EULAR “moderate”
appeared to overestimate the response detected by patients
and investigators.

In European trial 1 there was no association between
response and radiographic progression. This might be
explained by the short treatment/followup period of the
study, 24 weeks, but perhaps the agent tested, rhIL-1ra, was
responsible for a dissociation between clinical response and
radiographic progression of the disease. In European trial 2
there was a clear association between response and radi-
ographic progression for both criteria. The p values suggest
a stronger association between EULAR response and radi-
ographic progression, but this might be a result of the high-
er number of response classes in comparison with the ACR
response criteria.

In conclusion, there is a high level of agreement between
ACR and EULAR improvement classification, and their
validity is equivalent. The discriminating potential of the
criteria between treatment groups is comparable.

It is recommended for future clinical trials to assess all
components of both criteria, but to choose in advance which
criteria will be used as primary, and which as secondary
endpoint measure. Further, it will be necessary to define
inclusion criteria based on the components of the primary
endpoint measure to standardize the baseline disease activi-
ty of the trial population, and to make sure that response can
be assessed.
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