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Abstract: Anticyclic citrullinated protein antibody (ACPA) is known as an important indicator
for diagnosis of rheumatoid arthritis (RA). Our aim was to examine the relationship between
the serum ACPA titer at baseline and responsiveness to biological agents (antagonists of
either tumor necrosis factor or interleukin 6) in patients with RA. ACPA was measured using
second-generation chemiluminescent enzyme immunoassay. Disease activity was assessed using
disease activity scores 28. Fifty-seven RA patients with biological agents were enrolled, and the
median ACPA titer at baseline was 110.0 U/mL. The median ACPA titer was 23.3 U/mL and
183.0 U/mL in the good and moderate response groups, respectively, which were significantly
lower than in the no response group (404.0 U/mL). In addition, 69.2% and 26.9% of patients
with low (<100 U/mL) and moderate (100499 U/mL) basal ACPA titers showed a moderate
to good response. Of the patients with higher (=500 U/mL) basal ACPA titers, only 14.0% and
42.5% showed a good or moderate response, respectively. The remission rate was 77.8% in
the ACPA-negative, which was significantly higher than the rate of 25% in the ACPA-positive
patients. The results suggest that the ACPA titers are correlated with the efficacy of the biologi-
cal agents used in patients with RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic, progressive disease with an estimated worldwide
prevalence of 0.1%—1%, and it requires an early diagnosis and aggressive treatment to
minimize morbidity.'* Biological agents such as antagonists of tumor necrosis factor
(TNF) or interleukin 6 (IL-6) have been successful in reducing the production of other
inflammatory mediators, inducing rapid clinical improvement and remission in RA
patients.*® Furthermore, these patients may experience severe adverse effects,” and the
high cost of these agents puts them out or reach of many RA patients. Consequently,
identification of early predictors of the response to biological agents would likely have
important clinical and economic benefits for RA patients.

Anticyclic citrullinated protein antibody (ACPA) is an antibody against the cyclic
citrullinated peptide that was first reported by Schellekens et al in 1998.%9 Although
many aspects of the corresponding antigens in the body remain poorly understood,
several types of protein have been shown to be potential autoantigens, including citrul-
linated fibrinogen in RA pannus tissues.!®!! Furthermore, ACPA immune complexes
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are thought to play major roles in the immunological
pathogenesis of RA.'? ACPA has been widely measured in
clinical practice due to its high disease specificity for RA,!>!4
and thereby serves as an early diagnostic marker," and fur-
thermore a predictive factor for joint destruction,'®?® which
aids in the diagnosis of RA.

In this study, we evaluated whether the disease activity
and the individual laboratory test results, especially the serum
ACPA level before the initiation of biological therapy, are
correlated with responses to biological agents (antagonists
of either TNF or IL-6) treatment in RA patients.

Materials and methods

Patients

The study design was a prospective observational cohort
study. Fifty-seven patients with RA, who fulfilled the 1987
American College of Rheumatology criteria,?! were enrolled
in our study between July 2006 and January 2010. All patients
had active RA that failed to respond to treatment with metho-
trexate (MTX), prednisolone, or other disease-modifying
antirheumatic drugs (DMARDs). The administered biological
agents were infliximab (IFX) in 27, etanercept (ETN) in 17,
adalimumab (ADA) in seven, and tocilizumab (TCZ) in six
patients. Only biological agent-naive patients were included.
In the period of study (12—-14 weeks from administration of
biological agents), there was no alteration of their doses of
medications including MTX, other DMARDs, and predni-
solone as well as biological agents.

Samples

Serum levels of ACPA, rheumatoid factor (RF), C-reactive
protein (CRP), and matrix metalloproteinase-3 (MMP-3) were
measured before administration of the biological agents, and
the disease activity score (DAS) 28-CRP was evaluated before
and 14 (for IFX) or 12 weeks (for ETN, ADA, and TCZ) after
administration. According to the European League against
Rheumatism response criteria,” all 57 patients were classified
into one of the following three groups: 1) good response, 2)
moderate response, and 3) no response. The percent improve-
ment in DAS28 from baseline was calculated as follows:
(baseline DAS28 — post-treatment DAS28 [12 or 14 weeks]/
baseline DAS28) x100. In each group, the levels of ACPA, RF,
CRP, MMP-3, and DAS28 were assessed before administration
of the biological agents to determine if they were associated
with treatment responses. Remission was defined as DAS28
<2.6 after 12 or 14 weeks of treatment. Patients were divided
into three groups according to the ACPA levels before the
administration of biological agents: 1) low titer (ACPA <100

U/mL), 2) moderate titer (ACPA =100-499 U/mL), and 3)
high titer (ACPA =500 U/mL). Responses to treatment were
compared among these three groups.

Serum RF, MMP-3, and CRP levels and erythrocyte
sedimentation rate were determined using a latex photometric
immunoassay and the Westergren method, respectively. The
titers of ACPA were measured using commercially available
second-generation chemiluminescent enzyme immunoassay
kits (STACIA® MEBLux™ CCP test, Medical and Biological
Laboratories, Aichi, Japan). Anti-CCP antibody levels were
considered to be positive at a cutoff value of >4.5 U/mL. The
serum was further diluted to determine the titers of ACPA
for patients with antibody levels that reached the plateau of
the standard.

All experiments were carried out in accordance with
protocols approved by Showa University School of Medicine.
Human Subjects Research Committee human experiments
were performed in accordance with the Declaration of Hel-
sinki, and informed consent was obtained from all patients.

Statistical analysis

Data were expressed as the means * standard deviation or
median (range). The relationship between ACPA titers and
either the RA disease activity or the indicated measures was
evaluated using the Spearman rank correlation. Different
groups were compared using the two-sided Kruskal-Wallis
nonparametric test and a multiple comparison test (Scheffe’s
F-test). Follow-up tests were conducted using the Bonferroni
approach. The Mann—Whitney’s U and Fisher’s exact tests
were used to compare categorical variables, the treatment
responses, remission statuses between the ACPA-positive
and -negative patients, and the treatment responses among
the groups based on ACPA titers. A P-value of <0.05 was
considered to indicate a statistically significant difference
for all analyses.

Results
Clinical characteristics and clinical

responses of patients with RA

Table 1 shows the clinical background and laboratory
test results of the 57 patients enrolled in this study. Also,
medication summaries including mean doses of MTX and
prednisolone and nonbiological DMARDs with biological
agents is listed in Table 2. ACPA before administration
of the biological agents was positive in 84.1% of patients
(48/57), and the median value was 110.0 U/mL (range;
0-4,985.0). Positive correlations were observed between the
baseline ACPA and DAS28 and between the ACPA and RF
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Table | Baseline patient characteristics

Patients (female:male) 57 (51:6)

Age (years) 55.6x14.8
Duration of RA (years) 82132

MTX dose (mg/week) 6.0+3.3 (0-10.0)
DAS28-CRP 5.42+1.50

CRP (mg/dL) 1.9 (0.04-18.4)

ACPA (U/mL) 110.0 (0.04,985.0)

MMP-3 (ng/mL) 177.0 (44.4-800.0)
RF (U/mL) 60.1 (0.00-1,630.00)

Note: The table shows the clinical background and laboratory test results of the
57 patients enrolled in this study.

Abbreviations: ACPA, anticyclic citrullinated protein antibody; CRP, C-reactive
protein; DAS28-CRP, disease activity score 28-C-reactive protein; MMP-3, matrix
metallopeptidase-3; MTX, methotrexate; RA, rheumatoid arthritis; RF, rheumatoid
factor.

(DAS28: Spearman’s rank correlation coefficient [ ] =0.53;
RF: 7=0.58). Table 3 shows the backgrounds of subgroups
with clinical responses in all patients. Also remission
(DAS28 <2.6) was achieved in 33.3% of patients (19/57).
There were no significant differences in patient background
factors including doses of MTX and prednisolone, tender
joint counts, swollen joint counts, CRP, and visual analog
scale-general health among the groups (Table 3). ACPA,
CRP, RF, and MMP-3 levels were compared among the
groups before the administration of biological agents. The
median ACPA levels were 23.3 U/mL (0-509.0) in the good
response group, 183.0 U/mL (0.6-2,390.0) in the moder-
ate response group, and 404.0 U/mL (69.0—4,985.0) in the
no response group, showing a significantly higher level in the
no response group than in the other two groups (Figure 1A)
(P<0.05, P<0.01). Also, when patients were divided into
two groups by the baseline DAS28 as high disease activity
(DAS28 >5.1) or not, the difference between the good to
moderate response group and the no response group was
statistically significant (P<<0.05) in the group of either
baseline low disease activity (DAS28 <5.1) or high disease
activity. Interestingly, there was also a significant negative

Table 2 Summary of medication in each biological agent group

Biological IFX (27) ETN (17) ADA(7) TCZ (6)

agents (n)

MTX (%) 96.2 41.2 85.7 66.7
mg/week 6.96+1.69  2.82+3.67 6.57+2.99  5.0+3.94

Prednisolone (%)  42.9 50.0 55.5 529
mg/day 1.79£2.22  0.79£1.59 2214219 2.33+2.04

Nonbiological SASP (5) SASP (1) BUC (I) SASP (1)

DMARD: (n) BUC (3)

Note: Each nonbiological DMARD was concomitantly administrated with biological

agents.

Abbreviations: ADA, adalimumab; BUC, bucillamine; DMARDs, disease-modifying
antirheumatic drugs; ETN, etanercept; IFX, infliximab; MTX, methotrexate; SASP,
salazosulfapyridine; TCZ, tocilizumab.

correlation (» =—0.54) between the percent improvement in
DAS28 and the baseline ACPA titers.

Furthermore, there was a significant difference (P<<0.005)
in ACPA titers between the remission group (89.9 U/mL) and
the no remission group (402.6 U/mL). Moreover, ACPA
levels tended to be lower in the good response group than
in the moderate response group. It was suggested that a
poorer treatment response may accompany higher ACPA
levels before treatment initiation. There were no significant
differences in basal MMP-3 or RF levels between the groups
before the initiation of biological therapy (Figure 1C and D).
Although serum CRP levels tended to be higher in those with
poorer treatment responses, the median CRP levels were
1.7 mg/dL (0.04-12.0), 2.0 mg/dL (0.04-8.1), and 2.4 mg/dL
(0.14-18.4) in the good response, moderate response, and no
response groups, respectively, showing no significant differ-
ences among the three groups (P=0.92) (Figure 1B).

Evaluation of clinical responses
with baseline ACPA levels

Based on pretreatment ACPA levels, the patients were
divided into a low titer group with ACPA <100 U/mL
(n=26), a moderate titer group with ACPA =100-499 U/mL
(n=24), and a high titer group with ACPA =500 U/mL (n=7).
Treatment responses were compared among these three
groups. The low titer group was composed of 18 patients
with good responses (69.2%), seven with moderate responses
(26.9%), and one with no response (3.8%), ie, a moder-
ate or better response was observed in all but one patient.
However, the high titer group was composed of one patient
with a good response (14.0%), three patients with moder-
ate responses (42.5%), and three patients with no response
(42.5%). In addition, when the patient group was divided into
two groups, by 200 U/mL of ACPA titer, there was also a
significant difference (P<<0.005) between the higher ACPA
group (=200 U/mL) and the lower group (<200 U/mL).
Higher basal ACPA levels were associated with no response
to treatment (P<<0.01), as shown in Figure 2A. In addition,
the remission rates showed a tendency to associate with basal
ACPA levels although it did not reach statistical significance
(Figure 2B). Moreover, out of nine ACPA-negative patients,
seven showed good responses (77.8%) and two showed
moderate responses (22.2%). Moderate or better responses
were observed in all ACPA-negative patients (Table 4).
When remission rates were compared between the ACPA-
positive (n=48) and ACPA-negative (n=9) patients, the rate
in the latter was 77.8% (7/9), which was significantly higher
than the rate of 25% (12/48) in the former (P<<0.005). In
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Table 3 Backgrounds of subgroups with clinical responses in RA patients administered with biological agents

Good response Moderate response No response P-value
Female:male 22:3 23:2 6:1 NS
Age, years (range) 53.2+14.3 (23-75) 56.0+15.4 (27-79) 62.6+14.6 (36-80) NS
Duration, years (range) 7.8+4.2 (0.5-14.2) 8.5+3.2 (0.8-15.8) 8.3+4.3 (1.0-20.4) NS
Dosages of
MTX, mg/week (range) 5.94+3.3 (0.0-10.0) 6.712.3 (0.0-8.0) 5.613.2 (0.0-8.0) NS
Prednisolone, mg/day, (range) 2.68+3.09 (0.0-7.5) 2.94+3.10 (0.0-10.0) 2.87+2.72 (0.0-8.0) NS
ACPA
Positive (%) 19/26 (73.1) 23/25 (92.0) 6/6 (100.0) 0.09
Median 233 183.0 404.0 <0.05
DAS28 at baseline 4.95+1.33 5.74+1.39 5.97+1.96 0.07
TJC, n (range) 4.8+1.8 (1-8) 54422 (1-11) 5.8+4.1 (2-12) NS
SJC, n (range) 3.5%1.6 (1-8) 30115 (1-6) 3.5+1.5 (2-6) NS
VAS-GH, mm (range) 63.5+18.3 (42.0-80.0) 58.0+18.4 (24.0-89.0) 60.6+16.3 (43.0-88.0) NS
CRP, mg/mL (range) 2.67+2.82 (0.2-6.9) 2.92+2.65 (0.2-8.1) 7.27+7.62 (0.1-18.4) NS
DAS28 at 12 or 14 weeks 2.23+0.68 4.00+1.00 5.36+1.43 <0.01

Notes: There were no significant differences in patient background factors including doses of MTX and prednisolone, DAS28 components between the groups, except for

ACPA titers.

Abbreviations: ACPA, anticyclic citrullinated protein antibody; CRP, C-reactive protein; DAS28, disease activity score 28; MTX, methotrexate; RA, rheumatoid arthritis;
SJC, swollen joint counts; TJC, tender joint counts; VAS-GH, visual analog scale-general health.

addition, the ACPA titer was 20.1 U/mL (0.0-509.0) in the
group with remission at 14 weeks, though significant higher
titers of ACPA (174.5 U/mL [0.6—4,985.0]) were observed
in those who had no remission (P<<0.01).

Of the 27 patients started on IFX therapy, 12 had good
responses, 12 had moderate responses, and three had no
response, with remission being achieved in ten of the
27 patients (37.0%). The median pretreatment ACPA levels
were 20.75 U/mL (0.0-166.0),207.0 U/mL (0.6-130.0), and
213.0 U/mL (69.0-774.0) in the good response, moderate
response, and no response groups, respectively, showing
significant differences among the three groups (P<<0.005).
As with the overall trend, treatment response was shown to be
poorer with higher ACPA levels. Moreover, the median ACPA
levels in patients receiving IFX were 2.1 U/mL (0-269.0) in
those experiencing remission and 199.0 U/mL (11.9-2,390.0)
in those without remission, again showing pretreatment
ACPA levels to be significantly lower in the former. For the
17 patients started on ETN therapy, the median ACPA levels
were 68.0 U/mL (29.7-509.1) in five with good responses,
151.0 U/mL (87.0-500.0) in nine with moderate responses,
and 404.0 U/mL (310.0—4,985.0) in three with no response.
Similarly, in ADA (n=7) and TCZ (n=6) groups, four and
four had good responses and median ACPA titers were
28.5 U/mL and 12.2 U/mL, respectively; two and two had
moderate responses and were 85.0 U/mL and 140.3 U/mL,
respectively; and one in the ADA group had no response and
ACPA was 500 U/mL. Although there were no significant
differences among the three groups, as with I[FX, a poorer

treatment response was shown to be associated with higher
ACPA levels.

Discussion

We evaluated whether serum markers and disease activity
at baseline could be correlated with responses to treat-
ment with biological agents (antagonists of TNF and IL-6).
Herein, we demonstrated that only serum ACPA levels
could be correlated with treatment responses as well as
improvement rates at 12 or 14 weeks after treatment with
biologics. CRP, MMP-3, and RF were not correlated with
a treatment response. Moreover, remission was achieved in
many ACPA-negative patients, whereas treatment responses
in ACPA-positive patients were shown to be poorer in those
with higher ACPA levels.

Braun-Moscovici et al reported that a pretreatment
level of ACPA >100 U/mL predicted a poor response to
IFX treatment, which is consistent with our results.?* There
have also been several reports that focused on whether
immunological tests for patients receiving IFX can predict
their response to treatment. In contrast to the present study,
some reports demonstrated that the occurrence of a treat-
ment response was not associated with the baseline ACPA
titers.?* 26 Potter et al, who simultaneously analyzed ACPA,
reported that ACPA did not significantly correlate with treat-
ment response.?® However, because treatment response was
determined 1 year after the initiation of biological therapy in
these studies, their results are not sufficient to establish pre-
dictive factors for early treatment responses. Furthermore,
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Figure | Serum parameters in subgroups with clinical responses of RA patients administered biological agents.

Notes: The figure shows anticyclic citrullinated protein antibody (ACPA) (A), C-reactive protein (CRP) (B), matrix metallopeptidase-3 (MMP-3) (C), and rheumatoid factor
(RF) (D). According to the EULAR response criteria, all RA patients were classified into one of the following three groups: 1) good response, 2) moderate response, and
3) no response. ACPA, CRP, MMP-3, and RF levels before administration of the biological agents were compared among the groups. Each symbol represents an individual
patient. There were significant differences between the no response group and the other two groups (ACPA) (A); *P<<0.05; **P<<0.01.

Abbreviations: EULAR, European League against Rheumatism; RA, rheumatoid arthritis.

the group analyzed included not only biologics-naive but
biologics-failure patients, in contrast with our present study,
which included only biologics-naive patients. Similar to our
study, Klaasen et al compared disease activity before treat-
ment with that at the 16th week after treatment initiation
in 101 patients receiving IFX and reported that immuno-
globulin M-ACPA and RF before treatment initiation were
useful for predicting treatment response.?’ In addition, there
are some conflicting observations between basal levels of
RF and MMP-3 and the response to biologics treatment in
RA patients. Although our results did not reach statistical
significance, high RF titers?® or the presence of RF itself?
were shown in two studies to be factors predicting a poor

treatment response. On the other hand, Bruns et al demon-
strated no association of responses against biologics with
REF titers as well as ACPA titers.?® In addition, Visvanathan
et al showed that basal MMP-3 levels may predict clinical
improvement in clinical responses and also in structural
damage after 1 year of [FX plus MTX treatments.?® These
conflicting results might be resolved by the analysis of a
large number of biologics-naive RA patients with long-
term observation. Taken together, because moderate or
better treatment responses were confirmed in all of the
ACPA-negative RA patients, we conclude that an adequate
treatment response could be expected for patients who are
negative for serum ACPA before treatment.
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Figure 2 Comparison of the response rate between basal levels of ACPA titers.

Notes: Based on basal ACPA levels, the patients were divided into a low titer group with ACPA <100 U/mL (n=26), a moderate titer group with ACPA =100-499 U/mL
(n=24), and a high titer group with ACPA =500 U/mL (n=7), and treatment responses (A) and remission rates (B) were compared among these three groups. Higher basal

ACPA levels were associated with no response to treatment; *P<<0.01.
Abbreviation: ACPA, anticyclic citrullinated protein antibody.

The involvement of genetic background in RA
development and ACPA has also been investigated in recent
years. The prevalence of the human leukocyte antigen
(HLA)-DRB1*0405, one of the HLA-DRB1 genotypes,
was reported in 47% of ACPA-positive patients, a rate

significantly higher than that in controls.***! Furthermore,
Terao et al performed similar genetic analyses based on posi-
tivity for ACPA and RF.* In this report, the ACPA(-), RA(+)
group showed correlations with DRB1*0405 and 0901,
whereas the ACPA(-), RF(—) group showed correlations
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Table 4 Rate of clinical responses between the ACPA-positive
and -negative groups

Responses ACPA-positive ACPA-negative
(n=48) (n=9)

Good response 18 7

Moderate response 23 2

No response 7 0

Remission 12 7

No remission 36* 2

Notes: The remission rate in the ACPA-negative group was 77.8% (7/9), which
was significantly higher than the rate of 25% (12/48) in the ACPA-positive group;
*P<<0.005 by Fisher’s exact probability test.

Abbreviation: ACPA, anticyclic citrullinated protein antibody.

with HLA-DR14 and HLA-DRS. Based on these results, it
is reasonable to speculate that the presence of ACPA and RF
may represent a portion of the spectrum of RA phenotypes,
each of which may be an RA subtype with a different genetic
background. Because the results of the present study also
showed better treatment responses in the ACPA-negative
than in the ACPA-positive patients, the production of ACPA
may be affected by genetic or environmental factors. Further
studies are needed to resolve this issue.

Four biological agents, IFX, ETN, ADA, and TCZ, were
included in this study, and disease activities before and at
the 14th week after administration of the biological agents
were compared. By examining early responses to treatment
with these biological agents, cases showing no effect or an
attenuated effect of these agents, in other words, primary or
secondary ineffectiveness, were excluded. After compari-
sons with other disease/inflammatory markers such as RF,
MMP-3, CRP, and DAS28 we ultimately concluded that
only ACPA can serve as an important factor for responses
to treatment with biological agents in RA.

Our study has some limitations. First, the number and dis-
ease duration of patients was small and relatively long (mean
8.2 years); thus, larger scale studies are needed. Second, this
study was based on the nonrandom assignment of treatments
although there were no significant differences in patient
background factors including DAS28 components and doses
of MTX and prednisolone among the groups. Third, there
is potential bias in the use of biological agents. IFX or ETN
recipients accounted for 50% or more of the patients. Fourth,
the follow-up period was relatively short (12—14 weeks).
Further larger scale case studies with an increased number of
patients receiving each biological agent may be warranted.

Taken together, if RA patients, even those unresponsive
to DMARDs, are negative for ACPA, favorable responses
to treatment with biological agents are likely to be achieved.
However, because the effects against the biological agents

seems to be insufficient in long-standing RA patients with
a high pretreatment ACPA titer, therapeutic strategies may
need to be developed and explained to RA patients with
higher disease activity.
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