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Abstract 
Objective

The objective of this study was to investigate whether anti-cyclic citrullinated peptide antibody (ACPA) status is 
DVVRFLDWHG�ZLWK�FOLQLFDO�UHVSRQVHV�WR�DEDWDFHSW�RU�71)�Ơ�LQKLELWRUV��71)�Ơ�L��LQ�5$�SDWLHQWV�

Methods
$�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ��6/5��ZDV�SHUIRUPHG�LQ�-DQXDU\������WR�LGHQWLI\�SXEOLVKHG�VWXGLHV�DQG�FRQIHUHQFH�

DEVWUDFWV�HYDOXDWLQJ�ELRORJLF�'0$5'�UHVSRQVH�DFFRUGLQJ�WR�$&3$�VWDWXV��0DQWHO�+DHQV]HO�PHWD�DQDO\VLV�PHWKRGV�ZHUH�
XVHG�WR�SRRO�ULVN�UDWLRV��55V���,Q�WKH�EDVH�FDVH��WUHDWPHQW�UHVSRQVH�ZDV�DVVHVVHG�XVLQJ�(8/$5�PHDVXUH��ZKLOH�D�VFHQDULR�
DQDO\VLV�DVVHVVHG�UHVSRQVH�E\�FRPELQLQJ�$&5����'$6���DQG�(8/$5�PHDVXUHV��6XEJURXS�DQDO\VHV�ZHUH�SHUIRUPHG�IRU�

duration of study follow-up.

Results
(LJKWHHQ�RI�WKH����6/5�VWXGLHV�ZHUH�LQFOXGHG�LQ�WKH�PHWD�DQDO\VLV��7KH�EDVH�FDVH�VKRZHG�D�VWDWLVWLFDOO\�VLJQLÀFDQW�

SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�$&3$�SRVLWLYLW\�DQG�(8/$5�UHVSRQVH�IRU�SDWLHQWV�WUHDWHG�ZLWK�DEDWDFHSW��55�������>����
&,������������@���ZKLOH�$&3$�SRVLWLYLW\�ZDV�DVVRFLDWHG�ZLWK�ORZHU�(8/$5�UHVSRQVHV�WR�71)�Ơ�L��55�������>����&,��������
����@���)RU�WKH�VFHQDULR�DQDO\VLV��UHVXOWV�ZHUH�FRQVLVWHQW�ZLWK�WKH�EDVH�FDVH�IRU�DEDWDFHSW��55������>����&,�����������@���
ZKLOH�IRU�71)Ơ�L��QR�VLJQLÀFDQW�GLIIHUHQFH�E\�$&3$�VWDWXV�ZDV�REVHUYHG��55������>����&,�����������@���6XEJURXSV�

DQDO\VHV�VKRZHG�UHVXOWV�VLPLODU�WR�WKH�EDVH�FDVH�IRU�ERWK�DEDWDFHSW�DQG�71)�Ơ�L�

Conclusion
7KLV�PHWD�DQDO\VLV�FRQÀUPV�WKDW�$&3$�SRVLWLYH�5$�SDWLHQWV�DUH�PDUJLQDOO\�PRUH�OLNHO\�WR�DFKLHYH�(8/$5�DQG�$&5���

response to abatacept compared to ACPA-negative patients. Additionally, the analysis demonstrates that there is no 
DVVRFLDWLRQ�EHWZHHQ�$&3$�VWDWXV�DQG�UHVSRQVH�WR�71)�Ơ�L��FRQVLVWHQW�ZLWK�ÀQGLQJV�RI�SUHYLRXVO\�SXEOLVKHG�VWXGLHV�
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Introduction
Rheumatoid arthritis (RA) is a chronic, 
V\VWHPLF� LQÁDPPDWRU\� GLVRUGHU� WKDW�
affects up to 1% of the world’s popu-
lation (1). The onset is most frequent 
between the ages of 35 and 50 and RA 
occurs more commonly in women than 
in men (ratio 3:1) (2). Patients with 
RA suffer from joint pain, which can 
lead to substantial loss of functioning 
and mobility resulting in disability and 
therefore affect quality of life. The bur-
den of RA on patients, their caregivers, 
and society is substantial (3).
Autoantibodies, such as, rheumatoid 
factor (RF) and anti-citrullinated pro-
tein antibodies (ACPA) can be detect-
ed in serum of RA patients before the 
onset of symptoms (about 50% of RA 
patients are ACPA positive) (4, 5). In 
recent years, research on the role of 
ACPA in RA pathology has led to the 
conclusion that ACPA could increase 
ERQH� GHVWUXFWLRQ� DQG� MRLQW� LQÁDPPD-
tion (6-10). However, the direct impact 
of ACPA on the pathogenesis need fur-
ther investigation (11).  
Globally accepted consensus (12-14) 
for the management of RA recommend 
that RA treatment should be initiated 
with conventional disease-modifying 
anti-rheumatic drugs (cDMARDs). The 
most commonly used cDMARDs are 
methotrexate (MTX), sulfasalazine, 
K\GUR[\OFKORURTXLQH� DQG� OHÁXQRPLGH��
When monotherapy with cDMARDs 
OHDGV�WR�DQ�LQVXIÀFLHQW�UHVSRQVH��RWKHU�
cDMARDs or biologic (b)DMARDs 
may be added (12). bDMARDs include 
abatacept (t-cell modulator), tumour 
QHFURVLV� IDFWRU� �71)��Ơ� LQKLELWRUV�
�HWDQHUFHSW�� DGDOLPXPDE�� LQÁL[LPDE��
certolizumab pegol and golimumab), 
and bDMARDs with other mecha-
nisms of action such as anakinra (IL-1), 
rituximab (anti-CD20), and tocilizumab 
(anti-IL-6). 
The results of the AMPLE trial dem-
RQVWUDWHG� FRPSDUDEOH� HIÀFDF\� RI�
abatacept and adalimumab combined 
with MTX through two years of treat-
ment (15). A recent post-hoc subgroup 
analysis of the AMPLE trial demon-
VWUDWHG�LPSURYHG�HIÀFDF\�RI�DEDWDFHSW�
in patients with higher ACPA titres, 
a known diagnostic and prognostic 
biomarker for RA (16). The improved 

HIÀFDF\� ZDV� REVHUYHG� LQ� ERWK� FOLQL-
cal measures (DAS28 remission and 
ACR20/50/70/90 criteria) and patient-
reported outcomes (HAQ-DI and pa-
tient global assessment). A US registry 
(Corrona registry) also showed asso-
ciation between positive ACPA status 
and treatment response to abatacept 
EXW�QRW�71)�Ơ�LQKLELWRUV��7KH�&RUURQD�
registry assessed treatment response 
with Clinical Disease Activity Index 
(CDAI), DAS 28 remission rates and 
ACR20 response rates (17-19). Moreo-
ver, data from several registries con-
ducted in Europe demonstrated this 
association between ACPA positivity 
and EULAR good/moderate treatment 
response to abatacept versus 71)�Ơ�LQ-
hibitors (20, 21). 
The objective of the present study was 
to conduct a systematic literature re-
view (SLR) and meta-analysis (MA) to 
investigate the treatment effectiveness 
RI� DEDWDFHSW� DQG� 71)�Ơ� LQKLELWRUV� LQ�
RA subgroups based on ACPA status 
(positive/negative). 

Methods
The SLR was performed according to 
the Preferred Reporting Items in Sys-
tematic Reviews and the Meta Analysis 
�35,60$��VWDWHPHQW��8VLQJ�SUHGHÀQHG�
search strategies, MEDLINE (through 
OVID), EMBASE (through OVID), LI-
LACS (through LILACS) were system-
atically searched from January 1, 1988 
WR�-DQXDU\����������7KH�SUHGHÀQHG�VH-
lection criteria were based on the PICOS 
(Patient population, Intervention, Com-
parators, Outcomes and Study design) 
criteria, available in the online supple-
PHQWDU\�ÀOH��3XEOLFDWLRQV�RQ� DGXOW� KX-
PDQ�SDWLHQWV������\HDUV��ZHUH�VFUHHQHG��
No restrictions on the language or the 
publication type were applied (confer-
ence abstracts were included). A two-
step screening process was applied. 
)LUVW�� WKH� UHOHYDQFH� RI� HDFK� LGHQWLÀHG�
abstract was determined by screening 
the title and abstract according to prede-
ÀQHG�VHOHFWLRQ�FULWHULD��6HFRQG��IXOO�WH[W�
publications of selected abstracts were 
screened again according to pre-set se-
lection criteria. The selection process 
involved two researchers for screening 
articles (double-screening). In case of 
disagreement for the selection of arti-
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cles, a third researcher was involved to 
resolve discrepancies.
The search included RA patients for 
whom information on ACPA status was 
provided under patient baseline charac-
teristics. For the intervention, publica-
WLRQV�RQ�DEDWDFHSW�DQG�71)�Ơ�LQKLELWRUV�
�HWDQHUFHSW�� DGDOLPXPDE�� LQÁL[LPDE��
golimumab, certolizumab pegol) were 
included regardless of any concomitant 
MTX use or previous treatments (bio-
logics or other). Outcomes of interest 
were the American College of Rheu-
matology (ACR20/50/70) response 
criteria, the Disease Activity Score-28 
(DAS28) remission or response crite-
ria; European League Against Rheu-
matism (EULAR) response criteria 
(good or moderate or moderate/good 
or no response) and the Health Assess-
ment Questionnaire-Disability Index 
(HAQ-DI) (change from baseline). For 
the study design, both randomised con-
trolled trials (RCTs) and observational 
studies were of interest. A critical ap-
praisal of each study was performed 
using the Quality in Prognosis Studies 
tool (QUIPS) to have an overview of 
possible sources of bias (22). Reference 
lists of the selected articles were cross-
checked for relevant citations that the 
SLR could have missed. 
In order to explore any source of out-
come heterogeneity, a feasibility as-
sessment was performed with the re-
view of potential confounding factors 
through available study design and 
study characteristics parameters (dura-
tion of follow-up, ACPA test, age, gen-
der, disease duration, use of MTX, CRP 
values, CDAI, and Lundex proportion).
The meta-analysis was performed by 
estimating the pooled risk ratio for a 
UHVSRQVH�WR�DQWL�71)�Ơ�WUHDWPHQW�DQG�
or abatacept by ACPA status. The point 
HVWLPDWH�RI�WKH�55�DQG�����FRQÀGHQFH�
intervals (CIs) were calculated for each 
of the included studies using the Man-
tel Haenszel method for estimating the 
pooled RR and 95% CI (23). The Man-
tel Haenszel method has been shown to 
have better statistical properties when 
there are few events and is generally 
preferable to alternative methods, i.e. 
inverse variance and Peto (24).
Base case analyses were performed 
to investigate the association between 

ACPA status and response to anti-
71)�Ơ�DJHQWV�RU�DEDWDFHSW�FRQVLGHULQJ�
response rates based on the EULAR cri-
teria (25) (good or moderate response; 
ZLWK� JRRG� UHVSRQVH� IRU� VLJQLÀFDQW�
decrease in DAS28 score (>1.2) and 
D� ORZ� OHYHO� RI� GLVHDVH� DFWLYLW\� �������
and moderate response for decrease in 
'$6���VFRUH�������EXW�!�����RU�OHYHO�RI�
disease activity >3.2). 
Since most studies reported outcomes 
based on other composite measures 
such as ACR, DAS28 response, a sce-
nario analysis assessed the ACPA sta-
tus/response association based on vari-
RXV� GHÀQLWLRQV� RI� WUHDWPHQW� UHVSRQVH�
including ACR20 and EULAR for 
abatacept and ACR20, DAS28 respons-
HV�DQG�(8/$5�IRU�DQWL�71)�Ơ�WKHUDS\��
'$6����UHVSRQVH�ZDV�GHÀQHG�DV�'$6�
28 improvement criteria. This scenario 
analyses was initially performed to in-
clude all studies eligible for this meta-
analysis.
Subgroup analyses were performed ac-
cording to the follow-up duration of the 
studies. The heterogeneity of the effect 
sizes across studies was assessed using 
the Chi square test and I2 values. 
For the purpose of this analysis, both 
À[HG�DQG�UDQGRP�HIIHFWV�PRGHOV�ZHUH�
initially employed and the model se-
lection was data-driven, based on the 
number of studies included in each 
analysis. The random effects model 
was the most appropriate regarding the 
observational nature of studies includ-
ed. Therefore, only the random-effects 
results were interpreted. 

5LVN�RI�ELDV�DVVHVVPHQW
The results of the risk of bias assess-
ment using the QUIPS tool are avail-
DEOH� LQ� WKH� RQOLQH� VXSSOHPHQWDU\� ÀOH��
For study participation bias, nine of 
the 30 studies obtained a low risk of 
bias rating, describing the source of 
the population, method of recruitment 
and baseline characteristics to an ap-
propriate level. Studies only available 
in abstract form were rated as high risk 
of bias (7 studies), because they did 
not provide enough information on the 
SDUWLFLSDQW�VHOHFWLRQ�DQG� LGHQWLÀFDWLRQ�
process for judgment. The remaining 
14 studies obtained a partial risk of bias 
judgment, mostly because of a lack of 

reporting on the source of the popula-
tion and the method of recruitment.
Study attrition bias investigates the 
likelihood that the relationship between 
ACPA status and treatment response is 
different for completing and non-com-
pleting participants. The study attrition 
domain is likely to be associated with 
bias among the included studies. Little 
information is provided on participants 
that dropped out of the studies and 
their key characteristics and treatment 
responses. However, this bias domain 
LV�GHHPHG�RI�OLWWOH�LQÁXHQFH�IRU�WKH�LQ-
cluded studies, as they mostly include 
participants who were part of retrospec-
tive databases or registries.
To avoid prognostic factor measure-
ment-bias homogeneity should exist 
between the measurements of ACPA 
status among studies. Twelve stud-
ies adequately reported the methodol-
ogy (laboratory kit) and cut-off value 
of ACPA status. However, the other 
eighteen studies provided no or partial 
information on this prognostic factor 
measurement.
To judge the risk of bias related to out-
FRPH� PHDVXUHPHQW� WKH� GHÀQLWLRQ� RI�
treatment response and validity of the 
GHÀQLWLRQ� LV� DVVHVVHG�� ([FHSW� IRU� WKH�
some of the studies available in abstract 
IRUP�RQO\��DOO�VWXGLHV�SURSHUO\�GHÀQHG�
treatment response and used widely ac-
cepted response criteria. Even though, 
response was measured the same for 
all participants within studies, between 
study heterogeneity existed. Differ-
ent treatment response measures were 
used across studies, such as DAS28 re-
sponse, EULAR response and ACR20 
response criteria.
Besides ACPA status, other factors can 
LQÁXHQFH� WUHDWPHQW� UHVSRQVH�� VXFK� DV�
age, disease severity and duration and 
previous medical treatment, bias can 
occur when not all confounding factors 
are measured and accounted for. Most 
studies gathered data on confounding 
factors; however, they were poorly de-
ÀQHG�DQG�LPSXWDWLRQ�PHWKRGV�IRU�PLVV-
ing data were often not described. 
Lastly, statistical analysis and presen-
tation bias was assessed. The major-
ity of studies adequately described the 
statistical analyses that were performed 
and did not seem selective in reporting 
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results. A major drawback of including 
studies only available as conference 
abstracts is limited reporting on meth-
odology; consequently, these studies 
obtained a partial risk of bias judgment.
Overall, most studies were of reason-
able quality and some bias is expected 
mainly due to poor reporting of par-
ticipation selection, study attrition and 
prognostic factor measurement. The 
results of the meta-analysis presented 
should therefore be interpreted with 
caution.

Results
Systematic literature review
The study selection process is depicted 
in Figure 1. EMBASE, Medline and 
LILACS databases provided 1,172 
abstracts for studies on RA subgroups 
according to ACPA status/levels. Of 
WKHVH������ZHUH�LGHQWLÀHG�DV�GXSOLFDWHV�
between databases based on identi-
cal titles, authors and journal details 
(name, volume, issue, and page num-
bers), leaving 872 unique abstracts for 
review. As shown in Figure 1, most re-
FRUGV�DW�WKH�ÀUVW�VFUHHQLQJ�SKDVH�ZHUH�
excluded because of inappropriate 
study design (349 records), followed 
by irrelevant patient population (229 
records) and research on an interven-
tion not of interest (43 records). After 
WKH� ÀUVW� VFUHHQLQJ� SKDVH�� ���� UHFRUGV�
were included and full text publications 
were obtained for the second screening 
step. Among the included studies, 80 
records were conference abstracts for 
which complete posters were searched. 
The poster search returned no results; 
therefore, the decision on inclusion or 
exclusion of conference proceedings 
was based solely on the abstract. 
During the second screening step, 206 
records were excluded; most did not re-
port outcomes of interest (109 studies), 
used an inappropriate study design (58 
VWXGLHV���RU�XQÀW�SDWLHQW�SRSXODWLRQ�����
studies), or studied an intervention not 
of interest (15 studies). After the second 
step review, 34 publications covering 
���VWXGLHV�ZHUH�LGHQWLÀHG�DQG�SURYLGHG�
the evidence base for data-extraction. 
The SLR study characteristics are re-
ported in Table I. Ten out of the 30 
studies investigated the effectiveness 
of abatacept in ACPA subgroups: sev-

en were single arm studies (20, 26-31) 
and three studies compared abata-
FHSW� WR�71)�Ơ� LQKLELWRUV� ����� ���� �����
(LJKW� VWXGLHV� LQYHVWLJDWHG� LQÁL[LPDE��
adalimumab, and etanercept, either by 
combining the three treatments into 
RQH�71)�Ơ� LQKLELWRU� JURXS� �������� RU�
by separating them (39, 40). One study 
(41) provided effectiveness results for 
ERWK� WKH� FRPELQHG� 71)�Ơ� LQKLELWRU�
group and the individual treatments. 
The remaining 11 studies focused on 
one of the treatments of interest, i.e. 
one study (42) on etanercept, six stud-
LHV���������RQ�LQÁL[LPDE�DQG�IRXU�VWXG-
ies (49-52) on adalimumab.  Out of all 
studies, 26 were observational cohort 
studies, while three were observational 
case-control studies and one was an 
RCT (16). Twenty-two studies included 
a comparison between ACPA-positive 
DQG�$&3$�QHJDWLYH�5$�VXEJURXSV��ÀYH�
studies (16, 33, 36, 44, 48) included 
comparisons between different ACPA 
levels, one study (40) included a com-
parison between ACPA-positive good/
moderate EULAR responders and no 
EULAR responders and two studies 
(41, 52) included data only on ACPA-
positive patients. 
The sample size varied among the iden-
WLÀHG�VWXGLHV��ZLWK�WKH�ODUJHVW�FRKRUW�VL]H�
being 2,281 patients (19). The reported 

outcomes were similar across studies, 
with the most prevalent outcome being 
DAS28 response/remission (15 studies), 
followed by EULAR response (13 stud-
ies). The duration of follow-up varied 
from 12 weeks (35-37, 41) to 260 weeks 
(31) (5 years). Lastly, the ACPA cut-off 
value for positivity varied across stud-
ies. Although the most widely used test 
was the ELISA kit, the cut-off values 
ranged from 4.5 U/ml (28, 30, 35) to 25 
U/ml (16, 44, 45, 49, 51).
Patient characteristics of included stud-
ies are shown in Table II. Most studies 
reported baseline data on age, gender, 
ACPA status, DAS28 score, concomi-
tant MTX use, disease duration and 
prior biologics. The age of patients var-
ied at a range between 19 and 83 years, 
with the highest mean age being 63.2 
years (28). In all studies, the proportion 
of female patients and ACPA-positive 
patients was higher than proportion of 
males, and ACPA-negative patients, re-
spectively. Mean DAS 28 score at base-
line was between 4.4 (27) and 5.4 (35) 
for DAS28-CRP and between 5.0 (20) 
and 12.2 (40) for DAS28-ESR. The per-
centage of patients using concomitant 
MTX ranged between 15% of patients 
receiving adalimumab (36) to 100% 
RI�SDWLHQWV�UHFHLYLQJ�LQÁL[LPDE�LQ�IRXU�
studies (32, 39, 43, 46) and adalimumab 

Fig. 1. Flow chart of study 
selection process.
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Table I. SLR study characteristics.

Author / year Treatment Comparison 6DPSOH�VL]H� 6WXG\�GHVLJQ� (IÀFDF\�RXWFRPHV� 'XUDWLRQ�RI�� $&3$�WHVW� $&3$�FXW�RII
      follow-up  value

Canhao 201240 adalimumab; ACPA-positive vs. negative 617 Cohort study Primary: EULAR response; 1 year NR NR
 etanercept;    Secondary: Time to EULAR  
� LQÁL[LPDE� � � � JRRG�UHVSRQVH�

Sato 201429  abatacept ACPA-positive vs. negative 45 Cohort study EULAR response  24 weeks ELISA kit NR
(abstract)   

Sato 201432�� LQÁL[LPDE�� $&3$�SRVLWLYH�vs. negative 295 Cohort study DAS28 ESR remission; 52 weeks NR NR
(abstract) tocilizumab;    achievement of Boolean   
 abatacept    based remission criteria 
     and its components 

Matsutani 201330 abatacept ACPA-positive vs. negative  45 Case-control DAS28-CRP remission 24 weeks Elia CCP; >4.5U/mL
(abstract)    study rate; DAS28-CRP CFB   ELISA kit 

Smolen 201142  etanercept + MTX ACPA-positive vs. negative 758 Cohort study DAS28 remission ; 36 weeks NR NR
(abstract)  ACPA >3 x ULN vs�����[�8/1� � � 6'$,�UHPLVVLRQ�
      CDAI remission

Takahashi 201133 LQÁL[LPDE��� $&3$�ORZ�WLWUHV�������8�P/��� ��� &RKRUW�VWXG\� (8/$5�UHVSRQVH��� ���ZHHNV� (/,6$�NLW� $&3$�ORZ�WLWUHV
�DEVWUDFW�� HWDQHUFHSW��� $&3$�PRGHUDWH�WLWUHV� � � '$6���(65� � � ������8�P/���  
 tocilizumab;  (100-499 U/mL)      ACPA moderate  
 adalimumab  ACPA high titres (500 U/ml)      titres (100-499
        U/mL);
        ACPA high titres  
        (500 pg/ml)

Klaasen 200945�� LQÁL[LPDE� $&3$�SRVLWLYH�vs. negative 104 Cohort study DAS28 response 16 weeks ELISA kit >25 U/ml
(abstract) 

Potter 200934  etanercept; ACPA-positive vs��QHJDWLYH� ���� &RKRUW�VWXG\� 3ULPDU\��'$6���&)%�� ��\HDUV� 'LDVWDW� ����8�ƫ/
� LQÁL[LPDE��� � � � 6HFRQGDU\��(8/$5� � $QWL�&&3�NLW�  
 adalimumab    response

%REELR�3DOODYLFLQL�� LQÁL[LPDE���07;�� $&3$�SRVLWLYH�vs��QHJDWLYH� ���� &RKRUW�VWXG\� (8/$5�UHVSRQVH�� ��\HDU� (/,6$�NLW� ���8�P/
200739 etanercept ± MTX;    ACR20 response   
 adalimumab ± 
� 07;�OHÁXQRPLGH� � � � �

$YLOD�3HGUHWWL�� LQÁL[LPDE�� $&3$�SRVLWLYH�RQO\� ���� &RKRUW�VWXG\� (8/$5�UHVSRQVH�� ���ZHHNV� 15� 15
201541 etanercept;     DAS28 activity score  
 adalimumab     

Takahashi 201435 LQÁL[LPDE��� $&3$�SRVLWLYH�vs. negative 57 Cohort study EULAR response; 12 or 14 STACIA® >4.5 U/mL
�DEVWUDFW�� HWDQHUFHSW��� $&3$�ORZ�WLWUH��������8�P/��vs.   DAS28 remission weeks MEBLux™  
 adalimumab; ACPA moderate titre      CCP test 
 tocilizumab  (100-499 U/mL) vs. 
� � $&3$�KLJK�WLWUH�������8�P/�� � � � � �

Pomirleanu 201336 adalimumab; Anti-CCP level at baseline 90 Cohort study EULAR-DAS28 remission; 12 months PHA- 10 IU/ml
� HWDQHUFHSW��� ����,8�P/�vs������,8�P/� � � '$6���UHPLVVLRQ��'$6��� � ',$����
� LQÁL[LPDE� �� � � ORZ�GLVHDVH�DFWLYLW\� � 3KDGLD�

Gottenberg 201231 abatacept ACPA-positive vs. negative 558 Cohort study EULAR response 5 years NR NR

Gremese 201337 adalimumab;  ACPA-positive vs. negative 641 Cohort study DAS28 remission 12 months NR >5 IU/ml
 etanercept;    Primary: relationship 
� LQÁL[LPDE� � � � EHWZHHQ�REHVLW\�DQG�
     clinical response.
     Secondary relationship 
     between obesity and 
     treatment outcome for the 
     3 biologic drugs. 

Klaasen 201143� LQÁL[LPDE���07;� $&3$�SRVLWLYH�vs. negative 89 Cohort study DAS28 response;  16 weeks Kit RA- NR
     EULAR response  96RT,
       Immunoscan
       RA Mark 2; 
       Euro-
       Diagnostica 

Soto 201149 adalimumab ACPA-positive vs��QHJDWLYH� ��� &RKRUW�VWXG\� 3ULPDU\��'$6���UHVSRQVH�� ���ZHHNV� (XUR�� ����,8�PO�
     Secondary: ACR20/50/70  Diagnostica 
     response  kit (Sweden) 

Cuchacovich  adalimumab ACPA-positive vs�� ��� &RKRUW�VWXG\� $&5���UHVSRQVH�� ���ZHHNV� (XUR�� ����,8�PO
200851     DAS28 response  Diagnostica
       kit (Sweden) 

Atzeni 200652 adalimumab + MTX ACPA-positive vs. negative 57 Case-control ACR20/50/70 1 year ELISA kit >15 IU/ml
    study 

%UDXQ�0RVFRYLFL�� LQÁL[LPDE� $QWL�&&3�!����X�PO�vs. 30 Case-control EULAR response 18 months ELISA kit >5 U/mL
200648� � DQWL�&&3������X�PO� � VWXG\�
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Author / year Treatment Comparison 6DPSOH�VL]H� 6WXG\�GHVLJQ� (IÀFDF\�RXWFRPHV� 'XUDWLRQ�RI�� $&3$�WHVW� $&3$�FXW�RII
      follow-up  value

Bruns 200944� LQÁL[LPDE���� $QWL�&&3�!������,8�PO�vs. 36 Cohort study EULAR response 48 weeks ELISA kit >25 U/mL
� '0$5'� DQWL�&&3��������,8�PO�

Bos 200850 adalimumab  ACPA-positive non-response 188 Cohort study EULAR response 28 weeks ELISA kit >5AU/ml
 (± DMARD) vs. moderate vs. good response 

9DVLORSRXORV� LQÁL[LPDE���07;��� $&3$�SRVLWLYH�vs. negative 100 Cohort study DAS28 response 6 months ELISA kit >5 U/mL
201138 etanercept ± MTX;   
 adalimumab ± 
� 07;�OHÁXQRPLGH�

Wijbrandts 200846� LQÁL[LPDE���07;� $&3$�SRVLWLYH�vs. negative 103 Cohort study DAS28 response 16 weeks NR NR

Lequerre 200747� LQÁL[LPDE���� $&3$�SRVLWLYH�vs. negative 76 Cohort study EULAR response 14 weeks ELISA kit NR
� 07;�OHÁXQRPLGH�

Gottenberg 201620 abatacept ACPA-positive vs. negative 1903 Cohort study EULAR response 1.6 years NR NR
      (median) 

Sekiguchi 201628� DEDWDFHSW� (OGHUO\������\HDUV� vs��� ���� &RKRUW�VWXG\� '$6���&53��+$4�',� ���ZHHNV� (/,6$� �����8�PO
� � \RXQJHU������\HDUV��SDWLHQWV� � �

Sokolove 201616 abatacept  abatacept vs��DGDOLPXPDE� ���� 5&7� '$6���&53��+$4�',�� ����GD\V� (/,6$� ����$8�P/
� DGDOLPXPDE�� � � � '$6���&53������
     ACR/EULAR remission 
     rates and ACR50/70 
     response rates 

Alten 201726 abatacept ACPA-positive vs. negative 552 Cohort study EULAR, CDAI score,  6 months NR NR
     Boolean remission rates, 
     HAQ-DI 

Shim 201727  abatacept Bio-naive vs. Bio-failure patients 342 Cohort study DAS-28 CRP scores 24 weeks NR NR
(abstract) 

Harrold 201719 abatacept ACPA-positive vs. negative 2281 Cohort study CDAI, ACR20, ACR50, 6 months NR NR
� 71)�Ơ�LQKLELWRUV� � � � $&5���

NR: not reported; RCT: randomised controlled trials. 

Table II. Patient characteristics of SLR studies.

Author / year Treatment  n Age, years Female ACPA+ ACPA- Disease DAS 28 score, Concomitant Prior
   Mean (SD) % % % duration, years, ESR or CRP, MTX, biologics, 
       Mean (SD) Mean (SD) %   %
         
Canhao 201240 adalimumab 161 50.9 (12.0) 88% 76% NR 9.5 (7.6) ESR 9.8 (7.1) 79% 0%
 etanercept 250 52.4 (12.1) 91% 73%  10.4 (8.6)  11.5 (7.3) 74% 
� LQÁL[LPDE� ���� ������������ ���� ���� � ����������� � ����������� ����

Sato 201429 (abstract) abatacept 45 61.5 (NR) NR 73% 27% 8.9 (NR)  NR NR NR

Sato 201432��DEVWUDFW�� LQÁL[LPDE� ���� 15� 15� ���� ���� 15� (65� ���������� ����� ��
 tocilizumab 93   87% 13%   6.6 (1.5) 55% 56%
 abatacept 60   93% 7%   5.9 (1.9) 57% 58%

Matsutani 201330  abatacept 45 NR NR 84% 16% NR  NR NR NR
(abstract) 

Smolen 201142  etanercept + MTX 758 NR NR NR NR NR  NR NR NR
(abstract) 

Takahashi 201133 LQÁL[LPDE�� ��� �������� 15� ���� ���� ���������� (65� ���������� 15� 15
(abstract) etanercept  
 tocilizumab  
 adalimumab 

Klaasen 200945�� LQÁL[LPDE� ���� 15� 15� ���� ���� 15� � 15� 15� 15
(abstract) 

Potter 200934 etanercept 278 57 (11) 80% 86% 15% 13 (9) NR 6.7 (1.0) 55% 8.00%
� LQÁL[LPDE� ���� �������� ���� ���� ���� �������� � ���������� ���� �����
 adalimumab 68 59 (12) 75% 68% 32% 13 (10)  6.5 (1.0) 56% 4.00%

%REELR�3DOODYLFLQL� LQÁL[PDE�� ��� ������������ ���� 15� 15� ���������� 15� ���������� ����� 15
200739 etanercept  35 58.4 (12.0) 80%   6.2 (4.7)  6.0 (1.1) 83% 
� DGDOLPXPDE�OHÁXQRPLGH� ��� ������������ ���� � � ���������� � ���������� ����

Avila-Pedretti 201541� LQÁL[LPDE�� ���� ������������ ���� ���� ���� ����������� 15� ���������� 15� ��
 adalimumab 95 45.9 (12.6) 80% 86% 17% 9.7 (9.1)  5.3 (1.0)  
 etanercept 127 42.2 (13.3) 82% 77% 25% 10.8 (9.1)  5.7 (1.2)  
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in one study (52). Information on MTX 
concomitant use was not given in 13 
studies. Mean disease duration ranged 
from 5.4 years in the abatacept treat-
ment arm of ACPA-negative patients 
����� WR� ����� \HDUV� LQ� WKH� LQÁL[LPDE�

treatment arm of patients with anti-CCP 
>100 u/ml (48). Lastly, information on 
prior use of biologic DMARDs (includ-
ing anti-TNF) was reported in 16 stud-
ies. This was between 0% in 11 studies 
(bio-naïve patients) and 88.9% in one 

abatacept study (31). One study (32) 
reported 0% of prior use of biologics 
LQ� WKH� LQÁL[LPDE� WUHDWPHQW� DUP� ZKLOH�
56% and 58% of patients used biolog-
ics prior to the study in the tocilizumab 
and abatacept arms, respectively. One 

Author / year Treatment  n Age, years Female ACPA+ ACPA- Disease DAS 28 score, Concomitant Prior
   Mean (SD) % % % duration, years, ESR or CRP, MTX, biologics, 
       Mean (SD) Mean (SD) %   %

Takahashi 201435 LQÁL[LPDE�� ��� ������������ ���� ���� ���� ���������� &53� ���������� ���� ��
(abstract) etanercept 17 NR  NR NR NR  NR NR 41.2%
 adalimumab 7       86% 
 tocilizumab 6       67% 

Pomirleanu 201336 adalimumab 33 53.6 (11.9) 88% 67% 33% NR ESR 7.5 (0.4) 15% 0%
 etanercept 30 55.1 (10.0) 70% 53% 47%   7.4 (0.3) 33% 
� LQÁL[LPDE�� ��� ����������� ���� ���� ���� � � ���������� ����

Gottenberg 201231 abatacept 558 NR 80% 70% 30% NR ESR NR 77% 88.9%

Gremese 201337 adalimumab 260 52.5 (12.8) 80% 67% 33% 9.7 (9.3) ESR 5.4 (1.3) NR 0%
 etanercept 227 52.3 (14.6) 82% 63% 37% 8.4 (8.6)  5.7 (1.3)  
� LQÁL[LPDE�� ���� �������� ���� ���� ���� ���������� � ���������� �

Klaasen 201143� LQÁL[LPDE�� ��� �������� ���� ���� ���� 15� 15� ���������� ����� ��
 (DAS28 responders) 
� LQÁL[LPDE�� ��� �������� ���� ���� ���� � � ���������
 (DAS28 non-responders)   

Soto 201149 adalimumab (ACPA+) 39 52.1 (1.6) 87% 100% 0% 12 (13) NR 6.1 (1.4) NR NR
 adalimumab (ACPA-) 13 43.7 (2.9) 92% 0% 100% 10 (9)  5.2 (1.2)  

Cuchacovich 200851 adalimumab (ACPA+) 52 50.2 (9.5) 87% 100% 0% 12 (12) NR NR NR
 adalimumab (ACPA-) 18 45.3 (14.0) 89% 0% 100% 10 (8)   

Atzeni 200652 adalimumab 57 56 (NR) 93% 81% 19% 8 NR 5.4 (1.3) 100% NR

%UDXQ�0RVFRYLFL� LQÁL[LPDE��DQWL�&&3�!����X�PO�� �� �������� 15� 15� 15� ������������ (65� ���������� 15� 15
200648� LQÁL[LPDE��DQWL�&&3������X�PO�� ��� �������� � � � ����������� � ���������� �

Bruns 200944� LQÁL[LPDE���'0$5'� ��� ������������ ���� ���� ���� ����������� 15� ���� 15

Bos 200850 adalimumab 43 53.9 (13.1) 86% 72% 28% 9.5 (NR) NR 4.9 (1.3) 56% NR 
 (EULAR non-responders) 
 adalimumab  79 54.6 (12.0) 82% 72% 33% 8.5 (NR)  5.4 (1.2) 73%
 (EULAR moderate responders)  
 adalimumab (EULAR good responders) 66 52.4 (10.8) 71% 80% 20% 8 (NR)  4.9 (1.0) 88% 

Vasilopoulos 201138� LQÁL[LPDE���07;� ���� ������������ ���� ���� ���� ����������� 15� ���������� 15� ��
 etanercept ± MTX  
� DGDOLPXPDE���07;�OHÁXQRPLGH�

Wijbrandts 200846� LQÁL[LPDE�� ���� �������� ���� ���� ���� ������� 15� ���������� ����� ��

Lequerre 200747� LQÁL[LPDE���07;�OHÁXQRPLGH� ��� ������������ ���� 15� 15� ����������� 15� ���������� ���� ��

Gottenberg 201620 abatacept 1357 57.2 (13.0) 79% 100% 0% 11.4 (8.5) ESR 5.0 (1.4) NR  NR (2 
  546 55.8 (13.6) 82% 0% 100% 10.7 (8.7)  5.0 (1.4)  previous
            lines)

Sekiguchi 201628 abatacept 277 63.2 (13.3) 84.8% 84.4% 43.3% 7.9 (8.8) CRP 4.6 (1.1) 69.0% 0%

Sokolove 201616 abatacept  66 NR 84.8% 0.0% 100.0% NR CRP NR NR NR
 adalimumab 54  85.2% 0.0% 100.0%     

Alten 201726 abatacept (ACPA+) 364 59.8 (12.4) NR 100% 0% 7.7 (8.5) CRP 4.7 (1.0) 69.4% 0%
 abatacept (ACPA-) 188 59.7 (13.3) NR 0% 100% 5.4 (6.1)  4.9 (1.1) 62.1% 

Shim 201727 abatacept (ACPA+/bio-naive) 160 NR NR 100% 0% NR CRP 4.7 (1.1) 78.3% 0%
 abatacept (ACPA+/bio-failure) 87   100% 0%   4.7 (1.3)  100%
 abatacept (ACPA-/bio-naïve) 44   0% 100%   4.5 (1.1)  0%
 abatacept (ACPA-/bio-failure) 51   0% 100%   4.4 (1.1)  100%

Harrold 201719 abatacept (ACPA+) 204 NR 82.3% 100% 0% NR  NR 59.8% 88.7%
 abatacept (ACPA-) 362  80.1% 0% 100%    60.8% 85.6%
 TNFi (ACPA+) 602  78.9% 100% 0%    65.0% 36.2%
 TNFi (ACPA-) 1113  75.7% 0% 100%    67.0% 31.5%

NR: not reported.
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DEDWDFHSW� VWXG\� ����� ZDV� VWUDWLÀHG� LQ�
subgroups of bio-naïve or bio-failure 
patients. One other abatacept study (20) 
reported a mean number of two previ-
ous lines of biologic therapy.
The three effectiveness outcomes 
reported across the studies were 
ACR20/50/70 criteria, DAS28 response 
and remission criteria, and EULAR re-
sponse criteria. Only four studies (34, 
37, 40, 49) stated primary and second-
ary outcomes. Primary outcomes were 
EULAR response (40), DAS 28 re-
sponse (34, 49) and DAS 28 remission 
(37) (Table I). 

Feasibility assessment 
Following the feasibility assessment, 
time-point of study follow-up was 
found to be a potential confounder 
and subgroup analyses based on study 
follow-up at 12, 24 and 52 weeks with 
a 4 weeks margin were possible. Other 
potential confounders such as MTX 
use, prior biologics or baseline disease 
activity measure could have been in-
vestigated in additional subgroup anal-

yses but these were not systematically 
reported across the studies. Indeed, 
concomitant MTX use was reported 
in only 17 studies out of 30. This was 
reported as percentages (between 15% 
DQG� ������� PDNLQJ� GLIÀFXOW� WR� HVWDE-
lish subgroup analyses. Similarly, in-
formation on prior biologics was given 
in only 16 studies out of 30. Percent-
age of patient using biologics prior to 
the study was between 0% and 88.9%. 
6WXGLHV� ZLWK� 71)�Ơ� LQKLELWRUV� ZHUH�
mostly on bio-naïve patients (11 studies 
RXW�RI������RQO\�RQH�71)�Ơ�LQKLELWRUV·�
study (34) included a small percentage 
of patients who experienced biologics 
(3% to 8%). The four remaining studies 
(20, 27, 31, 32) with abatacept, includ-
ed patients who were previously treated 
with biologics. Therefore, performing 
DQDO\VHV� SHU� WUHDWPHQW� W\SH� �71)�Ơ�
inhibitors or abatacept) could solve 
potential heterogeneity in prior use of 
biologics. For disease activity at base-
line, DAS 28 scores were reported in 21 
studies out of 30. Only 11 studies speci-
ÀHG�LI�'$6����VFRUHV�ZHUH�PHDVXUHG�DV�

DAS28-CRP or DAS28-ESR. For these 
reasons, it was not possible to perform 
analyses according to disease activity at 
baseline.  

Meta-analysis 
As described previously, 30 studies 
ZHUH� LGHQWLÀHG� GXULQJ� WKH� VFUHHQLQJ�
process and selected for data-extrac-
tion. Not all studies could be included 
in the meta-analyses; twelve studies 
were excluded from the analysis. Three 
71)�Ơ�LQKLELWRU�VWXGLHV��������������UH-
ported an odds ratio for response com-
paring ACPA-positive to ACPA-nega-
tive patients, however, did not provide 
information on the number of patients 
responding, therefore input data for 
the meta-analysis could not be gener-
ated. Another three studies (33, 41, 52) 
provided the number of ACPA-positive 
responding patients, but not the number 
of ACPA-negative responding patients, 
making a comparison between the two 
groups impossible. Another study (40) 
did not provide outcomes per ACPA 
status and was excluded for the meta-
analysis. Three abatacept studies (27, 
���������RQH� LQÁL[LPDE�VWXG\������DQG�
one adalimumab RCT (16) (AMPLE 
trial) were excluded because remission 
rates according to DAS28 criteria were 
reported instead of response rates.
Ultimately, the evidence base identi-
ÀHG� WKURXJK� WKH� 6/5� FRQVLVWHG� RI� ���
observational studies providing data 
on treatment response of ACPA-posi-
tive and negative patients. Four stud-
ies reported data on the effectiveness 
of abatacept, thirteen studies provided 
GDWD�RQ�71)�Ơ�LQKLELWRUV�DQG�RQH�VWXG\�
LQFOXGHG�ERWK�DEDWDFHSW�DQG�71)�Ơ�LQ-
hibitor treatments.

Treatment response to abatacept
For the base case analysis, the pooled 
RR was 1.13 (1.00, 1.26), showing 
D� VLJQLÀFDQW� SRVLWLYH� DVVRFLDWLRQ� EH-
tween ACPA status and good/moderate 
EULAR response to abatacept. How-
ever, there is moderate to high hetero-
geneity across the four studies (20, 26, 
��������TXDQWLÀHG�E\�,� �����)LJ������
In probability terms, this corresponds 
to a 13% increased likelihood of re-
sponding to abatacept in ACPA posi-
tive versus ACPA-negative patients.

Fig. 2. 0HWD�DQDO\VLV�RI�SRROHG�ULVN�UDWLR��55��RI�$&3$�VWDWXV�IRU�D�UHVSRQVH�WR�DQWL�71)�Ơ�WUHDWPHQW�
and abatacept according to EULAR criteria for treatment response: Base case analysis. 
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For the scenario analysis with the ad-
ditional Corrona study (19) evaluating 
treatment response based on ACR20 
criteria (in addition to EULAR criteria 
in the base case), RE pooled risk ratio 
was to 1.18 (1.03–1.35) (Fig. 3). A posi-
tive association between ACPA status 
and response to abatacept (according 
to EULAR and ACR20 criteria) was 
also found in this analysis, indicating 
that there is an 18% increase in risk 
of responding to abatacept for ACPA-
positive patients compared to ACPA-
negative patients.
In the subgroup analysis for the good/
moderate EULAR response, two stud-
ies (26, 29) with a study follow-up du-
ration of 24 weeks were included. The 
pooled RR was 1.13 (1.03, 1.25) (simi-
lar to the base case) with no heteroge-
QHLW\� DFURVV� WKH� VWXGLHV� �,� ���� �)LJ��
4). These two studies were prospective 
observational studies, while the two 
other studies from the base case analy-

sis were registries with longer study 
follow-up of 1.6 years (20) and 5 years 
(31). Therefore, the study follow-up du-
ration could be a source of heterogene-
ity in the base case analysis.

7UHDWPHQW�UHVSRQVH�WR�71)�Ơ�
inhibitors
In the base case analysis, seven stud-
ies (34, 35, 39, 44, 47, 48, 50) were 
included and the pooled RR was 0.91 
(0.84, 0.98) when using the random ef-
IHFWV�PRGHO��,� ������WKXV�D�QHJDWLYH�
association between ACPA positivity 
and EULAR response rates to TNF-in-
hibitors, with low heterogeneity across 
the studies (Fig. 1). 
For the scenario analysis, with seven 
additional studies (19, 38, 43, 45, 
46, 48, 49, 51) including ACR20 and 
DAS28 responses, the pooled RR was 
����� ������� ������� FRQÀUPLQJ� QR� DV-
sociation between ACPA status and 
treatment response (I2 ����� �)LJ�� ����

When combining EULAR, ACR20 and 
DAS28 treatment response in this anal-
ysis, the in-between study heterogenei-
ty appeared to be substantial compared 
to the low heterogeneity observed in 
the base case with EULAR treatment 
response only. Overall, subgroup anal-
yses showed similar results with no 
association between ACPA status and 
treatment response; high heterogeneity 
was observed for patient follow-up at 
12 weeks (I2 �����DQG�QR�KHWHURJHQH-
ity was observed for follow-up at 24 
weeks or 52 weeks (Fig. 3).

Discussion
7KH� 6/5� LGHQWLÀHG� ��� VWXGLHV� LQYHV-
tigating the effectiveness of abatacept 
DQG� 71)�Ơ� LQKLELWRUV� ��� VWXGLHV� IRU�
DEDWDFHSW�����VWXGLHV�IRU�71)�Ơ�LQKLEL-
tors and one study including both abata-
FHSW� DQG� 71)�Ơ� LQKLELWRUV�� DFFRUGLQJ�
to ACPA status or ACPA levels. The 
PHWD�DQDO\VLV�VKRZHG�D�VLJQLÀFDQW�GLI-
ference in treatment response between 
ACPA-positive and ACPA-negative 
patients treated with abatacept. ACPA-
positive patients were 13% more like-
ly to respond to treatment compared 
to the ACPA-negative patients (95% 
CI: 1.00–1.26), with respect to good 
and moderate responses according to      
EULAR criteria. Scenario analyses 
IRU� DEDWDFHSW� FRQÀUPHG� WKLV� UHVXOW� IRU����
EULAR and ACR20 response. Sub-
group analyses with study follow-up 
DW����ZHHNV� FRQÀUPHG� WKH�SRROHG�55�
of the base case analysis. This suggests 
that the duration of study follow-up was 
a source of heterogeneity in the base 
case analysis. Positive ACPA status was 
associated with lower risk of EULAR 
good/moderate treatment response to 
71)�Ơ� LQKLELWRU� WUHDWPHQW� WKDQ� QHJD-
tive ACPA status, with a risk ratio of 
0.91 (95% CI: 0.84–0.98). Scenario and 
VXEJURXSV� DQDO\VHV� IRU� 71)�Ơ� LQKLEL-
WRUV�FRQÀUPHG� WKLV� UHVXOW� IRU�(8/$5��
DAS28 and ACR20 response.
Some limitations can be found in our 
study regarding the evidence synthe-
sis part. First, a degree of publication 
bias is present since some observational 
studies failed to be published (29) while 
others were published in abstract form 
only and thus presented limited infor-
mation. Second, publication of out-

Fig. 3. 0HWD�DQDO\VLV�RI�SRROHG�ULVN�UDWLR��55��RI�$&3$�VWDWXV�IRU�D�UHVSRQVH�WR�DQWL�71)�Ơ�WUHDWPHQW�
and abatacept according to EULAR/DAS28/ACR20 criteria for treatment response: scenario analysis.
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come data relevant to this meta-analysis 
may be incomplete or absent in a report, 
in which case, the publication must be 
excluded from analyses as well. These 
processes may lead to reporting bias 
(53). In order to assess the degree of 
bias within the current study, a risk of 
bias assessment was performed, which 
showed most studies were of reason-
able quality, however some bias is 
expected due to poor reporting of par-
ticipation selection, study attrition and 
prognostic factor measurement.
A substantial in-between study hetero-
geneity (I2 �����ZDV� REVHUYHG� LQ� WKH�
base case analysis looking at treatment 
response to abatacept according to EU-
LAR criteria. This heterogeneity was 
probably due to different durations of 
follow-up as shown in subgroup analy-
sis for the 24-week follow-up. The two 

studies included in this subgroup had a 
follow-up of 24 (29) and 26 weeks (26). 
The two other studies from the base 
case analyses were prospective regis-
tries with longer follow-up of 1.6 (20) 
and 5 years (31). A substantial hetero-
geneity (I2 �����ZDV�DOVR�IRXQG�LQ�WKH�
scenario analysis looking at treatment 
UHVSRQVH� WR� 71)�Ơ� LQKLELWRU� DFFRUG-
ing to DAS28/ACR20/EULAR criteria. 
This heterogeneity was low (I2 �����LQ�
the base case analysis looking at treat-
ment response according to EULAR 
criteria only. This suggests that combin-
ing different response criteria (DAS28, 
ACR20 and EULAR criteria in this 
case) can lead to potential heterogene-
ity. Lastly, some potential confounders 
such as concomitant MTX use, prior 
biologic treatments or disease severity 
score at baseline, could have an effect 

on the outcomes across the studies in-
cluded in our meta-analysis. However, 
the performance of subgroup analyses 
was not feasible given the sparsity of 
evidence base in relation to these pa-
rameters.
There are several strengths for this 
study. As mentioned observational stud-
LHV�LQFOXGHG�LQ�RXU�PHWD�DQDO\VLV�UHÁHFW�
daily clinical practice, both in terms of 
the medical interventions that patients 
receive and the heterogeneous patient 
populations that are included. There-
fore, observational studies can provide 
clinically relevant information (which 
is not necessarily provided by RCTs). 
Second, by systematically reviewing 
the literature for studies in RA sub-
groups, all available relevant evidence 
IRU� DEDWDFHSW� DQG�71)�Ơ� LQKLELWRUV� LQ�
$&3$�VXEJURXSV�LV�LGHQWLÀHG�DQG�FRQ-
densed into one overview.
In summary, limitations in terms of 
publication bias, reporting bias and con-
founding can be present in our study. 
Thus, results of the meta-analysis should 
be interpreted with caution taking into 
account these biases and limitations.
2XU� ÀQGLQJV� DUH� VXSSRUWHG� E\� UHFHQW�
studies that could not be included in 
our SLR and meta-analysis, since these 
ZHUH�QRW�ÀWWLQJ�RXU�3,&26�FULWHULD�GXH�
to the study design (letter to editors or 
cost-effectiveness analysis are criteria 
of exclusion). One Italian cohort (54) 
(letter to editors) showed the improved 
effectiveness of abatacept in terms of 
good/moderate EULAR response for 
ACPA-positive patients with RA and 
this was regardless of the body mass 
index at baseline. In a broader context, 
a recent cost-effectiveness analysis 
(55) suggested that ACPA-positive RA 
patients treated with abatacept led to 
lower costs per response (DAS28 re-
mission) compared to those treated with 
adalimumab.

Conclusion
7KLV�PHWD�DQDO\VLV�FRQÀUPV� WKH�UHVXOW�
of a previously published study dem-
onstrating that there is no association 
between ACPA status and response to 
71)�Ơ� LQKLELWRU� WUHDWPHQW� LQ�5$� �����
19). The analysis was expanded to 
include abatacept, which has demon-
VWUDWHG� LPSURYHG� HIÀFDF\� IRU� $&3$�

Fig. 4. Meta-analysis of pooled risk ratio (RR) of ACPA status for treatment response according to 
EULAR criteria: Subgroups analyses per duration of study follow-up. 
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positive patients in a post-hoc analysis 
of the AMPLE trial (16). ACPA status 
is associated with treatment response 
to abatacept, both in randomised con-
trolled trials and observational studies.
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