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ABSTRACT

Classification criteria have been developed for rheumatoid
arthritis (RA) and other rheumatic diseases in order to
gather a homogeneous patient population for clinical
studies and facilitate the timely implementation of
therapeutic measures. Although classification criteria are
not intended to be used for diagnosis, they are frequently
used to support the diagnostic process in clinical practice,
including clinical decision-making. The 2010 American
College of Rheumatology (ACR)/European Alliance of
Associations for Rheumatology (EULAR) classification
criteria for RA are capable of identifying the majority of
symptomatic patients with RA already in the earliest stages
of the disease who are not yet showing radiographic
changes. These patients will also profit from the early
implementation of therapy with disease-modifying
antirheumatic drugs (DMARDs). However, the risk of
misclassification is higher as compared with the former
1987 ACR criteria, which were considerably less sensitive
to the recognition of patients with early RA. Of note, the
presence of rheumatoid factors (RFs) and anticitrullinated
protein antibodies (ACPAs) has been attributed equal
weight in the 2010 ACR/EULAR criteria and may contribute
up to 50% of the score needed for being classified as

RA. However, while ACPAs have been proven to be the
most specific serological markers of RA, the specificity

of RF is moderate, especially at lower titres. This may

lead to the misclassification of RF-positive patients and,
consequently, the unjustified implementation of DMARD
therapy. Therefore, issues arise on how comprehensive the
criteria should be and whether they should be updated and
adapted to findings from the past two decades that might
increase both their specificity and sensitivity.

INTRODUCTION

Rheumatoid arthritis (RA) is a highly inflam-
matory, debilitating autoimmune disease with
complicated multisystem involvement that is
difficult to diagnose in its early stages when
the characteristic disease features are not yet
apparent.’' The process of diagnosis is complex
and requires the synthesis of many data
points, typically beyond a simple algorithm-
based set of criteria.?® Hence, itis not possible
to clearly define diagnostic criteria for RA
(or other systemic autoimmune diseases);
however, recommendations and guidelines
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KEY MESSAGES
= The current American College of

Rheumatology/European Alliance of Associations
for Rheumatology 2010 rheumatoid arthritis classi-
fication criteria provide the same scoring weight to
positive rheumatoid factor (RF) and anticitrullinated
protein antibodies (ACPA) results.

= However, the specificity of RF in the absence of
ACPA is low, whereas the specificity of ACPA in the
absence of RF is high.

= ACPA/RF dual positivity is considerably more spe-
cific than ACPA single positivity and patients with
arthralgia with dual positivity have a higher risk of
progressing towards RA than those solely positive
for ACPA.

= Changing weight factors according to the function
of serological grades improves the specificity of the
RA classification criteria without affecting sensitivity.

= The added value of other antimodified protein anti-
bodies to the increased sensitivity and/or specificity
of the criteria remains a topic of debate.

for the management and treatment of RA
have been developed.*® In contrast, classifica-
tion criteria are used as a standardised means
for including a well-defined set of patients
in clinical studies to ensure better compara-
bility across studies. Importantly, classifica-
tion criteria are not intended to be used for
diagnosis.” Nonetheless, they may have some
impact on diagnosis and clinical decision-
making. Therefore, improving both the spec-
ificity and sensitivity of classification criteria
across different rheumatic diseases remains
a challenge and, in that context, especially
the increasing importance of autoantibody
testing is being discussed.”

RA is classified according to the American
College of Rheumatology (ACR)/European
Alliance of Associations for Rheumatology
(EULAR) 2010 criteria,8 which, apart from
clinical items (joint counts), encompass labo-
ratory parameters including inflammation
markers (C reactive protein and erythrocyte
sedimentation rate) and, most importantly,
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the hallmark autoantibodies of RA, rheumatoid factor
(RF) and anticitrullinated protein/peptide antibodies
(ACPAs). The maximum score of the criteria is 10, with
a score 26 allowing the classification as RA. Among the
laboratory parameters, an elevated inflammation marker
contributes one point, the presence of RF or ACPA
contributes two points if detectable (ie, low positive)
and three points if present at levels >3 times the upper
limit of normal as defined by the reference range of the
assay. Consequently, laboratory items may account for
up to two-thirds of the scores needed to classify definite
RA and are thus given a higher weight than in any other
set of classification criteria for rheumatic autoimmune
diseases.”

From this viewpoint, we are discussing the perfor-
mance of current criteria and their potential refine-
ment according to insights obtained over the past years,
including differences between ACPA and RF contribution
as well as the emergence of novel antibodies that might
be considered for inclusion to increase the sensitivity and
specificity of the criteria.

Sensitivity and specificity of the 2010 ACR/EULAR
classification criteria for RA

The 2010 ACR/EULAR classification criteria for RA were
created to replace the 1987 revised criteria of the ACR"
because those were considered outdated for several
reasons. First and most importantly, the presence of radi-
ographic changes, in general, a more late-stage manifesta-
tion of RA, was one of the seven criteria. Therefore, it was
the primary goal of the new criteria to classify patients in
the earliest stages of disease before radiographic changes
are observed, allowing them to be included in clinical
studies on early RA. In addition, the criteria should enable
amore timely start of therapy with disease-modifying anti-
rheumatic drugs (DMARDs) in individuals at high risk
for developing RA or related chronic inflammatory joint
diseases. Thus, the ACR/EULAR consortium argued that
attention should be focused on the important need for
earlier diagnosis and the institution of effective disease-
suppressing therapy.” Moreover, ACPA had to be taken
into consideration because it was unknown in 1987 and
appeared to be more specific for RA than RF, which was the
only serological marker in the 1987 revised ACR criteria.
Despite the lower specificity of RF, the ACR/EULAR 2010
classification criteria attribute the same scoring weight to
positive RF and ACPA results, which is partially explained
by the fact that ACPA assays were then not yet as widely
used as they are nowadays. Meanwhile, RF and ACPA are
commonly determined in the majority of routine labora-
tories, and numerous studies have confirmed that ACPA
has a significantly higher specificity and likelihood ratio
(LR) for RA than RE.'! Moreover, the classification criteria
do not consider a difference in scoring weight for RF/
ACPA dual positivity, which has proven to be significantly
more specific compared with single positivity.'**In line
with this, it has become increasingly evident that patients
with arthralgia showing dual positivity have a higher risk

of progressing towards RA than patients solely positive for
ACPA or RE*

The ACR/EULAR 2010 RA classification criteria turned
out to be more sensitive than the 1987 revised ACR criteria
and to facilitate early identification of patients with RA
immediately after the onset of symptoms, that is, synovitis
in at least one small or two large joints. This allows not
only the inclusion of patients with early arthritis in clinical
studies but also a more timely start of therapy with disease-
modifying antirheumatic drugs (DMARDs), depending
on the healthcare setting. The higher sensitivity has been
demonstrated in several studies, which, however, also
revealed decreased specificity.'®*' The lower specificity
partially relates to RF and ACPA positivity, as was docu-
mented in a study in which the criteria were applied to a
cohort of patients with very early inflammatory arthritis.*’
Among misclassified patients (non-RA with a score
26), 20.5% were RF and/or ACPA positive; of note, the
majority of these patients were RF positive, whereas ACPA
was less frequently detected. Furthermore, dual RF/ACPA
positivity was largely confined to patients with RA. Hence,
at the seventh International Congress on Controversies in
Rheumatology and Autoimmunity, a discussion was initi-
ated to improve the specificity of the criteria attributed
to the ACPA-based and RF-based serological signatures by
changing the weight factors of the serological grades.*

Increasing specificity by refining the weights of marker
antibodies

To substantiate the arguments in favour of improving the
specificity of the criteria by taking the different specifici-
ties of ACPA and RF into account, we reanalysed the data
from an early arthritis cohort that had previously been
used for validation of the 2010 ACR/EULAR criteria.”
The Stop Arthritis Very Early (SAVE) multicentre trial
cohort included 325 patients with early arthritis, of
whom, after a 1-year follow-up period, 132 patients were
diagnosed with RA and 193 patients had other rheumatic
diseases.”” A detailed analysis of the serological data
revealed very high specificity of RF/ACPA dual positivity,
which showed an LR of 21.6 for the development of RA,
with only three patients with non-RA showing dual posi-
tivity (table 1). Remarkably, this was not dependent on
titres because, even at low titres, dual positivity proved
highly specific. ACPA single positivity was observed in
9/132 patients with RA and 3/193 patients with non-RA
(all undifferentiated arthritis) and was, therefore, quite
specific for RA. In contrast, single RF positivity did not
discriminate RA from non-RA, not even when present in
high titers (table 1). Therefore, giving the same weight
to RF and ACPA is no longer justified, also taking into
consideration that ACPA is nowadays routinely deter-
mined together with RF all over the world, which had not
yet been the case in 2010.

Suggested modification of the 2010 ACR/EULAR classification
criteria for RA
These data are in accordance with published litera-

ture''™% and confirm that (1) a weak positive RF result
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Table 1 Serology results of the Stop Arthritis Very Early
early arthritis cohort? 2223

Table 2 Suggestion for refined American College of
Rheumatology/European Alliance of Associations for
Rheumatology classification criteria

Non-RA
RA Non-RA LR diagnoses Domain Category Point score
n 132 193 A Joint involvement 1-5
RF low, ACPA- 23% 4.1% 0.6 4 UDA, 1 B Serology 0-4
SpA, 1 ReA, 1 RF and ACPA negative 0
remission .
- RF low, ACPA negative 0
RF high, ACPA- 2.3% 2.1% 1.1 2 UDA, 1 i i
Sjsgren, 1 viral RF high, ACPA negative 1
infection ACPA low, RF negative 2
ACPA low, RF- 1.5% 0.0 n.a. — ACPA high, RF negative 8]
ACPA high, RF- 45% 1.6% 3.3 3 UDA ACPA and RF positive (>cut-off) 4
ACPA+ and RF+ 45.4% 2.1% 21.6 2 UDA, 1 C Acute-phase reactants 0-1
remission D Duration of symptoms 0-1
ACPA- and RF- 44.0% 90.2% 0.49 Maximum score 11
Score for classification as RA 6

LR, likelihood ratio; RA, rheumatoid arthritis; ReA, reactive arthritis;
SpA, spondyloarthropathy; UDA, undifferentiated arthritis.

in the absence of ACPA is not specific for RA; (2) a high
positive RF result in the absence of ACPA is indicative
but not specific for RA; (3) a positive ACPA result in the
absence of RF is quite specific for RA and (4) the co-oc-
currence of ACPA and RF is highly specific for RA and
significantly more specific than ACPA by itself.

On the basis of these findings and of data from a recent
study in which different scoring systems were compared
in other early arthritis cohorts (Van Hoovels et al., manu-
script in preparation), we propose that different weights
should be given to the serological markers, considering
the antibody type (RF vs ACPA), the antibody level and
the combined positivity. Thus, a suggestion for refined
weights of serological scores for RA classification would
be as follows: ‘0’ for RF/ACPA negativity as well as for low
positive RF; ‘1’ for high RF; ‘2’ for low ACPA; ‘3’ for high
ACPA and ‘4’ for ACPA/RF dual positivity (independent
of the titre). Therefore, we suggest modifying the ACR/
EULAR 2010 criteria accordingly (table 2).

Applying the refined score to the SAVE cohort reduced
misclassification of patients with seropositive non-RA
from 79% (ACR/EULAR scoring) to 47.4% (refined
scoring) without affecting diagnostic sensitivity for sero-
positive RA, which was identical for both classification
scores (figure 1). This reduction is statistically significant
and certainly not negligible, particularly when consid-
ering the impact of classification criteria on the more
complex diagnostic process and, even more importantly,
the implementation of DMARD therapy. This was already
discussed by the consortium that developed the criteria,
which aimed to ‘develop uniform criteria for discrimi-
nating, from a population of individuals presenting with
undifferentiated synovitis, the subgroup with the highest
probability of persistent or erosive RA who would there-
fore benefit from early DMARD intervention’ before a

ACPA, anticitrullinated protein antibodies ; RA, rheumatoid
arthiritis; RF, rheumatoid factor.

definite diagnosis could be established.® In line with this,
a recently published large observational study showed
that DMARD therapy employed in patients with undiffer-
entiated arthritis not fulfilling the ACR/EULAR criteria
did not have similar positive long-term benefits as in RA.*

100 p<0.0001*
a0 97.3 973

79.0
B0

% seropositive patients classified
(¥, )
[=]

RA Non-RA
m ACR/EULAR 2010 criteria

Figure 1 Classification of patients with seropositive RA and
non-RA in the Stop Arthritis Very Early cohort according to
the established 2010 ACR/EULAR classification criteria and
refined criteria. Application of the refined serological scoring
system improved specificity significantly (79% vs 47.4%
misclassified patients with non-RA, p<0.0001), whereas
sensitivity was not affected (97.3% correctly classified
patients with RA). *x“ for proportions (MedCalc Software,
Ostend, Belgium). RA, rheumatoid arthritis.
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The refined scoring system by itself would theoretically
allow the classification of patients without joint involve-
ment (patients with a serological score of ‘4’, elevated
acute-phase reactants and disease duration >6 weeks);
however, the target population should remain the same,
which requires that clinical apparent synovitis (swollen
joints) without better explanation® remains a prerequi-
site for classification as RA according to the proposed
refined criteria.

OUTLOOK

Classification of at-risk patients

For patients at high risk of developing RA, that is, patients
with arthralgia suggestive of progression to RA, discrete
classification criteria would be required in which the
antibody status plays a pivotal role.'”” Indeed, already
more than 10 years ago, a risk calculation form was
suggested in which single IgM-RF positivity contributed
0 points, low single ACPA positivity 2 points, high single
ACPA positivity 3 points and RF and ACPA double posi-
tivity 4 points, with 5-6 points indicating intermediate
risk and >7 points high risk.'” Criteria for patients at risk
of progressing to RA will become essential for inclusion
in arthritis prevention trials.”* These intervention trials
are now being considered as a novel strategy aimed at

preventing or at least delaying the development of clin-
ical RA.% %

Seronegative patients: are they really all seronegative?
Taking into account that serostatus is highly weighted
in the 2010 ACR/EULAR criteria, it is not surprising
that seronegative patients take longer to be classified
(and diagnosed) and also often show higher disease
activity at diagnosis. It is estimated that among seroneg-
ative patients, 20%-30% show features of autoimmunity
that are not covered by currently used assays in routine
diagnostics. Therefore, the added diagnostic value of
other antimodified protein antibodies, such as anti-
bodies to carbamylated or acetylated peptides, is being
discussed.? ! However, until now, no striking evidence
has been provided that such antibodies would increase
the sensitivity of the criteria because their specificity is
low when ACPA or RF are absent. Thus, a small gain
in sensitivity would come at the expense of specificity
and make the criteria more complicated. Furthermore,
the inclusion of IgA isotypes of RF and ACPA has been
suggested but is hampered by the fact that IgA isotypes
are almost invariably co-occurring with IgM RF or IgG
ACPA, even though the dual occurrence of IgM and IgA
RF (in the absence of ACPA) appears to be quite specific
for RA. 1

Nevertheless, it needs to be emphasised that the pres-
ence of multiple reactivities (including IgA isotypes)
appears to be a feature highly characteristic of RA' 1770 %!
while the presence of a single autoreactivity is generally
not very helpful for diagnostics (with the notable excep-
tion of ACPA). Therefore, assays allowing concomitant

detection of a larger number of autoantibodies might
indeed increase the sensitivity and specificity of RA
serodiagnostics and, moreover, allow further stratifica-
tion of patients into clinically distinct subgroups. Thus,
including multiplex results in the classification criteria
might become an option in the future.
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