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Objective: To investigate whether rheumatoid factor isotypes and anti-cyclic citrullinated peptide (anti-CCP)
antibodies are related to clinical response in patients with rheumatoid arthritis treated with tumour necrosis
factor a (TNFa) inhibitors.
Methods: The study was carried out on 132 patients with advanced rheumatoid arthritis refractory to disease-
modifying antirheumatic drugs. Patients were treated with infliximab (n = 63), etanercept (n = 35) or
adalimumab (n = 34). All patients completed 1 year of follow-up, and 126 were evaluable for clinical
response according to the disease activity score (DAS) criteria. IgM, IgA and IgG rheumatoid factors and
anti-CCP antibodies were assessed by ELISA both before anti-TNFa treatment and 1 year later.
Results: The DAS response was reached in 66% of evaluable patients (61% infliximab, 65% etanercept and
76% adalimumab; p = 0.354). A significant reduction in the rheumatoid factor level was reported by all
treatment groups after 1 year. The frequency of positive tests for the different antibodies did not differ
between responders and non-responders at baseline; however, significantly higher IgA rheumatoid factor
levels were reported by the non-responder group (130.4 U/ml (interquartile range 13.8–276.7) v 24.8 U/ml
(10.2–90.8); p = 0.003). A significant decrease (p,0.001) in the levels of all rheumatoid factor isotypes in
the responder group was reported after 1 year of treatment, whereas anti-CCP antibody levels were not
significantly affected.
Conclusions: According to the clinical response, anti-TNFa agents seem to reduce IgM, IgG and IgA
rheumatoid factor levels. More interestingly, high pretreatment levels of IgA rheumatoid factor are associated
with a poor clinical response to TNFa inhibitors.

R
heumatoid factor and antibodies to citrullinated proteins
are usually regarded as serological markers of rheumatoid
arthritis. Classic (IgM) rheumatoid factor is currently

assessed in clinical practice; however, the combined detection
of additional isotypes may improve this marker’s diagnostic and
prognostic value.1–3 In particular, several studies have already
shown that IgA rheumatoid factor may be strongly linked to a
more severe disease.4–6

Anti-citrullinated peptide antibodies recognise different
citrulline-containing proteins derived from a post-translational
modification of arginine residues from peptidyl-arginine
deiminase.7 Recently developed tests allow the detection of
antibodies recognising cyclic citrullinated peptides (anti-CCP)
in the serum of most patients with rheumatoid arthritis. Anti-
CCP have proved to be highly specific for rheumatoid arthritis
and strongly associated with development of radiographic
erosions in the early stages of disease.8–14

The role of these antibodies as markers of response to
treatment is not yet fully understood. Some studies reported a
drop in rheumatoid factor level after effective treatment with
both the traditional disease-modifying antirheumatic drugs
(DMARDs) and anti-tumour necrosis factor (TNF)a treat-
ment.15–20 However, data confirming a definite relationship
between decreased rheumatoid factor levels and clinical
response are scarce.20 Few data exist regarding IgA and IgG
rheumatoid factor subtypes, and studies dealing with changes
in anti-CCP levels have yielded conflicting results.19 21 22

Three different TNFa-inhibiting agents are currently used to
treat active rheumatoid arthritis, all of which effectively reduce
the signs and symptoms of the disease and inhibit radiographic

joint damage progression.23–26 Even though these drugs have
dramatically changed the treatment of rheumatoid arthritis,
almost one third of patients are still poor responders, and no
definite serological predictors of lack of response have as yet
been reported.27 28 This paper deals with the relationship
between serum levels of anti-CCP or different rheumatoid
factor isotypes and clinical response to TNFa blockers.

METHODS
Patients
In all, 132 patients with definite rheumatoid arthritis were
included in the study and were prospectivally followed up for at
least 1 year according to the guidelines of the Italian National
Registry for the treatment of severe rheumatoid arthritis with
anti-TNF agents in rheumatoid arthritis therapy.29 30 All
patients had active disease despite having previously received
treatment with >2 DMARDs, including methotrexate, and gave
their informed consent in accordance with the local ethics
committee recommendations. A total of 63 patients were
treated with infliximab (3 mg/kg intravenously at 0, 2 and
6 weeks and then every 8 weeks) and methotrexate (15–20 mg/
week), 35 patients were treated with etanercept (25 mg
subcutaneously twice weekly) with or without methotrexate
and 34 patients were treated with adalimumab (40 mg
subcutaneously every other week) with or without methotrex-
ate or leflunomide. Non-steroidal anti-inflammatory drugs and

Abbreviations: CCP, cyclic citrullinated peptide; CRP, C reactive protein;
DAS, disease activity score; DMARD, disease-modifying antirheumatic
drug; HAQ, Health Assessment Questionnaire; TNF, tumour necrosis factor

302

www.annrheumdis.com



oral prednisone (,10 mg/day) were allowed. Six patients
dropped out because of adverse events a few weeks after
beginning treatment and were not eligible for clinical response
evaluation. Six additional patients discontinued treatment
between 14 and 38 weeks because of inefficacy; these patients
were included in the clinical response evaluation, but were
excluded from the analysis of antibody profile changes.

Clinical response was evaluated after 1 year (or at drop-out)
in accordance with the European League Against Rheumatism
criteria using the modified disease activity score that includes
28 joints (DAS 28).31 The American College of Rheumatology 20
criteria were also evaluated for all cases.32 Table 1 reports the
main demographic and clinical characteristics of the cohort.

Autoantibody analysis
Serum samples for autoantibody assessment were collected and
stored at 270 C̊ immediately before the first administration of
the TNF-blocking drugs and then 1 year later during physical
examination for the clinical response analysis. Testing for the
different autoantibodies was carried out on all serum samples
at the end of the study.

Rheumatoid factors
Classic rheumatoid factor was measured by immunonephelo-
metry using the quantitative N Latex rheumatoid factor system
(Dade Behring, Marburg, Germany). According to the manu-
facturer’s recommendations, rheumatoid factor concentrations
.15 IU/ml were considered positive.

The different rheumatoid factor isotypes (IgM, IgA and IgG)
were assessed using an indirect solid-phase enzyme immu-
noassay (ELISA; Orgentec Diagnostika, Mainz, Germany)
involving the binding of Fc fragments of highly purified human
IgG to the microwells. The quantitative test system for IgM, IgG
and IgA rheumatoid factor is calibrated in relative arbitrary
units related to the 1st British Standard Preparation 64/2 as
reported in the kit insert. The procedure was carried out in
triplicate. According to the manufacturer’s recommendations,
the test’s upper normal limit was 20 U/ml. Serum samples from
30 healthy controls were tested for rheumatoid factor (nephe-
lometry), and IgM, IgG and IgA rheumatoid factor (ELISA). All

samples tested negative by ELISA and one proved borderline
(15 IU/ml) using nephelometry.17

Anti-cyclic citrul l inated peptides
Anti-CCP were tested using a commercially available second-
generation ELISA kit (Axis-Shield, Dundee, UK) as described
previously.17 Serum samples were evaluated in triplicate, and
the upper normal limit (5 U/ml ) was set in accordance with the
manufacturer’s recommendations. All sera from controls gave
negative results. All serum samples patient showing high
concentration (>100 U/ml) were evaluated after a further 106
dilution and then corrected for this additional dilution factor.

Statistical analysis
Data were described as mean and standard deviation (SD), or
median and 25th–75th centiles if continuous, and as counts
and percentages if categorical. Rheumatoid factors were
dichotomised according to their cut-off for positivity. The x2

test was used to compare the percentages of DAS 28 responder
patients in the infliximab, etanercept and adalimumab groups.
The Fisher exact test and the Mann–Whitney U test were run to
compare the characteristics of the responder and non-respon-
der groups. The Wilcoxon sign test was used to compare
rheumatoid factor over time. Furthermore, the association of
each of the baseline rheumatoid factors with the clinical
response was assessed, while controlling for age, sex, disease
duration, Health Assessment Questionnaire (HAQ), serum C
reactive protein (CRP) levels, DAS, positivity for anti-CCP and
type of treatment, by means of a multivariable logistic model.
Rheumatoid factors were log transformed to be fitted into the
model. Odds ratios (ORs) and their 95% confidence intervals
(95% CI) were computed to measure the increase in risk of non-
response for 1 log unit increase in the rheumatoid factor.

Stata V.9.2 was used for computation. A two-sided p value
,0.05 was considered significant.

RESULTS
Baseline autoantibody profile and clinical response
Clinical response was obtained in 83 (66%) patients, with
minor differences between the different anti-TNFa agents
(p = 0.354; table 1). Table 2 summarises the main clinical and

Table 1 Demographic and clinical characteristic of patients included in the study

Total patients
(n = 132)

Infliximab
(n = 63)

Etanercept
(n = 35)

Adalimumab
(n = 34)

Age (years) 57.28 (12.46) 59.12 (10.86) 58.4 (11.99) 52.57 (14.87)
Female/male 101/31 46/17 28/7 27/7
Disease duration (years) 8.3 (6.93) 9.08 (8.11) 6.15 (4.72) 9.58 (6.65)
Tender joints (68) 15.96 (9.9) 18.1 (10.3) 16.65 (9.7) 11.03 (7.36)
Swollen joints (66) 9.59 (5.7) 7.9 (4.88) 13.17 (7.46) 9.36 (3.21)
Erosions (%) 100 100 100 100
DAS 28 5.87 (0.99) 5.93 (1.08) 5.95 (1.08) 5.52 (0.7)
HAQ 1.598 (0.69) 1.73 (0.57) 1.74 (0.77) 1.11 (0.66)
Responders (%)* 66 61 65 76

Previous DMARDs, n of patients (%)
Methotrexate 131 (99.24) 63 (100) 34 (97.14) 34 (100)
Hydroxycloroquine 93 (70.45) 53 (84.12) 22 (62.85) 19 (55.88)
Sulfasalazine 61 (46.21) 32 (50.79) 16 (47.71) 13 (38.23)
Ciclosporin A 48 (36.36) 29 (46.03) 12 (34.28) 7 (20.58)
Others 34 (25.75) 14 (22.22) 9 (25.71) 11 (32.35)

DMARDs associated, n of patients (%)
Methotrexate 115 (87.12) 63 (100) 29 (82.85) 23 (67.64)
Leflunomide 2 (1.51) 0 0 2 (5.88)
None 15 (11.36) 0 6 (17.14) 9 (26.47)

DAS 28, disease activity score including 28 joint counts; DMARD, disease-modifying antirheumatic drug; HAQ, Health Assessment Questionnaire.
Where applicable, the values are expressed as mean (SD).
*126 patients evaluable for clinical response.
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serological characteristics according to treatment response. As
for the serological variables, the frequency of positive cases for
rheumatoid factors was similar for both responders and non-
responders. Anti-CCP-positive cases were slightly more com-
mon in the non-responder group, but the difference did not
reach statistical significance.

There was a trend for the non-responders to have higher
levels of rheumatoid factor and anti-CCP. This trend was most
evident for IgA rheumatoid factor levels, which were signifi-
cantly higher in the non-responder group than in the responder
group. Similar results were obtained when responders were
defined according to American College of Rheumatology 20
criteria (81/126 points: 64.28%). In particular, IgA rheumatoid
factor levels were significantly higher in non-responders (134.7
(56.1–293.25)) than in responders (25.2 (10.27–114.25);
p = 0.007).

The significant association between the baseline IgA rheu-
matoid factor level (log transformed) and the lack of response

was confirmed (OR 1.44; 95% CI 1.09 to 1.9; p = 0.009) on
multivariable analysis with adjustment for confounders such as
age, sex, disease duration, HAQ, CRP, DAS, positivity for anti-
CCP and type of treatment.

Using the same analysis, no significant association was
reported between lack of response and the other rheumatoid
factor isotypes (IgM rheumatoid factor (OR 1.25; 95% CI 0.89 to
1.76; p = 0.194); IgG rheumatoid factor (OR 1.17; 95% CI 0.9 to
1.52; p = 0.22)).

When patients were divided into three groups according to
IgA rheumatoid factor levels, 45 patients were negative (,20 U/
ml), 38 were low positive (between 20 and 100 U/ml) and 43
were high positive (.100 U/ml). High-positive cases showed a
significantly lower response rate with respect to either low-
positive cases or negative cases, whereas no obvious difference
was found between IgA rheumatoid factor low-positive and
negative cases (fig 1). Previous DMARD treatment was
identical in patients with either high or low and negative IgA
rheumatoid factor levels. Co-medication with DMARD during
the anti-TNFa treatment was given to 39/43 (90.06%) patients
with high IgA rheumatoid factor levels, and to 74/83 (89.15%)
patients with low or negative levels of IgA rheumatoid factor
(p = 1).

Treatment-induced changes in autoantibody profile
In all, 120 patients completed 1 year of treatment. The
frequency of the different antibodies tested after treatment
did not differ significantly from the pretreatment values in
either group (table 3).

As for the antibody levels, there was no significant difference
in the anti-CCP levels after 1 year of treatment, whereas a
significant drop in classic rheumatoid factor was noted in the
responder group. A significant reduction in rheumatoid factor
levels was observed for all isotypes in the responder group. In
the non-responder group, only a small decrease was found in
IgA rheumatoid factor and IgG rheumatoid factor (fig 2).

Treatment-induced changes were roughly similar for all anti-
TNFa agents. Infliximab, adalimumab and etanercept did not

Table 2 Baseline characteristics of patients included in the study according to clinical response

Responders
(n = 83)

Non-responders
(n = 43) p Value

Age (years) 58.35 (48.02–65.55) 62.75 (50.5–69.7) 0.131
Female/male 57/26 38/5 0.017
Disease duration (years) 7 (4–12.72) 5.5 (2.62–8.93) 0.075
Tender joints 12 (7–21.5) 17 (9.5–24.5) 0.106
Swollen joints 9 (6–12) 8 (5–15) 0.457
DAS 28 5.7 (5–6.42) 6.13 (5.32–6.6) 0.022
HAQ 1.5 (0.87–1.87) 1.9 (1.33–2.37) 0.002
Previous DMARD, n 3 (2–4) 3 (2–4) 1
Associated DMARD, % 92.77 (77/83) 83.72 (36/43) 0.13

RF (nephelometry), % positive 83.13 (69/83) 83.72 (36/43) 1
Level* 86 (15–268.4) 97 (28–338) 0.769

IgM RF, % positive 78.31 (65/83) 83.72 (36/43) 0.638
Level* 41.5 (22.1–120) 67.6 (32.9–295) 0.035

IgA RF, % positive 61.44 (51/83) 69.76 (30/43) 0.434
Level* 24.8 (10.2–90.8) 130.4 (13.8–276.7) 0.003

IgG RF, % positive 57.83 (48/83) 69.76 (30/43) 0.246
Level* 24.3 (7.2–94.9) 46.1 (13.2–210.6) 0.057

Anti-CCP, % positive 72.28 (60/83) 81.39 (35/43) 0.285
Level* 25.27 (2.93–74.27) 35.28 (7.32–114.99) 0.233

Anti-CCP, anti-cyclic citrullinated peptide antibodies; DAS 28, disease activity score including 28 joint counts; DMARD, disease-modifying antirheumatic drug; RF,
rheumatoid factor.
The values of continuous variables are expressed as median and interquartile range.
*The negative RF samples were included and counted with the measured values.

Figure 1 Percentage of responders according to IgA rheumatoid factor
(RF) levels at baseline. The patients were stratified into three different
groups: IgA rheumatoid factor negative (level ,20 U/ml), IgA rheumatoid
factor low (level between 20 and 100 U/ml) and IgA rheumatoid factor
high (level .100 U/ml). Pt, Patient
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induce a significant reduction in anti-CCP levels. IgM rheuma-
toid factor levels by nephelometry and ELISA were significantly
reduced by all three treatments. However, the reduction in IgA
rheumatoid factor and IgG rheumatoid factor levels was more
marked with infliximab (table 4).

DISCUSSION
The aim of this study was to investigate whether rheumatoid
factor, rheumatoid factor isotypes and anti-CCP could be useful
for predicting and monitoring the clinical response to anti-
TNFa treatment in advanced rheumatoid arthritis. Our results
indicate that (a) high levels of IgA rheumatoid factor are
significantly associated with a poor response rate and (b) the

clinical response is associated with decreased rheumatoid factor
levels during treatment.

Our data show that a positive rheumatoid factor status does not
correlate with clinical response, but high IgA rheumatoid factor
levels may predict a poor response rate. Patients with low-positive
IgA rheumatoid factor and those with negative IgA rheumatoid
factor had a good response rate, whereas patients with high positive
IgA rheumatoid factor were poor responders. IgA rheumatoid
factor has been reported to bemore specific for rheumatoid arthritis
than classic (IgM) rheumatoid factor and more specifically
associated with radiographic erosions in early disease.2 6 33 34 Our
data suggest that the IgA isotype may be also useful in advanced
disease for predicting the response to treatment with TNF

Table 3 Frequency of occurrence of different autoantibodies assessed at baseline and after
1 year of treatment with anti-tumour necrosis factor a agents according to clinical response

Autoantibody

Responders (83 patients) Non-responders (37 patients)

Baseline 1 year p Value Baseline 1 year p Value

RF (nephelometry) 69 61 0.186 33 32 1
IgM-RF 65 59 0.372 31 30 1
IgA-RF 51 41 0.159 25 26 1
IgG-RF 48 41 0.350 26 23 0.623
Anti-CCP 60 58 0.864 32 31 1

Anti-CCP, anti-cyclic citrullinated peptide antibodies; RF, rheumatoid factor.

Figure 2 Changes in the serum levels of anti-cyclic citrullinated peptide antibodies (anti-CCP), rheumatoid factor (RF; nephelometry) and IgM, IgA and IgG
rheumatoid factor in patients with rheumatoid arthritis after 1 year of treatment with anti-tumour necrosis factor (TNF)a agents according to clinical
response. (Data are shown as box plots. Each box represents the 25th–75th centiles; lines inside the boxes represent the medians. Lines outside the box
represent the 10th and 90th centiles.)
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inhibitors. This might be relevant for the choice of suitable
treatment, as biological agents targeting the late precursors of the
(auto)antibody-producing cells are now available.35

There was also a trend for non-responders to have high levels
of IgG and IgM rheumatoid factors, and we cannot exclude the
possibility that the lack of statistical significance for these
isotypes might simply reflect a type II error. The anti-CCP
antibodies in our patients also showed a similar trend. Two
previous studies on smaller series suggested a poor response
rate in the patients with high levels of anti-CCP.20 36 Further
multicentre studies are needed to ascertain whether and how
anti-CCP and IgM or IgG rheumatoid factors may be predictive
of clinical response with anti-TNF-blocking agents. Additional
parameters associated with poor response at univariate analysis
were high values of DAS 28, HAQ and female sex. A reference
to the difference in response to TNFa blockers between men
and women has also recently been made in the national
registers for Italy and Norway.37 The paper suggested that
blockage of TNF-induced upregulation of aromatase would
particularly increase the level of (anti-inflammatory) andro-
gens in men, leading to a better clinical outcome.37

A drop in rheumatoid factor levels during treatment with
infliximab has been found by many authors, whereas the
changes induced in anti-CCP levels still remain a controversial
issue.17–19 20 22 38–40 In a recent study, anti-CCP have been
reported to be reduced by treatment only in early disease.16

Data regarding etancercept and adalimumab are also conflict-
ing; two studies have reported the reduction of both anti-CCP
and rheumatoid factor levels with either etanercept or
adalimumab, whereas a third study on a small series of
patients failed to show any such reduction.19 21 41

In this study, we have analysed the effects of three different
anti-TNFa agents after 1 year of treatment. It seems clear that
each of the anti-TNF agents are able to reduce rheumatoid
factor levels, but not that of anti-CCP. These data are in keeping
with the previous observations made on infliximab-treated
patients who we followed up for 78 weeks and with other
studies carried out on patients with advanced disease.16 17 22

With respect to previous studies, we are now able to show a
significant link between decreased IgM rheumatoid factor
levels and the clinical response to TNFa blockade. Decreased
levels of all rheumatoid factor isotypes were observed in the
responder group, whereas only the IgA and IgG rheumatoid
factor levels experienced a drop in the non-responders. The
latter finding may be because of the high pretreatment levels in
the non-responder group, as it has been reported that the
degree of rheumatoid factor reduction after treatment is higher
in the patients with high pretreatment values.16

Viewed as a whole, our findings indicate that anti-TNF
treatment may have different effects on rheumatoid factors and
anti-CCP. As all rheumatoid factor isotypes are considerably
reduced, this cannot be ascribed to different clearance related to
the Ig class—that is, IgM for rheumatoid factor and IgG for
anti-CCP. A preferential reduction in all rheumatoid factor
isotypes has recently been reported after treatment with
rituximab, a B-cell-targeting monoclonal antibody.42 43 Also, in
these cases, a dramatic reduction in serum rheumatoid factor
levels was associated with good clinical response.44 45 A marked
reduction in rheumatoid factor levels (but not that of anti-CCP)
was also reported after effective treatment with traditional
DMARDs in advanced rheumatoid arthritis.16 The reasons for
the different effect of treatment on rheumatoid factor and anti-
CCP production in advanced rheumatoid arthritis are as
fascinating as elusive. We can only speculate that rheumatoid
factor production could be at least partially dependent on
inflammation whereas anti-CCP production might be more
‘‘constitutive’’ even though in loco production of antibodies
directed to citrullinated antigens has been reported in
rheumatoid synovitis.46–48

In conclusion, our study indicates that high pretreatment
levels of IgA rheumatoid factor are associated with a poor
response rate to the TNFa inhibitors in advanced rheumatoid
arthritis refractory to conventional DMARDs. Furthermore,
sustained clinical response to anti-TNF agents is associated
with a significant decrease in the serum level of rheumatoid
factors.

Table 4 Changes in levels of rheumatoid factor and anti-cyclic citrullinated peptide antibodies assessed before and after 1 year of
treatment according to the anti-tumour necrosis factor agent used

Treatment

Level*

Baseline 1 year p Value

Anti-CCP Infliximab 30.48 (14.08–73.21) 30.25 (6.43–64.86) 0.071
Etanercept 26.82 (3.7–87.72) 28.98 (3.46–104.87) 0.084
Adalimumab 35.64 (2.23–75.02) 36.78 (2.23–67.6) 0.426
All 31.18 (6.22–78.95) 30.89 (4.56–66.25) 0.589

RF (nephelometry) Infliximab 115 (43.3–290.3) 65 (25.65–166.25) ,0.001
Etanercept 61 (17.67–367) 54 (17.25–200) 0.036
Adalimumab 64 (15–259.75) 30 (11.5–130.75) 0.003
All 90 (22.5–304.5) 51.7 (17–163) ,0.001

IgM-RF Infliximab 41.3 (17.07–117.05) 30.9 (15.82–67.42) ,0.001
Etanercept 23.55 (7.25–86.25) 22.35 (5.2–70.95) 0.034
Adalimumab 17.6 (6.67–84.97) 11.7 (5.07–31.77) 0.048
All 29.9 (10.8–104.5) 23.45 (9.15–64) ,0.001

IgA-RF Infliximab 64.2 (22.1–179.4) 41.8 (17.42–92.42) ,0.001
Etanercept 23.7 (6.45–109) 22.7 (8.3–33.47) 0.004
Adalimumab 16.9 (8.8–33.47) 12.3 (7.37–30.35) 0.067
All 30.1 (10.85–144.35) 28.6 (9.45–83.5) ,0.001

IgG-RF Infliximab 61.6 (28.87–156.8) 42.6 (24.72–75.95) ,0.001
Etanercept 58.35 (33.35–181.1) 53.5 (28.45–127.6) 0.144
Adalimumab 27.5 (12.5–76.1) 20.5 (12.8–28.62) 0.096
All 48 (24.2–132.9) 38.8 (19.7–86.3) ,0.001

Anti-CCP, anti-cyclic citrullinated peptide antibodies; RF, rheumatoid arthritis.
*Median value (interquartile range).
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