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Abstract
Objectives
We conducted a two-year prospective study to identify possible factors associated with normalisation of physical function
by infliximab treatment in 125 patients with rheumatoid arthritis (RA).

Methods
RA patients who had been scheduled to receive infliximab at 3 mg/kg were registered and prospectively examined for
disease activity, joint damage, and physical function for 102 weeks using the Disease Activity Score of 28 Joints (DAS-28)
using C-reactive protein, van der Heijde-modified Sharp score (vdH-Sharp score) of hand and foot x-ray, and Health
Assessment Questionnaire Disability Index (HAQ-DI). Normal physical function and clinical remission were defined as
a HAQ-DI of 0.5 or less, and DAS28 (CRP) <2.6, respectively.

Results
Forty-two of 125 patients (42%) achieved normal physical function at 102 weeks. The percentage of normal physical
function at 102 weeks was significantly higher in the patients achieving clinical remission at 102 weeks (60%) than in
those without (16%). In the patients with clinical remission at 102 weeks, less structural damage at baseline was correlated
with a higher rate of normal physical function, suggesting the critical importance of joint destruction prior to infliximab
therapy, in addition to clinical response. Logistic regression analysis further identified HAQ-DI, serum MMP-3 level,
vdH-Sharp score, and methotrexate (MTX) dose as baseline factors contributing to normal physical function with
2-year infliximab treatment.

Conclusion
Treatment with anti-TNF biologics in combination with MTX may achieve the normalisation of physical function in
patients with established RA. Critical factors contributing to the normalisation of function were tight control of disease
activity and less joint damage.

Key words
Disease Activity Score of 28 Joints (DAS28), Health Assessment Questionnaire Disability Index (HAQ-DI), infliximab,
rheumatoid arthritis, van der Heijde-modification of the Sharp score (vdH-Sharp score)

Clinical and Experimental Rheumatology 2010; 28: 365-372.



Normalisation of physical function in RA / H. Nagasawa et al.

Hayato Nagasawa, MD, PhD
Hideto Kameda, MD, PhD
Naoya Sekiguchi, MD

Koichi Amano , MD, PhD
Tsutomu Takeuchi, MD, PhD

This work was supported by grants from
Ministry of Health, Labour and Welfare
(no. H19-Immunology-general-0006).

Please address correspondence

and reprint requests to:

Hayato Nagasawa MD,

Department of Rheumatology

and Clinical Immunology,

Saitama Medical Centre,

Saitama Medical University,

1981 Kamoda, Kawagoe,

Saitama 350-8550, Japan.

E-mail: nagasawa@ saitama-med.ac jp

Received on October 28, 2009; accepted in
revised form on January 13, 2010.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2010.

Conflict of interest: Dr Takeuchi has
received consultancy fees from Mitsubishi-
Tanabe Pharma, Bristol-Myers Squibb,
Novartis, and and lecture fees from
Mitsubishi-Tanabe Pharma, Takeda
Pharmaceutical Co. Ltd., Abbott, Eisai
Pharma, Chugai Pharma; Dr Kameda

has received honoraria from Mitsubishi-
Tanabe Pharma, Centocor, Wyeth Japan,
Takeda Pharmaceutical Co. Ltd., Abbott,
Eisai Pharma, Chugai Pharma, and
Bristol-Myers Squibb; the other co-authors
have declared no competing interests.

Introduction

Rheumatoid arthritis (RA) is a chronic,
systemic, inflammatory disease that is
primarily characterised by persistent
and progressive synovitis, in which
synovial inflammation leads to car-
tilage destruction, bone erosion and
subsequent disability (1). Since the ul-
timate goal of RA treatment is to main-
tain normal functional capability, much
attention has been paid to the temporal
change in functional capability during
treatment. These studies have been fa-
cilitated by methodological improve-
ments which have allowed a detailed
description of physical function in RA
patients. The most widely used disease-
specific instrument is the health assess-
ment questionnaire disability Index
(HAQ-DI) (2, 3) and its modified ver-
sion, the modified HAQ (MHAQ) (4).
Accumulating evidence now indicates
that HAQ-DI predicts severe outcomes
in these patients, including co-morbid-
ity, mortality and work disability (5, 6).
Functional capability in RA patients is
likely affected by both disease process-
es, such as inflammation, and disease
outcome, such as joint damage, and as-
sociations between HAQ-DI score and
disease activity, joint destruction, mus-
cle strength, psychosocial factors, age
and sex have been reported (7-12).
The inflammatory cytokine tumour
necrosis factor-o (TNF-a) plays a piv-
otal role in the pathogenesis of RA (13-
15), and biological agents targeting this
factor are efficacious not only in the
control of synovial inflammation but
also in halting structural damage, lead-
ing to the improvement and mainte-
nance of HAQ-DI score (16-20). When
joint destruction has progressed to end-
stage disease, functional improvement
may not be sufficient even with anti-
TNF therapy. In this regard, it remains
unclear whether anti-TNF biologics
can provide normal physical function,
particularly in patients with advanced
disease, and if so, what factors are asso-
ciated with normal physical function.
In this study, we prospectively enrolled
One hundred and twenty-five RA pa-
tients who had been scheduled to receive
infliximab in a single academic center,
and evaluated disease activity, structural
damage, and physical function for two
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years during infliximab treatment. We
also attempted to identify factors pos-
sibly associated with normal physical
function (HAQ-DI =<0.5) at 102 weeks
in these patients.

Patients and methods

Study design and patients

The study was conducted under a pro-
spective longitudinal cohort design.
RA patients who fulfilled the 1987 re-
vised criteria of the American College
of Rheumatology (ACR) (21) for the
classification of RA, satisfied the Japa-
nese guideline for the use of anti-TNF
biologics (22), and intended to receive
infliximab were invited to participate
between September 2003 and March
2006. Written informed consent was
obtained from 125 patients (15 men
and 110 women), who were enrolled in
the study.

Treatment

Patients were scheduled to receive inf-
liximab at a dose of 3 mg/kg at weeks
0, 2, 6 and subsequently every 8 weeks
thereafter. If a patient did not show a suf-
ficient response to infliximab therapy,
the dosage was increased up to a maxi-
mum of 200 mg/patient for patients with
a body weight of less than 67 kg, the
interval of infusion was shortened by up
to 6 weeks, or both. These dose-inten-
sifying therapeutic modifications were
performed in 55% of patients. Inflixi-
mab was continued throughout 2 years
in 93 patients, while 32 patients discon-
tinued infliximab because of complete
remission in 14, adverse events in 4,
lack of efficacy in 13, and other reasons
in 2 patients, respectively.

Assessment

Patients were followed-up longitudinal-
ly by examination at each infusion visit
over 102 weeks. To monitor parameters
of disease activity, serum levels of C-
reactive protein (CRP), matrix metallo-
proteinase-3 (MMP-3), and the Disease
Activity Score of 28 joints (DAS28)-
CRP scores were determined at each
visit (23). We defined clinical remission
as DAS28 (CRP) <2.6 (24). Functional
status was assessed with the health as-
sessment questionnaire disability index
(HAQ-DI), and normal physical func-



tion was defined as a HAQ-DI score
<0.5 (2,24, 25).

Hand and foot x-rays were obtained at
0,54, and 102 weeks. Articular damage
and progression were scored according
to the van der Heijde-modification of
the Sharp score (vdH-Sharp score) by
two expert readers who were blinded
to the patient’s identity but had knowl-
edge of the chronological order of the
films. Radiographic progression was
judged using two methods: progression
>0.5 and progression > the smallest
detectable difference (SDD) (26). The
SDD for the mean change from base-
line using two readers’ scores for each
patient’s radiographs was 4.39 (stand-
ard deviation of per-patient differences
between the readers divided by the
square root of 2), which corresponds to
nearly 1% of the maximum vdH-Sharp
score of 448.

Statistical analysis

The statistical analysis was performed
using the JMP software, version 8.01
(SAS Institute, Cary, North Carolina,
USA). Spearman correlation analy-
ses were performed between HAQ-DI
score as a dependent variable and clini-
cal measures as explanatory variables at
baseline. Clinical measures were ana-
lyzed by the Wilcoxon test for nonpara-
metric comparisons between groups for
continuous variables. For categorical
response variables, patient group com-
parisons were made using the x? test.
Missing variables in clinical measures
other than radiographic scores at 54 and
102 week were imputed using the last-
observation carried forward method.
In the statistical model which explored
factors associated with normal physical
function at week 102, logistic regression
analysis was used to adjust for the con-
founding effect of correlated variables.
In this model, patients were classified
into two groups based on HAQ score
at 102 w: HAQ =<0.5 (normal physical
function) and HAQ >0.5. This value
was chosen based on a mean normal
population-based score for HAQ-DI
of 0.5 or less (24, 25). Odds ratio (OR)
and confidence intervals for normal
physical function were estimated, and
differences were considered significant
at a p-value <0.05.
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Tab. I. Baseline characteristics of the patients.

Demographics Age (years) 52.8 +13.3 (19-83)*
female (%) 110 (88)**
Clinical characteristics Duration (years) 79+ 6.9 (0.3-30.8)"
0<=<2 25 (20.0)**
2<<5 29 (23.2)**
5<=<10 33 (26.4)**
10< 38 (30.4)#

DAS28 (CRP)

CRP (mg/dl)

MMP-3 (ng/ml)

HAQ-DI
RF positive

MTX (mg/w)
prednisolone treatment (%)
prednisolone dosage (mg/day)

54+ 12(2.54-7.89)"

3.4+ 30 (0-13.6)"
3225+ 297.8 (0-1460)*

14+ 0.7 (0-3)

104 (83)**

8.6+ 2.7 (4-20)*

91 (72.8)™*
59+ 28 (1-15)*

Radiographic findings

modified vdH-Sharp
estimated yearly progression

116.2 = 96.7 (0-404)*
12,0 + 17.7 (0-80.4)*

*mean + standard deviation (range); **number (%) of patients; DAS 28: Disease Activity Score of 28
joints; CRP: C-reactive protein; MMP-3: matrix metalloproteinase-3; HAQ-DI: Health Assessment
Questionnaire Disability Index; RF: Rheumatoid factor; MTX: methotrexate; vdH-Sharp score: the

van der Heijde modification of the Sharp score.

Results

Baseline characteristics of patients
and correlation with HAQ-DI score

As shown in Table I, baseline charac-
teristics of the patients included the
mean age of 52.8 (range: 19-83) and
the mean disease duration of 7.9 years
(range: 0.3-30.8). The mean DAS28
(CRP) was 54 and the mean HAQ-
DI was 1.4. Rheumatoid factor (RF)
was positive in the sera of 104 patients
(83%). Ninety-one patients (73%) were
receiving corticosteroids (5.9+2.8 mg/
day prednisolone equivalent, range:
1-15 mg/day) at the time of study en-
try. Mean MTX dose was 8.6 mg/week
(range: 4-20 mg/week). In addition, the
mean vdH-Sharp score at baseline was
116.2 with the mean estimated yearly
progression of 12.0. These results indi-
cate that the patients had advanced RA
with high disease activity and moderate
to severe disability.

To clarify patients characteristics re-
lated to disability before infliximab
treatment, we analysed possible cor-
relations between a series of clinical
measures and HAQ-DI score at base-
line (Table II). No significant correla-
tion with HAQ-DI score was seen for
age, disease duration, RF titer, CRP,
MMP-3, MTX dose, vdH-Sharp score,
or estimated yearly progression of vdH-
Sharp score, whereas a significant cor-
relation was seen for baseline DAS28
(CRP) (r=0.53, p<0.0001), suggesting
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that the major contributor to disability
before treatment with anti-TNF biolog-
ics in these patients was disease activ-
ity, rather than joint damage.

Change in DAS28 (CRP)

and HAQ-DI during treatment

Since disease activity was the main fac-
tor contributing to disability at baseline,
we examined disease activity and dis-
ability in RA patients during treatment
with infliximab. As shown in Fig. la,
The mean DAS28 (CRP) levels de-
creased rapidly at 2 weeks after the start
of infliximab and reached a near-plateau
level by 30 weeks (from 5.4 at baseline
to3.5at2w,3.0at30w,2.8 at 54 w, and
2.8 at 102 w). Among patients, clinical

Table II. Correlation between baseline HAQ-
DI score and baseline clinical measures.

Age (years) 0.16 0.1883
Disease duration (years) 0.21 0.8932
RF titer (IU/ml) 0.19 0.2075
DAS28 (CRP) 0.53 <1.0001
CRP (mg/dl) 0.33 0.2358
MMP-3 (ng/ml) 0.08 0.4021
MTX dose (mgf/week) -0.14 0.3978
vdH-Sharp score 0.30 0.5354
Estimated yearly

progression of

vdH-Sharp score 0.20 0.2059

RF: Rheumatoid factor; DAS 28: Disease Activity
Score of 28 joints; CRP: C-reactive protein; MMP-
3: matrix metalloproteinase-3; MTX: methotrex-
ate; vdH-Sharp score: the van der Heijde modifi-
cation of the Sharp score.
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Fig. 1a. Mean change in DAS28-CRP with infliximab from baseline to 102 weeks in 125 patients.
b. Categorical change in disease activity with infliximab. The solid area represents the percentage of cases in clinical remission, the open area the percent-
age with low activity, the hatched area the percentage with moderate activity, and the half solid area the percentage with high disease activity.

¢. Mean change in HAQ-DI with infliximab from baseline to 102 weeks in 125 patients. HAQ-DI scores were obtained at each visit in all patients. *p<0.05

vs the value at baseline.
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d. Categorical change in HAQ-DI with infliximab. The solid area represents the percentage of cases achieving functional remission (HAQ-DI<0.5), the open
area the percentage with low or moderate functional disability (0.5<HAQ-DI<1.5), and the hatched area the percentage with severe functional disability

(1.5<HAQ-DI).

remission was reached by 0.8%,43.4%,
45.5%, and 48.7% at baseline, 30, 54,
and 102 weeks, respectively, whereas
disease activity remained in 32% at 102
weeks (Fig. 1b).

Similarly, the mean HAQ-DI score de-
creased as early as 2 weeks after the start
of infliximab and nearly stabilised by
30 weeks (mean HAQ-DI score: from
l4tol2at2w,1.0at30w,1.0 at 54
w, and 0.9 at 102 w) (Fig. 1c). Among
patients, normal physical function was
achieved by 12.9%, 34.7%, 37.4%,
and 41.6% at baseline, 30, 54, and 102
weeks. In contrast, the proportion with
severe functional disability (HAQ-
DI>1.5) gave a reduction by only 11%
from 37% to 26% (Fig. 1d).

Clinical characteristics of patients
with normal physical function
Sfollowing infliximab treatment for

102 weeks

To explore possible factors associated
with normal physical function with
infliximab treatment at 102 weeks, we
compared clinical variables in patients
with and without normal physical func-
tion at 102 weeks (Table III). Com-
pared to those with HAQ-DI >0.5, pa-
tients with HAQ-DI <0.5 at 102 weeks
showed significantly shorter disease
duration (5.5£5.7 vs. 9.6+7.1 years,
p=0.0003), significantly lower base-
line DAS (CRP) and lower mean DAS
(CRP) during 2 years (baseline: 5.1+1.1
vs. 5.6x1.2, p=0.0137; mean: 2.4+0.6
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vs. 3.2+0.7, p<0.0001), significantly
higher baseline MMP-3 (371.3+321.8
vs. 285.2+2747 ng/ml, p=0.0436),
significantly lower baseline HAQ-DI
score and mean HAQ-DI score during
2 years (baseline: 1.1£0.7 vs. 1.7£0.6,
p<0.001; mean: 0.4+0.7 vs. 1.3£0.5,
p<0.001), significantly higher baseline
MTX dose (9.4+3.0 vs. 8.0+£2.3 mg/
w, p=0.0072), and significantly lower
baseline vdH-Sharp score (70.4+53.5
vs. 150.2+107.3, p<0.0001). In con-
trast, no significant difference between
groups was seen in estimated yearly
progression before treatment and year-
ly progression after treatment (Table
IIT). Overall, these results suggest that
the primary determinant of normal
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Tab. III. Clinical measures in patients with or without normal physical function at 102

week*.
Clinical measures normal physical function at 102w p-value
(HAQ-DI< 0.5
() )
n=52 n=73

Disease duration (years) 55+5.7 96 +7.1 p=0.0003
DAS28 (CRP) at baseline 5.1x1.1 5612 p=0.0137
MMP-3 at baseline (ng/ml) 3713+ 3218 2852 £ 274.7 p=0.0436
HAQ-DI at baseline 1.1£0.7 1.7+0.6 p=0.0001
mean DAS28 (CRP) (0-102w) 24+0.6 32+07 p=0.0001
mean HAQ-DI (0-102w) 04+07 1.3+£05 p=0.0001
MTX (mg/w) 94+30 80+23 p=0.0072
vdH-Sharp score at baseline 704+ 53.5 1502 + 107.3 p<0.0001
estimated yearly progression at baseline 240+ 36.7 213 +£213 N.S.
yearly progression during 2-year treatment 1.5+£2.6 1.8+43 N.S.

*“values are mean + standard deviation; DAS 28: Disease Activity Score of 28 joints; CRP: C-reactive
protein; MMP-3: matrix metalloproteinase-3; HAQ-DI: Health Assessment Questionnaire Disability
Index; MTX: methotrexate; vdH-Sharp score: the van der Heijde modification of the Sharp score.

Proportion of patients

Fig. 2. Proportion of
cases by HAQ-DI sta-
tus with and without
clinical remission. The
solid area represents
the percentage of cases
with functional remis-
sion (HAQ-DI=<0.5),the
open area the percent-
age with low or moder-
ate functional disabil-
ity (0.5<HAQ-DI<1.5),
and the hatched area
the percentage with se-
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Fig. 3. Relationship be-
tween vdH-Sharp score at
baseline and HAQ-DI sta-
tus in 58 patients with clini-
cal remission at 102 weeks.
The solid area represents
the percentage of cases
with functional remission
(HAQ-DI=<0.5), the open
area the percentage with
low or moderate function-
al disability (0.5<HAQ-
DI<1.5), and the hatched
area the percentage with
severe functional disabil-
ity (1.5<HAQ-DI).
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physical function at 102 weeks was
infliximab’s control of disease activity.
Of note, baseline vdH-Sharp score was
significantly lower and disease duration
was significantly shorter in patients
achieving normal physical function,
raising the possibility that joint damage
at baseline may have a role in better
functional outcome 2 years later.

HAQ-DI status by clinical

remission status at 102 weeks

Since disease activity was primarily re-
sponsible for disability in these patients
before treatment, we examined physi-
cal functional status in those with and
without clinical remission at 102 weeks
by infliximab treatment. As shown in
Fig. 2, the percentage of patients with
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normal physical function at 102 weeks
was significantly higher among those
achieving clinical remission at 102
weeks (60%) than in those without re-
mission (16%). As shown in figure 1d,
only 13% of patients had normal physi-
cal function and 37% of patients had
a HAQ-DI greater than 1.5 before inf-
liximab treatment, indicating a marked
improvement in physical functional
status in patients with clinical remis-
sion at 102 weeks, while those without
clinical remission showed no such im-
provement. Conversely, the proportion
of patients with clinical remission was
higher in patients with normal physi-
cal function at 102 weeks than in those
without (73% vs.27%, data not shown),
indicating that control of disease activ-
ity in patients treated with infliximab
was closely associated with improve-
ment in physical functional status.

Relationship of baseline

vdH-Sharp score with HAQ status

at 102 weeks in patients with

clinical remission

To further clarify the role of baseline
joint damage in achieving normal
physical function at 102 weeks, we
classified the 58 patients with clinical
remission at 102 weeks into 4 groups
by quartile of vdH-Sharp score at base-
line (Fig. 3). Results showed that the
percentage of patients with normal
physical function at 102 weeks was de-
pendent on baseline vdH-Sharp score,
at 85.7% in the lowest quartile group
(<30 units) versus 42.9% in the highest
(>105 units), indicating an inverse as-
sociation between the achievement of
normal physical function and the base-
line degree of joint damage.

Logistic regression analysis

for normal physical function

at 102 weeks

To account for confounding factors
among clinical variables at baseline,
we finally examined the association
between baseline clinical measures
and normal physical function at 102
weeks by logistic regression analysis
(Table IV). Results showed that normal
physical function was associated with
a lower baseline HAQ (per 0.1 score;
OR 2.60E-08, p<0.01), higher base-
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Tab. IV. Clinical variables associated with normal physical functional at 102w by logistic

regression analysis.

Clinical measures Adjusted odds ratio 95% CI p-value
Male 1.14 0.24-5.63 0.8691
Age (years) 0.99 096-101 0.7149
Duration (years) 1.00 0.94 - 1.00 0.6443
RF (IU/ml, per 100 unit) 1.00 0.99 - 1.00 0.4767
DAS28 (CRP) at baseline (per score) 0.92 0.51-1.68 0.7856
CRP at baseline (mg/dl, per unit) 0.99 0.80-1.24 0.9575
MMP-3 at baseline (ng/ml, per 100 unit) 1.27 1.05-1.57 0.0019*
HAQ-DI at baseline (per 0.1 score) 2.60E-08 5.9E-13 - 0.0003 0.0001*
vdH-Sharp score at baseline (per 10 score) 0.84 0.76 -0.93 0.0084*
MTX (per mg/w) 1.28 1.05-1.60 0.0142*

RF: Rheumatoid factor; DAS 28: Disease Activity Score of 28 joints; CRP: C-reactive protein; MMP-
3: matrix metalloproteinase-3; HAQ-DI: Health Assessment Questionnaire Disability Index; vdH-
Sharp score: the van der Heijde modification of the Sharp score; MTX: methotrexate.

line MMP-3 (per 100 units; OR 1.27,
p<0.01), lower baseline vdH-Sharp
score (per 10 score; OR 0.84, p<0.01),
and higher baseline MTX dose (per
mg/w; OR 1.28, p=0.01). Gender, age,
disease duration, RF, DAS, and CRP
at baseline were not associated with
normal physical function. The above
results suggest that both the tight con-
trol of disease activity by treatment and
baseline joint damage notably contrib-
ute to the achievement of normal phys-
ical function with infliximab treatment
for 2 years.

Discussion

In this study, we showed that inflixi-
mab treatment in a daily clinical prac-
tice setting allowed the normalisation
of physical function in approximately
one-third of patients with established
RA. Logistic regression analysis iden-
tified HAQ-DI score, vdH-Sharp score,
serum MMP-3, and MTX dose at base-
line, as contributing to normal physical
function at 102 weeks.

Functional disability in RA patients is
generally evaluated using the HAQ-DI
score, the most widely used functional
outcome measure, although it is in-
fluenced by a variety of demographic
factors, as well as by pain and psycho-
logical status (27-33). Recently, other
measures for functional disability have
been evaluated, such as loss of work-
ing time (34). In addition, clinical trials
have aimed at comparing therapeutic
strategies in early RA to achieve clinical
remission, and even normal functional
status. Although normal functional sta-

tus is difficult to determine, the Outcome
Measure in Rheumatology Clinical Tri-
als (OMERACT) group has proposed
preliminary definitions of minimal dis-
ease activity (MDA), including a HAQ-
DI score <0.5 (35,36). In addition, the
upper limit of 95% confidence intervals
of the mean normal population-based
score for HAQ-DI is 0.5 (24, 25). Ac-
cordingly, we used a cut-off 0.5 or less
to indicate normal physical function.
In fact, 28 patients (22.4%) achieved a
HAQ-DI score of 0 at 102 weeks, which
indicates ideal, or in other words nor-
mal function by this measure.

Disability in RA patients is largely af-
fected by joint inflammation and dam-
age. While inflammation appears to
account for the early phase of the dis-
ease, joint damage gradually worsens
over the entire course of the disease,
resulting in apparent disability in the
later phase (7-9, 37). Importantly, joint
inflammation is ultimately reversible,
while joint damage is not. For example,
the HAQ-DI is reportedly associated
with the pain score and joint tenderness,
rather than joint erosion or deform-
ity, at a given time point (38), whereas
other reports have shown that the base-
line radiographic score is significantly
correlated with the HAQ-DI score at
baseline (39) and that this correlation
strengthens as disease duration length-
ens (40-42). In our previous study, we
also reported that patients with shorter
disease duration or lower vdH-Sharp
score were had a better functional sta-
tus (11). Moreover, it has been shown
that the reversibility of HAQ scores
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decreased when the duration of RA
lengthened, while radiographic de-
struction was more advanced in a meta-
analysis (43, 44). The duration of dis-
ease in this study ranged widely, allow-
ing us to test the above hypothesis in
a daily clinical practice setting. Results
showed that the baseline radiographic
score was significantly and independ-
ently associated with normal physical
function. In contrast, disease duration,
and yearly progression of vdH-Sharp
score before infliximab treatment were
not significantly associated with normal
physical function on logistic regression
analysis. Importantly, not only disease
duration but also yearly progression
of joint destruction before infliximab
treatment were not identified as inde-
pendent factors contributing to normal
physical function at 102 weeks. Since
baseline vdH-Sharp score represents
cumulative joint damage, and estimat-
ed yearly progression is determined by
the score/disease duration, these results
may suggest that cumulative damage it-
self is important to the return of normal
physical function, whereas the speed of
destruction before anti-TNF treatment
is not.

We also showed that baseline MTX
dose was higher in patients with normal
physical function at 102 weeks than in
those without (9.4 vs. 8.0 mg/w). Lo-
gistic regression analysis showed that
baseline MTX dose (pre 1 mg/w) con-
fers an adjusted odds ratio 1.28, suggest-
ing that MTX dose escalation should be
considered before starting infliximab.
These results support the conclusion of
a meta-analysis of MTX therapy in RA
(45). Interestingly, the adjusted odds ra-
tio of higher MMP-3 level (per 100 U/
ml) was 1.27. MMP-3 plays a key role
in joint destruction, since it not only de-
grades matrix proteins but also activates
other pro-MMPs into their active forms.
The expression of MMP-3 in synovial
cells is regulated by several extracel-
lular signals including inflammatory
cytokines, such as TNF-a and IL-1. In
fact, Klimiuk er al. reported that inflixi-
mab combined with MTX resulted in
rapid clinical improvement and reduced
serum MMP concentrations in patients
with RA (46), as we have also dem-
onstrated (11). Further investigation is
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required to confirm whether higher lev-
els of serum MMP-3 at baseline in RA
patients predict better clinical response
and normal physical function by inf-
liximab. Some previous studies showed
that women and men have differences
in DAS and HAQ-DI score (7, 47, 48).
Then we also examined the correla-
tion between baseline HAQ-DI score
and baseline clinical measures, and the
logistic regression analysis for normal
physical function at 102 weeks on only
female patients. These results were con-
cordance with the whole patients (data
not shown).

Several limitations of the study warrant
mention. First, although the study was
observational and open-labeled, and
not intended to compare therapeutic
strategies, the question of whether at-
tending physicians can bias the results
is valid. Nevertheless, functional status
was determined using a self-reported
health assessment questionnaire and
statistical analysis was conducted by an
independent researcher, allowing us to
estimate functional status by infliximab
treatment in practice conditions. Sec-
ond, the study was carried out in sin-
gle academic center which serves as a
core regional rheumatology center for
more severe and complicated patients
than those treated at average rheuma-
tology clinics. In addition, patients
were selected using the guideline crite-
ria for the use of anti-TNF biological
agents proposed by the Japan College
of Rheumatology, which defines indi-
cations for infliximab as including at
least six swollen joint counts, six tender
joints counts, and CRP =2mg/dl or ESR
>28mm/h in those with an inadequate
response to MTX at enrollment. Thus,
most patients enrolled in this study had
high disease activity. Third, owing to
Japanese regulatory restrictions which
limit the maximum allowable dose of
MTX to 8 mg/week, MTX dosages in
Japan are lower than in other coun-
tries, including the US, many European
countries and even other Asian coun-
tries. Nevertheless, higher starting dos-
es of MTX are sometimes used in daily
clinical practice in Japan (49). Indeed,
the mean MTX dose in the present
study was 8.7 mg/week, and 30% of
patients received doses greater than

8 mg/week. Recent randomised con-
trolled trials which directly compared
different dosages of oral MTX in RA
showed dose-dependent efficacy, albeit
with slightly greater toxicity, and higher
starting doses and rapid dose escalation
are now recommended (45). Neverthe-
less, maximum doses of MTX in daily
clinical practice appear to be lower than
that used in the recent clinical trials for
infliximab, such as 20-25mg/week (17,
18), even in western countries (50).

In conclusion, the present study demon-
strated the importance of the tight con-
trol of disease activity with anti-TNF
treatment before irreversible joint de-
struction progresses beyond a threshold.
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