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ABSTRACT
Therapies for rheumatoid arthritis (RA)
may be assessed according to relative
levels of measures to compare efficacy
to another therapy or to a placebo, as
in the American College of Rheuma-
tology (ACR) 20%, 50%, or 70% (ACR
20 ACR 50 and ACR 70) responses, or
by absolute levels of measures, as in di-
sease activity scores (DAS), ACR crite-
ria for remission, or "target values" of
specific measures. Regulatory consid-
erations have emphasized primarily rel-
ative comparisons to a placebo or stan-
dard therapy, derived in part from the
weak efficacy of traditional disease mo-
difying anti-rheumatic drugs (DMARDs).
While improvement compared to plac-
ebo certainly indicates efficacy, it is of
concern that measures of inflammatory
activity, such as swollen joints and the
erythrocyte sedimentation rate (ESR),
may be stable or improved over periods
of 5-10 years, while measures of dam-
age, such as joint deformity and radio-
graphic changes, may progress over
the same period in the same patients.
These findings suggest that improvement
at a level of 20% or 50% may deter but
not prevent severe long-term outcomes
of radiographic progression, functional
declines, work disability, and prema-
ture mortality, seen in most patients un-
til the middle 1990s. Outcomes appear
to be improved at this time, associated
with aggressive treatment strategies and
more powerful therapies, including bi-
ologic agents. In the Finnish Rheuma-
toid Arthritis Combination Therapy Trial
(FinRACo), no patient who was in remis-
sion after 6 months was receiving work
disability payments 4 1/2 years later,
compared to 22% of patients who had
ACR 20 or 50 responses and 54% of pa-
tients who did not have ACR 20 respon-
ses after 6 months who were all receiv-
ing work disability payments after 5
years. These findings suggest that ab-

solute targets, including remission, may
be realistic contemporary goals, with ag-
gressive treatment strategies and more
effective DMARDs and biologic agents.

Introduction
Therapies for rheumatoid arthritis (RA)
are evaluated in formal research studies
using two approaches. The first in-
volves efficacy relative to another ther-
apy or to a placebo, as in the American
College of Rheumatology (ACR) 20%,
50%, or 70% (ACR 20 ACR 50 and
ACR 70) responses (1,2). The second ap-
proach involves absolute efficacy, such
as a disease activity score (DAS) (3, 4),
ACR criteria for remission (5), or "tar-
get values" of specific measures (6).
The process of regulatory approval has
emphasized primarily relative approach-
es, in which approval of new therapies
is based on demonstration of statistical-
ly significant differences compared to a
placebo or standard therapy, according
to a pre-defined endpoint (7). This ap-
proach to policy may be derived in part
from the fact that traditional disease mo-
difying anti-rheumatic drugs (DMARDs)
had relatively weak efficacy, and abso-
lute targets were unrealistic.
Development of powerful DMARDs
such as methotrexate (8-10), cyclospor-
ine A (11), leflunomide (12,13), biolo-
gic agents to inhibit tumor necrosis fac-
tor alpha (TNFα) [etanercept (14, 15),
infliximab (16,17), and adalimumab (18,
19)], and the interleukin-1 receptor an-
tagonist, anakinra (20, 21), has provi-
ded major advances in RA over the last
two decades. The efficacy of these ther-
apies in clinical trials has been docu-
mented primarily as relative differences
in ACR 20 or 50 responses with active
treatment versus placebo or, in partial
responders to methotrexate, the agent
in combination with methotrexate ver-
sus methotrexate monotherapy. 
Little information is available concern-
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ing possible remission in these trials.
However, relatively few patients ap-
pear likely to have entered into remis-
sion, in part because patients selected
for these trials had relatively severe cli-
nical status, as only a small fraction of
consecutive patients seen in one setting
met the inclusion criteria for most
recent clinical trials (22, 23).
Further discussion of this subject re-
quires recognition of differences be-
tween measures of inflammatory acti-
vity, measures of damage, and outcome
measures (Table I). The measures in-
cluded in the ACR Core Data Set (1,
24,25) and the DAS (26,27) may be clas-
sified broadly as short-term measures
primarily of disease activity – i.e., joint
swelling, joint tenderness and ESR or
CRP, or as measures of activity and da-
mage – i.e., functional disability, pain,
and patient and physician and global as-
sessment. Activity measures are sen-
sitive to change over weeks to months,
and are regarded as short-term surrogate
markers for measures of long-term joint
damage, such as joint deformity and ra-
diographic progression, and clinical out-
comes, such as joint replacement sur-
gery and premature mortality (28), which
develop over years to decades. One mea-
sure of damage, the radiographic score,
is included in the Core Data Set in clin-
ical trials conducted over one year or
longer (Table I). No other measures of
damage or long-term outcomes are

included in most clinical trials.
Suppression of inflammation at a level
of 20% or 50%, i.e., ACR 20 or ACR
50, appears unlikely to provide optimal
improvement for patients. Furthermore,
measures of inflammatory activity may
be stable or improved over periods of
5-10 years while measures of damage
may progress (Table II). A summary of
these reports was presented in a previ-
ous article (29), but since the informa-
tion does not appear to be widely known
in the rheumatology community, it is
summarized below. A brief overview of
the values for the Core Data Set mea-
sures at the conclusion of pivotal trials
of biologic agents is then presented, fol-
lowed by a discussion of the possible ad-
vantages of absolute values or remis-
sion as goals of contemporary RA clin-
ical trials. 

Reports concerning improvement 
in inflammatory activity and simul-
taneous progression of damage over
5-10 years 
Over the last decade, as noted, several
reports have documented that measures
of inflammatory activity such as those
included in the Core Data set or DAS
were improved over 5-10 years, while
radiographic progression and in some
cases physical function showed disease
progression in the same patients over
the same period (Table II). One of the
earliest studies which called attention

to this phenomenon was by Scott in
1984 (30), who reported improvements
in ESR over one year in 75% of pati-
ents, while radiographic progression was
also seen in almost all of the same pa-
tients (Fig. 1). Further reports by Scott
indicated similar findings over longer
periods (31, 32). 
Another study reported in 1984 indicat-
ed that morning stiffness was improved
in half of patients over 9 years, while
more than 90% of patients experienced
progression of functional disability (33).
Furthermore, grip strength and walking
time also showed progression of dam-
age in these patients.
Hawley and Wolfe (34) found that joint
tenderness, morning stiffness and ESR,
hemoglobin, grip strength and global
severity were improved, unchanged or
slightly worse in 157 patients over 2, 5
and 10 years. However, health assess-
ment questionnaire (HAQ) disability
scores showed evidence of substantial
disease progression with an effect size
2.5-fold greater than any other clinical
measure studied. In other reports, which
included many of the same patients,
there was also evidence of radiographic
progression in most patients (35). 
Egsmose et al. (36) reported improve-
ment in measures of disease activity
over 5 years, including the number of
swollen joints, morning stiffness, the
Ritchie Articular Index for joint tender-
ness, and grip strength, with contempo-

Table I. Measures of disease ACTIVITY, joint DAMAGE and OUTCOMES in rheumatoid arthritis.

Disease ACTIVITY Measures of disease ACTIVITY Joint DAMAGE markers
Type of measures included in and/or joint DAMAGE included in and long-term OUTCOMES not
measure most clinical trials most clinical trials included in most clinical trials

Joint count Tenderness or pain on motion (C) Joint with limited motion or deformity;
Swelling (C) Joint replacement surgery

Laboratory Acute phase reactant – 
ESR or CRP (C) 

Radiographic Radiographic damage (C*);
Joint replacement surgery

Patient questionnaire Pain (C) Functional disability (C)
Functional disability (C)

Global American Rheumatism Association Work disability
(ARA) functional class Comorbid diseases

Physician assessment of global status (C) Extra-articular disease
Patient assessment of global status (C) Premature mortality

(C) Included in Core Data Set (1, 24, 25) recommended for use in clinical trials. *Included in Core Data Set for studies longer than one year
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raneous radiographic progression in a
cohort of 75 patients who had RA for 2
years or less duration at baseline. Im-
provement in activity measures was less
in patients in whom the institution of
anti-rheumatic therapy had been delay-
ed, compared to patients who received
early treatment with auranofin. Further-
more, radiographic progression was sig-
nificantly less in patients who had re-
ceived early treatment than in those
with delayed treatment. HAQ disability
scores were improved over 5 years in
patients treated with early DMARDs,
but were similar to baseline in those who
had delayed DMARD therapy (36). 
Fex et al. (37) examined changes over
5 years in 113 patients who had a mean
disease duration of 11.4 months at base-
line and were monitored prospectively
for 5 years. Values for morning stiffness,
pain, general health, Ritchie index,
HAQ scores, ESR and hemoglobin were
similar or improved from baseline after
5 years of observation. However, radio-
graphic scores indicated significant pro-
gression in these patients. 
Mulherin et al. (38) reported signifi-
cant improvement in grip strength, the
Ritchie articular index, hemoglobin and
ESR, and non-significant improvement
in pain scores and morning stiffness,

while there was significant progression
of radiographic changes in 40 patients
over 6 years (Fig. 2). They pointed out
that "articular erosion continues in RA
despite clinical improvement, and is ac-
celerated in those with evidence of con-
tinuing synovial inflammation, reflec-
ted in the clinical and laboratory mea-
sures of disease activity." 
Callahan et al. (39) reported that joint
tenderness, swelling, ESR, hemoglobin,
morning stiffness, pain, and the modi-
fied health assessment questionnaire

(MHAQ) results were unchanged or
improved over 5 years in 100 patients,
while scores for radiographic damage
as well as joint deformity, grip strength
and walking time indicated disease pro-
gression (Fig. 3). The effect size of
scores for joint swelling indicated im-
provement at the 20% level, suggesting
that this level of improvement may not
necessarily be associated with the pre-
vention of radiographic progression. 
Leirisalo-Repo et al. (40) reported sta-
ble or improved swollen joint counts

Table II. Changes over 5-10 years in measures of inflammatory activity, measures of activity and damage, and measures of joint damage in
patients with rheumatoid arthritis.

Measures of inflammatory Measures of inflammatory Measures of
activity activity and joint damage joint damage

Period of Ref. Joint Joint Functional Radiographic 
Study, Year observation no. ESR swelling tenderness capacity Pain damage

Scott, 1984 10 years (30) Better NA NA Better NA Worse
(Steinbrocker)

Pincus, 1984 9 years (33) NA NA NA Worse (Early NA NA
questionnaire)

Hawley & Wolfe, 1992 10 years (34) Same NA Better Worse (HAQ) NA NA

Egsmose, 1995 5 years: (36) NA E: Better E: Better E: Better E: Better E: Worse
EARLY (E) D: Same D: Better D: Same D: Same D: Worse

DELAYED (D)

Fex, 1996 5 years (37) Same NA Better Same (HAQ) Same Worse

Mulherin, 1996 6 years (38) Better NA Better NA Better Worse

Callahan, 1997 5 years (39) Same Better Better Same (MHAQ) Better Worse

Leirisalo-Repo, 1999 13 years (40) NA Same Better Worse (HAQ) Worse Worse

Graudal, 2000 4-22 years (41) Better Better Better NA NA Worse

Welsing, 2001 9 years (42) Same Same Same Worse NA Worse

NA: not available, HAQ: Health assessment questionnaire, MHAQ: Modified health assessment questionnaire.

Fig 1. Changes in the erythrocyte sedimentation rate (ESR) and radiographic Larsen score in 100
patients with rheumatoid arthritis over one year. Note that ESR is improved in about 75% of patients,
while concomitant radiographic progression is seen in most patients.
Reproduced from Scott DL, Grindulis KA, Struthers GR, Coulton BL, Popert AJ, Bacon PA: Progression of
radiological changes in rheumatoid arthritis. Ann Rheum Dis 1984; 43: 8-17, by permission of the BMJ pub-
lishing group.
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and tender joint counts, with progres-
sion of the Larsen scores at 2-13 years
after baseline in 145 patients with RA
who had disease for only a mean of 8
months at baseline. Furthermore, HAQ
scores were improved at years 2 and 3
in this group, possibly reflecting im-
provement in the component of the
HAQ sensitive to disease activity.
HAQ scores after 8 years indicated pro-
gression of disability.

Graudal et al. (41) found improvement
in joint swelling, ESR, and hemoglo-
bin, while radiographic progression
was seen in most of 112 patients with
RA over 4-22 years. There was some
relationship between the severity of
joint swelling and a high ESR and low
hemoglobin and subsequent radiogra-
phic progression, while the association
of joint tenderness with radiographic pro-
gression was weak. Radiographic dam-

age was greater in patients with greater
inflammatory activity over time.
Welsing et al. (42) found that disease ac-
tivity according to the DAS remained
more or less the same over 9 years in pa-
tients with early RA. However, func-
tional capacity worsened after an initial
improvement, and radiographic scores
worsened over the 9-year observation
period. 
These studies indicate progression of
radiographic damage and decline of phy-
sical function in most studies, with sig-
nificant improvements in measures of
inflammatory activity included in the
Core Data Set and DAS.  The data serve
as an important caution concerning the
anticipated long-term outcomes of pa-
tients showing improvement in clinical
trials. It is difficult to extrapolate the
extent of clinical improvement from the
reports, but many indicated a range of
at least 20% or higher, while progres-
sion of radiographic damage and fur-
ther functional declines are seen. Taken
together, the data raise a question as to
whether the goal of future clinical trials
might be levels higher than ACR 20,
even higher than ACR 50, or absolute
measures such as DAS (3) or ACR cri-
teria for remission (5), or "target val-
ues" of specific measures (6). Further
concerns about ACR 20 as an endpoint
in RA trials are presented in the next
section.

End points in clinical trials of new
biological agents
As noted above, driven in part by regu-
latory considerations, clinical trials of
new biological agents to inhibit TNFα,
etanercept (14, 15), infliximab (16, 17),
and adalimumab (18, 19) and the inter-
leukin-1 receptor antagonist, anakinra
(20, 21), have been conducted with pri-
mary endpoints as relative differences in
ACR 20 or 50 responses. Furthermore,
inclusion criteria for these trials select-
ed for patients who had a relatively sev-
ere clinical status, as only a small frac-
tion of consecutive patients seen in one
setting met the inclusion criteria (22,
23). This selection is appropriate for ear-
ly trials of new agents. However, selec-
tion limits trials to relatively few patients
who would enter into remission, and such
data have not been commonly reported.

Fig 2. Measures of activity and damage in patients with rheumatoid arthritis over 5 years. Note
improvement in measures of disease activity with concomitant radiographic progression. 
Reproduced Mulherin D, Fitzgerald O, Bresnihan B: Clinical improvement and radiological deterioration in
rheumatoid arthritis: Evidence that pathogenesis of synovial inflammation and articular erosion may differ. Br
J Rheumatol 1996; 35: 1263-8, by permission of the British Society of Rheumatology.

Fig 3. Changes in measures in 100 patients with rheumatoid arthritis over 5 years determined by effect
sizes. Note improvement in joint swelling and joint tenderness, with concomitant increases in joint
deformity and limited motion, as well as radiographic progression, although erythrocyte sedimentation
rate (ESR) and rheumatoid factor are improved over the five-year period.
Reproduced from Callahan LF, Pincus T, Huston JW, III, Brooks RH, Nance EP Jr, Kaye JJ: Measures of
activity and damage in rheumatoid arthritis: Depiction of changes and prediction of mortality over five years.
Arthritis Care Res 1997; 10: 381-94.  ©1977 American College of Rheumatology.
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Indeed, the status of many patients at
the conclusion of pivotal clinical trials
was not only near remission, but also re-
flected significant disease activity (14,
18,43,44) (Table III). For example, the
mean swollen joint count (total 68) af-
ter 6 months of therapy was 13 for eta-
nercept therapy, 9 for infliximab, 11.3
for anakinra and 6.9 for adalimumab.
Mean pain scores (0-100) were 32, 38,
34 and 28 for patients at the conclusion
of these 4 trials. These levels reflect
improvements of 31-61%, indicating a
powerful reduction of inflammatory in-
dicators, but reflecting the severe status
of the patients who were eligible to be
included in these trials.
These data emphasize two important
points. First, most of the data concern-
ing the efficacy of new therapies for
RA, including biological anti-TNF ther-
apies, are available only in selected pa-
tients who have very severe disease (22,
23), Second, the results of pivotal cli-
nical trials document statistically sig-
nificant differences between active ver-
sus placebo treatment, but do not neces-
sarily reflect optimal status for patients
with RA. The continued presence of ac-
tive inflammation is particularly worri-
some, as markers of inflammation may
improve over 5 years or more, while
markers of damage to joints may show
continued progression, as discussed
above.

Absolute treatment goals, including 
DAS, target values, and remission
Rheumatologists have spoken of "re-

mission" and "remission-inducing ther-
apy" in RA for many years (5), much as
oncologists speak of "no evidence of
disease" in patients with neoplastic dis-
ease (45). However, sustained remis-
sions in RA were unusual with tradi-
tional DMARDs (46) – many patients
who appeared to enter remission likely
had a self-limited inflammatory arthri-
tis (47). Patients with RA seen in clini-
cal settings, even in the community
(48), generally have persistent inflam-
matory symmetrical arthritis (PISA)
(49, 50), or Type III RA (47), in which
apparent remissions in clinical care of
RA have been temporary and followed
by exacerbations and long-term disease
progression (46, 51, 52). Furthermore,
as the fundamental dysregulation in
RA remains unknown (as in other dys-
regulatory conditions such as hyperten-
sion and diabetes), the term "remis-
sion" in RA includes continuing thera-
py, and not a drug-free remission. 
In certain clinical trials, the primary
outcome has involved a target value of
DAS 2.6 (3) or 1.6 (53) as a surrogate
for remission or direct remission (4).
These trials were not designed for regu-
latory approval, and did not include bi-
ologic agents. The Finnish Rheumatoid
Arthritis Combination Therapy Trial
(FinRACo) had a remission endpoint.
In this trial, work disability rates were
significantly lower in patients who had
received combination methotrexate,
sulfasalazine, hydroxychloroquine plus
prednisolone versus patients who re-
ceived single DMARD therapy with or

without prednisone (54). Furthermore,
if patient inflammation was controlled
to a status of remission at 6 months, 4
1/2 years later no patient was receiving
work disability payments. By contrast,
22% of patients who had ACR 20 or 50
responses, and 54% of patients who did
not have ACR 20 responses, were re-
ceiving work disability payments (55).
The TICORA study documented that a
strategy of intensive tight control of
RA led to a significantly better status
compared to traditional therapeutic
strategies in articular, functional, and
radiographic outcomes over 18 months
(53). These data provide strong evi-
dence that "target control" or remission
is associated with better outcomes than
ACR 20 or ACR 50 responses.
In theory the goal of treatment of any
disease is a "cure" or "remission." As
noted, "cure" is not yet possible in dis-
eases characterized by dysregulation of
normal host control mechanisms, such
as RA, hypertension, diabetes, and most
other chronic non-infectious diseases,
as the mechanisms of dysregulation re-
main poorly understood (56). Nonethe-
less, although the dysregulation is in-
curable, "tight control" of its conse-
quences through long-term (lifetime)
therapy results in lesser vascular dam-
age in diabetes (57), increased survival
in hypertension (58), and improved
survival in RA (9, 10). In other dis-
eases, control of 20% or maybe of 50%
of a dysregulation appears inadequate
to prevent long-term damage. For ex-
ample, treatment to reduce blood pres-
sure from, say, 200/140 to 160/112, or
hemoglobin A1C from 9 to 7.2 present
a 20% reduction, but is not clinically
satisfactory. The observation that work
disability is not seen in any patient after
5 years who was in remission after 6
months of therapy, compared to one in
5 who had ACR 20 or 50 responses,
supports the concept that ACR 20 or 50
responses are not adequate. 
It has been suggested that favorable
values of quantitative measures known
to predict mortality, such as good func-
tional status on the HAQ or a modified
version or number of involved joints
(28, 39), might serve as possible "target
values" for therapeutic interventions,
as in the management of diabetes and

Table III. Mean or median* levels of ACR Core Data Set measures and percentage
improvement from baseline at the conclusion of pivotal clinical trials.

Etancercept Infliximab* Anakinra Adalimumab
25 mg 3 mg/kg 1.0 40 mg 

twice weekly every 8 weeks mg/kg/day every other wk

Study, year Moreland, 1999 Maini, 1999 Cohen, 2002 Weinblatt, 2003

Reference number (14) (43) (44) (18)

Period of observation 26 weeks 30 weeks 24 weeks 24 weeks

Swollen joints (66 Jts) 13.3 (47%) 9.0 (52%) 11.3 (36%) 6.9 (61%)

Tender joints (68 Jts) 14.5 (56%) 12.0 (59%) 13.2 (40%) 13.6 (51%)

Global status - Assessor (0-100) 39 (44%) 26 (53%) 31 (42%) 28 (53%)

CRP 3.2 (31%) 0.8 (60%) 0.8 (50%) 0.5 (71%)

Physical function (0-3) N.A. 1.5 (13%) 0.9 (28%) 0.9 (40%)Pain (0-
100) 32 (53%) 38 (33%) 35 (27%) 28 (47%)

Global status - Patient (0-100) 38 (46%) 36 (23%) 34 (29%) 27 (52%)

CRP: C-reactive protein; N.A.: not available.
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hypertension (6), analogous to low DAS
scores (3). Such target values could
serve as alternatives to remission crite-
ria or specific changes in the ACR Core
Data Set index to identify a favorable
response to therapy (6).
In addition to evidence that partial con-
trol of Core Data Set and DAS mea-
sures may be associated with progres-
sion of damage in RA, there exist some
intrinsic problems with these measures
which may compromise their capacity
to assess patients with RA. Joint count
measures of swelling and tenderness
may be normal in patients with histo-
logic synovitis (59-61), and/or abnor-
mal ultrasound and MRI scan results.
Furthermore, in a study of leflunomide
compared to methotrexate and placebo,
measures of swollen and tender joints
improved in patients who received pla-
cebo, while patient self-report mea-
sures of pain, functional disability on
the HAQ or modified HAQ (MHAQ)
and CRP did not improve (13). Indeed,
the relative efficiencies of patient mea-
sures were greater than those for joint
tenderness and swelling (62), perhaps
suggesting that the investigator's desire
to influence disease activity may actu-
ally influence the measure. 
Problems with other core Data Set mea-
sures are also seen. A normal ESR is
seen in 40%-70% of patients (23, 63),
and the ESR tends to be stable over the
long-term course of RA (64). Global
scores are often unchanged despite sig-
nificant disease progression (65, 66).
Patient questionnaires and radiographic
scores appear to be the only effective
Core Data Set markers to document
long-term progression of RA. 
It appears that absolute treatment goals,
rather than relatively greater suppres-
sion of inflammation at a level of 20%
– 50% compared to placebo or other
therapies, will provide more satisfacto-
ry improvement of outcomes for most
people with RA. More data are needed
to analyze the levels of suppression of
inflammation that will prevent or slow
future damage, perhaps short of remis-
sion itself, which is difficult to achieve
in all patients. Regulatory policies
might be altered to require more strin-
gent absolute therapeutic goals in for-
mal RA clinical trials, and inclusion

criteria might be modified to allow
more patients to participate, thus con-
tributing toward greater advances for
the rheumatology community, and
above all, patients with RA.
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