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Abstract 
Objectives : Methotrexate (MTX) is associated with extensive side effects, including myelosup-
pression, interstitial pneumonia, and infection.  It is, therefore, critical to establish whether its ad-
ministration is required after achieving remission with tocilizumab (TCZ) and MTX combination 
therapy in patients with rheumatoid arthritis (RA).  Therefore, the aim of this multicenter, observa-
tional, cohort study was to evaluate the feasibility of MTX discontinuation for the safety of these pa-
tients. 
Methods : Patients with RA were administered TCZ, with or without MTX, for 3 years ; those who 
received TCZ+MTX combination therapy were selected.  After remission was achieved, MTX was 
discontinued without flare development in one group (discontinued [DISC] group, n = 33) and con-
tinued without flare development in another group (maintain [MAIN] group, n = 37).  The clinical 
efficacy of TCZ+MTX therapy, patient background characteristics, and adverse events were com-
pared between groups.
Results : The disease activity score in 28 joints-erythrocyte sedimentation rate (DAS28-ESR) at 3, 
6, and 9 months was significantly lower in the DISC group (P < .05, P < .01, and P < .01, respec-
tively).  Further, the DAS28-ESR remission rate at 6 and 9 months and Boolean remission rate at 6 
months were significantly higher in the DISC group (P < .01 for all).  Disease duration was signifi-
cantly longer in the DISC group (P < .05).  Furthermore, the number of patients with stage 4 RA 
was significantly higher in the DISC group (P < .01). 
Conclusions : Once remission was achieved, MTX was discontinued in patients who responded fa-
vorably to TCZ+MTX therapy, despite the prolonged disease duration and stage progression. 

Key words : methotrexate, tocilizumab, discontinuation, rheumatoid arthritis, long-standing
Abbreviations : ACR, American College of Rheumatology ; b-DMARD, biological disease-modify-
ing anti-rheumatic drug ; CRP, C-reactive protein ; cs-DMARD, conventional synthetic disease-

modifying anti-rheumatic drug ; DAS28-ESR, disease activity score in 28 joints-erythrocyte sedi-
mentation rate ; DISC, discontinued ; EULAR, European League Against Rheumatism ; IR, 
inadequate response ; MAIN, maintain ; MTX, methotrexate ; PGA-VAS, patient global assess-
ment-visual analog scale ; RA, rheumatoid arthritis ; SJC, swollen joint count ; TCZ, 

tocilizumab ; TJC, tender joint count. 

Introduction

The European League Against Rheumatism 
(EULAR) recommends that in patients with rheuma-
toid arthritis (RA), methotrexate (MTX) should be 
prescribed first if there are no contraindications be-
cause the drug is effective alone and may be more 
effective when used in combination with other con-
ventional synthetic disease-modifying anti-rheumat-
ic drugs (cs-DMARDs) or biological DMARDs (b-

DMARDs).1,2)  Combination therapies comprising 
b-DMARDs - especially tumor necrosis factor inhib-
itors - and MTX have been shown to be more effica-
cious than b-DMARD monotherapies.3,4)  Indeed, 
the more b-DMARDs are extensively used, the 
more MTX is recognized as a useful therapy.  How-
ever, MTX has several serious side effects such as 
myelosuppression, interstitial pneumonia, and 
infection ; hence, caution must be exercised when 
using it, particularly with highly efficacious b-

DMARDs. 
Monotherapy with the b-DMARD tocilizumab 

(TCZ), a humanized monoclonal antibody against the 
interleukin (IL)-6 receptor that functions by inhibit-
ing interaction between IL-6 and the IL-6 receptor, 
reportedly affords more evident repair of existing 
bone erosions than combination therapy with MTX 
and the most commonly used b-DMARD, adalimum-
ab.5)  Furthermore, the effectiveness of TCZ mono-
therapy was reported as comparable to that of TCZ 
and DMARD combination therapy, although the ob-
servation period was as short as 24 weeks.6)  Mean-
while, consensus is lacking on whether TCZ used in 
combination with MTX is useful, although the utility 
of TCZ used in combination with MTX, and as a 
monotherapy, has been documented.7) 

Recently, two milestone studies compared the 
efficacy of TCZ+MTX combination therapy and TCZ 
monotherapy.  The first study was the ACT-RAY 
study, which compared TCZ+MTX combination 
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13MTX discontinuation in TCZ and MTX therapy

therapy and TCZ monotherapy in patients with RA 
with an inadequate response (IR) to MTX.  Clinical 
and radiographic findings suggested that both treat-
ments are effective and comparable, indicating that 
combination therapy does not afford a significant im-
provement.8)  In the second study, termed the SUR-
PRISE study, TCZ+MTX combination therapy was 
compared with TCZ monotherapy switched from 
MTX in patients with RA with an IR to MTX.  The 
combination therapy suppressed inflammation more 
rapidly than TCZ monotherapy, indicating the supe-
rior efficacy of the combination therapy based on 
both clinical and radiographic findings.9) 

However, there are some notable fundamental 
differences between these studies.  For example, 
the disease duration in the SURPRISE study was 3.6 
to 3.8 years, which was shorter than that in the 
ACT-RAY study (8.2 to 8.3 years).  Moreover, con-
ventional DMARDs were administered to patients 
with a disease activity score in 28 joints (DAS28) of 
> 3.2 at week 24 in the ACT-RAY study, which 
complicated the comparison between TCZ mono-
therapy and TCZ+MTX combination therapy. 

Nevertheless, both studies reported that a com-
bination including MTX increases the incidence of 
adverse events, such as gastrointestinal, respiratory, 
thoracic, and mediastinal disorders as well as labora-
tory test abnormalities.  In both studies, the goal 
was to determine the necessity of using MTX in 
combination with TCZ to achieve remission in pa-
tients with RA.  Although achieving clinical remis-
sion is the target of RA treatment,10) prolonged treat-
ment with MTX necessitates close monitoring for 
possible complications, such as infectious diseases, 
lung disorders, bone marrow suppression, renal dis-
orders, liver disorders,11) and lymphoproliferative 
diseases.  Hence, the aim of the present study was 
to evaluate the feasibility of MTX discontinuation af-
ter achieving RA remission for the safety of patients 
treated with TCZ+MTX combination therapy.

Methods

Study protocol and patients

For this multicenter, observational, cohort 
study, data were collected by the Michinoku Tocili-
zumab Study Group (MTSG ; Michinoku is the an-
cient name of today’s Tohoku region in Northeastern 
Japan).  Forty-five physicians from 37 facilities par-
ticipated in this study.  The group was originally 
formed to investigate effects of long-term adminis-
tration of TCZ with or without MTX on clinical and 

structural remission rates in patients with RA.12)  In 
this study, patients with RA diagnosed according to 
the American College of Rheumatology (ACR) 1987 
revised RA classification criteria and newly treated 
with TCZ between April 1, 2008, and December 31, 
2010, were enrolled.  Patients were selected ac-
cording to the guidelines of the Japan College of 
Rheumatology.  In brief, patients with RA not con-
trolled with traditional DMARDs therapy for 3 
months, patients with progressive bone erosion, or 
patients with moderate activity were selected.13)

Each patient’s comorbidities were treated or 
controlled in advance to avoid adverse events follow-
ing TCZ treatment.  For example, if interferon-

gamma release assays were positive, an antitubercu-
losis drug was prophylactically administered.  If a 
patient had otitis media or periodontitis, treatment 
from an otolaryngologist or dentist was provid-
ed.  The patients were then intravenously adminis-
tered TCZ (8 mg/kg) every 4 weeks for 3 years (36 
months).  Assuming that there are 700,000 patients 
with RA in Japan, the number of patients needed for 
statistical analysis was calculated based on a confi-
dence interval of 95%, accuracy of 5%, and popula-
tion ratio of 0.5, which resulted in a sample size of 
389 patients.  We followed up a total of 693 patients 
who started TCZ therapy to evaluate the effect of 
TCZ on clinical and structural remission rates ; of 
these, 544 patients completed the 3-year observa-
tion period.12)  The percentage of patients who 
completed the 3-year follow-up was 78.50%, which 
is almost the same as that in a post-marketing sur-
veillance study (81.23%) conducted in Japan by Ya-
mamoto et al.14)  Of the 544 patients, 307 who 
achieved remission (a disease activity score in 28 
joints-erythrocyte sedimentation rate (DAS28-ESR) 
<2.6) were evaluated.  Patient disposition and the 
study flowchart are shown in Fig. 1.  Based on the 
attending physician’s discretion, patients were start-
ed on TCZ alone or TCZ+MTX combination thera-
py.  One hundred and eighty-seven patients were 
treated with TCZ+MTX, and 120 received TCZ 
alone.  Using the original data gathered by the 
MTSG, we examined whether MTX is necessary for 
maintaining remission in the TCZ+MTX group.    
Patient disposition and the study flowchart are 
shown in Fig. 1.  Thirty-seven patients were ex-
cluded from the TCZ+MTX group because data on 
their MTX doses were unclear.  Thus, 150 patients 
were ultimately included in the TCZ+MTX 
group.  For patients treated with TCZ+MTX, MTX 
was discontinued, decreased, maintained, or in-
creased at the attending physician’s discretion.    
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14 M. Miyata et al.

MTX doses and disease activity were monitored ev-
ery 3 months for a 3-year observation period.

Of 56 patients in whom MTX was discontinued, 
23 were excluded because MTX was discontinued 
before DAS28-ESR < 2.6 was achieved.15,16)  The 
remaining 33 patients in the MTX-discontinued 
(DISC) group were evaluated.  Of the 59 patients in 
whom MTX was maintained, 22 were excluded for 
similar reasons as stated above.  The remaining 37 
patients in the MTX-maintained (MAIN) group were 
evaluated.  These DISC and MAIN groups were 
compared. 

The study protocol was reviewed and approved 
by the ethics committee of Tohoku University and 
each participating medical institution.  The study 
was conducted according to the principles of the 
Declaration of Helsinki and was prospectively regis-
tered with the University Hospital Information Net-
work Clinical Trials Registry (#UMIN000011584).    
Informed consent for study participation was docu-
mented in writing for all patients. 

Assessment of patient baseline characteristics, disease 
activity data, and adverse events 

For each patient, the following data were 
collected : patient global assessment-visual analog 
scale (PGA-VAS) score, tender joint count (TJC), 
swollen joint count (SJC), ESR, C-reactive protein 
(CRP) level, and remission rates based on the 
DAS28-ESR remission criteria (DAS28-ESR < 

2.6)15,16) as well as the 2011 ACR/EULAR Boolean-

based remission criteria (i.e., TJC ≤ 1, SJC ≤ 1, 
PGA-VAS ≤ 1 cm, and CRP ≤ 1 mg/dL).17,18)  Pa-
tient background characteristics and adverse events 
from the MTSG data sheets were analyzed.

Annotation

To estimate the efficacy of drugs for the treat-
ment of RA, this study applied DAS28-ESR and 
Boolean-based remission criteria to the overall dis-
ease activity data, but did not evaluate quality of 
life.  This is a very important perspective to be 
considered as a key issue in the future.

Statistical analysis

We analyzed differences in baseline characteris-
tics between the groups using the t-test, Mann-

Whitney U-test, and Fisher’s exact test, as appropri-
ate (Table 1).  Differences in DAS28-ESR scores 
between the DISC and MAIN groups were analyzed 
using Welch’s t-test (Fig. 2).  Differences in remis-
sion rates based on the DAS28 score15,16) and the 
Boolean definition17,18) between the DISC and MAIN 
groups were analyzed using Fisher’s exact test 
(Figs. 3 and 4).  Differences in adverse events be-
tween the groups were analyzed using the Chi-
squared test (Table 2).  All statistical analyses were 
performed using IBM SPSS Statistics ver. 27 (Samu-
raiz Corporation, Tokyo, Japan).  Significance was 
set at P < .05. 

Fig. 1.  Patient selection and study flow chart
    TCZ, tocilizumab ; MTX, methotrexate ; DAS28-ESR, DAS28 score calculated using ESR
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15MTX discontinuation in TCZ and MTX therapy

Results

In the DISC group, the time point at which 
MTX was discontinued varied among the pa-
tients.  In 58% and 79% of the patients, MTX was 
discontinued by 3 and 12 months, respectively, after 
treatment initiation.  All patients in the DISC group 
discontinued MTX within 2 years (data not 
shown).  Table 1 summarizes results of the com-
parison of characteristics between the DISC and 
MAIN groups.  RA durations in the DISC were sig-
nificantly longer than those in the MAIN group (P < 
.05).  The proportion of patients in stage 4 was sig-
nificantly higher in the DISC group than in the 
MAIN group (P < .01).  The initial MTX dose was 
less in the DISC group than in the MAIN group (P < 
.05). 

At month 0, DAS28-ESR scores in the DISC 
and MAIN groups were 5.0 ± 1.4 and 4.7 ± 1.4, re-
spectively (Fig. 2).  The DAS28-ESR scores de-
creased gradually over 12 months in both the DISC 
and MAIN groups.  However, DAS28-ESR scores 
were significantly lower in the DISC group at 3 (P < 

.05), 6 (P < .01), and 9 months (P < .01) compared 
to the MAIN group.

Fig. 3 shows the DAS28-ESR remission rates 
in both groups.  The remission rates gradually in-
creased in DISC group.  Remission rates were sig-
nificantly higher in the DISC group at 6 (P < .01) 
and 9 months (P < .01).  Moreover, remission rates 
were significantly higher in the DISC group than in 
the MAIN group at 18, 21, 24, and 30 months (P < 
.05).

As shown in Fig. 4, the Boolean remission rates 
were significantly higher in the DISC group at 6 (P 
< .01) and 33 months (P < .05) compared to the 
MAIN group.

Table 2 shows adverse events in the two groups 
classified according to the classification system of 
the Medical Dictionary for Regular Activities (ver-
sion 17.1).  The main adverse events in the groups 
were as follows.  There were 20 infection and in-
festation events in 10 of the 33 patients (30.3%) in 
the DISC group and nine such events in three of the 
37 patients (8.1%) in the MAIN group (for the num-
ber of patients, P < .002 ; for the number of events, 

Table 1.  Baseline characteristics

DISC group MAIN group p-value

Number of patients 33 37

Age, mean ± SD 61.4 ± 9.3 56.5 ± 12.6 >.05*

Women, n (%) 26 (78.8) (86.5) >.05**

Weight (kg), mean ± SD 51.6 ± 9.5 54.3 ± 11.1 >.05*

Duration of RA (years), mean ± SD 11.8 ± 10.8 6.4 ± 5.5 <.05***

Categories for RA duration years, n (%)

               < 2 5 (15) 7 (19)

               ≤ 2 to < 10 14 (42) 20 (54)

               ≥ 10 14 (42) 10 (27)

Stage 1/2/3/4, n (%) 2 (6)/8(24)/5(15)/18(55) 6(16)/10(27)/14(38)/7(19) <.01**

Class I/II/III/IV, n (%) 6(18)/26(79)/1(3)/0(0) 9(24)/24(65)/3(8)/1(3) >.05**

CRP (mg/dL), mean ± SD 2.41 ± 3.1 2.26 ± 2.6 >.05*

TJC, mean ± SD 6.1 ± 7.3 4.3 ± 4.1 >.05*

SJC, mean ± SD 5.4 ± 5.4 4.3 ± 4.4 >.05*

VAS (mm), mean ± SD 51.1 ± 21.9 55.7 ± 27.6 >.05*

DAS-ESR, mean ± SD 5 ± 1.4 4.7 ± 1.4 >.05*

Patients treated with b-DMARDs, n (%) 10 (30.3) 20 (54.1) .056**

               Number of b-DMARDs ≥ 2, n (%) 2 (6.1) 8 (21.6) .09**

Initial MTX dose (mg/w), mean ± SD 6.4 ± 1.4 7.2 ± 1.8 <.05***

Oral steroid use, n (%) 21 (63.6) 19 (51.5) >.05**

DISC : MTX discontinued group, MAIN : MTX maintained group, TJC : tender joint count, SJC : swollen 
joint count, VAS : visual analog scale, DAS28-ESR : disease activity score based on 28 joints-erythrocyte 
sedimentation rate, b-DMARDs : biological disease modifying anti-rheumatic drugs   
* : t-test   
** : Fisher’s exact test  Stage 4 was compared with Stages 1-3, Class I-II was compared with Class III-IV
*** : Mann-Whitney U test
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16 M. Miyata et al.

Fig. 2.  Changes in DAS28-ESR in the DISC and MAIN groups
	 Mean values are shown. 
	 Bars indicate SD.
	 Changes in the DAS28-ESR scores in the DISC and MAIN groups were assessed every 3 months up to 36 

months.  DAS28-ESR scores were significantly lower in the DISC group at 3 (P < .05), 6 (P < .01), and 9 
months (P < .01) and consistently lower than the scores in the MAIN group.

	 **P < .01 ; * P < .05

Fig. 3.  Changes in DAS28-ESR remission rates in the DISC and MAIN groups
	 Changes in DAS28-ESR remission rates in the DISC and MAIN groups were assessed every 3 months up to 36 

months.  DAS28-ESR remission rates were significantly higher in the DISC group at 6 (P < .01) and 9 months 
(P < .01).  DAS28-ESR remission rates were significantly higher in the DISC group than in the MAIN group at 
18, 21, 24, and 30 months (P < .05).

	 ** P < .01 ; * P < .05
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17MTX discontinuation in TCZ and MTX therapy

P < .01).  There were three instances of laboratory 
test abnormalities (Investigation) in three of the 33 
patients (9.1%) in the DISC group and 20 events in 
four of the 37 patients (10.8%) in the MAIN group 

(for the number of patients, no significance ; for the 
number of events, P < .01).

Fig. 4.  Changes in Boolean remission rates in the DISC and MAIN groups 
	 Changes in Boolean remission rates in the DISC and MAIN groups were assessed every 3 months to 36 

months.  The Boolean remission rates were significantly higher in the DISC group at 6 (P < .01) and 33 months 
(P < .05).

	 **P < .01 ; * P < .05

Table 2.  Adverse events according to SOC

DISC group (n = 33) MAIN group (n = 37)

MedDRA17.1 System Organ Class (SOC) Number of 
patients

Events  
rate (%)

Events 
number

Number of 
patients

Events  
rate (%)

Events 
number

Gastrointestinal disorders 2 6.1 2 0 0 0

General disorders and administration site condi-
tions 1 3 1 1 5.4 6

Infections and infestations 10   P < .002 30.3 20   P < .001 3 8.1 9

Hepatobiliary disorders 2 6.1 3 2 5.4 2

Musculoskeletal and connective tissue disorders 2 6.1 2 1 2.7 1

Blood and lymphatic system disorders 1 3 2 0 0 0

Ear and labyrinth disorders 1 3 1 0 0 0

Injury, poisoning, and procedural complications 2 6.1 2 0 0 0

Nervous system disorders 1 3 1 0 0 0

Renal and urinary disorders 0 0 0 1 2.7 1

Metabolism and nutrition disorders 1 3 1 0 0 0

Endocrine disorders 1 3 1 0 0 0

Skin and subcutaneous disorders 0 0 0 2 5.4 2

Immune system disorders 1 3 1 0 0 0

Neoplasm benign, malignant and unspecified (in-
cluding cysts and polyps) 1 3 1 0 0 0

Investigations 3 9.1 3      4  n.s. 54.1 20   P < .01

Chi-square test was used to compare the DISC and MAIN groups.
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Discussion

In this study, we investigated whether MTX 
could be safely and effectively discontinued after 
achieving RA remission for the safety of patients 
treated with TCZ+MTX.  MTX could be success-
fully discontinued in the DISC group ; conversely, 
MTX was continuously administered in the MAIN 
group.  The comparison of the clinical findings and 
background characteristics of the patients in the 
DISC and MAIN groups revealed factors related to 
MTX discontinuation.  The DISC group responded 
promptly to TCZ+MTX.  In the DISC group, MTX 
was discontinued in 58% and 79% of the patients by 
3 and 12 months, respectively ; this was consistent 
with a decrease in disease activity (data not 
shown).  The good therapeutic response in this 
group could be attributed to most attending physi-
cians discontinuing MTX therapy for these pa-
tients.  Further, fewer b-DMARDs and lower MTX 
doses were used in the DISC group than in the 
MAIN group.  Biologic-naive patients have been 
reported to show superior responses to b-

DMARDs.19)  Moreover, the use of significantly 
lower MTX doses may have favored MTX discontin-
uation in the DISC group.  As stated in the Results, 
the disease duration was longer and more patients 
had stage 4 disease in the DISC group than in the 
MAIN group.

We hypothesized that longer disease duration 
and advanced disease stage in the DISC group fa-
vored MTX discontinuation.  That is, shorter dis-
ease duration and an early disease stage might have 
made MTX discontinuation difficult.  Despite its 
subcutaneous administration, MTX has been report-
ed to be significantly more effective in younger pa-
tients with RA, presenting a shorter disease dura-
tion.20)  Given that the efficacy of MTX varies with 
the duration of RA, it can be presumed that the im-
portance of MTX used in combination with TCZ also 
varies with disease duration.  This may be related 
to the difference in the conclusions of the ACT-RAY 
study8) and the SURPRISE study,9) although this is 
somewhat speculative.  The two studies described 
the differences in the therapeutic effects of MTX 
discontinuation and switching to TCZ monotherapy 
and starting TCZ and combining it with MTX in the 
induction of remission.  The major difference be-
tween the studies in terms of patient background 
was the disease duration, which was 8.2-8.3 and 3.6-

3.8 years in the ACT-RAY and SURPRISE studies, 
respectively.  In the ACT-RAY study, TCZ+MTX 
had an effect comparable to stopping MTX and 

switching to TCZ monotherapy.  On the contrary, in 
the SURPRISE study, TCZ+MTX had a superior ef-
fect compared to stopping MTX and switching to 
TCZ monotherapy.  The difference in disease dura-
tion may be related to the difference in MTX efficacy 
results between the studies.

It remains challenging to avoid MTX side ef-
fects and elicit its efficacy in elderly patients with 
RA, because those with long-standing RA and ad-
vanced disease show more comorbidities, with pos-
sibly more complications during therapy.  In this 
study, attending physicians discontinued MTX in pa-
tients with a favorable response to the combination 
therapy.  Additionally, they might have been con-
cerned about patient conditions and comorbidities, 
such as pulmonary fibrosis, chronic renal failure, and 
chronic liver damage,11) especially in those with a 
long disease duration and advanced disease. 

TCZ and MTX combination therapy was effec-
tive in patients with long-standing RA as well as ad-
vanced disease, and MTX could be discontinued in 
cases in which the treatment was highly effec-
tive.  The mean age of the patients in the DISC 
group was 61.4 years ; however, the patients had 
long-standing and advanced disease.  Therefore, 
there were many common points between this group 
and elderly patients with RA.  This finding will pro-
vide some avenues for treating elderly RA patients, 
especially as the prevalence of elderly RA has in-
creased in recent years.

There are some limitations of the present 
study.  First, the sample size was small.  Further-
more, this was an observational, non-intentional, not 
randomized, prospective study.  Originally, this 
study was planned as a multicenter cohort study to 
verify the efficacy of TCZ treatment for 3 years.  In 
the actual clinical setting, the physicians in charge 
judged their patients’ conditions and selected 
TCZ+MTX combination therapy to achieve low dis-
ease activity or remission.  During treatment, MTX 
was discontinued or continued considering not only 
the disease activity but also factors such as patient 
comorbidities ; age ; disease duration, stage, and 
class ; and treatment history.  For this study, we 
extracted only patients in remission.  As a result, 
the number of patients in both the DISC and MAIN 
groups decreased.  Second, decisions to discontinue 
or continue MTX were made by attending physi-
cians.  In the absence of specific decision criteria, 
there may be concerns that this may be a hindrance 
when analyzing the results.  However, the physi-
cians in this study were all aware of the follow-
ing :  TCZ is sufficiently effective as monothera-
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py ;  in addition, MTX is particularly prone to side 
effects in older, long-standing patients with ad-
vanced RA.  Based on these common recognitions, 
they are presumed to discontinue MTX if possible 
after achieving remission. 

To increase clinical applicability in the future, it 
is necessary to confirm the effectiveness of 
TCZ+MTX combination therapy in elderly patients 
with RA, randomly assign patients who have 
achieved remission to MTX continuation or discon-
tinuation groups, and perform follow-up to evaluate 
the clinical course to compare efficacy and complica-
tions between groups.

Further studies are needed to confirm the find-
ings of this study in elderly patients with RA.    
Hence, the following treatment strategy is pro-
posed.  Elderly patients with RA should be treated 
with TCZ+MTX combination therapy.  After re-
mission has been achieved in cases with high treat-
ment effectiveness, MTX can be discontinued with-
out flares or exacerbation of comorbidities and with 
minimal MTX side effects. 
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