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ABSTRACT
As additional DMARDs have been
added to the armamentarium of rheum-
atologists over the last 60 years, the
approach to the treatment of rheuma-
toid arthritis has changed. Many clin-
ical studies now are geared toward
evaluating the concept of eradicating
inflammation as a method to seek the
elusive goal of sustained remission in
RA. One of the first descriptions of
remission in ‘RA’ was by Short et al in
1948, when he documented the natural
progression of the disease. Since that
time, various criteria have been devel-
oped to define RA remission utilizing
clinical, radiographic, and laboratory
measures. The most stringent of criteria
is the American College of Rheumatol-
ogy Remission Criteria, developed in
1980, which consists of clinical symp-
toms and signs of inflammation includ-
ing fatigue, joint pain, morning stiff-
ness, joint tenderness, joint swelling,
and erythrocyte sedimentation rate
(ESR). Several reports have compared
ACR remission criteria to Disease
Activity Score (DAS) values to identify
equivalent DAS remission values, and
these have been extrapolated to modi-
fied versions of the DAS, the Simple
Disease Activity Index (SDAI), and
Clinical Disease Activity Index (CDAI).
The ACR remission criteria and the
response measures were not designed
for use as the target or goal for the clin-
ical management of individual RA
patients in routine clinical practice.
Nevertheless, rheumatologists yearn
for the eradication of inflammation in
all RA patients, and attaining remission
may be achievable in the future.

Introduction
Despite the significant advances in dis-
ease-modifying therapy and clinical
trial methodology, it is unusual for a
physician to have the pleasure of tell-
ing a patient with rheumatoid arthritis
(RA) that his or her unrelenting disease
is in remission. As seen with disease
activity measures, “remission” in RA is

difficult to define precisely with a sin-
gle disease activity measure. Clinical
remission is defined as an absence of
joint inflammation and extraarticular
disease activity (1) and is now being
considered a target for RA therapy. The
approach to the treatment of RA has
changed over the past 60 years as addi-
tional disease-modifying antirheumatic
drugs (DMARDs) with good efficacy
and toxicity profiles have been added
to the armamentarium of rheumatolo-
gists. Many studies now are geared
toward evaluating the concept of eradi-
cating inflammation as close as possi-
ble to symptom onset, as a method to
seek the elusive goal of remission in
RA.
One of the first descriptions of remis-
sion in RA was by Short et al. (2, 3), in
which he illustrated the natural history
of the disease over a 24-year period. In
1948, Short and Bauer described a
series of 300 RA patients (above the
age of 12) admitted to Massachusetts
General Hospital between 1930 and
1936. Approximately 38 patients with
peripheral arthritis were found to have
rheumatoid spondylitis, but were
included in the cohort, while patients
with a clearly erroneous diagnosis were
excluded. Patients’ hospital stay was
usually 3 to 4 weeks and included the
following therapeutic interventions:
rest, analgesics, exercises, heat applica-
tion to joints, diet with supplementary
vitamins, fever therapy, blood transfu-
sions, treatment of infections, and
orthopedic procedures. Of the 293
patients, 38 patients with more severe
disease required readmission. Patients
were seen in clinic at least once or
twice a year, however some patients
were seen at irregular intervals. During
the 12 to 18 years of observation, 56
patients died of “causes unrelated to the
arthritis”. Short et al. classified patients
as being in RA remission “if the disease
was inactive, the patients were asymp-
tomatic and examination of the joints
was negative except for residual defor-
mity”. Patients were assessed in 1937,
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1947, and 1954. Subanalyses were
performed excluding rheumatoid spon-
dylitis patients. In 1937 approximately
17% of patients met their remission cri-
teria, and the average duration of
remission was 21 months. When as-
sessed in 1947, 50% of patients who
were in remission in 1937 were still in
remission, and 17.4% of the patients
remaining under study were noted to be
in remission. Patients above the age of
40 were less likely to be in remission
compared to patients below the age of
40 (8.5% versus 21%). In addition,
patients with disease duration of
greater than 1 year at study entry were
noted to have a remission rate of 4.7%,
compared to 37% of patients with less
than 1 year of disease duration. In 1954
only 13% of the remaining 174 patients
met the authors’ criteria for remission.
This study pioneered analysis of remis-
sion in RA and initiated the process of
establishing remission criteria as a goal
for RA treatment.
In 1980, a Subcommittee for Criteria of
Remission in Rheumatoid Arthritis of
the American Rheumatism Association
(ARA) Committee on Diagnostic and
Therapeutic Criteria was convened to
develop criteria for clinical remission
in RA. Complete remission was de-
fined as “total absence of all articular
and extraarticular inflammation and
immunological activities related to
RA” (1). To achieve this, 35 practicing
rheumatologists were asked to provide
data on their patients using a RA data
collection form and to classify the
patients’ disease activity into four cate-
gories: complete remission without
treatment, complete remission with
treatment, partial remission, and active
disease. They recorded demographic
information, past and present symp-
toms (including extra-articular mani-
festations), results of a joint examina-
tion, laboratory data, and radiographic
data. Through statistical methods, each
variable was assessed for the strength
of its capacity to discriminate between
patients in complete remission versus
those in partial remission or active
disease.
The clinical study included 344 patients;
63 patients were considered to be in
complete remission without treatment,

112 in remission with treatment, 93 in
partial remission, and 76 to have active
disease. The 175 patients in complete
clinical remission, with and without
treatment for RA, did not differ signifi-
cantly and were combined for the anal-
yses. The presence of rheumatoid fac-
tor positivity was slightly higher in the
active disease group (87%) when com-
pared to patients in the complete remis-
sion group (74%). Some patients in
complete remission had rheumatoid
nodules and Sjögren’s syndrome.
Radiographs at a single time point were
used as an index of disease severity,
and no new radiographs were required
in the study. Morning stiffness was a
discriminating variable when comparing
patients in complete remission (18%) to
those with active disease (96%). It was
even more discriminating when evalu-
ating patients’ duration of morning
stiffness with the cutoff of 15 minutes
(p-value < 0.01).
The Subcommittee then proposed the
following definition for ARA (now
American College of Rheumatology
[ACR]) complete clinical remission
that had the highest face and discrimi-
natory validity. The patient should
meet five of the following six criteria
for at least 2 consecutive months:
morning stiffness ≤ 15 min, no fatigue,
no joint pain (by history), no swollen
joints, no tender joints, and erythrocyte
sedimentation rate (ESR) < 30 mm/h
for female or 20 mm/h for male. The
sensitivity and specificity for meeting
five out of six criteria for 2 consecutive
months were 72% and 92% compared
to patients with partial remission, and
72% and 100% compared to patients
with active disease. A period of 2
months’ time required to be in remis-
sion was arbitrarily chosen, and 90% of
the patient population met this criteri-
on. Multiple calculations of 2:1 or 3:1
weighing of variables with better dis-
criminating ability produced the same
results as using equal weights of the six
variables.
The Outcome Measures in Rheuma-
tology (OMERACT) group recently
proposed preliminary definitions of
minimal disease activity (MDA) (4).
This was a concept that Pinals et al.
considered in their discussion of

remission criteria in RA; MDA might
characterise a population of patients in
“transition” to reaching remission.
MDA was defined as a disease state
that is “between high disease state and
remission”, and was developed to fill
the need for a measurable disease activ-
ity goal that could be attained in clini-
cal practice, since complete clinical
remission in RA is a rarity. A patient in
remission would also meet MDA
criteria. Aletaha and Smolen have pro-
posed definitions for MDA and remis-
sion (5) based on the Disease Activity
Score 28 (DAS28), Simplified Disease
Activity Index (SDAI), and Clinical
Disease Activity Index (CDAI) (6).
Our group recently assessed different
definitions of clinical remission and
MDA at 6, 12, and 24 months in a well
characterised cohort of early seroposi-
tive, DMARD-naïve, RA patients
(n = 200) with active disease at entry,
treated with traditional DMARDs in
the prebiologic era (7) (in press). At
baseline, none of the 200 patients were
in MDA or remission. We modified the
ACR remission criteria by assessing
patients cross-sectionally—that is, at
single points in time, rather than over a
consecutive 2-month period. The modi-
fied ACR remission definition was the
most stringent 0.7%, 0%, and 0% were
in clinical remission compared to 3%
to 15%, 4% to 24%, and 6% to 33% at
6, 12, and 24 months, respectively, for
other published criteria for clinical
remission (5) (see chapters “DAS
remission cut points” by Fransen et al;
“Definitions of remission for rheuma-
toid arthritis and review of selected
clinical cohorts and randomised clinical
trials for the rate of remission” by
Mäkinen et al.). Depending on the
MDA definition used, 20% to 32%,
27% to 32%, and 30% to 48% of
patients were in MDA at 6, 12, and 24
months, respectively. Patients who
achieved either MDA or remission
had lower Health Assessment Ques-
tionnaire-Disability Index (HAQ-DI)
and radiographic scores compared to
patients who did not achieve either.

Status and response measures in RA
It is important to understand the con-
cepts of “status” and ”response”
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measures, which are used to describe
disease activity in RA. “Status” mea-
sures assess disease activity at a specif-
ic point in time, and “response” mea-
sures assess how disease activity
changes over time, for example,
response to medication (8). Remission
in RA is considered to be a status mea-
sure. Other status measures include
MDA measures, DAS, and its varia-
tions, HAQ-DI, and Sharp Score of
radiographic evidence of joint damage.
These measures are important when the
practicing rheumatologist evaluates
treatment strategies in individual RA
patients. Response measures evaluate
change in clinical status over time in
clinical trials to determine efficacy but
also can be implemented in longitudi-
nal observational studies to evaluate
clinical change over time. Two types of
response measures in current usage are
the American College of Rheumatolo-
gy 20%, 50%, and 70% improvement
(ACR 20/50/70) criteria (9), and the
European League of Associations for
Rheumatology (EULAR) Improvement
Criteria (10) and its variations.
Three domains can used to describe the
long- and short-term consequences of
disease activity in RA and should be
considered in defining remission: clini-
cal signs and symptoms of inflamma-
tion, functional impairment, and struc-
tural joint damage (Table I). These
domains will be discussed in the
following section in more detail.

Importance of clinical trial design
and metrology in DMARD
development
The treatment of RA has been ad-
vanced by quantitative measurement of
RA manifestations (metrology) and in
clinical trial methodology. It is difficult
to deem a therapeutic agent as benefi-
cial in a disease such as RA, in which
patients suffer a progressive, chronic
inflammatory disease with sponta-
neous, robust flares and other times of
quiescence; although the immediate,
dramatic benefit of cortisone was
rapidly apparent to everyone and did
not require formal clinical trends. Clin-
ical manifestations are not always uni-
form in presentation of signs and
symptoms, and the beneficial effect of

the treatment often takes months to
appreciate. For example, the beneficial
effect of parenteral gold in RA was
debated for 30 years, until it was final-
ly proven in 1960 by the Empire
Rheumatism Council’s controlled clini-
cal trial (11). Our rheumatologist pre-
decessors who routinely treated pa-
tients with chronic, debilitating RA,
identified these complicated issues and
were among the first to employ the
concepts of randomisation, blinding,
and use of a control group in clinical
trials. These shrewd clinician research-
ers were some of the first to pursue a
broad spectrum of objective, semi-
objective, and subjective methods to
quantify patient status and changes in
status over time.
Appropriate classification and charac-
terisation of patients with RA was the
first hurdle to tackle. Short, Bauer, and
Reynolds reviewed the history of the
“numerical method in the study of dis-
ease” in the monograph “Rheumatoid
Arthritis” (Harvard University Press,
1957) (3). The detailed tabulation of
characteristics in RA patients and
numerical basis for diagnostic categori-
sation quantified the previous method
of diagnosis by expert opinion. In
1945, Fletcher and Lewis-Faning pub-
lished a detailed clinical and statistical
account of 1,000 cases of chronic
rheumatism, including 254 patients
with RA (12, 13). They emphasised
clinical and radiographic criteria to
help distinguish RA from degenerative
joint disease. Lewis-Faning later pre-
sented a meticulous statistical analysis

for the Empire Rheumatism Council in
1950, of 532 RA patients matched for
age, sex, and “civil state” (i.e., socio-
economic status) with non-RA controls
to determine factors related to the onset
of RA (14).
In 1955, the Empire Rheumatism
Council also published “Multicenter
controlled trial comparing cortisone
acetate and acetylsalicylic acid in long-
term treatment of rheumatoid arthritis”
(15). The same group refined their
methodology with a series of multicen-
ter controlled clinical trials of corticos-
teroids, gold, and high dose aspirin (11,
16, 17). “A controlled study of chloro-
quine as an antirheumatic agent” was
published in 1958 (18), and “Chloro-
quine in rheumatoid arthritis: a double-
blind fold trial of treatment for one
year” was published in 1960 (19).
These studies included detailed des-
criptions of which joints were involved
(in what percent of patients), as well as
joint swelling, limitation of motion,
effusion, heat, redness, fatigue, and
osseous overgrowth, although formal
joint counts were not done. Nodules,
fever, lymphadenopathy, anemia, and
stiffness were also tabulated. During
the 1950s and 1960s, various methods
to describe numerical quantitation of
the magnitude of individual signs and
symptoms of RA were evaluated,
including Likert (20) and visual ana-
logue scales of pain (21) and global
well-being, durations of morning stiff-
ness and fatigue (22), circumference
(ring size) of swollen joints (23), grip
strength (24), pain on pressure (dolori-

S-16

ACR remission criteria and response criteria / V.K. Ranganath et al.

Table I. Assessing the consequences of rheumatoid arthritis.

Clinical signs and Functional disability Joint damage
symptoms of inflammation

• Swollen joint count • HAQ-DI, mHAQ, SF-36 • Clinical joint deformity
• Tender joint count • ARA functional class • Sharp scores, Larsen scores, joint space
• Morning stiffness • Walking time narrowing, erosions,malalignment
• Acute phase reactants • Grip strength • MRI and ultrasound of hands

(ESR, CRP) • Work status • Joint replacement surgery

Fatigue
Co-morbidities

Pain visual analog scale
Range of motion

Physician global assessment
Patient global assessment

*Adapted from Pincus T, Sokka T, 2005 (52).



meter) (25), 50 feet walk-time (26),
and measurement of joint motion with
a goniometer (27).
One of the earliest indices to evaluate
disease activity was Steinbrocker’s
Therapeutic Scorecard in 1946, which
included an arbitrary set of clinical
signs and symptoms of inflammation
with seven out of nine of the items
falling into this domain (joint swelling,
joint motion, joint tenderness, ESR,
haemoglobin, pain, well-being), with
the other two items dealing with func-
tional capacity and weight (28). The
scorecard was filled out by using a deb-
it system. Thus, if patients described
any of the above symptoms, a specific
percentage was deducted from a total
theoretical score of 100 percent, repre-
senting a healthy patient. The scorecard
heavily emphasised clinical signs and
symptoms of RA; only 5% of the total
was allotted to functional status, and
structural joint damage was not directly
included in the scoring system. Simi-
larly, Lansbury’s Systemic Manifesta-
tions of Rheumatoid Activity in 1954
also emphasised clinical signs and
symptoms of inflammation. Lansbury’s
index included ESR, pain on motion,
muscle weakness, morning stiffness,
fatigue, anemia, pain at rest, and
fever (29).
A few years later in 1949, Steinbrocker
proposed four-point global scales to
quantitate functional status/disability
(30), and Lansbury proposed a formal
joint count, weighted by joint size in
1958 (31). Many other composite mea-
sures have been proposed to evaluate
disease activity in RA, including the
pooled index (32), the discriminant anal-
ysis (33), the Cooperative Systematic
Studies of the Rheumatic Diseases
(CSSRD) joint count (34), and others
(22). These indices did not gain
widespread use, though interestingly
Steinbrocker’s Therapeutic Scorecard
included all of the items later selected
for the ACR Core Set (35). The four-
point global clinical and radiographic
scales were used by rheumatologists,
although they were not sufficiently
sensitive to discriminate modest treat-
ment effects.
The Cooperating Clinics Committee of
the ARA, statistically guided by Donald

Mainland, evaluated the statistical sta-
bility and characteristics of numerous
outcome measures in “A seven-day
variability study of 499 patients with
peripheral RA” in 1965, and proposed
the widely used unweighted joint
counts of 66 swollen and 68 tender
joints (36). This “ARA-Index” 66/68
joint count was further described and
defined by Mainland in 1967, and was
considered to measure RA activity,
along with morning stiffness, grip
strength, and ESR (37). In 1968 the
Ritchie articular index (RAI) of tender
joints was published, in which some
joints are grouped, the distal interpha-
langeal joints are omitted, and the
degree of tenderness is graded from 0
to 3 for each joint and joint group (38).
Meanwhile, the nonsteroidal anti-
inflammatory drug (NSAID) indo-
methacin had been identified by
screening numerous compounds for
their ability to rapidly decrease the
acute swelling induced by the injection
of carrageenan into a rat paw (39).
This rapid, relatively inexpensive
screening method was widely applied
during the late 1960s and 1970s to
identify a large number of commercial-
ly viable NSAIDs. However, statisti-
cally valid trial evidence of clinical
benefit was required before regulatory
approval for marketing could be
obtained. Multiple outcome measures
and clinical trial designs were used by
various sponsors.
In 1971 an advisory committee to the
US Food and Drug Administration
(FDA) published the first “ Guidelines
for clinical evaluation of nonsteroidal
anti-inflammatory drugs” (40), which en-
hanced and expedited the development
and marketing of a large number of
NSAIDs. These guidelines, which were
heavily influenced by findings from the
7-day variability study (36), helped to
standardise industry-sponsored clinical
trials. Under the watchful prodding of
the FDA rheumatologist John Harter,
MD, clinical data submitted in support
of new drug applications were used to
test and improve these guidelines,
which were expanded to include
DMARDs and later biologic agents for
RA. Furthermore, principles of these
guidelines were then expanded to

include the assessment of drugs for
other rheumatic diseases. Additional
outcome measures of function [e.g.,
HAQ (41), Arthritis Impact Measure-
ment Scales (AIMS) (42)], and radio-
graphic damage [e.g., Sharp score (43)
and Larsen score (44)] were added to
“signs and symptoms” as potential
indications for antirheumatic agents.
Analysis of clinical trials remained dif-
ficult however, because of the large
number of outcome measures being
used. When analysed within the same
trial, improvement of some measures
frequently was contradicted by worsen-
ing in other measures, and sponsors
could emphasise the measures that
improved while ignoring those that did
not improve. In several papers in 1988
and 1989 Dixon et al. (45) and Ander-
son et al. (46) analysed the relative sen-
sitivity to change of various outcome
measures and discussed which mea-
sures were most efficient for RA clini-
cal trials. General interest of clinical
trialists led to an international confer-
ence with agreement on a core set of
measures recommended for all RA
clinical trials (35).
Traditional clinical assessments of RA
attempted to measure the cardinal signs
of inflammation: joint pain, joint ten-
derness, joint swelling, range of mo-
tion, joint circumference, grip strength,
walking time, morning stiffness, and
ESR. Published reports from controlled
clinical trials of NSAIDs and
DMARDs focused on the statistical
differences of single clinical assess-
ments of RA inflammation in order to
differentiate between one therapeutic
intervention and another, and from
placebo. It was understood that these
clinical assessments were interrelated,
but were independently analysed. If all
clinical assessments of RA were statis-
tically superior, then the treatment in
question was considered more effective
than its comparator; however there was
difficulty in identifying the superior
therapy when only some assessments
were statistically superior. In addition,
there was a lack of a generally accepted
method for estimating improvement in
an individual RA patient in clinical
trials.
The problem of discordant outcome
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measures within the same clinical trial
prompted a search for a single compos-
ite measure [e.g., pooled index (32), the
discriminant analysis (33), the CSSRD
joint count (34)] that could be used to
evaluate each subject in a clinical trial
as improved or not improved. In an
effort to assess clinical signs and symp-
toms of inflammation as a single mea-
sure, Paulus et al. with the CSSRD
Group proposed a method to evaluate
them collectively, now called the
“Paulus Improvement Criteria” (Table
II). The CSSRD group, a National
Institutes of Health sponsored program
led by John Ward and the University of
Utah, had conducted four placebo-con-
trolled clinical trials with standard
DMARDs. Collectively, a total of 198
patients who were randomised to
placebo and drug met eligibility crite-
ria. Of the 198 patients, 27 withdrew
due to lack of efficacy. The standard
measures of efficacy included in each

of the trials were: morning stiffness,
CSSRD joint pain/tenderness score,
CSSRD joint swelling score, patient’s
overall assessment of current disease
activity, physician’s overall assessment
of current disease severity, and ESR.
These 6 measures were arbitrarily
selected to develop the Paulus Criteria.
By using the pooled data of the place-
bo-treated patients in these DMARD
trials, as well as the data for the active
DMARD-treated arms, Paulus, Egger,
Williams, et al. (47) were able to for-
mulate a composite measure of im-
provement (≥ 20% improvement in 4 of
6 measures that were used in all of the
Cooperating Clinics trials), which
clearly differentiated the proportion of
patients improved during placebo
(4%-10%) from those improved by the
various DMARDs (16%-50%) (Table
II). This method depicted relatively
unambiguous outcomes to controlled
clinical trials and decreased the number

of subjects needed to recognise an
efficacious new DMARD.
In the late 1980s and early 1990s,
recombinant technology had permitted
the production of many potentially
therapeutic biologic products, but
sponsors were hesitant to test them as
DMARDs in clinical trials because of
the anticipated expense entailed by
large prolonged clinical trials with
ambiguous results. The proposed com-
posite measure was successfully
applied in the development of several
early biologic agents (48). This move
proved to be successful and led to an
international conference of clinical tri-
alists who agreed to the enhanced and
improved ACR preliminary definition
of improvement in RA (9); improve-
ment criteria were derived from the
core components and set (35). ACR20
improvement criteria that have become
a de facto standard for DMARD trials
(≥20% of improvement in tender joint
count and swollen joint count plus
≥20% improvement in three of the fol-
lowing: patient pain, patient global dis-
ease activity, physician global disease
activity, physical function, e.g., HAQ-
DI and acute-phase reactants, ESR, or
C-reactive protein [CRP]) (9).
The ACR20 has performed well in
controlled clinical trials of new thera-
pies (49) and was quickly expanded to
include ACR50 and ACR70 improve-
ment to recognise more effective thera-
pies. Its major weakness is that it is tied
to relative improvement compared to
baseline and does not give much infor-
mation about the absolute status of the
subject’s RA. Patients with 20% im-
provement in mild RA are not really
comparable to patients with 20% im-
provement in severe RA. For this rea-
son ACR20/50/70 should be restricted
to analysis of clinical trials or similar
longitudinal outcome studies. It is not
useful in the clinical management of
individual patients.
At about the same time, van Riel, van
der Heijde, and associates developed
the DAS index (50, 51). Serial assess-
ments of tender and swollen joint
counts, ESR, and patient global assess-
ment (GH = global health) were
recorded for a panel of RA patients at
times of poorly controlled RA (e.g.,
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Table II. Components of various response and remission criteria.

Paulus improvement ACR20 improvement ACR remission criteria (1)
criteria (47) criteria (9)

20% improvement in 4 of An improvement to the 20%, ≥ 5 of the following present at least
the 6 parameters 50%, or 70% level in the 2 consecutive months

parameters outlined, require
improvement in both SJC and
TJC, and 3/5 other items

Swollen joint count Swollen joint count Morning stiffness ≤ 15 minutes
Tender joint count Tender joint count No fatigue
Morning stiffness Pain visual analog scale No joint pain
Patient global assessment Patient global assessment No joint tenderness or pain on motion
Physician global assessment Physician global assessment No soft tissue swelling in joints or

tendon sheaths
ESR ESR or CRP ESR (Westergren method) ≤ 30 mm/h

for a female or 20 mm/h for a male

Functional questionnaire

Fig. 1. EULAR response criteria
(based on DAS44/ESR-4 item).*

*DAS44/ESR-4 item Score =
0.53938 √RAI + 0.06465* SJC44 +
0.33l In (ESR) + 0.00722* GH
**Change values = Baseline DAS
value minus current value.
+Reached values = Current DAS
score.



when a new DMARD was needed), and
when well-controlled (e.g., no change
in DMARD for 1 year or longer). These
were compared statistically to arrive at
a mathematical formula to express the
degree of disease activity on an arbit-
rary scale at a given point in time. The
domains of functional disability and
joint damage are not included. Patients
with similar DAS score have similar
degrees of RA activity, and DAS scores
change with improvement or worsen-
ing of RA activity. Standard values for
change in score and current score have
been established as the EULAR
Improvement Criteria (Fig. 1) that is,
none, moderate, or good improvement,
that can be used in clinical trials as a
composite outcome measure (10).
The ACR remission criteria strongly
consider clinical signs and symptoms
of inflammation with all six items
belonging to the domain of clinical
symptoms and signs of inflammation:
fatigue, joint pain, morning stiffness,
joint tenderness, joint swelling, and
ESR. Several reports have compared
ACR remission criteria to DAS values
to identify equivalent DAS remission
values. Both of these indices omit
effects of RA on functional disability
and structural joint damage (5). Two
other disease activity measures are
derived from the DAS, the Simple Dis-
ease Activity Index (SDAI) and Clini-
cal Disease Activity Index (CDAI);
cut points of SDAI and CDAI have
been developed to describe remission
in RA (6).
Neither ACR20 nor EULAR improve-
ment criteria adequately measure chan-
ges in physical function or changes in
radiographic evidence of joint damage.
These have been established as sepa-
rate outcomes by the FDA and are gen-
erally included in DMARD develop-
ment in order to obtain FDA-approved
indications for improvement of physi-
cal function and for prevention of
radiographic joint damage.

Competing and complementary
roles of stake-holders in develop-
ment and use of remission and
response criteria
Early development of DMARDs in-
volved efforts of rheumatologists to

adapt agents for treatment of RA from
drugs that had been approved for other
disease indications. Examples include
gold salts, antimalarial drugs, penicil-
lamine, azathioprine, cyclophospha-
mide, chlorambucil, methotrexate, and
cyclosporine. The spontaneous devel-
opment and off-label use of these drugs
encouraged the FDA, through its
Arthritis Advisory Committee, to
develop and publish guidelines for
clinical evaluation, first of NSAIDs,
then of DMARDs and biologic agents,
with the implicit assurance that new
agents that satisfied the guidelines
could be approved and marketed as
DMARDs. As the scientific basis for
DMARD activity was explored in basic
science laboratories, pharmaceutical
and biotechnology companies began to
explore potential therapeutic applica-
tions. Around 1990, the development
of a composite criterion for response
based on the Cooperating Clinics
DMARD studies, rapidly followed by
the ACR core set of preferred outcome
measures and international agreement
on the ACR20 improvement criteria,
set the stage for clinical development
and eventual approval of leflunomide
and biologic agents. The success of
these agents has encouraged the
development and assessment of many
new agents with specific biologic tar-
gets, some of which are now approved
for use in clinical practice.
ACR and EULAR have been active par-
ticipants in this process. ACR and
EULAR committees continue to com-
pete and collaborate in the development,
application, and refinement of response
criteria and status measures. OMER-
ACT has been a valuable forum for
international collaboration in the devel-
opment and application of standards for
outcome measurement in a broad spec-
trum of rheumatic diseases by interested
clinical trialists, statisticians, academi-
cians, pharmaceutical industry scien-
tists, and regulatory agencies.
A continual attempt to refine and
improve the methods of clinical assess-
ment remains in progress. Currently,
the ACR has established a Quality
Measures Committee with a subcom-
mittee to standardise the ACR approval
process for disease classification criteria

sets and for response criteria sets. Their
policies are detailed in a recent editori-
al in Arthritis and Rheumatism, Arthri-
tis Care and Research (8).
In essence, it is suggested that repre-
sentative expert opinion be gathered
by a defined Delphi method and
refined by Nominal Group Techniques
to develop potential consensus criteria.
These candidate criteria should then be
refined using appropriate cases and
controls to determine sensitivity and
specificity. Final validation requires a
different set of cases, controls, and
experts. There are three categories of
ACR approval for a criteria set. Un-
endorsed “proposed” critieria may
have been developed by expert con-
sensus but have not yet been refined
with appropriate cases, controls, and
statistical validation. ACR endorsed
“provisional” criteria have been vali-
dated with appropriate cases and con-
trols and can be used in clinical
research. Full endorsement of “final”
criteria may occur after the “provision-
al” criteria have been used and validat-
ed in independent clinical trials and/or
clinical studies and have been general-
ly accepted by users. Of course, a cri-
teria set is never truly “final”, and one
should anticipate periodic review,
refinement, and revision of fully
endorsed criteria sets.

Use of remission and response
criteria in clinical practice
The ACR remission criteria and the
response measures are neither designed
for nor intended for use as the target or
goal for the clinical management of
individual RA patients in routine clini-
cal practice at this point in time. If one
wishes to treat a patient as intensively
as necessary to achieve a certain abso-
lute degree of disease suppression (e.g.,
“remission” or “minimal disease activi-
ty”), then the target will be the disease
activity thresholds specified by that
status measure. The relative value of
adjusting treatment regimens to attain a
specified disease remission threshold
has not yet been determined but is a
very different concept from the method
used to describe ACR remission crite-
ria as discussed in this paper. The
ACR20 definition of improvement and
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EULAR criteria are designed to
encourage DMARD and biologic agent
discovery and development, by provid-
ing clear “yes” or “no” improvement
criteria when comparing a potential
new agent with placebo. These criteria
improve the development of new treat-
ments of RA, but they are not properly
applicable as targets for the clinical
management of individual RA patients
at this time. After gathering all avail-
able patient data and considering the
available evidence from guidelines/lit-
erature, judicious use of clinical judg-
ment remains necessary when deciding
the best treatment option for the indi-
vidual RA patient.
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