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Abstract

Objectives: This meta-analysis was conducted to investigate whether the status of rheumatoid factor (RF) and anti-cyclic
citrullinated peptide (anti-CCP) antibody are associated with the clinical response to anti-tumor necrosis factor (TNF) alpha
treatment in rheumatoid arthritis (RA).

Methods: A systemic literature review was performed using the MEDLINE, SCOPUS, Cochrane Library, ISI Web of Knowledge,
and Clinical Trials Register databases, and Hayden’s criteria of quality assessment for prognostic studies were used to
evaluate all of the studies. The correlation between the RF and anti-CCP antibody status with the treatment effect of anti-
TNFa agents was analyzed separately using the Mantel Haenszel method. A fixed-effects model was used when there was
no significant heterogeneity; otherwise, a random-effects model was applied. Publication bias was assessed using Egger’s
linear regression and a funnel plot.

Results: A total of 14 studies involving 5561 RA patients meeting the inclusion criteria were included. The overall analysis
showed that the pooled relative risk for the predictive effects of the RF and anti-CCP antibody status on patient response to
anti-TNFa agents was 0.98 (95% CI: 0.91–1.05, p = 0.54) and 0.88 (95% CI: 0.76–1.03, p = 0.11), respectively, with I2 values of
43% (p = 0.05) and 67% (p,0.01), respectively. Subgroup analyses of different anti-TNFa treatments (infliximab vs.
etanercept vs. adalimumab vs. golimumab), response criteria (DAS28 vs. ACR20 vs. EULAR response), follow-up period ($6
vs. ,6 months), and ethnic group did not reveal a significant association for the status of RF and anti-CCP.

Conclusions: Neither the RF nor anti-CCP antibody status in RA patients is associated with a clinical response to anti-TNFa
treatment.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory autoim-

mune disease that affects approximately 1% of the population

worldwide [1]. OLE_LINK10Although the introduction of anti-

TNFa agents has dramatically improved the outcome of RA, there

unfortunately remains a proportion of RA patients who do not

exhibit an adequate response to this treatment. Considering the

high cost and potential side effects of anti-TNFa treatment, it is

important to identify those RA patients who will be more likely to

respond to these agents. Indeed, numerous studies have been

conducted to investigate potential predictors for patient response

to anti-TNFa therapy [2–4].

Both rheumatoid factor (RF) and antibodies against cyclic

citrullinated peptide (anti-CCP) are regarded as serological

markers of RA [5,6]. Some studies have suggested that the status

of RF or anti-CCP antibody in RA patients is associated with a

clinical response to anti-TNFa treatment [7–14], whereas such a

correlation was not found in other studies [15–19]. Thus, no

definite conclusion has been reached to date.
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We performed a meta-analysis to investigate whether RF and

anti-CCP have predictive value for a clinical response to anti-TNFa
treatment. Suitable studies investigating an association of the status

of RF or anti-CCP and response to anti-TNFa treatment were

searched and included. We also performed subgroup analyses on

different variables to explore potential sources of independent

predictive factors for an effect of anti-TNFa treatment.

Methods

Search strategy
A literature search was performed for all studies evaluating an

association between the status of RF or anti-CCP antibody and a

response to anti-TNFa therapy in RA patients using the Medline,

Cochrane Library, SCOPUS (including EMbase), ISI Web of

Knowledge, and Clinical Trials Register (clinical trials.gov)

databases. The following keywords were searched: rheumatoid

arthritis, anti-TNFa, rheumatoid factor, anti-cyclic citrullinated

peptide antibody, clinical trials, and systematic review. Synonyms

and spelling variations were taken into account (Search strategy for

Scopus was listed in Table S1 in File S1). There was a limitation

with regard to language, i.e., we only considered English

publications, but not the year of publication. We also contacted

authors to request a full-text review or specific data from studies

when there was no electronic version of the full text or sufficient

data for the meta-analysis. Citations were reviewed to search

Figure 1. Flowchart of the study selection.
doi:10.1371/journal.pone.0089442.g001

RF/Anti-CCP and Response to Anti-TNFa Therapy

PLOS ONE | www.plosone.org 2 February 2014 | Volume 9 | Issue 2 | e89442



T
a

b
le

1
.

D
at

a
e

xt
ra

ct
e

d
fr

o
m

th
e

in
cl

u
d

e
d

st
u

d
ie

s.

S
tu

d
y

S
tu

d
y

d
e

si
g

n
N

o
.

o
f

p
a

ti
e

n
ts

D
is

e
a

se
d

u
ra

ti
o

n
(y

rs
)

A
g

e
(y

rs
)

G
e

n
d

e
r

(f
e

m
a

le
%

)

N
o

.
o

f
sw

o
ll

e
n

jo
in

ts

N
o

o
f

te
n

d
e

r
jo

in
ts

D
A

S
2

8

P
ri

o
r

b
io

lo
g

ic
u

se
d

#
In

te
rv

e
n

ti
o

n
C

o
u

n
tr

y

P
ri

m
a

ry
cl

in
ic

a
l

o
u

tc
o

m
e

(r
e

sp
o

n
se

cr
it

e
ri

a
)

S
tu

d
y

d
u

ra
ti

o
n

A
n

ti
b

o
d

y
m

e
a

su
re

m
e

n
t

C
u

t-
o

ff
v

a
lu

e
o

f
a

n
ti

b
o

d
y

B
ra

u
n

2
0

0
6

P
ro

*
3

0
1

2
(8

.9
)

5
0

.6
(1

3
.9

)
7

3
%

N
/A

N
/A

7
.4

(0
.9

5
)

N
/A

IN
F
+8

6
.7

%
M

T
X

Is
ra

e
l

EU
LA

R
3

.5
m

A
n

ti
-C

C
P

:
EL

IS
A

5
IU

/m
l

H
yr

ic
h

2
0

0
6

P
ro

2
8

7
9

1
4

(9
)

5
5

(1
2

)
7

8
%

1
2

(6
)

1
6

(7
)

6
.7

(1
.0

)
N

/A
ET

A
+2

8
%

M
T

X
:

1
2

6
7

p
ts

;
IN

F
+8

6
%

M
T

X
:

1
6

1
2

p
ts

B
ri

ta
in

EU
LA

R
6

m
N

/A
N

/A

B
o

b
b

io
2

0
0

7
P

ro
1

2
6

8
.3

(6
.9

)
5

7
.3

(1
2

.5
)

7
6

.5
%

9
.6

(5
.7

)
1

6
.0

(9
.9

)
5

.8
7

(0
.9

9
)

N
/A

IN
F/

A
D

A
/E

T
A

+C
Ss

/
N

SA
ID

s
al

lo
w

e
d

It
al

y
EU

LA
R

1
2

m
R

F:
im

m
u

n
o

n
e

-
p

h
e

lo
m

e
tr

y;
A

n
ti

-C
C

P
:

EL
IS

A

1
5

IU
/m

l;
5

IU
/m

l

Le
q

u
e

rr
e

2
0

0
7

P
ro

7
6

1
0

.5
(8

.6
)

5
3

.8
(1

2
.4

)
8

1
.6

%
1

3
.8

(6
)

1
0

.7
(7

.3
)

5
.8

(1
)

N
/A

IN
F
+M

T
X

/L
EF

Fr
an

ce
EU

LA
R

3
.5

m
R

F:
la

te
x

ag
g

lu
ti

n
at

io
n

te
st

;;
A

n
ti

-C
C

P
:

EL
IS

A

N
/A

M
an

ca
re

lla
2

0
0

7
R

e
tr

o
5

9
1

1
1

.6
(7

.6
)

5
3

.3
(1

2
.7

)
6

7
%

1
0

.4
(7

.1
)

1
7

.1
(9

.4
)

5
.9

(1
.2

)
N

/A
IN

F/
ET

A
/A

D
A

It
al

y
EU

LA
R

6
m

N
/A

2
0

IU
/m

l

W
ijb

ra
n

d
ts

2
0

0
7

P
ro

1
0

3
1

0
.4

(9
.2

)
5

5
(1

3
)

6
9

%
N

/A
N

/A
5

.9
(1

.1
)

N
o

n
e

IN
F
+C

Ss
/N

SA
ID

s
al

lo
w

e
d

T
h

e
N

e
th

e
rl

an
d

s
D

A
S2

8
4

m
N

/A
N

/A

C
u

ch
ac

o
vi

ch
2

0
0

8
P

ro
5

9
1

1
.7

4
8

.9
8

7
%

1
6

.2
2

0
N

/A
N

/A
A

D
A

+D
M

A
R

D
s/

N
SA

ID
s

al
lo

w
e

d
C

h
ile

A
C

R
2

0
6

m
A

n
ti

-C
C

P
:

EL
IS

A
2

5
IU

/m
l

W
o

u
te

r2
0

0
8

P
ro

1
7

2
8

.5
5

3
.7

7
9

.3
%

N
/A

N
/A

5
.1

N
/A

A
D

A
+7

4
%

M
T

X
+

3
4

%
C

Ss
T

h
e

N
e

th
e

rl
an

d
s

EU
LA

R
7

m
R

F:
EL

IS
A

;
A

n
ti

-C
C

P
:

EL
IS

A

3
0

IU
/m

l;
5

A
U

/m
l

A
le

xa
n

d
ra

2
0

0
9

P
ro

3
6

1
0

.2
(5

.8
)

5
0

.5
(1

0
.2

)
7

5
%

7
.4

(5
.3

)
9

.5
(5

)
5

.2
(0

.9
)

N
o

n
e

IN
F
+9

1
.6

%
M

T
X

Fr
an

ce
EU

LA
R

1
2

m
R

F:
q

u
an

ti
ta

ti
ve

n
e

p
h

e
lo

m
e

tr
ic

te
st

;
A

n
ti

-C
C

P
:

EL
IS

A

1
0

0
0

IU
/m

l;
2

0
0

IU
/m

l

K
e

ys
to

n
e

2
0

0
9

P
ro

1
7

9
5

.3
5

2
8

0
.9

%
1

2
.5

2
4

.5
6

.0
0

8
N

/A
G

O
L+

M
T

X
Fr

o
m

1
2

co
u

n
tr

ie
s

A
C

R
2

0
3

.5
m

N
/A

N
/A

P
o

tt
e

r2
0

0
9

P
ro

6
4

2
1

4
(1

0
)

5
7

(1
1

)
7

8
%

N
/A

N
/A

6
.7

(1
)

N
/A

A
D

A
:

6
2

p
ts

;
ET

A
:

2
4

1
p

ts
;

IN
F:

2
1

8
p

ts
B

ri
ta

in
EU

LA
R

6
m

R
F;

im
m

u
n

o
tu

r-
b

id
im

e
tr

y;
A

n
ti

-
C

C
P

:
EL

IS
A

4
0

U
/m

l;
5

U
/m

l

So
to

2
0

1
0

P
ro

5
2

1
1

.9
5

0
8

8
.5

%
1

6
.9

2
1

.4
5

.8
N

/A
A

D
A

+s
ta

b
le

D
M

A
R

D
s/

N
SA

ID
s/

C
Ss

al
lo

w
e

d
C

h
ile

D
A

S2
8

;
A

C
R

2
0

/
5

0
/7

0

6
m

R
F:

EL
IS

A
;

A
n

ti
-

C
C

P
:

EL
IS

A
N

/A
;

2
5

IU
/m

l

V
as

ilo
p

o
u

lo
s

2
0

1
1

P
ro

1
0

0
1

3
.6

(6
.5

)
5

7
.4

(1
0

.8
)

9
2

%
N

/A
N

/A
5

.6
(0

.2
)

N
/A

IN
F
+M

T
X

:
2

4
p

ts
;

ET
A

6
M

T
X

:
2

6
p

ts
;

A
D

A
6

M
T

X
/L

EF
:5

0
p

ts

G
re

e
ce

D
A

S2
8

6
m

R
F:

im
m

u
n

o
n

e
-

p
h

e
lo

m
e

tr
y;

A
n

ti
-C

C
P

:
EL

IS
A

1
5

IU
/m

l;
5

U
/m

l

C
an

h
ao

2
0

1
2

P
ro

5
1

6
1

0
.4

(8
.6

)
5

0
.9

–
5

4
.1

8
8

%
8

(5
.4

)
1

1
.5

(7
.3

)
5

.8
(1

.2
)

N
o

n
e

IN
F/

A
D

A
/E

T
A

6

D
M

A
R

D
s/

C
Ss

P
o

rt
u

g
al

EU
LA

R
6

m
R

F:
EL

IS
A

Ig
M

:5
IU

/m
l;

Ig
A

:2
0

IU
/m

l

*P
ro

,
p

ro
sp

e
ct

iv
e

cl
in

ic
al

tr
ia

l;
R

e
tr

o
,

re
tr

o
sp

e
ct

iv
e

st
u

d
y;

N
/A

,
n

o
t

av
ai

la
b

le
;

IN
F,

in
fl

ix
im

ab
;

A
D

A
,

ad
al

im
u

m
ab

;
ET

A
,

e
ta

n
e

rc
e

p
t;

M
T

X
,

m
e

th
o

tr
e

xa
te

;
LE

F,
le

fl
u

n
o

m
id

e
;

N
SA

ID
s,

n
o

n
-s

te
ro

id
al

an
ti

-i
n

fl
am

m
at

o
ry

d
ru

g
s;

D
M

A
R

D
s,

d
is

e
as

e
-m

o
d

if
yi

n
g

an
ti

-r
h

e
u

m
at

ic
d

ru
g

s;
C

Ss
,

co
rt

ic
o

st
e

ro
id

s.
#

D
if

fe
re

n
t

p
ri

o
r

b
io

lo
g

ic
ag

e
n

ts
u

se
d

m
ay

in
tr

o
d

u
ce

p
o

te
n

ti
al

h
e

te
ro

g
e

n
e

it
y,

th
o

u
g

h
th

e
av

ai
la

b
le

d
at

a
w

e
re

in
su

ff
ic

ie
n

t
fo

r
a

su
b

-a
n

al
ys

is
.

D
is

e
as

e
o

f
d

u
ra

ti
o

n
,

ag
e

,
N

o
.

o
f

sw
o

lle
n

jo
in

ts
,

N
o

.
o

f
te

n
d

e
r

jo
in

ts
,

D
A

S2
8

ar
e

p
re

se
n

te
d

as
th

e
m

e
an

(S
D

).
d

o
i:1

0
.1

3
7

1
/j

o
u

rn
al

.p
o

n
e

.0
0

8
9

4
4

2
.t

0
0

1

RF/Anti-CCP and Response to Anti-TNFa Therapy

PLOS ONE | www.plosone.org 3 February 2014 | Volume 9 | Issue 2 | e89442



T
a

b
le

2
.

T
h

e
re

su
lt

s
o

f
an

as
se

ss
m

e
n

t
fo

r
b

ia
s

in
ac

co
rd

an
ce

w
it

h
H

ay
d

e
n

’s
cr

it
e

ri
a.

A
ss

e
ss

m
e

n
t

d
o

m
a

in

S
tu

d
y

st
u

d
y

p
a

rt
ic

ip
a

ti
o

n
st

u
d

y
a

tt
ri

ti
o

n
p

ro
g

n
o

st
ic

fa
ct

o
r

m
e

a
su

re
m

e
n

t
o

u
tc

o
m

e
m

e
a

su
re

m
e

n
t

co
n

fo
u

n
d

in
g

m
e

a
su

re
m

e
n

t
a

n
d

a
cc

o
u

n
t

a
n

a
ly

si
s

to
ta

l
sc

o
re

B
ra

u
n

,
2

0
0

6
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
lo

w
lo

w
1

0

H
yr

ic
h

,
2

0
0

6
lo

w
lo

w
u

n
su

re
lo

w
m

o
d

e
ra

te
lo

w
9

*

B
o

b
b

io
,

2
0

0
7

lo
w

lo
w

lo
w

lo
w

h
ig

h
lo

w
1

0

Le
q

u
e

rr
e

,
2

0
0

7
lo

w
lo

w
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
1

0

M
an

ca
re

lla
,

2
0

0
7

lo
w

h
ig

h
m

o
d

e
ra

te
lo

w
h

ig
h

lo
w

7

W
ijb

ra
n

d
ts

,
2

0
0

7
lo

w
m

o
d

e
ra

te
lo

w
lo

w
m

o
d

e
ra

te
lo

w
1

0

C
u

ch
ac

o
vi

ch
,

2
0

0
8

m
o

d
e

ra
te

m
o

d
e

ra
te

lo
w

lo
w

m
o

d
e

ra
te

lo
w

1
0

W
o

u
te

r,
2

0
0

8
lo

w
lo

w
lo

w
lo

w
m

o
d

e
ra

te
lo

w
1

1

A
le

xa
n

d
ra

,
2

0
0

9
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
9

K
e

ys
to

n
e

,
2

0
0

9
h

ig
h

lo
w

m
o

d
e

ra
te

lo
w

lo
w

lo
w

9

P
o

tt
e

r,
2

0
0

9
lo

w
m

o
d

e
ra

te
lo

w
lo

w
m

o
d

e
ra

te
lo

w
1

0

So
to

,
2

0
1

0
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
9

V
as

ilo
p

o
u

lo
s,

2
0

1
1

lo
w

lo
w

lo
w

lo
w

m
o

d
e

ra
te

lo
w

1
1

C
an

h
ao

,
2

0
1

2
lo

w
m

o
d

e
ra

te
m

o
d

e
ra

te
lo

w
m

o
d

e
ra

te
lo

w
9

U
n

su
re

:
n

o
t

e
n

o
u

g
h

in
fo

rm
at

io
n

to
e

va
lu

at
e

.
Lo

w
,

lo
w

ri
sk

o
f

b
ia

s;
m

o
d

e
ra

te
,

m
o

d
e

ra
te

ri
sk

o
f

b
ia

s;
h

ig
h

,
h

ig
h

ri
sk

o
f

b
ia

s.
*O

n
e

o
f

th
e

d
o

m
ai

n
s

w
as

as
se

ss
e

d
as

‘‘u
n

su
re

’’
d

u
e

to
u

n
av

ai
la

b
le

in
fo

rm
at

io
n

e
ve

n
af

te
r

th
e

au
th

o
rs

w
e

re
co

n
ta

ct
e

d
.

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

0
8

9
4

4
2

.t
0

0
2

RF/Anti-CCP and Response to Anti-TNFa Therapy

PLOS ONE | www.plosone.org 4 February 2014 | Volume 9 | Issue 2 | e89442



relevant original studies, and an electronic search alert was set to

cover recent studies.
Study selection

There were 1649 references identified by the literature search.

Three individual investigators (QL, YY, & XL) evaluated the

Figure 2. Forest graphs of the meta-analysis of RF status and response to anti-TNFa agents. The overall analysis of RF status showed a
pooled RR of 0.98 (95% CI: 0.91–1.05, p = 0.54) and an I2 of 43%. Subgroup analyses on different response criteria revealed no significant differences.
doi:10.1371/journal.pone.0089442.g002
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references, and the decision of inclusion was made by consensus. A

study was included based on the following criteria: 1) the patients

were older than 16 years old, diagnosed with RA using ACR

criteria, and treated with at least one anti-TNFa agent

(adalimumab, infliximab, etanercept, certolizumab, or golimu-

mab); 2) efficacy was measured using EULAR or ACR or DAS28

criteria after a minimum duration of 12 weeks; and 3) the status of

RF or anti-CCP antibody at baseline and sufficient data to

calculate the risk ratio (RR) were reported in the study. The

following information was extracted from each study: the study

design, patients’ characteristics, baseline status of RF or anti-CCP

antibody, interventions, outcomes, and study duration.

Study assessment
All of the studies included were evaluated for potential bias

using Hayden’s criteria of the quality assessment of prognostic

studies [20] (The details of the modified criteria were provided in

Table S2 in File S2). Six domains were considered in the bias

assessment method: ‘‘study participation’’, ‘‘study attrition’’,

‘‘prognostic factor measurement’’, ‘‘outcome measurement’’,

‘‘confounding measurement and account’’, and ‘‘analysis’’. Scores

of ‘‘0’’, ‘‘1’’, or ‘‘2’’ represented ‘‘high bias’’, ‘‘partial bias’’, and

‘‘low bias’’, respectively. If the available information was

insufficient to obtain a decision after contacting the authors,

‘‘unsure’’ was used, and no score was calculated. The total scores

were calculated to show the level of study quality; studies with a

score of ‘‘11–12’’ were rated as having relatively high quality, with

‘‘9–10’’ as moderate, and ‘‘less than 8’’ as low quality. The

evaluation was performed independently by three investigators

(QL, YY, & XL) to improve the validity of the results.

Statistical analysis
We estimated the risk ratio of the RF or anti-CCP antibody

status for a response to anti-TNFa treatment. The point estimate

of the risk ratio (RR) and 95% confidence intervals (CI) were

calculated for each study, and a Mantel Haenszel analysis was

used to calculate the pooled RR and 95% CI. The heterogeneity

of the effects across studies was assessed using the Chi square test

and qualified by I2 values, which represent the proportion of

between-study variability that is attributable to heterogeneity

rather than to chance; I2 values of 25%, 50%, and 75% are

referred to as low, moderate, and high heterogeneity effects,

respectively. A fixed-effects model was used when there was no

significant heterogeneity, whereas a random-effects model was

used in other cases. Subgroup analyses were performed to

investigate potential sources of heterogeneity by stratifying the

different anti-TNFa agents, response criteria, duration of follow-

up, and ethnic group. In addition, a sensitivity analysis was

performed by the sequential omission of individual studies.

Publication bias was estimated by funnel plots and an Egger’s

test, with p,0.05 considered as representing significant bias. All of

the statistical analyses were performed using Review Manager 5.0

software, and the results of the publication bias were estimated

using STATA 12.0 software.

Results

Characteristics of the included studies
Figure 1 describes the flowchart of our literature search.

According to pre-determined criteria, fifteen articles, published

between 2006 and 2012, were included [7,9–19,21–23] (A list of

articles excluded and the reasons for exclusion were presented in

Table S3 in File S1). As two described the same cohort [11,21],

fourteen studies were ultimately included in this meta-analysis

[7,9,10,12–19,21–23]. These studies comprised a total of 5561 RA

patients: 5374 patients had their status of RF detected, and 1283

patients had their status of anti-CCP antibody detected. All but

one were prospective cohort studies. All of the participants in the

14 studies had active RA, as evaluated by the number of swollen

and tender joints, or DAS28 value, and the patients in all but

one_ENREF_7 study had exhibited failure for at least one type of

Disease-modifying Anti-Rheumatic Drug (DMARD) treatment

[13]. Almost all of the patients had established RA, with a mean

disease duration from 5 to 14 years. The data extracted from the

14 studies are summarized in Table 1. With regard to the anti-

TNFa agents utilized, 10 studies involved infliximab, 8 involved

adalimumab, 6 involved etanercept, and 1 involved golimumab.

There was no study that involved patients receiving certolizu-

mab. Only four studies investigated the status of RF, with only two

investigating anti-CCP; the other eight studies measured both RF

Table 3. Subgroup meta-analysis of RF and RA patient response according to different anti-TNFa agents, follow-up periods,
response criteria, and ethnic groups.

Test of association Test of heterogeneity

Subgroup Population
No. of
studies

No. of
patients RR 95%CI P value Model P value I2

overall 12 5374 0.98 0.91–1.05 0.54 R 0.05 43%

Anti-TNFa agent* infliximab 4 1827 1.03 0.89–1.19 0.71 R 0.28 23%

adalimumab 2 248 0.98 0.81–1.18 0.8 R 0.09 65%

etanercept 1 1267 1.05 0.97–1.12 0.21 NA NA NA

golimumab 1 178 1.54 0.93–2.55 0.09 NA NA NA

Follow up period $6 months 9 5017 0.96 0.90–1.03 0.27 R 0.13 37%

,6 months 3 357 1.25 0.87–1.78 0.22 R 0.11 54%

Ethnic group European 10 5146 0.98 0.91–1.06 0.59 R 0.10 39%

South American 1 50 0.89 0.76–1.06 0.19 NA NA NA

R, random-effects model; NA, not applicable.
*The number of studies and number of patients receiving individual anti-TNFa agent in this table are those that we could identified after literature review and
contacting the authors.
doi:10.1371/journal.pone.0089442.t003
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Figure 3. Forest graphs of the meta-analysis of anti-CCP antibody status and response to anti-TNFa agents. The overall analysis of anti-
CCP antibody status showed a pooled RR of 0.88 (95% CI: 0.76–1.03, p = 0.11) and an I2 of 67%. Subgroup analyses on different response criteria
revealed no significant differences.
doi:10.1371/journal.pone.0089442.g003

RF/Anti-CCP and Response to Anti-TNFa Therapy

PLOS ONE | www.plosone.org 7 February 2014 | Volume 9 | Issue 2 | e89442



and anti-CCP. The follow-up duration of these 14 studies ranged

from 14 weeks to 48 weeks.

Study quality
Our assessment was performed on the basis of Hayden’s criteria

for prognostic studies [20]. The results revealed that only one of

the included studies was considered to be of low quality, with a

score of 7; the other thirteen studies were considered as having

moderate or high quality (11 moderate and 2 high) (Table 2).

Association evaluation of RF/anti-CCP antibody status
and patient response to anti-TNFa agents

Twelve of the included studies, with a total of 5374 patients,

examined the predictive effect of the RF status for patient response

Table 4. Subgroup meta-analysis of anti-CCP and RA patient response according to different anti-TNFa agents, follow-up periods,
response criteria, and ethnic groups.

Test of association Test of heterogeneity

Subgroup Population
No. of
studies

No. of
patients RR 95%CI P value Model P value I2

overall 10 1283 0.88 0.76–1.03 0.11 R ,0.01 67%

Anti-TNFa agent* infliximab 5 345 0.79 0.55–1.13 0.19 R ,0.01 78%

adalimumab 3 297 1.01 0.88–1.17 0.86 F 0.69 0%

Follow up period $6 months 7 1074 0.90 0.80–1.01 0.06 R 0.09 46%

,6 months 3 209 0.78 0.40–1.53 0.47 R ,0.01 86%

Ethnic group European 7 1144 0.90 0.79–1.04 0.17 R 0.02 60%

South American 2 109 1.01 0.79–1.30 0.91 F 0.38 0

Asian 1 30 0.37 0.20–0.66 ,0.05 NA NA NA

F, fixed-effects model; R, random-effects model; NA, not applicable.
*The number of studies and number of patients receiving individual anti-TNFa agent in this table are those that we could identified after literature review and
contacting the authors.
doi:10.1371/journal.pone.0089442.t004

Figure 4. Overall analysis of publication bias on the effect of RF status on the response to anti-TNFa treatment. Egger’s linear
regression test was performed to quantify publication bias. The p values of the RF status analysis were 0.777. The funnel plot showed no significant
evidence of asymmetry.
doi:10.1371/journal.pone.0089442.g004
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to anti-TNFa agents. The overall analysis revealed that the pooled

RR was 0.98 (95% CI: 0.91–1.05, p = 0.54) and that I2 was 43%

(Figure 2a), suggesting that the RF status was not associated with a

patient’s response to anti-TNFa treatment, with a moderate

heterogeneity observed. Subgroup analyses on the different anti-

TNFa agents, follow-up periods, response criteria, and ethnic

groups were performed to investigate sources of this heterogeneity,

though the results revealed no significant differences (Figure 2b,

Table 3).

Ten studies, with a total of 1283 RA patients, were analyzed for

an association of anti-CCP antibody status and patient response to

anti-TNFa treatment. The overall meta-analysis showed no

association between the status of anti-CCP antibody and a

patient’s response to anti-TNFa treatment, with a pooled RR of

0.88 (95% CI: 0.76–1.03, p = 0.11) and an I2 of 67% (Figure 3a).

When we performed a subgroup analysis to explore potential

heterogeneity, we did not identify any association by stratifying the

studies using either different anti-TNFa agents, follow-up periods,

response criteria, or ethnic groups (Figure 3b, Table 4).

Sensitivity and publication bias
Sensitivity analyses were performed based on the results of the

bias assessments, Hayden’s criteria of quality assessment for

prognostic studies, by the sequential omission of individual studies,

and the result revealed that the significance estimate of the overall

pooled RR was not influenced by omitting any single study. The

publication bias was evaluated by a funnel plot, which showed no

significant evidence of asymmetry (Figures 4–5). We also

performed an Egger’s linear regression test to quantify the

publication bias. The p values of the RF and anti-CCP antibody

status analyses were 0.777 and 0.422 (Figures 4–5), and all other

Egger’s test p values in this meta-analysis were .0.05, suggesting

no significant bias in the analysis.

Discussion

Previous single studies have suggested that the presence of RF

and anti-CCP antibody is associated with a reduced response to

anti-TNFa treatment [7–14];_ENREF_9 however, a number of

studies have reported a contrasting conclusion [15–19]. Thus, to

investigate whether the status of RF or anti-CCP antibody in RA

patients has predictive value for a clinical response to anti-TNFa
treatment, we performed a meta-analysis by a comprehensive

literature search and inclusion of all of the available qualifying

studies. The results of our meta-analysis demonstrated that there

was no association between the status of RF and patient response

to anti-TNFa treatment. Furthermore, the status of anti-CCP

antibody was also not associated with patient response, with a

pooled RR of 0.88 and 95% CI of 0.76–1.03 (p = 0.11), indicating

a tendency of association between the absence of anti-CCP

antibodies and a patient’s response to anti-TNFa therapy.

Therefore the cumulative results did not support or completely

reject the association between the presence of RF and/or anti-

CCP and the effect of treatment with TNFa inhibitors. Anti-CCP

is an independent predictor of radiological damage and progres-

sion in RA patients [24,25], and anti-CCP-positive patients have a

relatively worse prognosis. As a result, patients with a different

anti-CCP antibody status may have a different baseline of the

disease, which could influence their response to anti-TNFa agents.

To explore this influence, analyses should be performed to

Figure 5. Overall analysis of publication bias on the effect of anti-CCP antibody status on the response to anti-TNFa treatment.
Egger’s linear regression test was performed to quantify publication bias. The p values of the anti-CCP antibody status analysis were 0.422. The funnel
plot showed no significant evidence of asymmetry.
doi:10.1371/journal.pone.0089442.g005
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investigate potential differences in the baseline characteristics

between groups stratified by the status of anti-CCP antibody.

Alternatively, only analyses based on studies with placebo groups

are powered to definitively identify such an association. Unfortu-

nately, such information was not available for the included studies.

This meta-analysis does have some limitations. First, only 14

studies were included in this meta-analysis, with 12 studies

reporting the status of RF and 10 studies reporting the status of

anti-CCP antibody. Nonetheless, after a comprehensive literature

search covering five databases and the selection of eligible studies

by three different investigator strictly according to the inclusion

criteria, most of the included studies were assessed with moderate-

to-high quality. Therefore, it is reasonable to obtain a conclusion

based on the studies included in this meta-analysis. However, as

potential heterogeneity exists between studies after subgroup

analyses were performed, the result of our analyses should be

interpreted with caution, and our conclusions should be updated

using new, larger studies in the future. Secondly, all of the patients

in the studies included in our meta-analysis had long-standing

disease, with a mean value of disease duration ranging from 5 to

14 years, and had previously shown failure with at least one type of

DMARD. Indeed, patients with more severe chronic disease as a

result of irreversible joint damage may be less likely to respond to

anti-TNFa treatment [17]. Thirdly, most of the included studies

reported a combined treatment of DMARDs in a proportion of

the patients enrolled. Because studies have demonstrated im-

proved outcomes among patients receiving combination therapy

with MTX plus anti-TNFa [17], the heterogeneity of combined

therapy among the studies may have introduced potential bias.

In summary, our meta-analysis indicated that the status of RF

and anti-CCP are not associated with the clinical response to anti-

TNFa treatment in RA patients.
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