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Abstract

Objectives To investigate the duration of remission and

low disease activity (LDA) after cessation of tocilizumab

(TCZ) treatment in rheumatoid arthritis patients who

showed remission or LDA as assessed by DAS28 in

response to preceding TCZ monotherapy, and to explore

the factors contributing to prolonged efficacy duration.

Methods Disease activity was monitored for 56 weeks.

The rate of continued efficacy was estimated by Kaplan–

Meier curves.

Results A total of 187 patients were eligible. At baseline

of this study, median disease duration was 7.8 years, pre-

ceding TCZ treatment period was 4.0 years and DAS28

was 1.5. The rate of continued LDA at 52 weeks was

13.4 % according to the Kaplan–Meier estimate. 19

patients (10 %) were completely drug-free and 17 patients

(9.1 %) fulfilled DAS28 remission at 52 weeks. Multivar-

iate Cox regression analysis identified low serum IL-6 and

normalisation of MMP-3 levels at cessation of TCZ as

independent predictive markers for longer duration of

LDA. In patients with low serum IL-6 (\12.9 pg/mL) and
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normal MMP-3 levels, the rate of continued LDA reached

38.0 % at 52 weeks.

Conclusions TCZ monotherapy may induce biologics-

free remission or LDA without concomitant use of syn-

thetic DMARDs. Serum levels of IL-6 and MMP-3 are

useful markers for identifying patients who could discon-

tinue TCZ without acute disease flare.

Keywords Tocilizumab � Rheumatoid arthritis � Duration

of efficacy � Drug free � Interleukin 6 � Matrix

metalloproteinase 3

Introduction

Newly licensed medications, especially biological agents,

have enabled the attainment of unprecedented outcomes for

patients with rheumatoid arthritis (RA) [1–4], and struc-

tured patient management aiming to achieve remission is

an achievable goal in many patients in clinical trials and in

actual clinical practice [5–8]. However, because biologics

are more expensive than conventional synthetic DMARDs,

continuous therapy with biologics strains medical finances;

the next step in research on the treatment of RA should be

to evaluate the possibility of sustaining remission without

the use of biologics.

Tocilizumab (TCZ) is a humanised anti-human IL-6

receptor (IL-6R) monoclonal antibody that inhibits IL-6

binding to IL-6R [9]. TCZ as monotherapy and in combi-

nation with methotrexate (MTX) has been demonstrated to

frequently induce remission according to the 28-joint dis-

ease activity score (DAS28)-erythrocyte sedimentation rate

(ESR) and also to prevent joint damage [10–20].

In a previous study, we showed that the degree of

abnormality of serum IL-6 levels in RA patients was posi-

tively correlated with RA disease activity, and that serum IL-

6 levels were decreased in patients who sustained DAS28

remission by TCZ monotherapy [21, 22]. This evidence

suggests that TCZ may be able to be discontinued without

acute flare of disease activity in patients whose serum IL-6

has normalised. Based on this assumption, we planned an

open-labelled, single-arm, multicentre clinical trial to

investigate Drug-free REmission/low disease activity (LDA)

after cessation of tocilizumab (Actemra as a product name)

Monotherapy (DREAM study) in RA patients.

Method

Patients

Eligible patients were those who had participated in pre-

vious long-term clinical studies of TCZ monotherapy

conducted in Japan, and the inclusion criteria and study

design for each of these studies have already been reported

[23]. Briefly, eligible patients were C20 years of age and

fulfilled the 1987 American Rheumatism Association cri-

teria for RA[24] with a disease history of 6 months or

longer (with the exception of the SAMURAI study [14], in

which the eligible disease duration was restricted to

between 6 months and 5 years). All subjects failed to

respond satisfactorily to treatment with at least one

DMARD, including MTX or immunosuppressants. At

enrolment in the initial trials, the patients had active RA,

defined as the presence of six or more swollen joints and

six or more tender joints. Patients receiving corticosteroids
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(B10 mg/day as prednisolone equivalent) and/or non-ste-

roidal anti-inflammatory drugs (NSAIDs) were eligible if

the dose had not increased during the 1-month washout

period. Sexually active premenopausal women were

required to have a negative urine pregnancy test at entry

and periodically thereafter and to use effective contracep-

tion during the study period.

All patients were registered in this study within 4 weeks

of the last observation in each preceding long-term extension

study of TCZ monotherapy. Patients were enrolled if their

DAS28-ESR was\2.6 at two or three of three consecutive

assessment points, including the last observation point in the

preceding study. Patients with DAS28-ESR B3.2 at two or

three of three consecutive assessment points were addition-

ally enrolled to know if the disease activity at TCZ discon-

tinuation might influence the duration of DAS28 remission

or LDA. Patients were excluded if they had received

DMARDs, immunosuppressants, oral corticosteroids in

excess of the dose at the initial infusion of TCZ, intravenous

or intramuscular injections of corticosteroids, or plasma-

pheresis before being enrolled in this study. The baseline for

each enrolled patient was defined as the time of the last TCZ

infusion in the preceding clinical trial.

Study protocol

The study protocol was approved by the Ministry of

Health, Labour and Welfare of Japan, and by the local

ethical committees. All patients gave their written

informed consent. This study is registered with

http://clinicaltrials.gov/ (NCT00661284).

The primary endpoint of this study was the rate of

DAS28 remission (DAS28-ESR \2.6) or LDA (DAS28-

ESR B3.2) at 52 weeks after cessation of TCZ mono-

therapy, which was estimated from Kaplan–Meier curves

prepared with the duration of continued efficacy for each

patient defined as the time from the last infusion of TCZ in

the preceding clinical study until loss of efficacy.

Nineteen hospitals in Japan participated in this study.

Disease activities were monitored every 4 weeks for

56 weeks after cessation of TCZ for RA disease activity.

During the study period, concomitant uses of NSAIDs and

oral corticosteroid were allowed if the doses were not

increased. Intra-articular injections of corticosteroids and

hyaluronate preparations were avoided as far as possible, but

surgical treatments were not limited. Additional RA treat-

ments, including DMARDs, increases in oral corticosteroid

dose, intravenous or intramuscular injections of corticoste-

roids, or plasmapheresis, were not allowed throughout the

discontinuation period. Criteria for loss of efficacy was

defined as DAS28-ESR [3.2 at two consecutive observa-

tions, initiation of additional RA treatments including

increase in oral corticosteroid dose, the patient’s request for

retreatment, or the treating physician judging that retreat-

ment was necessary. If patients met the criteria for loss of

efficacy, observations in the study period were terminated.

Statistical analysis

Patients who had maintained a DAS28-ESR B3.2 at the

last observation point in this study were handled as cen-

sored at that time. DAS28 remission and the 2011 Amer-

ican College of Rheumatology (ACR)/European League

Against Rheumatism (EULAR) remission criteria (Boolean

approach) were also considered [25].

The rate of continued efficacy at each time point was also

estimated from Kaplan–Meier curves. The factors contribut-

ing to the duration of efficacy were estimated from univariate

and multivariate Cox regression analyses using the following

patient background data for this study: age, gender, disease

duration, American College of Rheumatology functional

class, RA stage determined by Steinbrocker’s criteria, corti-

costeroid dose, rheumatoid factor (RF), DAS28-ESR, modi-

fied health assessment questionnaire (MHAQ) score, serum

IL-6 concentration, and serum matrix metalloproteinase

(MMP)-3 concentration. The receiver operating characteristic

(ROC) curve was used to determine the most sensitive and

specific cut-off value for the serum IL-6 level. Ineligible

patients were excluded from efficacy evaluations.

Results

Characteristics of patients

We enrolled 189 patients and 187 of them were eligible.

The two patients who did not meet DAS28-ESR LDA at

the last observation of preceding long-term extension

studies were excluded from this study from 189 patients. At

the baseline of this study, the median disease duration was

7.8 years and the median preceding TCZ treatment period

was 4.0 years (min–max = 1.9–8.6 years). Of the patients,

126 (67.4 %) received TCZ with 8 mg/kg every 4 weeks

before enrolling in this study, 45 (24.1 %) extended the

treatment interval (39.7 ± 10.9 days, mean ± SD) and 3

reduced the TCZ dosage (2 for 4 mg/kg; 1 for 6 mg/kg

every 4 week), mostly due to sufficient efficacy, while 13

patients (7.0 %) shortened the interval (10 for patient’s

convenience; 3 for insufficient efficacy).

Oral corticosteroids were being taken by 64 patients

(34.2 %), with a mean dose of 2.8 mg/day for those

patients; 143 patients (76.5 %) had no swollen joints; 137

patients (73.3 %) had no tender joints; 115 patients

(61.5 %) had no swollen and no tender joints. The medina

serum IL-6 concentration and serum MMP-3 concentration

were also decreased at enrolment in this study compared
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with the patient background before starting the TCZ treat-

ment (Table 1). At enrolment in this study, 169 (90.4 %)

met DAS28 remission, and 107 (57.2 %) met Boolean

remission. The DAS28 remission and LDA were kept more

than 24 weeks in 133 patients (71.1 %) and 159 patients

(85.0 %), respectively, before enrolment into this study.

Continuation rate of DAS28 remission and LDA

efficacy after cessation of TCZ treatment

The rate of continued efficacy LDA without concomitant

use of synthetic DMARDs was 35.1 % [95 % confidence

interval (CI) 28.2–42.0 %] at 24 weeks and 13.4 % (95 %

CI 8.4–18.3 %) at 52 weeks according to the Kaplan–

Meier estimate (Fig. 1). DAS28 remission and 2011 ACR/

EULAR remission criteria (Boolean approach) were

maintained in 17 patients (9.1 %) and 14 patients (7.5 %),

respectively, at 52 weeks. Furthermore, efficacy continued

throughout the study period without concomitant use of

corticosteroids or NSAIDs during the study period in 19

patients (10.2 %). The mean DAS28-ESR of these 19

patients was 2.2 at week 52.

When we estimated the LDA continuation rates by the

Kaplan–Meier method in the patients with DAS28 remis-

sion and new stringent Boolean-based remission at the

cessation of TCZ, LDA continuation rates (95 % CI) at

52 weeks were 14.2 % (8.9–19.5 %) and 16.1 %

(9.1–23.1 %), respectively. Further analysis for the factors

contributing to the prolongation of efficacy duration is

described later.

In total, 161 patients were withdrawn from this study.

The major reason for the loss of efficacy was DAS28-ESR

[3.2 at two consecutive visits in 44.7 % of patients

(72/161 patients) and investigator’s judgment in 39.8 % of

patients (64/161 patients). The major reason of investiga-

tor’s judgement was DAS28-ESR [3.2 at one visit in

84.4 % of patients (54/64 patients). However, there were

no patients in whom disease activity flared up at the end of

the observational period. Only 6.8 % (11/161 patients)

were patients’ request.

In terms of disease activity at cessation of TCZ mono-

therapy, the patients who completed the 52 weeks of this

study period were comparable to the patients who with-

drew from the study and restarted anti-rheumatic therapy

before 52 weeks (Table 2).The serum IL-6 levels at base-

line in the patients who restarted anti-rheumatic therapy

before 52 weeks were higher than those in the patients who

completed the 52-week study period [19.3 (range

0.7–431.0) pg/mL vs 10.9 (range 0.9–32.6) pg/mL]. In

addition, the percentage of patients whose MMP-3 levels

Table 1 Demographic and clinical characteristics of patients at

baseline

Total of 187

patients

Before first TCZ

infusion (baseline of

previous studies)

At cessation of TCZ

treatment (baseline

of this study)

Age, years (range) 52 (21–75) 57 (26–78)

Gender, female (%) 164 (87.7) 164 (87.7)

Disease duration,

years

3.1 (0.4–20.9) 7.8 (3.7–24)

Functional classa,

1:2:3:4

16:154:17:0 91:94:2:0

RA stagea, I:II:III:IV 9:90:48:40 13:76:40:58

Number of prior use

of DMARDs

2 (1–9)

Corticosteroid dose,

mg/d

5 (0–15.0) 0 (0–7.0)

No of patients who

used MTX

previously (%)

169 (90.4)

RF positive, RF

C20 IU/mL (%)

160 (85.6) No data

TCZ treatment

period (years)

4.0 (1.9–8.6)

DAS28-ESR 6.2 (2.2–8.8) 1.5 (0–3.2)

Tender joint count

(28-joint count)

9 (0–28) 0 (0–7)

Swollen joint count

(28-joint count)

9 (0–26) 0 (0–6)

CRP, mg/dL 3.29 (0.3–20.1) 0.02 (0–5.2)

ESR, mm/h 57 (11–165) 5 (1–28)

MHAQ score 0.6 (0–2.0) 0 (0–1.4)

IL-6, pg/mL 32 (1.6–611) 19 (3.3–431)

MMP-3, ng/mL 346 (38–800) 55 (23–697)

Values are median (range) except where indicated otherwise

RA rheumatoid arthritis, RF rheumatoid factor, DAS28 28-joint dis-

ease activity score, ESR erythrocyte sedimentation rate, MHAQ
modified health assessment questionnaire, IL-6 interleukin 6, MMP-3
matrix metalloproteinase 3
a RA functional status determined by the American College of

Rheumatology criteria. RA stage determined by Steinbrocker’s

criteria

Fig. 1 Rate of continued LDA after cessation of tocilizumab

treatment estimated by Kaplan–Meier method over 52 weeks
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were within normal range was lower in the group of

patients who restarted anti-rheumatic therapy (56.7 %)

than in the group who completed the 52-week study period

(91.7 %).

Even though the median DAS28 was slightly increased

from 1.0 at baseline of this study to 2.4 at the last obser-

vation point of this study (Table 2), tender joint count and

swollen joint count at week 52 did not meaningfully wor-

sen from the baseline of this study in the patients who

completed the 52-week study period. MMP-3 concentra-

tion at week 52 was also almost stable during the study

period in these patients.

In the patients who restarted anti-rheumatic therapy,

disease activity and MMP-3 levels had worsened compared

to the baseline of this study. Nevertheless, the values of

those parameters were no worse than they had been before

the initiation of TCZ treatment in previous studies

(Table 2).

Table 2 Comparison of disease activity between patients who completed the 52-week TCZ-free period and those who restarted anti-rheumatic

treatment

Before first TCZ infusion

(baseline of previous

studies)

n At cessation of TCZ

treatment

(baseline of this study)

n Last observation

point of this

study

n Differencea

(95 % CI)

DAS28-ESR, median (range)

Completed 6.3 (2.2–7.5) 24 1.0 (0.0–2.7) 24 2.4 (0.5–3.3) 23 1.05 (0.75–1.35)

Restarted

treatment

6.2 (3.2–8.8) 160 1.5 (0.1–3.2) 161 4.3 (0.8–7.8) 161 2.85 (2.67–3.03)

Tender joint count, median (range), 28-joint count

Completed 9 (0–19) 24 0 (0–2) 24 0 (0–3) 23 0.2 (-0.1 to 0.4)

Restarted

treatment

9 (1–28) 160 0 (0–7) 161 3 (0–27) 161 3.9 (3.2–4.5)

Swollen joint count, median (range), 28-joint count

Completed 8 (0–26) 24 0 (0–2) 24 0 (0–4) 23 0.3 (-0.1 to 0.7)

Restarted

treatment

9 (1–25) 160 0 (0–6) 161 2 (0–16) 161 2.8 (2.3–3.3)

CRP, median (range), mg/dL

Completed 4.9 (0.5–9.3) 24 0.0 (0.0–0.7) 24 0.1 (0.0–2.3) 23 0.23 (0.02–0.45)

Restarted

treatment

3.1 (0.3–20.1) 161 0.0 (0.0–5.2) 161 0.8 (0.0–13.5) 161 1.52 (1.18–1.86)

ESR, median (range), mm/h

Completed 62 (16–123) 24 4 (1–28) 24 14 (2–53) 23 13.7 (8.0–19.3)

Restarted

treatment

57 (11–165) 161 5 (1–26) 161 36 (2–115) 161 34.3 (30.7–37.8)

MHAQ scores, median (range)

Completed 0.3 (0.0–2.0) 24 0.0 (0.0–0.4) 24 0.0 (0.0–0.5) 23 0.02 (-0.01 to 0.05)

Restarted

treatment

0.8 (0.0–2.0) 161 0.0 (0.0–1.4) 161 0.3 (0.0–2.1) 161 0.29 (0.23–0.35)

MMP-3, median (range), ng/mL

Completed 262.0 (38–800) 17 47.7 (32–225) 24 57.1 (13–109) 23 5.7 (0.6–10.8)

Restarted

treatment

365.0 (38–800) 88 58.7 (23–697) 157 98.9 (36–800) 142 86.9 (64.4–109.5)

Percentage of patients whose MMP-3 levels were within normal range (%)

Completed 5.9 91.7 73.9 –

Restarted

treatment

3.4 56.7 24.6 –

a Difference: mean of the difference between the value at cessation of TCZ treatment (baseline of this study) and at the last observation point of

this study

DAS28 28-joint disease activity score, ESR erythrocyte sedimentation rate, MHAQ modified health assessment questionnaire, MMP-3 matrix

metalloproteinase 3, Completed patients who completed the 52-week observational period without anti-rheumatic treatment, Restarted treatment
patients who restarted anti-rheumatic treatment
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Factors contributing to the prolongation of duration

of DAS28 remission and LDA

Univariate Cox regression analysis showed the following

variables to be associated with the rate of continued

efficacy: negative RF at baseline of the previous study

and low serum IL-6 level (\35 pg/mL), under upper limit

of the normal MMP-3 level, no concomitant corticoste-

roid use, DAS28-ESR \median, and an MHAQ score of

zero at TCZ discontinuation.In contrast, disease duration,

gender, functional class, and RA stage were not associ-

ated with continued efficacy (Fig. 2a). Multivariate Cox

regression analysis showed that low serum IL-6 (\35 pg/

mL) and normalisation of MMP-3 levels at TCZ cessation

were independently associated with continued efficacy

(Fig. 2b).

Based on this result, we examined the effects that IL-6

and MMP-3 levels at cessation of TCZ treatment had on

the rate of continued efficacy. We found that the rate of

continued efficacy in the patients with low serum IL-6

(\35 pg/mL) was 39.3 % (95 % CI 31.1–47.4) at 24 weeks

and 15.9 % (95 % CI 9.7–22.0) at 52 weeks (Fig. 3a). In

contrast, 69.7 % of the patients with serum IL-6 levels

C35 pg/mL met the criteria for loss of efficacy within

12 weeks, and in none was efficacy maintained until

52 weeks. Analysis of the ROC curve identified the most

sensitive and specific cut-off value for the serum IL-6 level

to be 12.9 pg/mL. The rate of continued efficacy in patients

whose serum IL-6 levels were less than 12.9 pg/mL was

63.2 % (95 % CI 48.8–77.5) at 24 weeks and 30.2 %

(95 % CI 16.4–44.0) at 52 weeks (Fig. 3b).

The rate of continued efficacy in those with normalised

MMP-3 levels was 50.9 % (95 % CI 41.6–60.2) at

24 weeks and 20.3 % (95 % CI 12.8–27.8) at 52 weeks

(Fig. 3c), compared with 11.8 % at 24 weeks and 3.0 % at

52 weeks in patients with abnormal MMP-3 levels.

In patients with both serum IL-6 \12.9 pg/mL and

normalised MMP-3 level, the rate of continued efficacy

reached 70.6 % (95 % CI 55.3–85.9) at 24 weeks and

38.0 % (95 % CI 21.6–54.4) at 52 weeks (Fig. 3d).

Discussion

This study indicated that, in about 13 % of patients who

achieve LDA (70.8 % of them were DAS28 remission)

during long-term TCZ monotherapy, efficacy can be sus-

tained for 1 year after cessation of TCZ treatment without

concomitant use of synthetic DMARDs or immune sup-

pressants; and in 79 % of them (19 patients), efficacy was

maintained without concomitant use of corticosteroids or

NSAIDs. To the best of our knowledge, this is the first

report to show evidence that anti-IL-6 therapy can induce

drug-free remission/LDA for 1 year in RA patients. The

treatment recommendations of the EULAR state that, in

patients who achieve remission with biological products, it

may be possible to taper off the biological product after

tapering off the corticosteroid. However, at present,

Fig. 2 Factors associated with

continued LDA. a Univariate

Cox regression analysis,

b multivariate Cox regression

analysis. HR hazard ratio, CI
confidence interval, RF
rheumatoid factor, DAS28
28-joint disease activity score,

MHAQ modified health

assessment questionnaire, IL-6
interleukin 6, MMP-3 matrix

metalloproteinase 3
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evidence in support of this conjecture is insufficient [26].

We believe that this report supports the possibility of dis-

continuing biological products as per the ACR/EULAR

recommendations.

In a previous study (the BeST study), van der Kooij

et al. [27] indicated that 18 % of patients could discontinue

infliximab and synthetic DMARDs. Even though the

characteristics of the patients in our study differed from

those in BeSt study, the success rate of discontinuing TCZ

without synthetic DMARDs in our study is comparable to

that of the BeSt study. Moreover, with the use of synthetic

DMARDs including MTX, a high rate of continued effi-

cacy was shown after discontinuation of infliximab in the

BeSt study [27]. A similar result was shown in the Japanese

RRR study [28]. Therefore, it can be expected that intro-

ducing the use of synthetic DMARDs would similarly

result in an increased rate of continued DAS28 remission

or LDA after cessation of TCZ.

Because multivariate Cox regression analysis identified

low serum IL-6 and normalised MMP-3 levels at the start

of cessation of TCZ to be factors associated with continued

efficacy, it can be considered that these factors may predict

continued efficacy of a preceding TCZ treatment. With

long-term TCZ treatment, reduced serum IL-6 levels are

observed in some patients although TCZ does not directly

inhibit IL-6 production but blocks IL-6R. We previously

reported that, during blockade of IL-6R by TCZ, the serum

IL-6 level represents the true IL-6 production in vivo and

correlates well with true disease activity in RA patients

[21, 22]. Therefore, TCZ treatment may improve not only

inflammation-related symptoms but also the underlying

cause of RA in patients whose serum IL-6 levels decrease.

This implies that TCZ could be discontinued without acute

disease flare in patients with normalised serum IL-6 levels.

IL-6, as such a biomarker, is available only for anti-IL-6R

antibody therapy but for anti-IL-6 neutralizing antibody

therapies.

MMP-3 is deeply involved in cartilage destruction in

RA and is also correlated with disease activity [29]. Since

normalisation of the MMP-3 level is thought to reflect

inhibition of excessive cartilage and bone destruction in the

joints, normalisation of the MMP-3 level may indicate an

improvement in the underlying cause of RA as well as

synovial inflammation. In this study, we did not examine

the progression of joint damage by imaging after cessation

of TCZ. However, since the MMP-3 level during the TCZ-

free period did not increase in the majority of the patients

showing continued efficacy, it can be inferred that there

was no sudden progression of joint destruction during the

cessation of TCZ treatment. Further study will be necessary

to evaluate this question.

In conclusion, these results showed that TCZ mono-

therapy can induce biologics-free remission/LDA without

concomitant use of conventional DMARDs. Serum levels

Fig. 3 Effects of serum IL-6 and MMP-3 levels on rate of continued

LDA after cessation of tocilizumab treatment estimated by Kaplan–

Meier method over 52 weeks. Contributing factors: a serum IL-6

level (cut-off level: 35 pg/mL), b serum IL-6 level (cut-off level:

12.9 pg/mL), c MMP-3 level (normal vs abnormal), d combinations

of MMP-3 (normal vs abnormal) and serum IL-6 levels (cut-off level:

12.9 pg/mL). Space between curves represents the contribution of

each factor to rate of continued efficacy
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of IL-6 and MMP-3 are useful markers for identifying

patients who could possibly discontinue TCZ without acute

disease flare. This evidence has also encouraged us to taper

and adjust the interval of TCZ treatment in patients who

show good response and normalisation of serum IL-6 and

MMP-3 levels.
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