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Abstract

Objective: There is no clinically useful biomarker as a predictor of response to any class of biological 
disease-modifying antirheumatic drugs (bDMARD). Serum interleukin-6 (IL-6) has a major role in the 
pathogenesis of rheumatoid arthritis (RA) and its serum level in patients of RA may predict response 
to treatment with IL-6 receptor (IL-6R) antagonist tocilizumab.
Methods: Biological DMARD naïve patients of seropositive RA, fulfilling American College of 
Rheumatology/European League Against Rheumatism classification criteria 2010, were treated with 
06 doses of tocilizumab (8 mg/kg) at monthly interval. Baseline and post-treatment serum IL-6 levels 
were measured and correlated with response to treatment measured by disease activity score-28 
joints erythrocyte sedimentation rate (DAS28 ESR) after treatment.
Results: The study included 34 patients and 26 (70%) of them achieved DAS-28 remission (DAS28 
ESR < 2.6). The baseline serum IL-6 did not correlate with post-treatment DAS28 ESR (R −0.197,  
P = .264). Though, statistically not significant (P = .085) more patients with comparatively lower base-
line serum IL-6 attained DAS28 remission (16 out of 17, P = .085). There was an increase in the serum 
IL-6 level (median 40.5 pg/ml [IQR 130.2] to 72.6 pg/ml [IQR 162.5]) after tocilizumab treatment and 
the change in IL-6 level also did not correlate with post-treatment DAS28 ESR (R −0.240, P = .172).
Conclusion: Higher number of patients with comparatively lower serum IL-6 level attained DAS28 
remission in this study; however, it was not statistically significant. It requires further evaluation in 
larger studies to make any conclusion on the role of serum IL-6 as a predictor of response to tocili-
zumab in seropositive RA.
Keywords: Drug response biomarkers, tocilizumab, interleukin-6, rheumatoid arthritis, antirheumatic 
agents

Introduction
Rheumatoid arthritis (RA) frequently leaves disabling deformities in inadequately treated patients.1 
It renders about half of the patients significantly disabled by the end of the first decade of illness 
and another 30% are disabled by the second decade and also results in reduced life expectancy.2,3 A 
remarkable development in understanding the molecular basis of disease over the last few decades 
has led to the development of several biologic agents which has improved outcome for the treat-
ment of patients who respond inadequately to conventional disease-modifying antirheumatic drugs 
(DMARD). Use of biological DMARDs (bDMARD) acting on a different pathway like tocilizumab, ritux-
imab, and abatacept has resulted in better clinical response; nevertheless, optimal clinical response 
is not achieved in about 20-40% patients.4-7 Despite the available guidelines, the choice of bDMARD 
is largely arbitrary today. Finding a biomarker to predict clinically significant response to a bDMARDs 
will help in rationalizing the bDMARD therapy with an evidence-based approach. Interleukin-6 (IL-6) 
is elevated in serum as well as the synovial fluid of the RA patients and it correlates with the level of 
the acute phase reactants and disease activity in RA patients.8,9 This study has been conducted to as-
sess if serum IL-6 level can predict clinical response to treatment with IL-6 receptor (IL-6R) antagonist 
tocilizumab.

The primary objective of this study was to assess the correlation between baseline serum IL-6 levels in 
patients of seropositive RA and clinical response to IL-6R antagonist tocilizumab as measured by disease 

Cite this article as: Kumar A, Bhakuni 
DS, Kartik S, et al. Serum interleukin-6 
in seropositive rheumatoid arthritis 
and response to tocilizumab: An 
observational study. Eur J Rheumatol. 
2021;9(1):26-30.

Address for correspondence:
	 Arun Hegde; Department of 

Rheumatology, Command Hospital 
(Southern Command), Pune, India

E-mail: drarunhegde@gmail.com

Submitted: September 23, 2020
Accepted: January 4, 2021
Available Online Date: December 27, 2021

Content of this journal is licensed under a Creative 
Commons Attribution-NonCommercial 4.0 
International License.

Copyright@Author(s) - Available online at 
www.eurjrheumatol.org.

ORCID iDs of the authors: 
A.K. 0000-0002-7883-5118
D.S.B. 0000-0002-9326-5563
S.K. 0000-0003-3543-9649
A.H. 0000-0002-0422-4234
K.S. 0000-0002-3992-7714
K.S. 0000-0003-4330-666X
V.V. 0000-0001-5001-189X
A.M.N. 0000-0002-9231-3180

1	 Department of Rheumatology, 
Command Hospital (Eastern Command), 
Alipore, Kolkata, India

2	 Manipal Hospital, Sector 6, Dwarka, New 
Delhi, India

3	 Department of Rheumatology, Army 
Hospital Research and Referral, Delhi, 
India

4	 Department of Rheumatology, 
Command Hospital (Southern 
Command), Pune, India

5	 Department of Medicine, Sree Balaji 
Medical College and Hospital, Chrompet, 
Chennai, India

6	 Public Health Foundation of India, Plot 
47, Sector 44, Gurgaon, India

7	 Department of Rheumatology, 
Command Hospital (Central Command), 
Lucknow, India

https://orcid.org/0000-0002-7883-5118
https://orcid.org/0000-0002-9326-5563
https://orcid.org/0000-0003-3543-9649
https://orcid.org/0000-0002-0422-4234
https://orcid.org/0000-0002-3992-7714
https://orcid.org/0000-0003-4330-666X
https://orcid.org/0000-0001-5001-189X
https://orcid.org/0000-0002-9231-3180
https://creativecommons.org/licenses/by-nc/4.0/


Eur J Rheumatol 2022;9(1):26-30 Kumar et al. Serum IL-6 and response to tocilizumab in RA

27

activity score in 28 joints erythrocyte sedimen-
tation rate (DAS 28-ESR).10 Change in serum 
IL-6 level from baseline to post-treatment level 
was also assessed and correlated with clinical 
response.

Methods
It was a prospective observational single-
center study conducted at a rheumatolo-
gy center in India between June 2014 and  
December 2015. Assuming a correlation coef-
ficient of 0.55, we estimated that a sample size 
of 34 patients will have 80% power to detect 
a difference of 20% in the mean DAS28 ESR. 
Study patients were recruited from the rheu-
matology outpatient department as well as 
from inpatients admitted to the rheumatology 
ward of the hospital over 18 months.

Inclusion criteria
1.	 All patients of seropositive RA (positive 

rheumatoid factor [RF] and/or anti-citrulli-
nated protein antibodies [ACPA], fulfilling 
the American College of Rheumatology/
European League Against Rheumatism 
classification criteria 2010, and more than 
16 years in age.11

2.	 Presence of active disease, defined by a DAS 
28-ESR ≥ 3.2

3.	 Inadequate response to at least two non-
biological DMARDs in optimal doses (meth-
otrexate 20 mg weekly or leflunomide 20 
mg once daily or sulfasalazine 1 gm twice 
daily or hydroxychloroquine 200 mg once 
daily) for at least 3 months. Glucocorticoids 
(prednisolone or equivalent (<10 mg/day) 
and non-steroidal anti-inflammatory drugs 
were permitted if their doses had remained 
stable for at least 4 weeks and 2 weeks 
respectively, before enrollment.

Exclusion criteria
1.	 Active infection
2.	 Evidence of hepatitis B or hepatitis C infection
3.	 Alanine transaminase (ALT) and aspartate 

transaminase (AST) levels >1.5 times the 
upper level of normal (ULN) or any evidence 
of liver disease

4.	 Evidence of active tuberculous infection 
in radiogram of the chest or latent tuber-
culous infection as detected by positive TB 
QuantiFERON Gold test

5.	 Neutropenia defined as absolute neutrophil 
count <2000 cells/mm3

6.	 Thrombocytopenia defined as platelet 
count <100,000/mm3

7.	 Previous exposure to any bDMARD therapy
8.	 Pregnancy and lactation.

Patients were given injection tocilizumab 
8 mg/kg intravenous every month for 06 con-
secutive doses. Clinical and laboratory evalua-
tion was done at baseline and every visit final 
assessment was done one week following the 
last dose of tocilizumab.

C-reactive protein (CRP), ESR, complete blood 
count, AST, and ALT were measured at baseline 
and each visit. ESR was estimated using the 
Westergren method and CRP was done using 
nephelometry (Beckmen & Coulter system). The 
cutoff for the normal value of CRP was 10 mg/L.

Serum IL-6 level was measured at baseline 
and 24 weeks using the enzyme immunoassay 
method. All samples were initially measured 
with Diaclone human IL-6 ELISA kit (solid-phase 
sandwich ELISA for the in vitro quantitative de-
termination of IL-6 in supernatants, serum and 
plasma samples) which had an assay range 
from 6 to 200 pg/mL. All those samples who 
had less than 6 pg/mL were tested again with 
high sensitivity Diaclone human IL-6 ELISA kit 
(assay range 1.56 to 50 pg/mL). The IL-6 values 
lower than detectable were fixed at 1.56 pg/mL 
and those higher than detectable were fixed at 
200 pg/mL. Blood was collected at the time of 
clinical assessment in pyrogen-free sterile tubes.

Blood samples were permitted to clot at −40 °C 
for one hour and then sera were separated by 
centrifugation at 1000 rpm for 10 minutes as 
mentioned in manufacture’s instruction. Col-
lected sera were aliquoted and stored at −80 °C 
until analysis.

Clinical response to treatment was evaluated 
by the estimation of disease activity using the 
DAS28-ESR score. For the DAS28-ESR, cutoff 
points for high disease activity, moderate dis-
ease activity, low disease activity, and remis-
sion were 5.1, 3.2, 2.6, and <2.6, respectively.12 

DAS28 ESR scores were analyzed at baseline 
and every visit.

Approval of Ethics Committee of Army Hospi-
tal (Research and Referral), Delhi (No 20/2014 
dated 18 Jun 2014) was taken and written in-
formed consent for participation in the study 
was obtained from all enrolled subjects.

Statistical analysis
Baseline characteristics of study participants 
were described as mean (SD) for continuous 
measures that were normally distributed and 
median (interquartile range) for measures that 
were not normally distributed. Spearman cor-
relation coefficient was used to test the correla-
tion between IL-6 values and clinical variables. 
Paired t-test and Wilcoxon signed-rank tests 
were used to analyze the change between base-
line and post-treatment levels of the different 
variables. Fisher’s exact test was used to analyze 
the proportion of patients attaining remission 
of disease activity in different subgroups and 
Mann–Whitney U test was used for nonpara-
metric comparison. All analyses were performed 
in SPSS version 23 (IBM Corp., Armonk, NY, USA) 
and a two-sided P value of <.05 was used to  
indicate statistical significance for all tests.

Results
Totally, 36 patients were enrolled and 34 pa-
tients completed the study. Treatment was 
withdrawn in two patients due to a rise in se-
rum transaminases (more than five times the 
ULN). The demographic profile with baseline 
and follow-up clinical data is summarized in 
Table 1. There were 22 female patients and 
12 male patients with the female: male ratio 
of 1.8:1.

At the end of the study, 24 (70%) patients 
attained DAS28 remission and 5 (14.7%) patients 
had moderate and low disease activity each.

The results of correlation analyses between 
IL-6 and clinical parameters have been summa-
rized in Table 2. Baseline serum IL-6 did not cor-
relate with the baseline DAS28 ESR, ESR, and 
CRP. Similarly, baseline serum IL-6 or change in 
serum IL-6 (Δ IL-6) level after 06 doses of tocili-
zumab did not correlate with post-treatment 
DAS28 ESR (Figures 1 and 2).

Eleven (32.3%) patients had a decrease in 
serum IL-6 level from their baseline value while 
22 (64.6%) patients experienced a rise in IL-6 
levels at the end of study (Figure 3). Ten (90.9%) 
of the 11 patients who experienced reduced 
IL-6 level attained DAS28 remission (<2.6) 
whereas, 17 (73.9%) patients out of 23 who 
did not experience a reduction in IL-6 level 

Main Points

•• More RA patients with relatively lower 
baseline serum IL-6 attained DAS28 
remission following tocilizumab treat-
ment as compared to those with higher 
baseline serum IL-6, although it did not 
reach statistical significance.

•• In a proportion of seropositive RA 
patients, the level of serum IL-6 increased 
following tocilizumab treatment, while it 
decreased in the remaining patients.

•• There is divergent evidence for the role of 
serum IL-6 as a predictor of response to 
tocilizumab in seropositive RA patients; 
however, further evaluation is required to 
establish a definite clinical role.
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attained DAS28 remission. However, it was sta-
tistically not significant (P-value .384).

In a further subset analysis, we divided the 
subjects into high and low IL-6 groups with 
cutoff at the median level of serum IL-6 
(40.1 pg/mL). Eleven (64.7%) out of 17 sub-
jects with high baseline IL-6 above the median 
attained remission while 16 (94.1%) of the 17 
subjects with low IL-6 values attained remis-
sion (P-value .085).

Discussion
Tocilizumab is one of the standard of care 
bDMARD for treatment of RA due to its proven 
safety and efficacy.13 With 70% of the subjects 
achieving DAS 28 remission in this study, tocili-
zumab matches the efficacy reported in other 
studies worldwide which have reported the 
DAS28 remission in 30 to 87.9% patients.14,15 
Serum IL-6 levels have been found to correlate 
with acute phase reactants and disease activity 
in RA patients in previous studies.8,9 However, 
in our study, baseline serum IL-6 did not cor-
relate with baseline acute phase reactants (ESR 
and CRP). This finding will require to be validat-
ed by another study with a larger sample size 
before drawing any conclusion or extrapolat-
ing it to another set of population.

IL-6 as a predictor of response to tocilizumab  
in RA
There are a few studies to have assessed 
the potential of serum IL-6 as a predictor of 
response to tocilizumab therapy in patients 
with RA. In one such study by Shimamoto 

Figure 1.  Scatter plot correlating baseline IL-6 with post-treatment DAS28 ESR (IL-6: interleukin 
6; DAS28 ESR: disease activity score-28 joints erythrocyte sedimentation rate).

Table 1. Baseline and follow up clinical parameters and IL-6 levels in study patients.

Baseline At 24 weeks

Mean (SD) Mean (SD) 95% CI P

Age (years) 42.2 (12.54) -

Disease duration (years) 7.88 (4.13) -

SJC 5.2 (3.2) 0.4 (0.9) 3.7 to 6.0 .0001

TJC 6.6 (3.7) 0.7 (1.4) 4.5 to 7.2 .0001

VAS 8.2 (0.9) 0.7 (1.5) 6.8 to 7.9 .0001

ESR (mm) 65.1 (25.1) 20.7 (16.9) 36.5 to 52.2 .0001

CRP (mg/dl) 31.3 (18.6) 4.6 (2.9) 20.2 to 33.3 .0001

DAS28 ESR 5.0 (0.5) 2.3 (1.0) 2.3 to 3.1 .0001

Median (IQR) Median (IQR)

IL6 (pg/mL) 40.5 (130.2) 72.6 (162.5) .034

CRP, C-reactive protein; DAS28 ESR, disease activity score-28 joints erythrocyte sedimentation rate; IL, interleukin; SJC, swollen joints count; TJC, tender joint count; VAS, visual  
analogue scale.

Table 2. Correlations between serum IL-6 and various primary and secondary outcomes.

R P

Baseline IL-6 and baseline DAS28 ESR 0.146 .411

Baseline IL-6 and baseline CRP 0.199 .260

Baseline IL-6 and baseline ESR 0.16 .365

Post-treatment IL-6 and post-treatment 
DAS28 ESR

−0.17 .337

Baseline IL-6 and post-treatment DAS28 ESR −0.091 .337

Change in IL-6 and post-treatment DAS28 ESR 0.263 .132

CRP, C-reactive protein; DAS28 ESR, disease activity score-28 joints erythrocyte sedimentation rate; IL, interleukin
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et al16 patients were analyzed for various serum 
cytokines levels as markers of disease activity 
and their correlation with response to tocili-
zumab and infliximab (IFX). In this study, 32 
patients with mean DAS28 ESR of 4.69 ± 1.24 
were treated with tocilizumab, and DAS28 ESR 
after 4 weeks was correlated with pretreat-
ment serum IL-6 level. The pretreatment serum 
IL-6 levels correlated positively with post-
treatment DAS28ESR score (R 0.427, P .026). 
In the same study, subjects were divided into 
high and low IL-6 groups, with the mean value 
of the serum IL-6 as the cutoff, and response 
to treatment with tocilizumab and infliximab 
was compared in both the groups separately. 
In lower IL-6 group, subjects treated with to-
cilizumab had lower disease activity (DAS28 
ESR 2.39 ± 1.2) as compared to those treated 
with infliximab (DAS28 ESR 3.88 ± 1.37, P .02) 
at the end of 04 weeks. Contrary to this, in the 
high IL-6 group, there was no difference in dis-
ease activity of the subjects treated with tocili-
zumab (3.78 ± 0.74) in comparison with those 
treated with infliximab (DAS28 ESR 3.85 ± 1.27,  

P = .862). Based upon these findings, the au-
thor concluded that serum IL-6 level in patients 
with RA, particularly at low serum IL-6 levels, 
may potentially predict the response to tocili-
zumab treatment and higher serum IL-6 levels 
may signify resistance to tocilizumab.

In our study, there was no significant correla-
tion observed between baseline IL-6 levels 
and post-treatment DAS28 ESR. However, 
a higher number of patients in low serum 
IL-6 level (16 out of 17) as compared to high 
serum IL-6 level (11 out of 17) achieved low 
disease activity, although it was statistical-
ly not significant (P .085). Further analysis in 
the study by Shimamoto et al16 revealed that 
good responders to tocilizumab (defined by 
DAS28 ESR <3.2 after treatment) had signifi-
cantly lower baseline IL-6 level (mean 20.37 ± 
22.39, n 16) as compared to poor responders 
(mean 95.33 ± 128.7 pg/mL, n 16, P .01). Such 
subgroup analysis was untenable in our study 
due to the large difference in the number of 
patients in the subgroups as only 5 out of the 

34 patients could be placed in the poor re-
sponder group.

In another study conducted by Wang et al17 
baseline serum IL-6 and change in serum 
IL-6 level following tocilizumab therapy at 
12 weeks was not found to correlate with 
clinical response to tocilizumab as measured 
by DAS28 ESR at 24 weeks (R < 0.3). They con-
ducted the same analysis using clinical disease 
activity index (CDAI) as the measure of disease 
activity, thus obviating the confounding effect 
of IL-6 on acute phase reactants and, resultant-
ly, the DAS28 ESR and DAS28 CRP values, but 
no meaningful association was found.

Thus, despite the elevated baseline serum IL-6 
in the majority of patients with RA, the evidence 
for its putative role as a biomarker for response 
to tocilizumab is presently divergent. This is pos-
sibly due to the heterogeneity of RA pathogen-
esis and the fact that the inflammatory response 
generated by IL-6 is resultant of the complex 
interplay among IL-6, IL-6 receptors, and other 
molecules down the signaling pathway.18-20 This 
aspect is beyond the objectives of this study, 
and hence is not being discussed here. Howev-
er, from the available pieces of evidence, it also 
appears that the lower baseline serum IL-6 level 
in seropositive RA patient may predict response 
to tocilizumab if this observation is substanti-
ated further in larger studies. The numerically 
better response in our patients with low serum 
IL-6 levels might have not reached statistical sig-
nificance due to the small sample size.

Effect of tocilizumab therapy on serum IL-6 level
In the study by Shimamoto et al16 the mean se-
rum IL-6 level of the RA patients raised from the 
mean baseline of 50.7 ± 95.1 pg/mL to 111 ±  
122 pg/mL. Similarly, Wang et al17 also observed 
the rise in serum IL-6 level following tocilizum-
ab therapy from the baseline value of 40.1 ± 
59.5 pg/mL. In our study also, the serum IL-6 
level was found to increase following tocilizum-
ab therapy. The plausible explanation for the 
rise in IL-6 level is the hypothesis propounded 
by Nishimoto et al21 that metabolism of IL-6 is 
dependent on the availability of IL-6R and when 
IL-6R is consumed by tocilizumab treatment, the 
free IL-6 accumulates in circulation. However, an 
increase in serum IL-6 is not universal and many 
individuals experience a net decline in serum 
IL-6 level as seen in the DREAM study.22 In our 
study also, 11 patients experienced a decline in 
serum IL-6 level following tocilizumab therapy. 
The clinical implication of this finding is yet to 
be known as there was no statistically significant 
difference in response to tocilizumab in patients 
who experienced an increase or decrease in se-
rum IL-6 level at the end of the study.

Figure 3.  Change in interleukin IL-6 levels (pg/mL) from baseline to post-treatment level (mea-
sured by subtracting baseline level from the post-treatment level). In 22 subjects, an increase in 
serum IL-6 was observed and 11 patients revealed decrease. Remaining one patient had serum 
IL-6 level beyond the maximum assay range at baseline as well as in post-treatment phase.

Figure 2.  Scatter plot correlating change in IL-6 at 24 weeks with DAS28 ESR at 24 weeks (IL-6: 
interleukin 6; DAS28 ESR: disease activity score-28 joints erythrocyte.



Eur J Rheumatol 2022;9(1):26-30Kumar et al. Serum IL-6 and response to tocilizumab in RA

30

There is insufficient evidence at present to sug-
gest the role of serum IL-6 level as a biomarker 
to predict the response to tocilizumab therapy 
in patients with RA; however, patients with low 
baseline serum IL-6 level tend to respond better 
and further studies are required to consolidate 
the evidence. In DREAM study, it was found 
that patients who experienced a net decline 
in serum IL-6 levels had a longer duration of 
drug-free remission than the other subgroup 
of patients.22 The follow-up data of our patients 
were not available to corroborate this finding 
and this leaves a prospect for future research 
for finding a clinically useful predictor of drug-
free remission and a possible guideline for 
tapering the biological DMARD therapy. How-
ever, it has also been observed in our study that 
10 out of 11 (90.9%) patients, who experienced 
a post-treatment decline in serum IL-6, attained 
DAS28 remission as compared to only 17 of the 
23 (73.9%) other patients. Once again, the dif-
ference is not statistically significant, but it may 
draw the attention of the researchers toward a 
possible target in the quest for the biomarkers 
for clinical response to biological DMARDs.

The small sample size of our study limits the 
extrapolation of its findings to any different 
subset of the population. Nevertheless, this 
study is one of the few studies conducted 
so far exploring the role of serum IL-6 level 
as a biomarker of response to tocilizumab 
therapy in patients of seropositive RA. In the 
background of equivocal reports in previous 
studies, our findings do open up avenues for 
further research in the possible role of low 
baseline serum IL-6 level as a predictor of a 
favorable response to tocilizumab in sero-
positive RA. The inclusion of healthy controls 
to assess the normal level of serum IL-6 lev-
el in healthy population would have further 
added to the information on characteristics 
of serum IL-6.

Neither baseline serum IL-6 levels nor the post-
treatment change in serum IL-6 levels correlat-
ed with clinical response to tocilizumab. How-
ever, more individuals with low baseline serum 
IL-6 level attained DAS28 remission, although 
it did not reach statistical significance. Hence, 
further research is required to explore the role 
of serum IL-6 for clinical response to tocilizum-
ab in seropositive RA.

Ethics Committee Approval: Ethics committee ap-
proval was received for this study from the Ethics 
Committee of Army Hospital (Research and Referral), 
Delhi (Approval Date: June 18, 2014; Approval Num-
ber: 20/2014).

Informed Consent: Written and verbal consent was 
obtained from the individuals who participated in 
this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - S.K.; Design - K.S.;  
Supervision - D.S.B.; Materials - V.V., A.M.N.; Data  
Collection and/or Processing - A.M.N.; Analysis and/
or Interpretation - K. Singh; Literature Review - A.K.; 
Writing - A.K.; Critical Review - A.K., A.H., K. Singh

Conflict of Interest: The authors have no conflict of 
interest to declare.

Financial Disclosure: The authors declared that this 
study has received no financial support.

References
1.	 Harris ED, Jr. Rheumatoid arthritis: Pathophys-

iology and implications for therapy. N Engl 
J Med. 1990;322:1277-1289. [Crossref]

2.	 Pincus T, Callahan LF. Taking mortality in 
rheumatoid arthritis seriously–predictive 
markers, socioeconomic status and comorbid-
ity. J Rheumatol. 1986;13:841-845.

3.	 Scott DL, Symmons DP, Coulton BL, et al. Long- 
term outcome of treating rheumatoid arthritis: 
Results after 20 years. Lancet. 1987;329:1108-1111.  
[Crossref]

4.	 Smolen JS, Beaulieu A, Rubbert-Roth A, et  al. 
Effect of interleukin-6 receptor inhibition 
with tocilizumab in patients with rheuma-
toid arthritis (OPTION study): A double-blind, 
placebo-controlled, randomised trial. Lancet. 
2008;371(9617):987-997. [Crossref]

5.	 Cohen SB, Emery P, Greenwald MW, et al. 
Rituximab for rheumatoid arthritis refractory 
to anti-tumor necrosis factor therapy: Results 
of a multicenter, randomized, double-blind, 
placebo-controlled, phase III trial evaluating 
primary efficacy and safety at twenty-four 
weeks. Arthritis Rheum. 2006;54:2793-2806. 
[Crossref]

6.	 Genovese MC, Becker JC, Schiff M, et al. 
Abatacept for rheumatoid arthritis refractory 
to tumor necrosis factor alpha inhibition. 
N Engl J Med. 2005;353:1114-1123. [Crossref]

7.	 Emery P, Dörner T. Optimising treatment in 
rheumatoid arthritis: A review of potential bio-
logical markers of response. Ann Rheum Dis. 
2011;70(12):2063-2070. [Crossref]

8.	 Hirano T, Matsuda T, Turner M, et al. Excessive 
production of interleukin 6/B cell stimulatory 
factor-2 in rheumatoid arthritis. Eur J Immunol. 
1988;18(11):1797-1801. [Crossref]

9.	 Holt I, Cooper RG, Hopkins SJ. Relationships 
between local inflammation, interleukin-6 
concentration and the acute phase protein 
response in arthritis patients. Eur J Clin Invest. 
1991;21(5):479-484. [Crossref]

10.	 Ritchie DM, Boyle JA, McInnes JM, et al. 
Clinical studies with an articular index for  
the assessment of joint tenderness in patients 

with rheumatoid arthritis. Q J Med. 1968;37 
(147):393-406.

11.	 Aletaha D, Neogi T, Silman AJ, et al. 
Rheumatoid arthritis classification criteria: An 
American college of rheumatology/european 
league against rheumatism collaborative ini-
tiative. Arthritis Rheum. 2010;62:2569-2581.  
[Crossref]

12.	 Aletaha D, Funovits J, Keystone EC, et al. 
Disease activity early in the course of treat-
ment predicts response to therapy after one 
year in rheumatoid arthritis patients. Arthritis 
Rheum. 2007;56:3226-3235. [Crossref]

13.	 Scott LJ. Tocilizumab: A review in rheuma-
toid arthritis. Drugs. 2017;77(17):1865-1879. 
[Crossref]

14.	 Emery P, Keystone E, Tony HP, et al. IL-6 receptor 
inhibition with tocilizumab improves treatment 
outcomes in patients with rheumatoid arthritis 
refractory to anti-tumour necrosis factor bio-
logicals: Results from a 24-week multicentre 
randomised placebo-controlled trial. Ann 
Rheum Dis. 2008;67(11):1516-1523. [Crossref]

15.	 Yazici Y, Curtis JR, Ince A, et al. Early effects 
of tocilizumab in the treatment of moder-
ate to severe active rheumatoid arthritis:  
A one-week sub-study of a randomised con-
trolled trial (rapid onset and systemic efficacy 
[ROSE] study). Clin Exp Rheumatol. 2013;31(3): 
358-364.

16.	 Shimamoto K, Ito T, Ozaki Y, et al . Serum interleu-
kin 6 before and after therapy with tocilizumab 
is a principal biomarker in patients with rheu-
matoid arthritis. J Rheumatol. 2013;40:1074-1081. 
[Crossref]

17.	 Wang J, Devenport J, Low JM, et al. Relation-
ship between baseline and early changes in 
C-Reactive protein and interleukin-6 levels and 
clinical response to tocilizumab in rheumatoid 
arthritis. Arthritis Care Res. 2016;68(6):882-885. 
[Crossref]

18.	 Miossec P. An update on cytokines in patho-
genesis of rheumatoid arthritis. Curr Opin 
Rheumatol. 2004;16:218-222. 

19.	 Taga T, Hibi M, Hirata Y, et al. Interleukin-6 
triggers the association of its receptor with 
a possible signal transducer, gp130. Cell. 
1989;58:573-581. [Crossref]

20.	 Jostock T, Müllberg J, Özbek S, et al. Solu-
ble gp130 is the natural inhibitor of soluble 
IL-6R transsignaling responses. Eur J Biochem. 
2001;268:160-167. [Crossref]

21.	 Nishimoto N, Terao K, Mima T, et al. Mech-
anisms and pathologic significances in 
increase in serum interleukin-6 (IL-6) and sol-
uble IL-6 receptor after administration of an 
anti-IL-6 receptor antibody, tocilizumab, in 
patients with rheumatoid arthritis and cas-
tleman disease. Blood.2008; 112:3959-3964. 
[Crossref]

22.	 Nishimoto N, Amano K, Hirabayashi Y, et al. 
Drug free REmission/low disease activity after 
cessation of tocilizumab (actemra)mono-
therapy (DREAM) study. Mod Rheumatology. 
2014;24(1):17-25. [Crossref]

https://doi.org/10.1056/NEJM199005033221805
https://doi.org/10.1016/S0140-6736(87)91672-2
https://doi.org/10.1016/S0140-6736(08)60453-5
https://doi.org/10.1002/art.22025
https://doi.org/10.1056/NEJMoa050524
https://doi.org/10.1136/ard.2010.148015
https://doi.org/10.1002/eji.1830181122
https://doi.org/10.1111/j.1365-2362.1991.tb01398.x
https://doi.org/10.1002/art.27584
https://doi.org/10.1002/art.22943
https://doi.org/10.1007/s40265-017-0829-7
https://doi.org/10.1136/ard.2008.092932
https://doi.org/10.3899/jrheum.121389
https://doi.org/10.1002/acr.22765
https://doi.org/10.1016/0092-8674(89)90438-8
https://doi.org/10.1046/j.1432-1327.2001.01867.x
https://doi.org/10.1182/blood-2008-05-155846
https://doi.org/10.3109/14397595.2013.854079

