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Effect of Anticitrullinated Protein Antibody Status on
Response to Abatacept or Antitumor Necrosis Factor-α
Therapy in Patients with Rheumatoid Arthritis: A US
National Observational Study
Leslie R. Harrold, Heather J. Litman, Sean E. Connolly, Sheila Kelly, Winnie Hua, Evo Alemao,
Lisa Rosenblatt, Sabrina Rebello, and Joel M. Kremer

ABSTRACT. Objective. Assess whether baseline anticyclic citrullinated peptide antibodies (anti-CCP) status is
associated with treatment response in patients with rheumatoid arthritis (RA) initiating abatacept
(ABA) or a tumor necrosis factor-α inhibitor (TNFi).
Methods. Using the Corrona RA registry, patients were identified who initiated ABA or a TNFi (June
2004–January 2015), had a followup visit 6 months (± 3 mos) after initiation, and anti-CCP measured
at or prior to initiation. Primary outcome was mean change in Clinical Disease Activity Index (CDAI)
from initiation to 6 months. Treatment response was evaluated based on a typical patient profile
(female, aged 57 yrs, body mass index of 30 kg/m2, baseline CDAI of 20, 1 prior biologic, and no
comorbidities other than RA). Secondary outcomes included remission and low disease activity.
Results. There were 566 ABA initiators [anti-CCP+ (≥ 20 units/ml): n = 362; anti-CCP– (< 20
units/ml): n = 204] and 1715 TNFi initiators (anti-CCP+: n = 1113; anti-CCP–: n = 602). Differences
between treatment groups included baseline disease duration, CDAI, and prior biologic use. At 6
months, anti-CCP+ ABA initiators were associated with significantly greater CDAI response versus
anti-CCP– ABA initiators; no significant difference was observed for TNFi initiators. When consid-
ering a typical RA patient profile, CDAI response was greater in anti-CCP+ versus anti-CCP– ABA
initiators; anti-CCP+ versus anti-CCP– TNFi initiators were similar. Secondary outcome responses
were also greater in anti-CCP+ versus anti-CCP– ABA initiators; TNFi initiators did not differ by
anti-CCP status.
Conclusion. In a US-based clinical practice setting, anti-CCP status was associated with a differential
treatment response to ABA, but not TNFi. (First Release November 1 2017; J Rheumatol 2018;
45:32–9; doi:10.3899/jrheum.170007)
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The goal of rheumatoid arthritis (RA) therapy is to reduce
disease activity and improve functional outcomes1. While
numerous treatment options exist, identifying how to select
the most effective treatment for each individual patient is not
fully defined. The goal of personalized medicine is to tailor
treatment to the individual characteristics of each patient. In

patients with RA, it would be beneficial to identify a reliable
biomarker that is associated with treatment outcomes.
Anticitrullinated protein antibodies (ACPA) are sensitive and
highly specific biomarkers for RA2 and are routinely assessed
in clinical practice because they are part of the 2010
American College of Rheumatology (ACR)/European
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League Against Rheumatism diagnostic criteria3,4. Patients
who are ACPA-positive tend to develop more severe, erosive
disease than ACPA-negative patients5,6.
    Response to RA therapy may vary based on ACPA status6.
In the Abatacept versus adaliMumab comParison in
bioLogic-naïvE rheumatoid arthritis subjects with back-
ground methotrexate (AMPLE; NCT00929864) trial,
abatacept (ABA) was more effective in change in the 28-joint
Disease Activity Score (C-reactive protein; DAS28-CRP) and
the Health Assessment Questionnaire-Disability Index
(HAQ-DI) in patients who were positive for anticyclic citrul-
linated peptide antibodies (anti-CCP, an ACPA surrogate)
than in those who were negative for anti-CCP at baseline7.
In addition, greater responses in DAS28 and HAQ-DI were
observed in patients with higher baseline anti-CCP levels
treated with ABA7. Data from the Assessing Very Early
Rheumatoid arthritis Treatment (AVERT) trial also demon-
strated greater clinical efficacy in ABA initiators who were
anti-CCP+ for the immunoglobulin M isotype at baseline8.
    Additional real-world data are required to analyze the
association of ACPA status and the treatment effect of
biological disease-modifying antirheumatic drugs (bDMARD)
because patients in clinical trials are a select population and
may not reflect the heterogeneous population seen in typical
practice settings. To the best of our knowledge, there are no
prior observational studies in the United States analyzing this
relationship in patients with RA. Our study was performed
to assess whether baseline anti-CCP status is predictive of
response in patients initiating ABA or a tumor necrosis
factor-α inhibitor (TNFi) in a US national observational
cohort.

MATERIALS AND METHODS
Patient population. The Corrona RA registry is an independent, prospective,
national, observational cohort in which treatment and outcomes data for
patients with RA are collected and analyzed. Patients are recruited from 168
private and academic practice sites across 40 states in the United States, with
654 participating rheumatologists. As of March 31, 2016, the Corrona
database included information on about 42,621 patients with RA. Data on
321,001 patient visits and 141,984 patient-years of followup observation
time have been collected. The Corrona registry was established in accor-
dance with the Declaration of Helsinki. All participating investigators were
required to obtain full board approval for conducting noninterventional
research involving human subjects. Sponsor approval and continuing review
was obtained through a central Institutional Review Board (IRB; New
England Independent Review Board, NEIRB No. 02-021). For academic
investigative sites that did not receive a waiver to use the central IRB, full
board approval was obtained from the respective governing IRB and
documentation of approval was submitted to Corrona prior to initiating any
study procedures. All registry patients were required to provide written
informed consent and authorization prior to participating. The cohort of
patients who met study inclusion criteria for these analyses represent 94
Corrona sites.
Study population. This analysis included adult patients with RA who initiated
ABA or a TNFi (adalimumab, certolizumab pegol, etanercept, golimumab,
or infliximab) during followup in the Corrona RA registry between June
2004 and January 2015. Eligible patients had to have the following: a
followup visit 6 months (± 3 mos) after the initiation of ABA or TNFi

treatment (visit window: 3–9 mos using visit closest to 6 mos if there were
> 1 visit); Clinical Disease Activity Index (CDAI) measured at or prior to
the initiation of treatment and within the appropriate timeframe prior to the
visit (for initiations between visits, CDAI measured within 4 months prior
to initiation was used). For the followup CDAI, it was measured at the
6-month visit or at the time of switch if patients switched medications prior
to the 6-month visit. The anti-CCP status was measured at or prior to 
initiation.
Measures and data collection. Data were collected from both patients and
their treating rheumatologists using standard clinical research forms at the
time of the clinical encounter, which gather information on disease severity
and activity [including serologic markers (anti-CCP) and components of
ACR response criteria], comorbidities, use of medications including
steroids, conventional non-TNF biologics or targeted synthetic DMARD
and bDMARD, and adverse events. As a strictly observational registry that
reflects typical clinical practice, Corrona does not mandate that laboratory
studies including serologic markers and acute-phase response reactants be
collected. Among the data elements collected in the registry relevant to this
study are modified (m)ACR20, mACR50, and mACR70 (mACR based on
2 out of 4 measures; does not include erythrocyte sedimentation rate or
CRP) and modified (m)HAQ assessing physical function9. Data on
demographics, insurance status, comorbid conditions, RA disease charac-
teristics, and RA medications were available for > 98% of patients. The
scope of the data collected and comparison with other registries have been
described previously10.
Study outcomes. Patient demographics, baseline characteristics, and clinical
outcomes by anti-CCP status (anti-CCP+ and anti-CCP–) for ABA and TNFi
initiators were evaluated. The primary outcome was change in CDAI score
from initiation (baseline) to 6 months. Secondary outcomes included
achievement of CDAI remission [CDAI ≤ 2.8; among those with low,
moderate, or high disease activity (CDAI > 2.8) at baseline] and low disease
activity (LDA; CDAI ≤ 10) at 6 months [among those with moderate or high
disease activity (CDAI > 10) at baseline; change from initiation to 6 months
in mHAQ score; mACR20, mACR50, and mACR70].
Statistical analysis. Anti-CCP status was defined as either anti-CCP+ (≥ 20
units/ml) or anti-CCP– (< 20 units/ml) based on the cutoffs provided by the
laboratories working with the participating sites. Baseline comparisons based
on anti-CCP status were conducted in both treatment groups using the
Wilcoxon rank-sum test or t tests for continuous variables, and chi-square
tests for categorical variables. Unadjusted response rates by anti-CCP group
were estimated at 6 months after initiation of bDMARD therapy. For binary
outcomes, if a patient switched to any biological agent prior to 6 months,
the patient was assumed to be a nonresponder. For continuous outcomes, if
a patient switched prior to 6 months, change at the time of switch was used.
Adjusted response rates by anti-CCP group were determined using multi-
variable linear and logistic regression models that controlled for factors
differing at initiation, as well as based on a priori knowledge of clinical
factors thought to possibly differ by anti-CCP group [age, sex, body mass
index (BMI), baseline CDAI score (baseline mHAQ score in mHAQ model),
comorbidity index, and number of prior bDMARD]. A modified Charlson
comorbidity index was controlled for rather than each individual measure
of comorbid conditions (e.g., history of hypertension, diabetes, malignancy,
or cardiovascular disease). To assess differences in binary outcomes, multi-
variable logistic regression models used OR and their corresponding 95%
CI. To assess differences in continuous outcomes, multivariable linear
regression models used the mean and 95% CI reported for each anti-CCP
group. Concomitant methotrexate (MTX) and prednisone use did not meet
criteria for inclusion in the multivariable models (e.g., there was no
imbalance between groups). However, given their effect on treatment
response, the multivariable models were re-run, with these 2 factors included
in addition to the variables that met criteria as specified above; the results
were unchanged (data not shown). Similarly, calendar year was analyzed in
the final models. Because the results were unchanged, these are not
presented.

33Harrold, et al: Anti-CCP status in RA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2018. All rights reserved.

 of Rheumatology
The Journal on January 1, 2018 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


      The above-mentioned adjusted models did not allow for direct
comparison between ABA and TNFi initiators because of baseline differ-
ences in the source populations. Therefore, we conducted additional analyses
to compare those who had characteristics common in both ABA and TNFi
initiators. This “typical” patient with RA was considered to be female, aged
57 years, with a BMI of 30 kg/m2, baseline CDAI of 20, who had received
1 prior biological agent, and had no comorbidities aside from RA according
to the modified Charlson Comorbidity Index. We evaluated treatment
response for this prototype using separate linear regression models for ABA
and TNFi initiators. Patients with missing values for covariates included in
the multivariable linear and logistic regression models were excluded from
the models (on average we lost < 1% of the sample in the adjusted analyses).

RESULTS
Patient disposition and baseline characteristics. Baseline
demographics and clinical characteristics by anti-CCP status
are shown in Table 1. Of the 2835 patients who initiated
ABA, 2525 patients had a CDAI measurement at baseline,
2124 had a 6-month visit within the ± 3-month visit window,
2101 had CDAI at both baseline and at 6-month followup,
and 566 patients also had anti-CCP measured at or prior to
initiation: 204 (36.0%) were anti-CCP– and 362 (64.0%)
were anti-CCP+ (Appendix 1). Patients who had anti-CCP
testing were similar to those without anti-CCP testing in
terms of female sex (81% vs 82%), median age (58 vs 60
yrs), and median CDAI (21). They were slightly more likely
to be biologic-experienced (87% vs 84%) and had fewer
median years of disease duration (7 vs 10). Among those with
CCP testing, there were no differences by anti-CCP status for
age (median 58 yrs), disease duration (median 7 yrs), CDAI
(median 22 vs 21), or prior TNFi use (0, 1, or ≥ 2 prior agents;
Table 1).
    Of the 8343 patients who initiated TNFi, 7481 patients
had a CDAI measurement at baseline, 6139 had a 6-month
visit within the ± 3-month visit window, 6021 patients had
CDAI at baseline and a 6-month followup, and 1715 had
anti-CCP results at or prior to initiation: 602 (35.1%) were
anti-CCP– and 1113 (64.9%) were anti-CCP+ (Appendix 1).
Patients who had anti-CCP testing were similar to those
without anti-CCP testing in terms of female sex (77% vs
78%), median age (56 vs 57 yrs), and median CDAI (19);
however, they had fewer median years of disease duration (4
vs 6) and were less likely to be biologic-experienced (33%
vs 40%). Among those with anti-CCP testing, there were no
differences by CCP status for age (median 55–56 yrs), prior
TNFi use, or median baseline CDAI; however, median
disease duration was greater in anti-CCP+ versus anti-CCP–
patients (median 4 vs 3 yrs, p = 0.021; Table 1). In general,
the ABA and TNFi patient populations were different in terms
of disease duration, CDAI, and prior use of biological agents
(Table 1).
Mean change from baseline in disease activity and disability.
For patients who initiated ABA, anti-CCP+ status was
associated with a significantly greater response at 6 months
compared with anti-CCP– status on all outcomes measures.
For the primary outcome, anti-CCP+ ABA initiators had a

mean (95% CI) change in CDAI of –8.5 (–9.9 to –7.0) versus
–4.3 (–6.2 to –2.3, p = 0.001) for those with an anti-CCP–
status in unadjusted analyses (Figure 1). After adjusting for
baseline covariates, significant differences in CDAI change
from baseline between the anti-CCP+ and the anti-CCP–
groups remained [–8.5 (–9.7 to –7.3) vs –4.0 (–5.6 to –2.4),
p < 0.001; Figure 1]. Conversely, there were no significant
differences in mean (95% CI) change in CDAI between the
anti-CCP+ TNFi initiators and the anti-CCP– TNFi initiators
in unadjusted [–7.3 (–8.1 to –6.4) vs –6.8 (–7.9 to –5.7), 
p = 0.52] and adjusted analyses [–7.4 (–8.1 to –6.8) vs –6.4
(–7.3 to –5.6), p = 0.072; Figure 2]. Significant differences
in mean (95% CI) change in mHAQ [–0.12 (–0.16 to –0.07)
vs 0.00 (–0.06 to 0.06), p = 0.001] were observed for
anti-CCP+ ABA initiators versus anti-CCP– ABA initiators
in unadjusted analyses. After adjusting for baseline covari-
ates, significant differences in mHAQ remained. There were
no significant differences in mHAQ for TNFi initiators by
anti-CCP status in unadjusted [–0.08 (–0.11 to –0.04) vs 
–0.08 (–0.10 to –0.05), p = 0.99] or adjusted analyses [–0.07
(–0.10 to –0.04) vs –0.08 (–0.10 to –0.06), p = 0.54].
Mean change from baseline in CDAI for ABA and TNFi
initiators with the same “typical” RA patient profile. A
typical patient was considered to provide information about
the same patient population because the 2 groups differed
according to baseline CDAI, disease duration, number of
prior biological agents, and other baseline covariates. When
considering treatment response based on a typical RA
patient profile, the mean (SE) change in CDAI from
baseline at 6 months in the anti-CCP+ patients was numer-
ically greater than that in anti-CCP– patients among ABA
initiators [–8.8 (0.8) vs –4.4 (0.9); Figure 3]. When consid-
ering the same typical RA patient profile among TNFi
initiators, the mean change in CDAI of –4.6 (0.5) in
anti-CCP– patients was similar to the anti-CCP– patients
who were ABA initiators, but the mean change in CDAI
from baseline was –5.6 (0.4) for anti-CCP+ patients who
were TNFi initiators (Figure 3).
Remission and LDA. For ABA initiators, anti-CCP+ status
was significantly associated with greater remission responses
[CDAI ≤ 2.8 among those with low, moderate, or high disease
activity who initiated treatment (n = 544)] compared with
anti-CCP– status (15.2% vs 4.6%, p < 0.001). A greater
proportion of anti-CCP+ ABA initiators achieved LDA
[CDAI ≤ 10 among those with moderate or high disease
activity who initiated treatment (n = 460)] compared with
those with an anti-CCP– status initiating ABA (41.4% vs
24.1%, p < 0.001). After adjusting for baseline covariates,
the odds of achieving remission and LDA were significantly
higher for those with anti-CCP+ status versus anti-CCP–
status (Figure 4). The proportion of patients attaining
remission (14.9% vs 14.4%, p = 0.76) and the odds of
achieving remission after adjusting for baseline covariates
did not differ by anti-CCP status in TNFi initiators (Figure
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5). However, the proportion of TNFi initiators achieving
LDA was higher in the anti-CCP+ group versus the
anti-CCP– group in the unadjusted model (40.6% vs 34.1%,
p = 0.023); this effect was no longer significant after
adjusting for baseline covariates (Figure 5).

mACR response rates.Anti-CCP+ ABA initiators had signifi-
cantly greater mACR responses versus those with an
anti-CCP– status (mACR20: 34.7% vs 22.0%; mACR50:
23.3% vs 9.0%; mACR70: 12.2% vs 4.0%, p < 0.01 for all).
After adjusting for baseline covariates, the differences

35Harrold, et al: Anti-CCP status in RA

Table 1. Baseline patient demographics and clinical characteristics by anti-CCP status† among all ABA and TNFi initiators. Values are n (%) unless otherwise
specified.

Characteristics                                                                                  ABA Initiators
                                                                                                                             Anti-CCP–negative, n = 204                   Anti-CCP–positive, n = 362

Female, n/N (%)                                                                                                              167/203 (82.3)                                        290/362 (80.1)
Age, yrs, median (IQR); n                                                                                                 58 (18); 203                                            58 (16); 361
Duration of RA, yrs, median (IQR); n                                                                                7 (9); 203                                               7 (11); 362
Race, n/N (%)                                                                                                                                                                                              
        White                                                                                                                      182/202 (90.1)                                      282/361 (78.1)**
History of diabetes                                                                                                               24 (11.8)                                                  38 (10.5)
History of malignancy‡                                                                                                                                          27 (13.2)                                                  43 (11.9)
Prior TNFi use                                                                                                                                                                                             
        0                                                                                                                                   24 (11.8)                                                  54 (14.9)
        1                                                                                                                                   89 (43.6)                                                145 (40.1)
        2+                                                                                                                                91 (44.6)                                                 163 (45.0)
Prior biological/tsDMARD use                                                                                                                                                                   
        0                                                                                                                                   23 (11.3)                                                  52 (14.4)
        1                                                                                                                                   81 (39.7)                                                 134 (37.0)
        2+                                                                                                                               100 (49.0)                                                176 (48.6)
CDAI, median (IQR); n                                                                                                   22 (15.7); 204                                         21 (17.8); 362
mHAQ, median (IQR); n                                                                                                  0.5 (0.9); 203                                          0.5 (0.9); 354
Concomitant MTX use, n/N (%)                                                                                        122 (59.8)                                                220 (60.8)
Concomitant MTX dosage, median (IQR); n                                                                     20 (5); 119                                             16.6 (5); 212
Concomitant prednisone use, n/N (%)                                                                                 68 (33.3)                                                 142 (39.2)
Concomitant prednisone dosage, median (IQR); n                                                              5 (5); 66                                                 5 (5); 137

                                                                                                       TNFi Initiators
                                                                                                                             Anti-CCP–negative, n = 602                  Anti-CCP–positive, n = 1113

Female, n/N (%)                                                                                                              474/601 (78.9)                                        843/1113 (75.7)
Age, yrs, median (IQR); n                                                                                                 55 (16); 601                                            56 (17); 1111
Duration of RA, yrs, median (IQR); n                                                                                3 (7); 597                                              4 (9); 1108*
Race, n/N (%)                                                                                                                                                                                              
        White                                                                                                                      507/598 (84.8)                                      903/1113 (81.1)**
History of diabetes                                                                                                                42 (7.0)                                                    89 (8.0)
History of malignancy‡                                                                                                                                            53 (8.8)                                                   63 (5.7)*
Prior TNFi use                                                                                                                                                                                             
        0                                                                                                                                  406 (67.4)                                                795 (71.4)
        1                                                                                                                                  144 (23.9)                                                242 (21.7)
        2+                                                                                                                                 52 (8.6)                                                    76 (6.8)
Prior biological/tsDMARD use                                                                                                                                                                   
        0                                                                                                                                  384 (63.8)                                                762 (68.5)
        1                                                                                                                                  139 (23.1)                                                247 (22.2)
        2+                                                                                                                                79 (13.1)                                                  104 (9.3)
CDAI, median (IQR); n                                                                                                   19 (20.6); 602                                         18 (18.0); 1113
mHAQ, median (IQR); n                                                                                                  0.4 (0.8); 602                                         0.4 (0.8); 1102
Concomitant MTX use, n/N (%)                                                                                        391 (65.0)                                                746 (67.0)
Concomitant MTX dosage, median (IQR); n                                                                     20 (5); 376                                              20 (5); 706
Concomitant prednisone use, n/N (%)                                                                                150 (24.9)                                                318 (28.6)
Concomitant prednisone dosage, median (IQR); n                                                           5 (3.3); 147                                               5 (5); 308

†Anti-CCP status was defined as either anti-CCP–positive (≥ 20 units/ml) or anti-CCP–negative (< 20 units/ml). ‡History of malignancy includes history of
lung cancer, breast cancer, skin cancer, lymphoma, or other cancer. *p value ≤ 0.05. **p value ≤ 0.01. ABA: abatacept; TNFi: tumor necrosis factor-α inhibitor;
anti-CCP: anticyclic citrullinated peptide antibodies; IQR: interquartile range; RA: rheumatoid arthritis; tsDMARD: targeted synthetic disease-modifying
antirheumatic drug; CDAI: Clinical Disease Activity Index; mHAQ: modified Health Assessment Questionnaire; MTX: methotrexate.
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Figure 1. Mean change from baseline in disease and disability outcomes at 6 months for abatacept initiators by
anti-CCP status. Model adjusted by baseline age, sex, body mass index, CDAI score, comorbidity index, and
number of prior biological DMARD. *** p ≤ 0.001. Anti-CCP status was defined as either anti-CCP–positive
(≥ 20 units/ml) or anti-CCP–negative (< 20 units/ml). Patient numbers: unadjusted anti-CCP+, n = 362;
unadjusted anti-CCP–, n = 204; adjusted anti-CCP+, n = 361; adjusted anti-CCP–, n = 203. Anti-CCP: anticyclic
citrullinated peptide antibodies; CDAI: Clinical Disease Activity Index; DMARD: disease-modifying
antirheumatic drug.

Figure 2. Mean change from baseline in disease and disability outcomes at 6 months for TNFi initiators by
anti-CCP status. Model adjusted by baseline age, sex, body mass index, CDAI score, comorbidity index, and
number of prior biological DMARD. All p values > 0.05. Anti-CCP status was defined as either anti-CCP–
positive (≥ 20 units/ml) or anti-CCP–negative (< 20 units/ml). Patient numbers: unadjusted anti-CCP+, n =
1113; unadjusted anti-CCP–, n = 602; adjusted anti-CCP+, n = 1110; adjusted anti-CCP–, n = 600. Anti-CCP:
anticyclic citrullinated peptide antibodies; CDAI: Clinical Disease Activity Index; DMARD: disease-modifying
antirheumatic drug; TNFi: tumor necrosis factor-α inhibitor.

Figure 3. Mean change from baseline CDAI in abatacept and
TNFi initiators with a typical patient profile. The typical
patient was defined as a female, aged 57 years, with a body
mass index of 30 kg/m2, and a baseline CDAI of 20, who had
received 1 prior biological agent and had no comorbidities
other than rheumatoid arthritis on the modified Charlson
comorbidity index. Anti-CCP status was defined as either
anti-CCP–positive (≥ 20 units/ml) or anti-CCP–negative (<
20 units/ml). Patient numbers: abatacept anti-CCP+, n = 361;
abatacept anti-CCP–, n = 203; TNF anti-CCP+, n = 1110;
TNF anti-CCP–, n = 600. Anti-CCP: anticyclic citrullinated
peptide antibodies; CDAI: Clinical Disease Activity Index;
TNFi: tumor necrosis factor-α inhibitor.

 of Rheumatology
The Journal on January 1, 2018 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


between the anti-CCP+ and the anti-CCP– groups remained
statistically significant, and the odds of achieving mACR
response rates were significantly higher for those with an
anti-CCP+ status versus those with an anti-CCP– status
(Figure 4). 

    For TNFi initiators, there were no statistically significant
differences in mACR responses by anti-CCP status in
unadjusted (mACR20: 31.6% vs 31.1%; mACR50: 19.9% vs
17.7%; mACR70: 10.6% vs 8.9%) and adjusted analyses 
(p > 0.10; Figure 5).
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Figure 4.Association between anti-CCP antibody status and response to abatacept (multivariable models). Model
adjusted by baseline age, sex, body mass index, CDAI score, comorbidity index, and number of prior biological
DMARD. **p < 0.01. ***p ≤ 0.001. Anti-CCP status was defined as either anti-CCP–positive (≥ 20 units/ml) or
anti-CCP–negative (< 20 units/ml). LDA was defined as CDAI ≤ 10 among those with moderate or high disease
activity (CDAI > 10) who initiated treatment (n = 460). Remission was defined as CDAI ≤ 2.8 among those with
low, moderate, or high disease activity (CDAI > 2.8) who initiated treatment (n = 544). Modified ACR was based
on 2 out of 4 measures and does not include erythrocyte sedimentation rate or C-reactive protein. Patient numbers:
LDA, anti-CCP–, n = 170, anti-CCP+, n = 290; remission, anti-CCP–, n = 195, anti-CCP+, n = 349; mACR20,
anti-CCP–, n = 200, anti-CCP+, n = 352; mACR50, anti-CCP–, n = 200, anti-CCP+, n = 352; mACR70, anti-CCP–
, n = 200, anti-CCP+, n = 352. Anti-CCP: anticyclic citrullinated peptide antibodies; CDAI: Clinical Disease
Activity Index; DMARD: disease-modifying antirheumatic drug; LDA: low disease activity; mACR: modified
American College of Rheumatology. 

Figure 5.Association between anti-CCP antibody status and response to remission, LDA and mACR by anti-CCP
status and TNFi initiators (multivariable models). Model adjusted by baseline age, sex, body mass index, CDAI
score, comorbidity index, and number of prior biological DMARD. All p values > 0.10. Anti-CCP status was
defined as either anti-CCP–positive (≥ 20 units/ml) or anti-CCP–negative (< 20 units/ml). LDA was defined as
CDAI ≤ 10 among those with moderate or high disease activity (CDAI > 10) who initiated treatment (n = 1278).
Remission was defined as CDAI ≤ 2.8 among those with low, moderate, or high disease activity (CDAI > 2.8)
who initiated treatment (n = 1601). mACR was based on 2 out of 4 measures and does not include erythrocyte
sedimentation rate or C-reactive protein. Patient numbers: LDA, anti-CCP–, n = 451, anti-CCP+, n = 827;
remission, anti-CCP–, n = 577, anti-CCP+, n = 1024; mACR20, anti-CCP–, n = 598, anti-CCP+, n = 1087;
mACR50, anti-CCP–, n = 598, anti-CCP+, n = 1087; mACR70: anti-CCP–, n = 598, anti-CCP+, n = 1087.
Anti-CCP: anticyclic citrullinated peptide antibodies; LDA: low disease activity; mACR: modified American
College of Rheumatology; TNFi: tumor necrosis factor-α inhibitor; CDAI: Clinical Disease Activity Index;
DMARD: disease-modifying antirheumatic drug.
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DISCUSSION
These real-world data from US clinical practices demonstrate
that baseline anti-CCP status is associated with clinical
response to ABA, with the better clinical response observed
in anti-CCP+ patients. In contrast, no such relationship was
evident between anti-CCP status and response to a TNFi.
When considering a typical RA patient profile, anti-CCP+
status was associated with greater improvements in response
among ABA initiators compared with anti-CCP– patients. In
contrast, among TNFi initiators with the same typical RA
profile, responses were similar among anti-CCP+ and
anti-CCP– patients; the magnitude of change in CDAI in
anti-CCP– patients was similar to that in the anti-CCP–
patients initiating ABA. The underlying reason for the
observed differences in response for ABA and TNFi is
unknown, but may be related to differences in the mechanism
of action between treatments. The association between
seropositivity and ABA response could be due to the
upstream mechanism of action of ABA, by which costimu-
lation blockade inhibits Th cell activation and subsequently
modulates B cells and autoantibody production11,12.
Anti-CCP is associated with erosive disease5, and therefore
it is important to have a reliable biomarker to help identify
patients who will benefit from treatment response.
    Other studies have similarly shown antibody seroposi-
tivity to be related to response to ABA. In the ACTION study,
anti-CCP–positive and/or RF-positive status was associated
with greater efficacy of ABA than seronegative status13. Of
note, we were unable to evaluate the independent effect of
RF because we had too few patients who were RF-positive
and anti-CCP–negative. Additionally, these data are generally
consistent with ACPA results from the AVERT and AMPLE
trials. ABA in combination with MTX had a greater clinical
efficacy in patients who exhibited a greater level of serocom-
plexity at baseline (either higher titers or a greater number of
isotypes)8,14. However, data from the AMPLE trial show
baseline anti-CCP positivity was also associated with a better
response for adalimumab, whereas in the current study
generally no consistent differences were seen by anti-CCP
status for TNFi7. These differences may be due to different
patient populations between the studies because overall, the
patients in AMPLE had more severe RA than did patients in
the Corrona database, and were biologic-naive with an inade-
quate response to MTX.
    There have been conflicting results, with some studies
showing anti-CCP associated with a reduced response to
TNFi, and other studies demonstrating improved results6,15.
A systematic literature review of 14 studies (13 prospective
clinical trials and 1 retrospective study) investigated whether
the status of anti-CCP in patients with RA has a predictive
value for clinical response to TNFi therapy. Consistent with
our present study, the metaanalysis demonstrated that
anti-CCP was not found to be associated with a response to
TNFi6.

    The strengths of our study are that these data are from a
large, national, observational cohort of patients with RA and
includes both patient-reported and clinical measures such as
serological status. Limitations of our study should be noted.
This is a real-world patient population cared for by rheuma-
tologists across the United States; thus, there is no centralized
laboratory evaluating serological status. This potential
variability in serological testing was minimized in our study
by categorizing patients according to anti-CCP status (e.g.,
positive vs negative) rather than analyzing by anti-CCP titers.
The patient population primarily reflects white females;
therefore, future analyses should be conducted in other racial
and ethnic groups. In addition, this is a registry cohort and
the results depend on the RA characteristics of the patients
who entered the cohort and for whom laboratory results were
available. However, it is unlikely that there is a systematic
bias between patients enrolled with laboratory results and
without, and no reason to believe that if such a bias existed
that it would differ according to treatment. Nonetheless, this
is a routine clinical care setting and demonstrates real-world
outcomes of RA more precisely than would an interventional
clinical trial (e.g., disease activity is not typically as high and
there is no exclusion of comorbidities).
    Our results show that, in routine clinical practice,
anti-CCP positivity was associated with treatment response
to ABA, but not TNFi. These findings suggest that anti-CCP
status may be useful for selecting appropriate therapy in
patients with RA. For providers discussing with their patients
the advantages and disadvantages of different therapeutic
options, this laboratory information may be one of the factors
to aid in decision making. The predictive value of ACPA
concentration and status need to be further examined beyond
our study to determine whether RA treatment could be
improved by using ACPA status and other biomarkers to
predict which patients will more likely respond to a particular
intervention such as ABA.
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