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Abstract
Objective

To evaluate the effectiveness of disease-modifying antirheumatic drugs, namely, methotrexate (MTX), sulfasalazine
(SSZ) and bucillamine (BUC) at low-doses (4, 6 or 8mg MTX, 500 or1000mg SSZ, and 100 or 200 mg BUC) in

1358 patients with a follow-up of at least 12 months and more than 120 months.

Methods
Clinical assessments were based on the number of painful joints (NPJ) and that of swollen joints (NSJ), CRP level,
erythrocyte sedimentation rate, rheumatoid factor level and morning stiffness before and after treatment. Results

were evaluated on the basis of the duration of treatment for each drug with inefficacy or inadequate efficacy as one
endpoint for discontinuation and adverse drug reactions (ADRs) as the other in single agent and combination ther-

apy. The incidence and nature of ADRs in single and combination treatment are described.

Results
The effects of MTX, SSZ and BUC on clinical parameters were monitored over the first three months, and in partic-

ular, NPJs and NSJs were found to decrease significantly during single agent MTX or BUC treatment over 108
months. CRP levels remained significantly improved for more than 120 months with MTX. In the single and combi-
nation long-term treatments, continuation rate with inefficacy or inadequate efficacy as the end point achieved for
each of the treatments were 83.1% for MTX, 76.0% for BUC, 68.5% for SSZ, and in the case of the combination

treatments, these rates were 83.3% for MTX + BUC and 71.0% for MTX+SSZ. Continuation rates using ADRs as
the end point were 88% for SSZ, 79.6% for BUC and 79.4% for MTX. The incidences of ADRs for the various treat-

ments were: MTX 22.2%, SSZ 11.0%, BUC 20.6%, MTX + BUC 30.0% and MTX + SSZ 31.2%.

Conclusion
MTX showed the highest efficacy even though it was administrated at a low dose (6-8 mg), as a single agent or in
combination with other treatment. However, in combination treatments, the continuous duration of treatment end-

ing in ADRs as the end point were lower than those in single treatments with MTX, SSZ and BUC. 
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Introduction
Rheumatoid arthritis (RA) is a progres-
sive and chronic disease and requires
drug treatment over many years. It is
important to select the appropriate dis-
ease-modifying antirheumatic drugs
(DMARDs), which are used in the sec-
ond line treatment. The duration of
treatment with a selected drug, that is
cumulative continuation, hereafter re-
ferred to as continuation rate, depends
on the type of DMARD. However,
because of adverse drug reactions
(ADRs), poor efficacy or inefficacy,
alternate treatment strategies may be
employed by either using a second
drug in a saw tooth treatment regimen
or including another DMARD in a
combination regimen (1). 
Thus far, long-term studies of more
than 5 years duration on the perfor-
mances and the survival rates of
methotrexate (MTX) (2-4) and sulfa-
salazine (SSZ) (5-7), as well as com-
parisons of the performances and sur-
vival rates of various DMARDs have
been reported (8-12). Wolfe et al. com-
pared MTX to other DMARDs (gold
sodium thiomalate, auranofin, hydrox-
ychloroquine or penicillamine), and
reported that the median time to dis-
continuation for these latter DMARDs
was 2 years or less, but for MTX it was
4.25 years; moreover, ADRs were less
common in patients taking MTX (8).
However continuation/discontinuation
rates of low-dose MTX, SSZ and bucil-
lamine (BUC) after long-term use in
Japanese patients with RA have not yet
been reported. 
The present study used various clinical
parameters namely: the number of
painful joints (NPJs); the number of
swollen joints (NSJs); the serum level
of C-reactive protein (CRP; mg/dl);
erythrocyte sedimentation rate (ESR;
mm/hr); the duration of continuous
treatment with low-dose MTX, SSZ
and BUC used in single and combina-
tion treatments of MTX + BUC, MTX
+ SSZ, and SSZ + BUC; improvement
and the types of ADR to DMARDs in
single and combination treatments.
Our findings may provide a basis for
future measures and expectations of
success for conventional DMARDs;
that is, what types of drug should be

selected in the first course, what types
of another DMARDs or what types of
combination drugs should be selected
in the second course, which of the new
or recently approved DMARDs such as
should be used, and which of these
TNF-α, IL-1 cytokine blockers will
effectively suppress the disease activity
as well as retard or restrict radiological
progression (13-15).

Patients and methods 
Patient selection
The study population comprised 1358
RA outpatients who visited our clinic
between November 1978 and April
2002, and who satisfied the American
College of Rheumatology criteria for
RA (16). Some of the patients were
prescribed DMARDs for the first time
and some of the patients were switched
to other DMARDs after a first
DMARD had been washed out accord-
ing to the saw tooth strategy (17): MTX
was administered to 427 patients, SSZ
to 200 patients, and BUC to 437
patients. The combination treatments
were as follows: MTX + BUC were
administered to 150 patients, MTX +
SSZ to 93 patients, and SSZ + BUC to
51 patients. The remaining patients
were administered other DMARDs:
namely auranofin, D-penicillamine,
gold sodium thiomalate and cyclophos-
phamide, among others.
Table I shows the profiles of the
patients who received DMARDs as the
first course of treatment and those who
changed to a second DMARD because
of inefficacy or ADRs in the first
course of treatment. From a total of
1358 patients, 154 were men and 1204
were women. The mean age was 52.8
years (range, 15-85 years) and the
mean disease duration was 101.0
months (range, 1-708 months). Pred-
nisolone was prescribed to 969 out of
the 1358 patients at a mean dose of 4.8
mg (range, 2-25 mg). Table II shows
the patients and the mean duration of
administration for several DMARDs in
single and combination treatments.
Single agent treatments were continued
for more than 5 years in 109 of 427
patients (MTX), 14 of 200 patients
(SSZ) and 64 of 437 patients (BUC).
The numbers of patients who received
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combination treatments for more than 5
years were 31 out of 150 patients for
MTX+BUC, 14 out of 93 patients for
MTX+SSZ, and 1 out of 51 patients for
SSZ+BUC. The standard dosages of
DMARDs were as follows: 4-8
mg/week (mean dose 4.6 ± 1.1mg) for
MTX (maximum dose in Japan: 8
mg/week) (18), 500-1000mg/day
(mean dose 862.0 ± 232.4 mg) for SSZ
(maximum dose in Japan: 1000 mg),
100-200 mg/day  (mean doses 120 ±
55.8 mg) for BUC (maximum dose in
Japan:300 mg). Folate supplementation
could be initiated at a low dose of 5
mg/week for nausea caused by admin-
istration of MTX or if the dose of MTX
was 8 mg. Most of the patients were
administered non-steroidal anti-inflam-
matory drugs. 

Procedures
Clinical parameters were evaluated
every 6 months for a maximum period
of 23.0 years; the parameters evaluated
were as follows: NPJs, NSJs, serum
CRP (mg/dl), ESR (mm/hr), rheuma-
toid factor level (RF, IU/l) and morning
stiffness (minutes). We used the
Kaplan-Meier method to calculate the
continuation rates of the DMARDs

used in a single or combination treat-
ment. The end points were; inefficacy
or poor efficacy and ADRs. The types
of ADR, their incidence and the time of
their appearance were recorded.

Statistical analyses 
All data were expressed as mean ±
standard deviation (SD) in the tables
and mean in the figures. Differences
and the statistical significance for each
parameters were analysed using the
Student’s paired t-test (within item)
and by the two-way analysis of vari-
ance (between group: ANOVA). A p
value less than 0.05 was considered
statistically significant. The Kaplan-
Meier method for continuation rates
was used to estimate the probability of
discontinuation of each DMARD.

Results
Improvement in clinical assessment in
the single and combination treatments
with DMARDs
Table III shows the clinical assess-
ments before the administration of
DMARDs. The parameters were com-
pared for each drug and the following
results were obtained. No differences
in disease characteristics were found

among the MTX, SSZ and BUC recipi-
ents. Figures 1-3 show the changes
over time in NPJ, NSJ, and CRP. Dur-
ing the course of the evaluation, statis-
tical analysis was stopped when the
number of patients receiving a particu-
lar DMARD decreased to less than
four.
The effects of MTX, SSZ and BUC on
the NPJ and NSJ were observed for the
first three months after the initiation of
single treatments (Figs. 1 and 2). In
particular, the NPJs and NSJs de-
creased significantly during MTX and
BUC single treatments for 108 months.
On the other hand, SSZ treatment could
not significantly decrease the NPJs and
the NSJs even after 48 months. As for
the MTX + BUC, and MTX + SSZ
combination treatments, NPJs and
NSJs decreased significantly until
about 60 months. CRP levels and ESR
significantly improved during the first
three months after the initiation of sin-
gle treatments with MTX, SSZ and
BUC (Fig. 3). In single treatments,
CRP levels improved significantly for
more than 120 months for MTX and 72
months for BUC; NPJs and NSJs also
improved over the same time period.
However, in the single treatment with

Table I. Comparison of clinical profiles before administration of methotrexate, sulfasalazine, and bucillamine.

MTX SSZ BUC MTX+BUC MTX+SSZ SSZ+BUC

Man 42 26 57 12 14 3
Woman 385 174 380 138 79 48
Ages (years)* 52.4 ± 11.1 52.5 ± 11.9 53.7 ± 12.0 53.5 ± 10.9 50.5 ± 10.1 51.3 ± 13.0

(18-79) (19-82) (15-85) (21-78) (25-74) (19-74)

Disease duration (months)* 113.8 ± 112.9 96.2 ± 103.9 95.1 ± 108.4 106.8 ± 111.8 80.2 ± 78.4 84.6 ± 73.6
(1-708) (1-504) (1-708) (1-708) (1-376) (1-300)

Prednisolone (mg)* 4.6 ± 2.0 5.1 ± 2.3 4.6 ± 2.1 5.0 ± 2.3 5.1 ± 2.1 5.4 ± 2.0
(1-25) (1-15) (1-20) (1.5-20) (2.5 -15) (2.5 -10)

Asterisks indicate each mean ± SD and ranges.

Table II. Mean duration of administration of methotrexate, sulfasalazine, and bucillamine, and the number of patients each year in the sin-
gle and combination treatment.

DMARDs Patients Duration of administration    1 1~2 2~3 3~5 5<   
(months) years

MTX 427 42.8 ± 38.3 (1-120) 149 59 34 76 109
SSZ 200 21.7 ± 23.2 (1-120) 107 34 29 16 14
BUC 437 33.1 ± 28.4 (1-120) 143 92 55 83 64

MTX+BUC 150 34.1 ± 33.5 (1-120) 60 26 15 18 31
MTX+SSZ 93 28.2 ± 28.6 (1-120) 44 17 9 9 14
SSZ+BUC 51 19.3 ± 18.6 (1-108) 24 15 7 4 1
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SSZ, CRP levels and ESR slightly
improved for 48-60 months after the
initiation of treatment as did the NPJs
and NSJs. As for the combination treat-
ment of MTX + BUC, CRP levels and
ESR significantly improved for 108
months, whereas the MTX + SSZ,
these levels significantly improved for
72 months.

Duration of continuous treatment with
DMARDs in single and combination
therapy
Figure 4 shows the continuation rates
of MTX, SSZ and BUC with inefficacy
and inadequate efficacy as the end
point. For single drug treatments, at the

120 months point MTX had the highest
continuation rates (83.1%), followed
by BUC (76.0%) and SSZ (68.5%) and
for the combination treatments, the
continuation rates followed by MTX +
BUC (83.3%) and MTX + SSZ (71.0%).
Figure 5 shows the continuation rates
of MTX, SSZ and BUC with ADRs as
the end point. For single drug treat-
ments, at the 120 months point SSZ
had the highest continuation rate
(88.0%), followed by BUC (79.6%)
and MTX (79.4%). For the combina-
tion treatments, the continuation rates
were MTX + BUC (73.3%) and MTX
+ SSZ (65.6%). 
For single treatments, the incidences of

ADRs were 22.2%, 11.0% and 20.6%
for MTX, SSZ and BUC, respectively,
and for the combination treatments
they were 30.0% for MTX + BUC and
31.2% for MTX + SSZ; the incidences
of ADRs for DMARD combination
treatments were fairly high compared
with the rates for single treatments
(Table IV). Regarding the nature of the
ADRs, for the single treatment with
MTX, liver, renal and pulmonary dys-
functions were the main ADRs. On the
other hand, for the single treatment
with BUC, cutaneous disorders and
renal dysfunctions were the main
ADRs and for the single treatment with
SSZ, cutaneous disorders and gastroin-
testinal dysfunctions were the main
ADRs (Table IV).

Discussion
SSZ and BUC in Japan are the most
commonly used DMARDs for first line
treatment of early RA with similar
usage as MTX, the main drug for the
treatment of early RA (4, 19). The
administration of MTX as the first
DMARD for the treatment of newly
diagnosed RA patients has increased
considerably throughout the years (12).
Currently, this regimen has also
improved the condition of Japanese RA
patients. Once MTX is employed, the
probability of switching to another
DMARD is low. This is in line with the
high retention rate of MTX compared
with other agents (8, 20). At the initia-
tion of therapy, the CRP levels and
ESR were higher for MTX than for
SSZ and BUC (Table II). This suggests
that patients with a more active disease
were more likely to be treated with
MTX than with other DMARDs, while
SSZ and BUC were used more in
patients with a low disease activity. 
Regarding the discontinuation of treat-

Table III. Clinical parameters before administration of methotrexate, sulfasalazine, and bucillamine.

Clinical parameters MTX SSZ BUC MTX+BUC MTX+SSZ SSZ+BUC

No. of painful joints 3.5 ± 4.0 3.1 ± 3.9 3.7 ± 4.6 3.7 ± 4.7 4.2 ± 4.4 3.8 ± 4.6

No. of swollen joints 8.2 ± 5.6 6.1 ± 5.8 7.0 ± 5.9 6.4 ± 5.9 8.7 ± 5.8 6.9 ± 5.8
CRP (mg/dl) 3.2 ± 2.9 2.6 ± 2.6 2.4 ± 2.9 2.9 ± 3.0 3.5 ± 3.3 2.4 ± 3.0
ESR (mm/hr) 59.8 ± 29.6 48.5 ± 29.0 48.1 ± 28.6 50.0 ± 30.3 61.4 ± 31.4 47.8 ± 29.5
MS (min) 22.9 ± 72.3 21.1 ± 74.7 35.6 ± 96.6 22.6 ± 71.9 32.9 ± 91.5 38.0 ±100.9
GS (mmHg) 124.0 ± 58.8 147.0 ± 64.6 149.2 ± 65.7 148.9 ± 66.9 122.4 ± 59.4 151.2 ± 67.1
RF (IU/ml) 200.7 ± 279.5 197.8 ± 351.9 175.5 ± 350.4 193.5 ± 246.5 214.0 ± 330.4 163.2 ±274.2

Fig. 1. Changes in the effect of low-dose MTX, SSZ and BUC on the NPJs in single and combination
treatments.
The effects of low-dose MTX, SSZ and BUC on the NPJs were observed within the first three months
after the initiation of single treatment. In particular, the NPJs  decreased significantly during MTX and
BUC single treatments for up to 108 months. However, SSZ could not significantly decrease NPJs after
48 months. The combination treatments, MTX + BUC, and MTX + SSZ, significantly decreased NPJs
for up to 54 months.



ment with DMARDs in the first course,
the main reasons were ADRs, ineffica-
cy, and decline of efficacy. For MTX,
Alarcon et al., Pincus et al. and Hoek-
stra et al. reported the survival rates of
50% (21), 55% (1) and 64% (22),
respectively, at the 5-year point, in par-
ticular folate supplementation, and to a
lesser extent prednisolone administra-
tion, were strongly associated with
MTX survival (22). Weinblatt et al. (3)
reported a survival rate of 49% at the 6-
year point; the reason for discontinuing
MTX treatment was primarily ADRs.
In the present study, for MTX the dis-
continuations were mainly due to
occurrence of ADRs. For SSZ, the 5-
year survival rate was approximately
20%, and the incidence of ADRs was
relatively low compared with the other
drugs, therefore, the main reason for
the discontinuation of treatment was
the recurrence of symptoms (6, 23-25). 
In the present study, there was a signif-
icant decrease in the improvements of
the NPJ, NSJ, CRP levels, and ESRs
after 108 months of monotherapy with
MTX or BUC. However, there was a
gradual decrease in the improvement of
these parameters from approximately
the 30-36 month of treatment, which
suggests a decrease in the efficacy of
SSZ, possibly because of the develop-
ment of the ‘escape phenomenon’. In
these cases we experienced that switch-
ing to MTX significantly improved the
patient`s conditions after SSZ became
ineffective. On the other hand, Galin-
do-Rodriguez (10) and Aletaha (26)
reported that the survival rates of the
DMARDs used in the present study
decreased similarly to those of other
DMARDs after 6 years, even for MTX,
which had the highest survival rate of
40%, followed by SSZ with a survival
rate of approximately 20%, or lower
than 20% for D-penicillamine. The sur-
vival rates of these drugs decreased
sharply at the 6-year point compared
with those at the 5-year point. 
ADRs were the prime reason for dis-
continuing MTX, confirming that it is
the main limiting factor in long-term
MTX treatment (21). Compared with
the other DMARDs, the incidence of
ADRs to MTX, such as pulmonary and
renal dysfunctions caused mainly by
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Fig. 2. Changes in the effect of low-dose MTX, SSZ and BUC on the NSJs in single and combination
treatments.
There was a statistically significant decrease in the NSJs during administration of single treatments
with MTX and BUC for up to 108 months, however single treatment with SSZ did not decrease NSJs
after 48 months and the combination treatments of MTX + BUC, and MTX + SSZ also did not signifi-
cantly decrease NSJs after 54 months.

Fig. 3. Changes in the effect of low-dose MTX, SSZ and BUC on CRP levels in single and combina-
tion treatments.
CRP levels improved significantly during the first three months after the initiation of single treatments
with MTX, SSZ and BUC. In particular, MTX and BUC showed lasting improvement in lowering CRP
levels for up to 108 months, however SSZ significantly improved CRP levels for only 48-60 months.
MTX+BUC combination treatment significantly decreased CRP levels for 108 months, MTX + SSZ
decreased it for 72 months. 



accumulation of the drug, is high. In
particular, on the basis of a long-term
(19 years) study, 44% of deaths were
caused by cardiovascular diseases (27).
In this study, the continuation rates of
low-dose MTX with inefficacy or poor

efficacy was also higher than that of
BUC and SSZ both in single and com-
bination treatment, even though the
continuation rates of low-dose MTX
with ADRs was lower than that of the
other DMARDs. In this study, the inci-

dence of discontinuing treatment with
single agent low-dose MTX as a result
of serious liver dysfunction was only
22.2% (which we defined as persistent
elevation of liver function enzymes to
more than three times normal requiring
discontinuation), or renal, or pulmon-
ary dysfunctions. There is a difference
in the toxicity of MTX between our
study and that of De La Mata et al. (28)
who stated that 37% of their discontin-
ued treatments were due to ADRs,
while the percentage in this study as
well as that obtained in the study of
Papadopoulos et al. with Greek RA
patients were lower, although the dos-
age of MTX was very low (0.15
mg/kg) (29). The dose of MTX used in
Japan is lower than reported in studies
from other countries, when using sur-
vival rates in long-term follow-up or
inefficacy, the continuation rate report-
ed here is also lower than in other
countries. However, we have estab-
lished here that when ADRs are used as
the end point, the continuation rate is
higher than in other countries, because
of the low-dose MTX regimen em-
ployed in Japan.
Our data may suggest that low-dose
MTX, SSZ and BUC have efficacy at
low dosages from the point of continu-
ation rate. However, combination ther-
apies result in less than the expected
efficacy or continuation rate. Because
Figure 5 indicates that combination
therapy does not always show have a
high continuation rate when ADRs are
taken as the end point, Table IV also
shows the high rates of ADRs on com-
bination treatment (MTX+BUC and
MTX+SSZ) compared with single
agent treatment. In the present study, in
the case of MTX+ SSZ and MTX +
BUC combination treatments, the
ADRs observed during single treat-
ments with SSZ and BUC occurred in
the early stage and caused the combina-
tion treatments to be discontinued; this
explains the low incidence of organ
disorders due to MTX alone (30). The
combination of drugs with different
toxicities or the use of low doses of
toxic drugs in combination may de-
crease the risks associated with combi-
nation DMARD therapy while main-
taining or increasing their efficacy

Efficacy of low-dose DMARDs / M. Nagashima et al. 

265

Fig. 4. Continuation rates of low-dose MTX, SSZ and BUC with inefficacy and inadequate efficacy as
the end point in single and combination treatment.
The continuous rates of MTX, SSZ and BUC for single treatments were 83.1%, 68.5%, and 76.0%,
respectively and those of MTX+BUC and MTX+SSZ for combination treatment were 83.3% and
71.0% respectively.

Fig. 5. Continuation rates of low-dose MTX, SSZ and BUC with ADRs as the end point in single and
combination treatment.
The continuous rates of MTX, SSZ and BUC for single treatments were 79.4%, 88.0%, and 79.6%,
respectively and those of MTX+BUC and MTX+SSZ for combination treatment were 73.3% and
65.6% respectively.
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(31), and the survival rate of MTX +
SSZ combination therapy was compa-
rable to that of MTX monotherapy, and
was higher than that of SSZ monother-
apy (32). According to Landewe et al.
(33), the combination of prednisolone
with MTX+SSZ was superior to the
administration of SSZ alone because
the combination treatment suppressed
the activity and radiological progres-
sion of early RA. Conversely, a pro-
spective study of patients with early
RA treated with MTX+SSZ during the
first year did not show a bigger impact
on the long-term inflammatory status,
or disability, for the combination regi-
men compared to treatment with a sin-
gle DMARD (34). In the present study,
the order of the continuation rates with
inefficacy and poor efficacy as the end
point for the combination treatments
were as follows: MTX + BUC >MTX
+ SSZ.
According to a short term follow-up
study of 48 weeks, combination thera-
py with MTX and SSZ at the doses uti-
lized here was not associated with
greater toxicity than treatment with
either agent alone, and neither was
enhanced efficacy observed. There was
a trend toward decreased radiologic
progression in patients treated with
MTX (35). However, Rau et al. (36)
reported that combination therapy of
MTX with other DMARDs is effective
in reducing clinical disease activity;
this study did not show a clear advan-
tage for effectiveness for combination
therapy versus monotherapy. 
Despite clinical improvement on
switching to a new DMARD or under-
taking DMARDs combination therapy,
articular erosion continues in RA and is

associated with continuing synovial
inflammation (37). In that study, radio-
logical joint damage occurred early and
progressed significantly during the 5-
year follow-up. The rate of progression
was most rapid during the first 2 years
(38). Callahan et al. (39) reported that
most measures of inflammatory activi-
ty were unchanged and sometimes
even improved, while measures of
damage indicated progressively worse
status in the same patients over 5 years.
Pincus et al. also reported that accord-
ing to longitudinal observations over 5-
20 years, Disease Activity Scores
showing decreased inflammation do
not prevent long-term joint damage
(40) and they also suggested that the
inclusion of patient questionnaire mat-
erial would add quantitative data to
document severity and monitor im-
provement in individual patients with
RA (41). Even though several DMARDs
therapies in RA suppress inflammation,
but unfortunately not erosion, these
findings suggest that the pathogenesis
of articular erosion, namely  bone and
cartilage destruction may differ from
that of synovial or systemic inflamma-
tion.
Among the several DMARDs studied
here, MTX administered as a single
agent or in combination with others had
the highest efficacy and continuation
rate compared with other DMARDs,
SSZ and BUC. On the other hand, con-
tinuation rates of combination treat-
ments with ADRs as the end point were
lower than those of single treatments
by MTX, SSZ and BUC, and the inci-
dence of ADRs in combination treat-
ments was higher than that in single
treatments. We therefore recommend

switching to a new DMARD in the case
of inadequate efficacy of the first
DMARD, rather than attempting com-
bination therapy with that ineffective or
toxic DMARD and another in addition.
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