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Objectives: To calculate the probabilities for rheumatoid arthritis in a consecutive cohort of patients during
diagnostic investigation. Different logistic regression models evaluating the value of human leucocyte antigen
(HLA)-shared epitope determination and testing for rheumatoid factor and anti-citrullinated protein/peptide

antibodies (ACPA) were fitted.

Methods: 1003 consecutive patients were included in the study, presenting a new diagnostic problem for
which rheumatoid arthritis was included in the differential diagnosis. All patients were tested for ACPA,
rheumatoid factor and HLA-shared epitope.

Results: After 1 year, diagnoses were established: 153 patients had definite rheumatoid arthritis and 629
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chance is higher.

rheumatoid arthritis is an important factor in slowing its

radiological progression.' Although the diagnosis of
rheumatoid arthritis is mainly based on clinical features, these
might be insufficient in an early stage of the disease,
hampering clinical diagnosis. Therefore, additional serological
and genetic tests may be useful. The oldest and best-known
serological antibody test is the rheumatoid factor, which is part
of the revised American College of Rheumatology criteria for
rheumatoid arthritis.” More recently, anti-citrullinated protein/
peptide antibodies (ACPA) have been described. These are
highly specific markers for rheumatoid arthritis and combine a
good sensitivity (45-80%) with a high specificity (89-100%).”
Detection of ACPA can be achieved using the antigenic
substrates citrullinated peptide A (pepA) and citrullinated
peptide B (pepB) incorporated in a line immunoassay (LIA),® or
by ELISA tests that are available for cyclic citrullinated
peptides” and deiminated fibrinogen.® All these last-generation
assays display comparable sensitivities and specificities.* ’
Genetic markers might also have a role in the diagnosis of
rheumatoid arthritis; much attention has been given to the
human leucocyte antigen (HLA)-shared epitope, which is found
more often in patients with rheumatoid arthritis than in
controls.”” "' As rheumatoid factor was the only available
serological marker until relatively recently, although not

Diagnosis and intensive treatment at an early stage in
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patients had rheumatoid arthritis excluded. Rheumatoid factor, used as a continuous marker, is useful in
evaluating the probability for rheumatoid arthritis. Combined rheumatoid factor and shared epitope testing
may provide additional predictive information, but combined ACPA and rheumatoid factor testing is superior.
The redundancy of shared epitope testing in a model that includes ACPA testing can be explained by the high
association between ACPA and shared epitope both in patients with rheumatoid arthritis and in those with
non-rheumatoid arthritis. The value of rheumatoid factor testing increased if patients presented with at least

Conclusion: Valid probabilities for rheumatoid arthritis during routine diagnostic investigation were
calculated, and showed that the potential additional value of shared epitope testing disappears when ACPA
testing is available. Combined rheumatoid factor and ACPA testing is useful, especially when rheumatoid
factor is considered as a continuous parameter reflecting an increasing probability for rheumatoid arthritis at
higher rheumatoid factor titres. The value of (continuous) rheumatoid factor testing increases when the a priori

recommended, an additional assessment for the presence of
the shared epitope was sometimes performed.

Combinations of rheumatoid factor, shared epitope and
ACPA have been used as such, or with other clinical or
radiological measures, in models to predict rheumatoid arthritis
or radiological progression.'”'* The predictive value of these
models depends on (1) the characteristics of the investigated
population and (2) the prevalence (or a priori chance) of
rheumatoid arthritis or persistent erosive disease, varying from
24.2% to 68% between different early arthritis cohorts.'*

Although most of these models have been applied in early
arthritis cohorts, few data are available about the combined
value of rheumatoid factor, shared epitope and ACPA testing
for the diagnosis of rheumatoid arthritis in a routine clinical
diagnostic set up. The aims of the study were threefold: to test
the value of rheumatoid factor, ACPA and shared epitope
profiles in different models to evaluate the probability for
rheumatoid arthritis; to assess the added value of shared
epitope and rheumatoid factor testing now that ACPA testing is
widely available; and to investigate the optimal combination of
these three parameters.

Abbreviations: ACPA, anti-citrullinated protein/peptide antibodies; HLA,
human leucocyte antigen; LIA, line immunoassay; PepA, citrullinated
peptide A; PepB, ciirlﬁhnqted peptide B; PPV, positive predictive value
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PATIENTS AND METHODS

Patients

This analysis is based on a prospective study in which 1003
consecutive patients from three academic and non-academic
centres were enrolled': the Department of Rheumatology,
Ghent University Hospital (Ghent, Belgium); the Locomotor
Center, Elisabeth Hospital (Sijsele-Damme, Belgium); and the
Department of Rheumatology, St Augustinus Hospital (Wilrijk,
Belgium). The local ethics committees approved this study, and
informed consent was obtained from all patients.

Patients were seen by one of the participating rheumatolo-
gists, and consecutively entered the study if they presented
with a new diagnostic problem for which rheumatoid arthritis
was included in the differential diagnosis. This setting typically
reflects the case where a rheumatologist would request
rheumatoid factor or ACPA testing. Blood was taken at
inclusion; serum samples obtained were aliquoted and frozen
at —20°C, and whole blood was stored at —80°C. Participating
rheumatologists were asked to fill in a file at baseline and after
1 year of follow-up asking for the clinical diagnosis established
by the treating rheumatologist by ticking a box containing one
of the following diagnoses (in ascending probability for
rheumatoid arthritis): definite non-rheumatoid arthritis,
potential rheumatoid arthritis, probable rheumatoid arthritis
and non-rheumatoid arthritis. To improve the comparability of
our results, further classification of all patients with rheuma-
toid arthritis was performed after 1 year by systematically
checking the (cumulative) rheumatoid arthritis classification
criteria by an independent investigator.” Patients fulfilling both
the clinical diagnosis for definite rheumatoid arthritis and the
classification criteria were further taken into account as
patients with rheumatoid arthritis. Patients in whom rheuma-
toid arthritis was excluded were taken as the non-rheumatoid
arthritis control group.

Rheumatoid factor

Rheumatoid factor was determined by the latex fixation test. A
suspension of uniform polystyrene particles sensitised in
glycine buffer with heat-altered human IgG (Difco
Laboratories, Detroit, Michigan, USA) was diluted 1:20 and
incubated with progressive dilutions of human sera in micro-
titre wells. The reagents were mixed and incubated at 37°C for
2 h. The plates were then shaken gently and inspected for
observable agglutination. Titres were converted to U/ml using a
reference serum, to correct for interassay variation. A low
(>95% specificity level, 25 U/ml) and a high (>98% specificity
level, 100 U/ml) cut-off was defined on the basis of a previously
described cohort.*

Detection of anti-pepA antibodies by LIA

Anti-pepA antibodies were detected by a research LIA contain-
ing the synthetic citrullinated peptide referred to as pepA
(INNO-LIA RA - for research use only; Innogenetics, Ghent,
Belgium).* ¢ Air-dried strips were scanned using a HP Scanjet
5P scanner. A reference sample was included in each test run.
To minimise test-to-test variability, the scan values of
individual samples were corrected by dividing them by the
scan values of the cut-off sample. Anti-pepA positivity was
defined as a corrected scan value of =1, at which the test had a
specificity of =98.5% and a sensitivity of 63.6% in an
independent cohort of patients.*

HLA typing by INNO-line probe assay technology

DNA was extracted from whole-blood samples and amplified
using the INNO-line probe assay HLA-DRB1 or HLA-DRB
decoder amplification kits (Innogenetics) as instructed by the
manufacturer. HLA typing was performed with the INNO-line
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probe assay HLA-DRB1 or HLA-DRB decoder Kkits
(Innogenetics), which are based on the reverse hybridisation
principle; specific oligonucleotide probes are immobilised as
parallel lines on membrane-based strips. The amino acid
sequences QRRAA, QKRAA and RRRAA at positions 70-74
constitute the rheumatoid arthritis-shared epitope sequence.
Patients were classified into two groups according to the
inheritance of zero versus one or two copies of the shared
epitope.

Statistical methods

The dataset described previously,'® was analysed by logistic
regression techniques. Different models with all possible
combinations of anti-pepA antibodies, shared epitope and
rheumatoid factor results as explanatory variables, and
rheumatoid arthritis diagnosis as explained variable were fitted
with logistic regression. The validity of the models was
confirmed by fitting a full model and performing a backward
elimination of the interaction terms. Logistic regression models
are an extension of the general linear regression and fit S-
shaped curves by modelling the logit [ =log(x/(1/x))] of the
probabilities for a dichotomous outcome, in this case the
probability for rheumatoid arthritis ( = =), using the formula
logit(m) =log(n/(1—m)) = o+P,X,+P2X>+ .... The predicted prob-
abilities thus obtained can be plotted against the different
explanatory variables x.'"” This method allows us to evaluate the
variables in a continuous manner and to visualise the models so
that they are easier to interpret.

We calculated odds ratios (ORs) and their 95% confidence
intervals as a measure of the correlation between dichotomous
variables. Homogeneity between marginal ORs was calculated
with the Breslow-Day statistic. Common ORs were calculated
by the Mantel-Haenszel test."”

The analyses were performed using two classical statistical
packages: SPSS V.12.0 and S-Plus V.6.1 (Insightful
Corporation, Seattle, Washington, USA).

RESULTS

Patients’ characteristics

After 1 year of follow-up, the treating rheumatologist diag-
nosed each patient according to the following categories:
definite rheumatoid arthritis (n =153), probable rheumatoid
arthritis (n = 72), potential rheumatoid arthritis (n = 75), non-
rheumatoid arthritis (n=629) or lost to follow-up (n=74).
Only patients diagnosed by their treating rheumatologist as
definite rheumatoid arthritis and fulfilling the revised
American College of Rheumatology criteria for rheumatoid
arthritis* were further considered in the rheumatoid arthritis-
group (n = 144). The control population with non-rheumatoid
arthritis (n=629) had the following diagnoses: osteoarthritis
(38%), abarticular rheumatic symptoms (including peri-arthri-
tis scapulohumeralis, non-rheumatic tendinopathies, etc; 14%),
spondyloarthropathy (10%), connective tissue diseases (includ-
ing polymyalgia rheumatica (15%), psoriatic arthritis (7%),
crystal induced arthritis (1%), fibromyalgia and aspecific
arthralgias (5%)), and other and undifferentiated diseases
(including infections, malignancies and neurological disorders
(10%)). We lost nine patients with non-rheumatoid arthritis
and three patients with rheumatoid arthritis, because of lack of
serum or DNA samples of good quality. The mean age of the
patients with rheumatoid arthritis and non-rheumatoid arthri-
tis was 58 and 51 years, respectively. In both populations, 66%
of patients were women. The mean duration of symptoms was
19.3 months in the rheumatoid arthritis group and
15.9 months in the non-rheumatoid arthritis group. We further
identified a subpopulation of 498 patients with at least one
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swollen joint at baseline, including 134 patients with rheuma-
toid arthritis and 230 patients with non-rheumatoid arthritis.

Test results

A total of 620 patients with non-rheumatoid arthritis and 141
patients with rheumatoid arthritis were tested for anti-pepA
antibodies, rheumatoid factor and shared epitope. A positive
anti-pepA result was observed in 78 (55.3%) patients with
rheumatoid arthritis and 13 (2.1%) patients with non-
rheumatoid arthritis. Median pepA scan values were 2.15
(range 0-9.62) for patients with rheumatoid arthritis and 0.04
(range 0-6.07) for patients with non-rheumatoid arthritis. In
all, 90 (63.8%) patients with rheumatoid arthritis and 264
(42.6%) patients with non-rheumatoid arthritis carried at least
one copy of the shared epitope. Two copies were found in 32/
141 (21.1%) patients with rheumatoid arthritis and in 30/620
(5.1%) patients who did not have rheumatoid arthritis. The
median rheumatoid factor titres were 50 U/ml (range 0-—
1600 U/ml) for the patients with rheumatoid arthritis and
0 U/ml (range

0-1600 U/ml) for the patients with non-rheumatoid arthritis.

Comparison between positive predictive values and
predicted probabilities

Figure 1 shows the plots of the positive predictive values (PPVs)
and predicted probabilities as a function of rheumatoid factor
titres. PPVs were calculated by defining different cut-offs at
different titre steps and plotted against rheumatoid factor or
anti-pepA antibody titres (fig 1A). Figure 1B shows the
predicted probabilities, calculated by logistic regression.

Logistic regression models in the global population
Different logistic regression models were fitted with different
combinations of anti-pepA, rheumatoid factor and shared epitope
testing. These analyses showed that ACPA testing in combination
with shared epitope has no additional value. This resulted in two
final models: (1) a model with combined rheumatoid factor and
shared epitope testing and (2) a model with combined
rheumatoid factor and ACPA testing. The results of these two
models are visualised in the predicted probability plots in figs 2
and 3, showing that the added value of combined rheumatoid
factor and shared epitope testing is limited compared with
combined rheumatoid factor and ACPA testing.

Logistic regression models in the subpopulation of
patients with at least one swollen joint at baseline
As observed in the global population (continuous), rheumatoid
factor testing has additional value to ACPA testing alone.
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Moreover, in this subpopulation with at least one swollen joint,
additional (continuous) rheumatoid factor testing seems to add
more value than in the global population: lower rheumatoid
factor titres become more relevant. The predicted probability
curves are shifted up and have steeper slopes (fig 4).

Correlation between shared epitope and anti-pepA
antibody positivity

When the dataset was split into patient groups with rheuma-
toid arthritis and with non-rheumatoid arthritis, we obtained
the following marginal ORs for the association of anti-pepA
antibody positivity with shared epitope positivity: 4.63 (95%
confidence interval (CI) 1.26 to 17; p=0.011) for patients with
non-rheumatoid arthritis and 4.21 (95% CI 2.03 to 8.74;
p<0.001) for patients with rheumatoid arthritis. Application
of the Breslow-Day test indicated that the ORs for the
association between shared epitope and anti-pepA antibody
positivity were not significantly different (which also means
that there is no interaction between shared epitope and anti-
pepA antibody positivity). This allowed us to calculate an
overall common OR for the relationship between anti-pepA
antibody positivity and shared epitope positivity, which was
431 (95% CI 2.28 to 8.17; p<0.001).

Correlation between the shared epitope and rheumatoid
factor positivity

The ORs for rheumatoid factor positivity with shared epitope
positivity at the low cut-off were 0.72 (95% CI 0.42 to 1.24;
p = NS) for the patients with non-rheumatoid arthritis and 3.1
(95% CI 1.5 to 6.5; p =0.002) for the patients with rheumatoid
arthritis. Using the high rheumatoid factor cut-off, the ORs
were 0.5 (95% CI 0.165 to 1.716; p = NS) for the patients with
non-rheumatoid arthritis and 2.8 (95% CI 1.3 to 5.8; p = 0.001)
for the patients with rheumatoid arthritis. However, when
corrected for anti-pepA antibody positivity, the significant
association between rheumatoid factor and shared epitope,
initially observed in the population with rheumatoid arthritis,
disappeared. The ORs thus obtained were 1.7 (95% CI 0.5 to 3.1;
p = NS) at the low rheumatoid factor cut-off and 1.7 (95% CI
0.7 to 3.8, p = NS) using the high rheumatoid factor cut-off.

DISCUSSION

The set-up of this study represents real-life clinical practice by
the inclusion of consecutive patients seen by a rheumatologist
(two non-academic centres and one university centre), for a
new diagnostic problem in which rheumatoid arthritis was
included in the differential diagnosis. After 1 year, diagnoses
were established as rheumatoid arthritis, non-rheumatoid

Figure 1 Plots of positive predictive values
(PPV) and predicted probability for
rheuma'roics)ar'rhriﬁs (RA) against rheumatoid
factor (RF). PPVs were calculated by defining
different cut-offs at different titre (A).
Predicted probabilities were calculated by
logistic regression (B).
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Figure 2 Plot of the predicted probabilities as a function of rheumatoid
factor (RF) titres and shared epitope testing. This figure illustrates that
shared epitope testing has a smaﬁ)odditiond value to RF testing for the
diagnosis of rheumatoid arthritis (RA).

arthritis and persistent undifferentiated disease. To avoid
misclassifications, the patients with persistent undifferentiated
disease were further excluded from this analysis. Such a study
design allows the calculation of representative predictive values
and the estimation of representative probabilities for rheuma-
toid arthritis. This contrasts with other types of case—control
studies, where the calculated predictive values should not be
extrapolated, as predictive values depend on the prevalence (or
the a priori chance) of the disease." '* ' In contrast with the
classical exploration by means of sensitivity, specificity and
predictive value, we evaluated the (predicted) probabilities for
disease (figs 1B, 2, 3, 4 and 6). The use of probabilities is
especially helpful when a continuous marker known to express
higher titres in patients with diseased than in those without
disease is considered (which is the case for rheumatoid factor
testing). The use of PPVs requires the definition of a cut-off
point (eg, a rheumatoid factor cut-off at 25 U/ml, which
corresponds to a PPV of 61.5% in this study). This cut-off has
the disadvantage that a patient who displays a titre of 100 U/ml
still has a greater chance of having rheumatoid arthritis than a
patient with a titre of only 25 U/ml. Therefore, the use of PPVs
may overestimate the probability for disease in patients
displaying low positive titres (fig 1A, compared with fig 1B).
In this analysis, we used logistic regression to calculate these
probabilities. Although logistic regression is a parametric
regression technique, and therefore provides only an estimate
for the probabilities by extrapolation, it has the great advantage
that it easily allows the exploration of combinations of different
markers in a continuous and categorised manner. This is in
contrast with the commonly used ““and/or combinations” at
preset sensitivity or specificity levels for which dichotomisation
by defining a cut-off is needed.” ' *°

Plotting (predicted) probabilities by means of logistic
regression, as performed in these analyses, should not be
confused with the cumulative probability plots, described by
Landewé and van der Heijde.”

We thus calculated (predicted) probabilities for rheumatoid
arthritis by means of logistic regression, using different
combinations of rheumatoid factor, the presence of shared
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Figure 3 Plots of the predicted probabilities as a function of rheumatoid
factor (RF) titres and anti-citrullinated protein/peptide antibodies (ACPA)
testing. This figure illustrates that ACPA testing has a big additional value to
RF testing, especially in the low RF range. PepA, citruﬁindted peptide A;
RA, rheumatoid arthritis.

epitope and anti-pepA antibody testing. These analyses showed
that shared epitope testing did not significantly contribute to a
model where anti-pepA antibody testing is already present. In
contrast, shared epitope testing contributed significantly when
only rheumatoid factor testing was performed (fig 2). The
redundancy of shared epitope testing when ACPA testing is
available was also shown in a model for prediction of
radiological progression and persisting erosive disease.”” "*
This redundancy of shared epitope testing when ACPA testing
is available can be explained by the high association (without
interaction for diagnosis of rheumatoid arthritis) between
shared epitope and ACPA in patients with rheumatoid arthritis
and non-rheumatoid arthritis (OR 4.3). It is important to
highlight that this association between ACPA and shared
epitope is also observed in patients who did not have
rheumatoid arthritis. The association between ACPA and
shared epitope has also been described in patients with
rheumatoid arthritis and undifferentiated arthritis, and has
led to hypotheses about the induction of ACPA.*7°
Interestingly, this association between ACPA and shared
epitope might also be the reason for the observed association
between rheumatoid factor and shared epitope, which dis-
appears after correction for ACPA positivity. Berglin ef al*
showed that combined testing for ACPA and shared epitope
had an additional value for predicting rheumatoid arthritis in
healthy blood donors. This can be explained by the fact that
some shared epitope-positive blood donors who later developed
rheumatoid arthritis had APCA that were not yet detectable at
the time of blood sampling: only 16/34 (47%) of the shared
epitope-positive patients who later developed rheumatoid
arthritis were ACPA positive (in contrast with 78% in this
study).

In contrast with the clear association between ACPA and the
shared epitope, there seems to be no (or only a weak)
correlation between rheumatoid factor and the shared epi-
tope.® > #* This explains why combined shared epitope and
rheumatoid factor testing displayed a statistically significant
additional value to rheumatoid factor testing alone, as
displayed in fig 2. However, this additional value is limited
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when compared with the important additional value provided
by the combination of ACPA and rheumatoid factor testing
(fig 3).

Interestingly, these models also show that the probability for
rheumatoid arthritis, given a positive ACPA test, is <80% when
rheumatoid factor is negative, but increases when higher
rheumatoid factor titres are present. At high rheumatoid factor
titres, the value of additional ACPA testing seems to be reduced
(fig 3). In contrast, ACPA testing has more added value when
only intermediate positive rheumatoid factor titres are dis-
played. The models from figs 1-3 have been calculated in a
population of patients in whom the treating rheumatologist
would routinely ask for a rheumatoid factor test. We also
evaluated the value of rheumatoid factor and ACPA testing in
the subgroup of patients with at least one swollen joint at
baseline (fig 4). These figures show that intermediate rheuma-
toid factor titres become more relevant when the a priori chance
for rheumatoid arthritis is higher.

These findings might be used to propose multistep testing
models in which different rheumatoid factor cut-offs are
defined. In such models, additional ACPA testing might not
be required in patients with a high positive rheumatoid factor
test or with an intermediate high positive rheumatoid factor
but with a high clinical probability for rheumatoid arthritis.” In
contrast, additional ACPA testing seems to add much value in
cases with low positive rheumatoid factor. The value of the
combined testing of rheumatoid factor and ACPA has also been
shown in models of early or undifferentiated arthritis to predict
rheumatoid arthritis or erosive disease."? ** ** Logistic regression
can be useful in evaluating the diagnostic value of different
laboratory tests by different models and plots. The conditions
for the generalisation of those models and plots are similar to
those for generalised predictive values (PPV, negative predictive
value): populations and a priori chance for disease should be
similar.’* Logistic regression can also be used to construct
prediction models including variables from medical history and
physical examination, but generalisation of such models may
be more difficult when more variables are used."?*** To
conclude, this study provides unbiased models to calculate
the probabilities for the development of rheumatoid arthritis in
a diagnostic set-up. Although not recommended in daily
clinical practice,” we showed that, if ACPA results are not
available, shared epitope testing may add some diagnostic
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3) compared with a model calculated in the subgroup of patients with at least one
eumatoid arthriis.

information in addition to rheumatoid factor results. However,
as ACPA testing has become available, additional shared
epitope testing seems no longer appropriate in a diagnostic
investigation, because of the high correlation between ACPA
and the shared epitope. Finally, a diagnostic strategy that
combines ACPA testing and rheumatoid factor testing in a
single-step or multistep method would seem superior to single
rheumatoid factor or single ACPA testing alone. Rheumatoid
factor testing is especially useful when it is considered as a
continuous parameter that reflects a higher probability for
rheumatoid arthritis when higher titres are displayed.
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