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ABSTRACT. Objective. To study the contribution of anticitrullinated protein antibody (ACPA), and especially of its
titer, to radiographic progression and disease activity in rheumatoid arthritis (RA).
Methods. Patients with RA (n = 396) who attended a Japanese clinic within 2 years after disease onset
were divided into the following groups according to second-generation (ACPA-2) ACPA titer on their
first visit: negative (0—4.4 U/ml; n = 115), low-positive (4.5-121 U/ml; n = 141), and high-positive
(> 121 U/ml; n = 140). The ACPA-2-positive groups were further subdivided into lowest (4.5-32 U/ml),
low (33-121 U/ml), high (122-277 U/ml), and highest (> 278 U/ml) quartiles. All patients were treat-
ed with disease-modifying antirheumatic drugs (DMARD) including methotrexate, but not biologics.
Subsequent radiographic progression and disease activity for 2 years were prospectively evaluated
using the van der Heijde-modified Sharp score (SHS) and 28-joint Disease Activity Score (DAS28).
Results. After treatment with DMARD, the disease activity (including number of swollen joints, number
of tender joints, duration of morning stiffness, DAS28-erythrocyte sedimentation rate, and
DAS28-C-reactive protein) was significantly decreased in all patient groups. Disease activity and radio-
graphic progression as revealed by the change in SHS remained relatively higher in the ACPA-2
low- and high-positive groups as compared with the ACPA-2-negative group. The relationship between
the titer of ACPA-2 at baseline and subsequent radiographic progression was not exactly linear, and the
extent of disease activity or radiographic progression was similar between ACPA-2 low- and high-posi-
tive groups and also between ACPA-2 lowest- and highest-positive quartile groups. The results were
demonstrable in cumulative SHS probability plots, and also repeatable in seronegative patients, which
indicated that the titer of ACPA-2 is not a predictor of disease activity or radiographic progression in RA,
and ACPA-2-negative patients, especially those with < 3 U/ml, showed minimal radiographic progression.
Conclusion. Presence of ACPA-2, but not its titer, at baseline is a predictor of radiographic progression
or disease activity, where radiographic progression is minimal in ACPA-2-negative patients.
(First Release March 1 2012; J Rheumatol 2012;39:694—700; doi:10.3899/jrheum.111152)
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Table 1. Baseline profile of patients with rheumatoid arthritis.

Negative Group, Low Group, High Group, P, P, p.
Characteristic ACPA0-44U/ml  ACPA45-121 U/ml ~ ACPA>122U/ml  Negative vs Low  Negative vs High ~ Low vs High
ACPA-2 antibody titer, U/ml 06+1.1 47.1 £342 462.5+4403
No. of patients 115 141 140
Female, % 722 794 72.1 NS NS NS
Age of onset, yrs, mean + SD 585+14.6 538 +135 57.1+12.7 0.005 NS NS
Age of first visit, yrs, mean + SD 592144 545+133 580+12.6 0.006 NS NS
Disease duration, yrs, mean + SD 0.66 +0.76 0.75+0.75 0.89 +£0.79 NS NS NS
RF, IU/ml 33+94 161 320 188 +270 0.00001 0.00001 NS
ESR, mm/h 57+37 55+34 58 +34 NS NS NS
CRP, mg/dl 28+36 23+32 22+28 NS NS NS
MMP-3, ng/ml 204 + 301 210 + 281 161 £ 155 NS NS NS
No. swollen joints 9+8 9+7 9+7 NS NS NS
No. tender joints 9+38 8+6 8+7 NS NS NS
Grip strength, mm Hg 179+ 79 186 + 74 190 + 74 NS NS NS
Duration of morning stiffness, min 96 £ 127 108 £ 139 96 + 125 NS NS NS
DAS28-ESR (3) 5012 50+1.1 50+1.1 NS NS NS
DAS28-CRP (3) 42+1.1 41+1.1 4111 NS NS NS
Sharp score (narrowing) 1.0 (0.0,3.0) 2.0(0.0,6.0) 20(0.5,6.5) 0.008 0.001 NS
Sharp score (erosion) 1.0 (0.0,3.0) 2.0(1.0,8.0) 3.0(1.0,8.0) 0.002 0.00001 NS
Sharp score (total) 3.0(1.0,6.0) 50 (2.0, 14.0) 6.0 (3.0, 14.5) 0.002 0.00001 NS

ACPA: anticitrullinated protein antibody; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; MMP-3: matrix metalloproteinase 3;

DAS28: 28-joint Disease Activity Score.

radiographic progression in the ACPA-negative patients may
be comparable to those of ACPA-positive patients!®. Thus, the
attribute of ACPA in relation to radiographic progression
and/or disease activity remains unclear in RA1220-2122.23,

We have studied whether the titer of ACPA can be a pre-
dictor of radiographic progression and/or disease activity in
Japanese patients with RA (n = 396) who visited our hospital
within 2 years after onset to clarify the clinical characteristics
of ACPA in relation to the prognosis, i.e., disease activity and
radiographic progression.

MATERIALS AND METHODS

Serum second-generation ACPA (ACPA-2) was measured in 396 patients
with RA on their first visit to the Konan Kakogawa Hospital between April
2003 and March 2006. Only the patients who visited within 2 years after dis-
ease onset and were found to fulfill the ACR diagnostic criteria®* in later dis-
ease course were included in the study. We used an ACPA-2 assay widely
used in Japan?. Its performance has been proved to be comparable to the
third-generation ELISA kits®2. The patients were treated mostly with
methotrexate (MTX) or other disease-modifying antirheumatic drugs
(DMARD) and/or daily prednisolone < 5 mg (Table 1). Patients were fol-
lowed prospectively for 2 years. Patients treated with anti-tumor necrosis fac-
tor-a biological agents were not included in our study because the use of bio-
logics was not common between 2003 and 2006 in Japan. The patients were
divided according to ACPA-2 titer on their first visit (baseline) into a negative
group (0—4.4 U/ml; n = 115) and low-positive (4.5-121 U/ml; n = 141) and
high-positive (> 121 U/ml; n = 140) groups. The low- and high-positive
groups were divided by referring to the median value, 121 U/ml. The
ACPA-2-positive groups were further subdivided into lowest (4.5-32 U/ml; n
=70), low (33-121 U/ml; n = 71), high (122-277 U/ml; n = 70), and highest
(> 278 U/m; n = 70) positive quartiles. Lowest- and highest-positive quartile
groups were then compared. The clinical features and disease activities were
assessed using disease activity scores including a 28-joint Disease Activity
Score (DAS28)-erythrocyte sedimentation rate (ESR) [DAS28-ESR (3)] and
DAS28-C-reactive protein (CRP) [DAS28-CRP (3)], laboratory measures of

ESR, rheumatoid factor (RF), CRP, or matrix metalloproteinase 3 (MMP-3),
and hand radiographic evaluation performed using van der Heijde-modified
Sharp score (SHS), with a range of 0-306 (narrowing + erosion)?®, and
expressed as annual change from baseline between 0 and 48 weeks. To eval-
uate the independence of ACPA as a predictor of radiographic progression, we
also identified RF-negative patients (n = 127) and assessed their radiographs.

Statistical analyses were performed using the MedCalc system (MedCalc
Software bvba, Mariakerke, Belgium). Data were expressed as the mean + SD
or median with interquartile range. All statistical tests were 2-sided and were
performed at an a level of 0.05. Differences between groups were assessed
using the parametric Student’s t-test or [-way ANOVA. When distribution of
the data was skewed, differences between groups were assessed using the
nonparametric Mann-Whitney U test or the Kruskal-Wallis test. Categorical
variables were assessed using chi-square test.

RESULTS

We divided patients with RA into 3 groups according to the
titer of ACPA at baseline: negative (0—4.4 U/ml), low-positive
(4.5-121 U/ml), and high-positive (> 121 U/ml). We found
that RF and SHS at baseline were relatively higher in the
ACPA low-positive and high-positive groups as compared
with the negative group (Table 1), suggesting that joint
destruction might have been faster in the ACPA-2-positive
groups in the period before visiting the hospital, because the
patients’ disease durations were similar.

It was noted that the relationship between the titer of
ACPA-2 at baseline and subsequent radiographic progression
was more or less variable and not exactly linear; however,
radiographic progression of ACPA-2-negative patients, espe-
cially those with < 3 U/ml, was minimal (Figure 1).

All patients were treated with DMARD including MTX,
but not biologics (Table 2). After treatment, the data for ESR,
CRP and MMP-3 in sera, number of swollen joints, number of
tender joints, duration of morning stiffness, DAS28-ESR (3),
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Figure 1. Relationship between the titer of ACPA-2 and the annual change in van der Heijde-modified Sharp score
(SHS) of hands from baseline. Note that radiographic progression in ACPA-2-negative patients, especially those

with < 3 U/ml, was minimal.

Table 2. Profile of patients with RA at 2-year followup. Mean + SD or median (interquartile range) unless otherwise specified.

Negative Group, Low Group, High Group, P, p. p.

Characteristic ACPA0-44U/ml  ACPA4.5-121 U/ml ACPA> 122 U/ml  Negative vs Low  Negative vs High ~ Low vs High
RF, IU/ml 21 £41 113 291 159 + 248 0.001 0.00001 NS
ESR, mm/h 244+193 344 +27.7 379 +28.6 0.002 0.00001 NS
CRP, mg/dl 04+0.6 10+14 10+14 0.0004 0.00001 NS
MMP-3, ng/ml 110 + 109 1623 + 1859 192.6 + 1858 0.01 0.00001 NS
No. swollen joints 2+3 4+5 5+6 0.002 0.00001 0.02
No. tender joints 3+4 4+£5 4+5 NS 0.003 NS
Grip strength, mm Hg 224 + 65 201 +72 202 +73 0.009 0.01 NS
Duration of morning stiffness, min 13+£28 34+79 47+93 0.03 0.0005 NS
DAS28-ESR (3) 33x1.1 3813 4112 0.0004 0.00001 NS
DAS28-CRP (3) 25+10 3111 33+1.1 0.00001 0.00001 NS
Sharp score (narrowing) 2.0(00,55) 8.5(25,21.0) 7.8 (2.0,19.0) 0.00001 0.00001 NS
Sharp score (erosion) 3.0(1.0,8.0) 12.0(5.5,29.0) 13.5(5.0,31.5) 0.00001 0.00001 NS
Sharp score (total) 6.0(2.0,12.0) 23.0(8.0,473) 215(75,52.0) 0.00001 0.00001 NS
No drugs, % 13.0 2.1 29 0.001 0.004 NS
MTX, % 339 624 679 0.00001 0.00001 NS
DMARD other than MTX, % 304 348 379 NS NS NS
Prednisolone, % 33.0 383 40.7 NS NS NS

Prednisolone dose, mg/day 3319 42+16 450+25 NS NS NS

NS: not significant; ACPA: anticitrullinated protein antibody; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; MMP-3: matrix met-
alloproteinase 3; DAS28: 28-joint Disease Activity Score; DMARD: disease-modifying drugs; MTX: methotrexate.

and DAS28-CRP (3) were all significantly improved in the
ACPA-2-negative group (Table 2). It was noted that CRP,
number of swollen joints, number of tender joints, duration of
morning stiffness, DAS28-ESR (3), and DAS28-CRP (3)
remained relatively higher in the ACPA-2 low-positive and
high-positive groups (Table 2), indicating that the patients
with negative ACPA-2 had less active disease. Thus, while the
presence or absence of ACPA-2 at baseline predicts disease

outcome of RA, the titer of ACPA-2 at baseline appeared not
to predict disease activity significantly.

With regard to joint destruction, SHS was significantly
increased in the ACPA-2 low-positive and high-positive
groups after 2 years of treatment (Tables 1 and 2). However,
the extent of annual change in SHS with regard to joint nar-
rowing, erosion, and total score was similar between ACPA-2
low-positive and high-positive groups (Table 2). The change
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in SHS as a cumulative probability plot showed a marked dif-
ference between ACPA-2 low- and high-positive groups as
compared with the ACPA-negative group (Figure 2).
Importantly, there was no difference in the change in SHS
between ACPA-2 low-positive and high-positive groups. It thus
appears that absence of ACPA-2 at baseline predicts better joint
prognosis, whereas the titer of ACPA-2 at baseline itself
appears to be irrelevant to radiographic progression (Figure 2).

To confirm these findings, we compared ACPA-2 low-
est-positive and highest-positive groups (Tables 3 and 4), with
the patients grouped into lowest and highest quartiles. It was
again noted that disease activity and radiographic progression
were similar between ACPA-2 lowest and highest groups
(Tables 3 and 4, Figure 3).

To verify whether ACPA-2 is a predictor of radiographic
progression independent of RF, we identified 126 RF-negative
patients and assessed their radiographic progression rate. We
found that annual change in SHS from baseline was signifi-
cantly higher in the ACPA-2 low-positive (n = 22) and
high-positive (n = 19) groups as compared to the ACPA-2-
negative group (n = 85), respectively: 9.9 + 10.8 and 10.0 £
11.2 versus 3.9 £ 8.3 (p =0.01 and p = 0.018, respectively).
The change in SHS as a cumulative probability plot for
RF-negative patients is shown in Figure 4.

DISCUSSION

The results show that presence of ACPA-2, but not its titer, at
baseline is a predictor of radiographic progression and disease
activity in RA. The difference in disease activity and radio-
graphic progression between ACPA-2-negative and ACPA-2-posi-
tive patients was significant. It was noted that radiographic
progression illustrated as a cumulative probability plot was
significantly different (Figure 2).

The results showed that radiographic progression of
ACPA-2-negative patients, especially those with < 3 U/ml,
was minimal (Figure 1). To our knowledge, an exact compar-
ison between the titer of ACPA at baseline and subsequent
radiographic progression in a prospective fashion has been
made for the first time in our study, and the result showed that
the relationship between the titer of ACPA-2 at baseline and
radiographic progression was variable and not exactly linear
(Figure 1). While the patients who were positive for ACPA-2
had relatively active disease despite treatment with DMARD
in this and previous studies?®, we found that radiographic pro-
gression was not always faster in ACPA-positive patients:
there are exceptions. This finding is compatible with the pre-
vious findings that the effect of ACPA on radiographic pro-
gression reaches statistically significant levels only after 3 to
6471019 or even 102 years of study: thus, the quantitative
contribution of ACPA-2 is not very significant.

As to why ACPA-2 at baseline fails to show an exact linear
relationship with radiographic progression, an explanation
could be as follows. Our previous study using the largest num-
ber of patients with very early onset of RA (67 patients < 3
months, 120 patients < 6 months out of 435 patients < 2 years
from disease onset)® showed that, while ACPA-2 alone was
highly specific and accurately predicted future development
of RA when measured very early, i.e., within 3 months after
disease onset, such accuracy was gradually lost when meas-
ured beyond 6 months after onset, probably because factors
other than ACPA also are associated with the pathogenesis of
arthritis?’282%, In our study, the disease duration was between
6 and 10 months (Table 1), and therefore it is reasonable that
the titer of ACPA-2 did not correlate exactly with radiograph-
ic progression. Taking these findings together, we may con-
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Figure 2. Cumulative probability plot shows annual change in van der Heijde-modified Sharp score (SHS) of hands
from baseline, for ACPA-2 titer in all patients with rheumatoid arthritis (n = 396).
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Table 3. Baseline profile of patients with RA, comparing lowest quartile to highest quartile. Data are mean + SD or median (interquartile range) unless otherwise

specified.

Lowest Quartile Group, Highest Quartile Group, p,
Characteristic ACPA 4.5-32 U/ml ACPA > 278 U/ml Lowest vs Highest Quartile
ACPA titer, U/ml 1701 +78 736.3 + 486.6 0.00001
No. patients 70 70 —
Female, % 80.0 65.7 NS
Age of onset, yrs 543+13.8 57.7+11.6 NS
Age of first visit, yrs 550+13.6 586+ 11.6 NS
Disease duration, yrs 0.74 £0.79 0.87 £0.80 NS
RF, IU/ml 120 + 346 170 224 NS
ESR, mm/h 57+37 60 £33 NS
CRP, mg/dl 24+34 2023 NS
MMP-3, ng/ml 243 + 341 173 £ 161 NS
No. swollen joints 9+7 11+8 NS
No. tender joints 9+7 9+7 NS
Grip strength, mm Hg 175 + 83 19170 NS
Duration of morning stiffness, min 127 + 152 112 + 129 NS
DAS28-ESR (3) 51+1.1 52+1.1 NS
DAS28-CRP (3) 42=+1.1 43=x1.1 NS
Sharp score (narrowing) 2.75(0.0,0.8) 2.0(0.0,5.5) NS
Sharp score (erosion) 2.0(1.0,9.0) 3.0(1.0,8.0) NS
Sharp score (total) 6.0(2.0,17.0) 5.5(20,11.5) NS

NS: not significant; ACPA: anticitrullinated protein antibody; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; MMP-3: matrix met-
alloproteinase 3; DAS28: 28-joint Disease Activity Score.

Table 4. Profile of patients with RA at 2-year followup, comparing lowest quartile to highest quartile. Data are mean + SD or median (interquartile range) unless other-

wise specified.

Lowest Quartile Group, Highest Quartile Group, P,
Characteristic ACPA 4.5-32 U/ml ACPA > 278 U/ml Lowest vs Highest Quartile
RF, IU/ml 120 + 346 170 + 224 NS
ESR, mm/h 34+£29 42 +30 NS
CRP, mg/dl 10+15 09+12 NS
MMP-3, ng/ml 163 = 179 185 + 180 NS
No. swollen joints 4+4 56 NS
No. tender joints 4+5 4+5 NS
Grip strength, mm Hg 193+73 209 = 74 NS
Duration of morning stiffness, min 29+ 72 47 £ 102 NS
DAS28-ESR (3) 38+13 4112 NS
DAS28-CRP (3) 3111 31+12 NS
Sharp score (narrowing) 10.0 (3.5,24.5) 50(2.0,18.0) 0.048
Sharp score (erosion) 16.0 (5.0,27.0) 12.0 (5.0, 34.0) NS
Sharp score (total) 26.5(11.0,51.5) 19.0 (6.0,49.5) NS
No drugs, % 1.43 1.43 NS
MTX, % 6438 70.00 NS
DMARD other than MTX, % 32.85 40.00 NS
Prednisolone, % 4142 46.51 NS
Prednisone dose, mg/day 452 +1.61 446 298 NS

NS: not significant; ACPA: anticitrullinated protein antibody; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; MMP-3: matrix met-
alloproteinase 3; DAS28: 28-joint Disease Activity Score; DMARD: disease-modifying drugs; MTX: methotrexate.

clude that radiographic progression is minimal when ACPA is
negative; however, radiographic progression is not always
faster when the titer of ACPA is high. Further, in our study,
serum ACPA was measured more than twice in 41 of 115
ACPA-negative patients. The result showed that ACPA-2 was
consistently negative in all 41 patients. Since studies show

that serum ACPA decreases only slightly but statistically sig-
nificantly after treatment'>303!, the absence of ACPA-2 as
determined any time during the disease course may be a reli-
able predictor of minimal radiographic progression in RA. In
summary, therefore, the presence of ACPA-2, but not its titer,
at baseline can be a predictor of radiographic progression or
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Figure 3. Cumulative probability plot shows annual change in van der Heijde-modified Sharp score (SHS) of hands
from baseline, for ACPA-2 titer in patients with the ACPA-2 lowest-positive quartile (4.5-32) and highest-positive
quartile (> 278) in comparison to ACPA-2-negative (< 4.5) patients.
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Figure 4. Cumulative probability plot shows annual change in van der Heijde-modified Sharp score (SHS) of hands
from baseline, for ACPA-2 titer in patients who were negative for rheumatoid factor (n = 126).
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