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ABSTRACT

Objectives To investigate the role of third-generation anticyclic
citrullinated peptide (anti-CCP3) antibodies in predicting
progression to inflammatory arthritis (1A) in individuals with
new musculoskeletal (MSK) symptoms and a negative second-
generation anti-CCP antibody test (anti-CCP2-).

Methods 469 anti-CCP2- individuals underwent baseline
anti-CCP3 testing (QUANTA Lite CCP3; Inova Diagnostics)
and received a post enrolment 12-month questionnaire.

A rheumatologist confirmed or excluded diagnosis of IA.
Univariable/multivariable analyses were performed to assess
the value of anti-CCP3 in predicting IA development in these
anti-CCP2— individuals.

Results Only 16/469 (3.4%) anti-CCP2— individuals had a
positive anti-CCP3 test. Of these 16 individuals, 4 developed
IA. In addition, 61/469 (13.0%) anti-CCP2— individuals self-
reported, to have developed, IA. Progression was confirmed
in 43/61 of them (70.5%); of whom 30/43 (69.8%) and
13/43 (30.2%) were given a diagnosis of IA and rheumatoid
arthritis (RA), respectively. In qualitative univariable analysis,
anti-CCP3 positivity was associated with self-reported
progression (p<0.01) and IA (p=0.03), but not with RA.
Anti-CCP3 levels differed significantly between progressors
and non-progressors (p<0.01) for all three categories.

At the manufacturer’s cut-off, OR for progression ranged
from 2.4 (95% Cl 0.5 to 18.6; RA) t0 7.5 (95% Cl 2.3 to

24.0; self-reported progression). Interestingly, when cut-

offs for anti-CCP3 were optimised, lower values (>5 units)
significantly increased the OR for progression in all three
categories. In multivariable analysis, anti-CCP3 positivity at
the manufacturer’s cut-off did not remain associated with

IA progression, while this lower cut-off value (=5 units) was
associated with diagnosis of RA (p=0.02).

Conclusions Anti-CCP3 testing could improve the prediction
of IA development in anti-CCP2— individuals with new MSK
symptoms.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous studies have demonstrated the potential
role of third generation anticyclic citrullinated pep-
tide (CCP3) antibodies in improving prediction of
inflammatory arthritis (IA) in CCP2+ individuals with
musculoskeletal (MSK) symptoms.

= However, the role of anti-CCP3 antibodies in individ-
uals with MSK symptoms and a negative anti-CCP2
test has not been studied before.

WHAT THIS STUDY ADDS

= The rate of progression to IA (either 1A or rheumatoid
arthritis (RA)) in anti-CCP2— individuals with MSK
symptoms seen in primary care setting was low
within a 12-month follow-up period.

= Anti-CCP3 antibodies might improve prediction of
IA/RA progression in anti-CCP2— at-risk individuals.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Future studies are warranted to validate the cut-off
values for anti-CCP3 antibodies with best prediction
accuracy in this population.

= |If validated, it is possible that testing anti-CCP3 an-
tibodies in CCP2- individuals could be a logical ap-
proach for identifying those likely to progress to IA.

INTRODUCTION

In recent years, several studies have been
carried out to identify biomarkers that can
delineate the profile of an individual deemed
to be at ‘high risk’ of developing rheumatoid
arthritis (RA).'™° Among these biomarkers,
rheumatoid factor (RF) and anticitrullinated
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protein antibodies (ACPAs) are the most frequently
studied, but other biomarkers may also provide valu-
able insights.” The presence of certain combinations of
serological biomarkers can further improve the poten-
tial predictive value of disease progression as is seen in
the presence of RF, ACPA and anticarbamylated protein
(CarP) antibodies.®

Additionally, genetic predisposition, subclinical
inflammation on MRI and ultrasound (US), as well as
certain cellular markers (eg, circulating B-cell and T-cell
biomarkers), have been described as specific risk factors
for RA development in ‘atrisk’ populations.*"" Most
recently, Fab-linked glycans of ACPA have also been
shown to be associated with the development of RA."*™*

In ‘atrisk’ cohorts around the globe, individuals are
identified and invited for participation in trials based on
the presence of musculoskeletal (MSK) symptoms and a
positive ACPA test."” ' Positive ACPAs have been found in
the serum of individuals with RA several years before the
onset of disease.'” '® In addition, ACPAs have been shown
to greatly increase the risk of developing RA in ‘atrisk’
individuals with MSK symptoms."”

ACPAs are most commonly tested using anticyclic citrul-
linated peptide (CCP) antibody assays which are based
on different generations of CCP peptides.”” In Europe,
the second-generation of anti-CCP (anti-CCP2) antibody
is most commonly used, while third-generation anti-CCP
(anti-CCP3) antibody represents the predominant assay
used in the USA.

In a recent study, our group demonstrated the addi-
tional value of anti-CCP3 antibodies for the prediction of
inflammatory arthritis (IA) development in anti-CCP2+
‘atrisk” individuals with new MSK symptoms. A positive
anti-CCP3 antibody testincreased the risk of developing IA
from 38.9% to 48.4% in high-titre anti-CCP2+individuals,
while a negative anti-CCP3 test decreased such risk from
38.9% to 9.8% in the same population.?!

A subsequent study from our research group showed
that in CCP2+ ‘atrisk’ individuals with MSK symptoms,
anti-CCP3 antibodies were associated with the develop-
ment of US subclinical synovitis. This study raised the
hypothesis that anti-CCP2+/CCP3+ individuals without
subclinical joint disease might be at a critical transition
pointin the evolution of RA (ie, the transition from auto-
immunity to joint inflammation) and could potentially
represent the optimal ‘window of opportunity’ for the
introduction of preventative treatments (ie, before the
so-called ‘second hit’ in RA pathogenesis occurs).*

On the other hand, the role of anti-CCP3 antibodies in
anti-CCP2 negative (anti-CCP2-) individuals who present
to primary care with new MSK symptoms has not been
explored. Therefore, it remains unclear whether testing
for anti-CCP3 antibodies in such a cohort of individuals
would improve the prediction of IA development and
whether or not these antibodies have a role in primary
care screening.

Thus, the aims of the current study were to
explore the prevalence of anti-CCP3 positivity in

anti-CCP2- individuals who have presented to primary
care with new non-specific MSK symptoms. In addition,
to determine the additional value of testing for and
identifying anti-CCP3 antibody positivity in predicting
progression to IA in anti-CCP2- individuals who present
with non-specific MSK symptoms.

METHODS

Study population

Individuals included in the current study are part of the
‘The CCP Study: Coordinated Programme to Prevent
Arthritis—Can We Identify Arthritis at a Pre-clinical
Stage?’. This is an observational study where individuals
with a new non-specific MSK symptom (eg, shoulder pain,
back pain or hand pain) are tested for anti-CCP2 anti-
bodies at their local general practitioner (GP) surgery.”**
In this study, individuals with a positive anti-CCP2 anti-
body test are invited to Chapel Allerton Hospital in Leeds
for further assessments in a dedicated research clinic as
part of an observational longitudinal study. Individuals
are followed until the development of IA. Those with a
negative anti-CCP2 antibody test are sent a postal ques-
tionnaire 12 months after enrolment, in order to assess
for potential disease progression.

Study design

For the current study, a subpopulation of the whole
cohort of anti-CCP2- individuals with MSK symptoms
(437 of 6587 CCP2- individuals) was selected.” These
437 CCP2- individuals were identified as an age-matched
and sex-matched control group for CCP2+ individuals in
a previous study.”’ Data on this control group were not
presented before. Due to the known low prevalence of
progression to IA in CCP2- individuals, we also collated
data from another subgroup of anti-CCP2- individ-
uals who were known progressors to IA.*> As previously
described, the total number anti-CCP2- individuals who
in our cohort progressed to IA was 53.” Of these, 43 had
an available stored serum sample for CCP3 testing and
were included in this study.” This latter group of 43 indi-
viduals also included 11 patients who were also in the
initial randomly selected 437 anti-CCP2- subpopulation
and were, therefore, removed to avoid duplication. Thus,
a total of 469 anti-CCP2- individuals who presented to
their GP with new MSK symptoms were included in this
study. Figure 1 provides a schematic description of the
study design.

If any of the 469 anti-CCP2- individuals self-reported
progression to IA, which was defined as the development
of swelling in at least one joint, their GPs were contacted
by a member of our study team to confirm or refute the
individual’s rheumatological disease status. Individuals
whose rheumatological diagnosis was confirmed by a
rheumatologist were defined as either RA progressors or
IA progressors (which included RA progressors, spondy-
loarthritis, IA in systemic sclerosis, IA in systemic lupus
erythematosus, IA in polymyalgia rheumatica), according
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Schematic representation of the study design. *Refers to reference n=21; **refers to reference n=25. +ve, positive; —

ve, negative; Ab, antibodies; CCP, cyclic citrullinated peptide; IA, inflammatory arthritis.

to corresponding international diagnostic/classification
criteria.

Serological assay

For the 469 anti-CCP2- individuals, stored serum samples
obtained from 2008 to 2018 were tested for CCP3 IgG
(QUANTA Lite CCP3; Inova Diagnostics). CCP2 and
CCP3 testing was performed on the same stored serum
samples. The threshold for a positive CCP3 antibody test
was >20 units, according to the manufacturer’s cut-off. In
addition, alternative cut-off values were evaluated derived
from optimised F-1 score analysis.

Statistical analysis

Descriptive statistics were used for the main character-
istics of the study population and reported as absolute
frequencies with the corresponding percentage for
categorical variables and mean with SD for continuous
variables. Receiver operating characteristic (ROC) anal-
yses with area under the curve assessment (AUC) were
performed to investigate the discriminatory power
of anti-CCP3 antibody levels for disease progression.
Scatter plots with Mann-Whitney statistics were deployed
to assess the difference between progressors and non-
progressors. P values <0.05 were considered statistically
significant. A Sankey plot was generated to visualise the
disease progression. Lastly, pre-test/post-test probability
plots were created to visualise the impact of anti-CCP3
antibody results on probability of disease progression. To
optimise cut-off values of the anti-CCP3 test, F1 scores at
different threshold were calculated from the precision
and recall of the test. The F1 score combines precision
and recall using their harmonic mean, and maximising
the F1 score implies simultaneously maximising both

precision and recall. Cut-off values with the highest F1
score were used to establish other diagnostic criteria for
prediction of progression.

Analysis and visualisation were conducted using the
following libraries and software tools: Python, V.3.8;
Numpy, V1.24.2; Pandas, V.1.5.3; Scikitlearn, V.1.2.2;
SciPy, V.1.10.1; Plotly, V.5.13.1. A total of three multivari-
able analyses models were generated to assess the associ-
ation of CCP3 with disease progression. In these models,
age and CCP3 were included as continues scale values
and gender as a binary category and variables were tested
for self-reported progression, IA and RA progression
(latter two confirmed by rheumatologist).

RESULTS

The characteristics of the 469 anti-CCP2- individuals
included in the study are reported in table 1. Only 16/469
(3.4%) anti-CCP2- individuals had a positive anti-CCP3
test. Of the anti-CCP2- individuals identified as ‘progres-
sors’ in a previous study, 4/43 (9.3%) were positive for
anti-CCP3 antibodies.

Discrimination between progressors and non-progressors
Among the 469 anti-CCP2- individuals, 61 (13.0%) self-
reported or were subsequently confirmed to have disease
progression. Of these 61, 43 (70.5%) were confirmed
to have progressed to IA by a rheumatologist; of whom
30/43 (69.8%) and 13/43 (30.2%) were given a diag-
nosis of IA and RA, respectively.

A summary of the disease progression is presented in
online supplemental figure 1 and online supplemental
table 1.

Di Matteo A, et al. RMD Open 2024;10:003927. doi:10.1136/rmdopen-2023-003927

"ybuAdoo Aq parosioid 1sanb Aq #7202 ‘62 AeIA Uo jwod [wg uadopuwiy/:dny wouy papeojumod 20z |Mdy 0T Uo 2Z6E00-S202-uadopwi/oeTT 0T Se paysignd 1si :uado ANy


https://dx.doi.org/10.1136/rmdopen-2023-003927
https://dx.doi.org/10.1136/rmdopen-2023-003927
https://dx.doi.org/10.1136/rmdopen-2023-003927
http://rmdopen.bmj.com/

RMD Open

3

Table 1 Main characteristics of the included population of progressors (self-reported progressors, IA/RA progressors) versus
non-progressors
Entire Self-reported IA/RA non-
subpopulation progression* IA/RA progressors RA progressors progressors
(n=469) (n=61) (n=43) (n=13) (n=426)
Age, years (mean+SD) 53.1+15.2 60.2+13.9 60+13.4 60.1+14.0 52.4+15.3
Female sex 342 (72.9%) 33 (54.1%) 24 (55.8%) 8 (61.5%) 318 (74.6%)
Family history of RA 137 (29.2%) 15 (24.6%) 13 (30.2%) 5 (38.5%) 124 (29.1%)
CCP3 positive 16 (3.4%) 8 (13.1%) 4 (9.3%) 1(7.7%) 8 (1.9%)

*Includes 18 patients who have self-reported progression to IA/RA but where this was not confirmed by a rheumatologist.
Ab, antibodies; CCP3, third-generation cyclic citrullinated peptide antibodies; IA, inflammatory arthritis; RA, rheumatoid arthritis.

Anti-CCP3 antibody levels differed significantly
between IA progressors and non-progressors (p<0.001;
see figure 2). The ROC analyses showed strong discrimi-
nation for anti-CCP3 antibodies between progressors and
non-progressors with AUC values of 0.832 (95% CI 0.798
to 0.866) for self-reported progression, 0.887 (95% CI
0.858 to0 0.915) for IA and 0.789 (95% CI 0.753 to 0.826)
for RA. At the manufacturer’s cut-off (220 units), the
sensitivity for progression to overt disease ranged from
8% for RA to 9% for IA, with high specificity of 97% (see
table 2). ORs were 2.4 (95% CI 0.5 to 18.6) for RA and
3.5 (95% CI 1.2 to 11.0) for IA. Interestingly, when cut-
offs were optimised for F-1 score, lower cut-off values (=5
units) significantly increased the OR for progression in
all three categories (ie, self-reported progression, IA and
RA) (see table 2 and figure 3).

To further evaluate the role of anti-CCP3 antibodies
in anti-CCP2- individuals, we assessed the association
of age, gender and family history of RA with IA progres-
sion. As shown in table 3, older age was statistically asso-
ciated with self-reported progression (p<0.0001) and RA
progression (p=0.0006). Male gender was statistically
associated with self-reported progression (p=0.0010) and
IA diagnosis by rheumatologist (p=0.0113). Interestingly,
there was no association between reported family history
for RA with any progression group.

Based on these findings, multivariable analyses
were conducted to understand the individual value of
anti-CCP3 antibodies in disease progression. A total of
three multivariable analyses models were generated (see
table 4). Anti-CCP3 antibodies remained statistically
significant for self-reported progression (p=3.2E-06) as
well as for RA diagnosis by a rheumatologist (p=0.019),
but not for IA diagnosis by a rheumatologist (p=0.154).

DISCUSSION
To the best of our knowledge, this is the first study to
investigate the role of anti-CCP3 antibodies in predicting
evolution to IA in a population of anti-CCP2- individuals
presenting to primary care with new non-specific MSK
symptoms.

Our results indicate a low prevalence of anti-CCP3 anti-
bodies in anti-CCP2- individuals; only 16/469 (3.4%)

of anti-CCP2- individuals showed a positive anti-CCP3
antibody test. This suggests that the agreement between
the anti-CCP2 and anti-CCP3 antibody tests is higher in a
population with negative anti-CCP2 antibodies than in a
population with positive anti-CCP2 antibodies, where the
rate of disagreement between the two tests reached up to
almost 40%, especially in those with low titre anti-CCP2
positivity.”! The prevalence of anti-CCP3 antibody posi-
tivity in the subgroup of 43 CCP2- individuals which
were known progressors was slightly higher, but still low
(<10%).

Only a small proportion of anti-CCP2- anti-CCP3 +indi-
viduals progressed to IA after 12 months of follow-up.
The infrequent progression rate is consistent with the
findings from a recent study in which only 0.93% of indi-
viduals with anti-CCP2- and MSK symptoms progressed
to IA.®

Previous studies from our group suggested that testing
for anti-CCP3 antibodies in anti-CCP2+ ‘atrisk’ individ-
uals with MSK symptoms might improve risk stratification
for RA development and improve management of these
individuals, as well as facilitating the detection of those
individuals at imminent risk of any (ie, either clinical or
subclinical) joint involvement.”' ** In addition, in a recent
study, it was demonstrated that the combination of both
anti-CCP2 and anti-CCP3 antibodies improves the accu-
rate detection of patients with RA.** More specifically,
using sera from 127 patients analysed using anti-CCP2
(ELIA on Phadia 250 instrument, Thermo Fisher Scien-
tific) and anti-CCP3 (QUANTA Flash on BIO-FLASH,
Inova Diagnostics) antibody tests, comparable perfor-
mance was found between the two CCP assays. However,
binary logistic regressions indicated that the likelihood
of having RA is significantly higher when testing posi-
tive for both anti-CCP2 and anti-CCP3 antibody assays
compared with anti-CCP2 or anti-CCP3 antibody assays
alone. Consequently, it was concluded that in patients
with joint complaints suspected of having RA and with a
weakly positive anti-CCP2 antibody (>7and <16U/mL),
anti-CCP3 antibody testing could be of additive value for
diagnosing RA.*

The results of the current study suggest a potential
role for anti-CCP3 antibody testing in CCP2- individuals
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Impact of anti-CCP3 antibody levels in predicting progression to inflammatory arthritis (IA). Anti-CCP3 antibody

levels were significantly higher in individuals who progressed. (A-C) The titre differences in individuals who progressed (1;
orange dots) to the non-progressors (0; blue dots). The blue and orange shaded areas indicate the distribution of anti-CCP3
results in progressors (orange) and non-progressors (blue). (A) Self-reported progression (B) IA/rheumatoid arthritis (RA)
confirmed by a rheumatologist and (C) RA confirmed by a rheumatologist. (D-F) The ROC curves of anti-CCP3 antibodies

in the three categories (self-reported progression, rheumatologist-confirmed diagnosis of IA or rheumatologist-confirmed
diagnosis of RA). Lastly, (G-L) the corresponding pre-test and post-test probability curves at the optimised cut-off. IA includes
patients with RA. CCP3, third-generation anticyclic citrullinated peptide antibodies; C/O, cut-off; ROC, receiver operating

characteristic.

who attended their GP with MSK symptoms. Interest-
ingly, low levels (well below the manufacturer’s cut-off)
of anti-CCP3 antibodies were strongly associated with
disease progression. At cut-off values of =5 units, the
OR for self-reported progression, IA progression and
RA progression were 16.5, 42.8 and 10.9, respectively.
As indicated in table 2, employing an alternative cut-off
for the CCP3 assay resulted in an augmented sensitivity,
although at the expense of reduced specificity when

compared with the standard cut-off. Furthermore, lower
cut-oft values were associated with an elevated risk of IA
development across all three categories. This raises the
question of whether cut-off values for anti-CCP3 anti-
bodies (when used in patients with new MSK symptoms)
should be lowered, and to what level. This is of partic-
ular importance since the majority of studies designed to
establish cut-off values for diagnostic assays are based on
patients with established disease, and therefore, fulfilling
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Table 2 Performance characteristics of anti-CCP3 antibodies as predictors of disease progression

Specificity %  Sensitivity % Precision % LR+ LR-
Cohort Cut-off (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) OR (95% Cl)
Self-reported 20 units 98 14 50 6.7 0.9 7.5
progression (96 to 99) (06 to 25) (25 to 75) (2.7 to 16.5) (0.8t0 1.0) (2.3 t0 24.0)
(n=61) 53 units 80 80 38 0.2 4.0 16.5
(76 to 84) (68 to 89) (29 to 47) (0.210 0.2) (4.0to 4.1) (8.4 10 32.4)
Rheum-1A* 20 units 97 9 31 3.3 0.9 85
(n=43) (95 to 98) (4 to 22) (11 to 59) (1.6 t0 9.1) (0.8 t0 1.0) (1.2t0 11.0)
5.5 units 81 91 33 0.1 4.9 42.8
(77 to 85) (78 to 97) (25 to 42) (0.1t0 0.1) (4.9 t0 4.9) (14.9 to 123.3)
Rheum-RA 20 units 97 8 6 2.3 1.0 2.4
(n=13) (95 to 98) (1 to 33) (0 to 30) (0.4 to 11.2) (0.7t0 1.0) (0.5t0 18.6)
5.5 units 77 77 09 (04 to 15) 0.3 3.3 10.9
(72 to 80) (46 to 95) (0.3 t0 0.3) (8.3103.3) (3.0 to 40.5)

*IA also includes patients with RA.
CCP3, third-generation cyclic citrullinated peptide; IA, inflammatory arthritis; LR+, likelihood ratio positive; LR-, likelihood ratio negative;
RA, rheumatoid arthritis.
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Figure 3 Ability of anti-CCP3 antibody status (qualitative) in predicting progression to inflammatory arthritis (IA). (A-C)

Using the manufacturer’s cut-off values, anti-CCP3 antibody positivity was significantly higher in individuals who progressed
by self-reported progression and IA diagnosis confirmed by a rheumatologist. (D-F) At optimised cut-off values (=5 units),

the difference in anti-CCP3 antibody positivity became more pronounced and also reached significance for RA diagnosis
confirmed by a rheumatologist. IA includes patients with RA. CCP3, third-generation anticyclic citrullinated peptide antibodies;
RA, rheumatoid arthritis; 1, positive; 0, negative.
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Table 3 Demographic and serological features and their associations with disease progression

Diagnosis Age Gender (male) Family history CCP8 (220 units)
Self-reported progression P<0.0001 2.6 (1.5-4.8) 0.8 (0.4-1.5) 7.5 (2.3-24.0)
(n=61) p=0.0010 p=0.45 p=0.0003
Rheum-1A* P=0.0683 2.3 (1.2-4.6) 1.1 (0.5-2.2) 3.5(1.2-11.0)
n=43 p=0.0113 p=0.86 p=0.03
Rheum-RA P=0.0006 1.7 (0.4-6.2) 1.5 (0.4-5.4) 2.4 (0.1-18.6)
(n=13) p=0.3471 p=0.54 p=0.37

Significant p-values are highlighted in bold.
*IA includes also patients with RA.

CCP8, third-generation anti-CCP antibodies; IA, inflammatory arthritis; RA, rheumatoid arthritis.

classification criteria.® We acknowledge the low preva-
lence of anti-CCP3 antibodies among anti-CCP2- indi-
viduals, as per the manufacturer’s cut-off. This must be
considered when considering the practical value of using
the anti-CCP3 test in predicting the development of IA
in this anti-CCP2-negative population. Further research
into this area is needed to better understand the implica-
tions of this aspect.

Although ACPA is known as a specific diagnostic
marker for RA, our current results indicate that low
levels of anti-CCP3 antibodies, also predict progression
to other autoimmune conditions that may exhibit inflam-
matory synovitis. Whether this finding reflects a low level
of B-cell activation requires further studies. Lastly, the
future development of overlap syndromes of RA and
other conditions (eg, systemic lupus erythematosus,
systemic sclerosis) cannot be ruled out.

As shown in table 3, we have demonstrated a lack of
association between progression to IA and family history

for RA. One of the reasons for this finding could be
attributed to the limited statistical power of our current
study. Additionally, we acknowledge that self-reporting
of family history by patients is a limitation, as some
individuals may misinterpret ‘true’ RA with other non-
inflammatory joint conditions, such as osteoarthritis.
Our study has some limitations. First, we merged a
selected population of known anti-CCP2- progressors to
IA with a randomly selected subpopulation of anti-CCP2-
individuals (both having non-specific MSK symptoms),
therefore, the overall prevalence of progression was very
much higher than expected or observed in real life. This
meant that rate of progression in this merged population
would have created potentially biased results, though
analysing rate of progression in the randomly selected
anti-CCP2- cohort could be representative of the general
population (and our figures support this). Second, our
cohort included low numbers of progressors within 12
months of follow-up. Overall, 61 participants reported

Table 4 Demographic and serological features and their association with disease progression

Coefficients SE T stat P value Lower 95% Upper 95%
Self-reported progression
Intercept 0.0159 0.061 0.245 0.806 -0.111 0.143
Age 0.0030 0.001 3.052 0.002 0.001 0.005
Gender —-0.0922 0.034 -2.692 0.007 -0.159 -0.025
CCP3 0.0021 0.001 4.715 3.2E-06 0.001 0.003
Rheum-IA*
Intercept 0.0070 0.057 0.122 0.903 -0.106 0.120
Age 0.0023 0.001 2.625 0.009 0.001 0.004
Gender —-0.0600 0.030 -1.981 0.048 -0.120 -0.001
CCP3 0.0006 0.000 1.428 0.154 —-0.001 0.001
Rheum-RA
Intercept —-0.0060 0.033 —-0.181 0.856 -0.071 0.059
Age 0.0007 0.001 1.314 0.190 —-0.000 0.002
Gender —0.0091 0.018 -0.525 0.600 -0.044 0.025
CCP3 0.0005 0.000 2.364 0.019 9.04E-05 0.001
Significant p-values are highlighted in bold.
*IA includes also patients with RA
CCP83, third-generation cyclic citrullinated peptide; IA, inflammatory arthritis; RA, rheumatoid arthritis.
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disease progression, but only 43 were diagnosed as IA
or RA by a rheumatologist resulting in limited statis-
tical power to perform extensive statistical analyses.
However, based on the high predictive value of ACPA,
this represents an inherent limitation of all studies on
ACPA-negative RA. Despite the low number of progres-
sors, we observed statistical difference among patients
depending on the cut-off used for anti-CCP3 antibodies.
Third, the sensitivity of the patients’ reported question-
naire for the diagnosis of IA is unknown, and the period
of observation was relatively short (12 months). In other
words, it remains unknown how many of the individuals
who did not report progression eventually developed or
will develop IA. In addition, some important information
on the study population was not available, such as body
mass index, shared epitope status, current treatment, as
these were not included in the patients’ questionnaires.
The main objective of the current study was to assess
the additional value of a second CCP assay for clinically
feasible predictive testing. Indeed, it may not be feasible
in all centres to have access to multiple antimodified
protein antibodies. In the current study, the included
population of anti-CCP2- individuals was identified as a
control group for anti-CCP2+ patients in a previous study
of our group.”' In these CCP2- individuals, stored serum
samples were used to test anti-CCP3 antibodies but not
anti-CarP antibodies or RF testing.

Finally, no quantitative results were available for
anti-CCP2 antibody, which limits the ability to analyse
the value of anti-CCP2 antibody levels on disease progres-
sion. Therefore, a definitive answer regarding the best
screening strategy in individuals ‘at risk’ of RA (ie,
anti-CCP2 or anti-CCP3 antibody testing) will require a
large head-to-head study, with previous attempts at such
studies proving inconclusive in patients with RA.?” This
evaluation would enable a direct comparison of the diag-
nostic efficacy of both tests in this specific ‘at-risk’ popu-
lation, facilitating a comprehensive understanding of
their respective performances. Furthermore, conducting
such studies would allow for the assessment and determi-
nation of the optimal screening strategy for identifying
atrisk individuals.*®

CONCLUSIONS
The current preliminary results showed a low prevalence
of anti-CCP3 antibodies in individuals with a new MSK
symptom and a negative anti-CCP2 antibody test.
Despite the low number of anti-CCP3+ antibody indi-
viduals combined with the low disease progression rate
in the randomly selected anti-CCP2- subpopulation,
our data indicate that anti-CCP3 antibody levels could
improve prediction of disease progression to IA (either IA
or RA) in this population. Further studies are warranted
to validate the findings, especially the observation that
lower cut-off values might provide higher accuracy for
predicting disease progression.

If validated, it is possible that testing anti-CCP3 anti-
bodies in CCP2- individuals could be a logical approach
for increasing detection of those likely to progress to IA.
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