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ABSTRACT
Objective. The purpose of this study is
to evaluate the relative risk (RR) of respiratory adverse events (AEs) among
patients with RA treated with TCZ.
Methods. Databases (PubMed, Embase
and Cochrane Library) were searched
for randomised controlled trials (RCT)
comparing the use of TCZ with placebo
(PBO) or active comparator agents in
adults with RA published until October
28, 2017. Statistical analyses were conducted to calculate the RR of infectious
and non-infectious respiratory AEs and
severe AEs (SAEs) using random-effects
or fixed-effects models based on the heterogeneity of the included studies.
Results. Eight trials were ultimately
included. TCZ was associated with an
increased risk of infectious respiratory
AEs relative to comparator agents (RR
1.53, 95% confidence interval [95%
CI] 1.04–2.25) but was not associated
with an increased risk of non-infectious respiratory AEs (RR 1.19, 95%
CI 0.86–1.64). A subgroup analysis revealed similar results for non-infectious
AEs and SAEs in the comparisons of
TCZ with MTX and adalimumab (ADA),
whereas increased risks of these AEs but
not SAEs were observed compared with
the PBO.
Conclusions. Our meta-analysis did
not reveal an increase in the risk of
non-infectious respiratory AEs in adult
patients with RA who were treated with
TCZ compared with other csDMARDs
and bDMARDs in RCTs.
Introduction
Rheumatoid arthritis (RA) is a systemic disease characterised by persistent
synovitis and progressive destruction
of the cartilage and bone. It is also associated with extra-articular manifesta-

tions, including interstitial lung disease
(ILD) (1). In fact, subclinical interstitial lung abnormalities (ILAs) may be
detected in approximately 30–50% of
patients with RA, whereas clinically
significant RA-ILD occurs in nearly
10% of the RA population and is associated with shorter survival and a
more severe underlying disease (24). Although overall mortality rates
for RA have decreased in recent decades, mortality rates associated with
RA-ILD have increased significantly
in older age groups (4). In addition, a
higher rate of pulmonary infection also
contributes to overall and pulmonaryrelated fatalities in RA patients (5).
Disease-modifying
anti-rheumatic
drugs (DMARDs), including biologics and non-biological agents, are the
mainstay of RA management. Despite
their established efficacy, patient and
physician concerns regarding possible
adverse events (AEs), particularly infections and the risk of pulmonary toxicity, such as ILD, have been raised for
these agents (6, 7). In fact, most drugs
used as RA treatments have been reported to be associated with the onset
or worsening of ILD (8), and these concerns have inevitably limited the optimal use of these medications in clinical practice. Therefore, management of
patients with ILD associated with RA
remains a challenge for clinicians.
Tocilizumab (TCZ) is a humanised
anti-IL-6 receptor monoclonal antibody. It is one of the first-line biological DMARDs (bDMARDs) used
after methotrexate (MTX) failure (9).
Monotherapy with TCZ is as effective
as combination therapy with MTX,
the cornerstone therapy for RA (10,
11). Moreover, according to results
from a European collaborative study,
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Fig. 1. PRISMA flowchart of studies included in the meta-analysis. PRISMA: Preferred Reporting

Items for Systematic reviews and Meta-Analyses; RCT: randomised controlled trial; RA: rheumatoid
arthritis; TCZ: tocilizumab.

treatment with TCZ in combination
with or without concomitant synthetic
DMARDs resulted in comparable clinical responses, as assessed by changes
in the clinical disease activity index
(CDAI) (12).
To date, little is known about the risk of
ILD in TCZ-treated patients with RA in
the real world. Although IL-6 inhibition
attenuates pulmonary fibrosis in mice
(13), the data from previous case reports and case-control studies of TCZtreated adult patients with RA are contradictory. One study found that ILD

complications were exacerbated during
TCZ therapy for RA (14), whereas others reported RA remission and stability or improvement of ILD in patients
with RA-ILD (15, 16). A case-control
retrospective study of 163 patients with
RA who underwent biological therapy
showed that tumour necrosis factor
(TNF) inhibitors were administered to
more patients with ILD events than to
patients without ILD events (88% vs.
60%, p<0.05), but recipients of TCZ
or abatacept did not exhibit differences
in treatment with TNF inhibitors (17).

According to another recent case-control study, TCZ might be safely administered to patients with RA-ILD. Moreover, acute exacerbation of RA-ILD
is due to uncontrolled disease activity
rather than an AE caused by the drug
(18). However, as with any form of scientific work, case-control studies have
limitations, of which selection bias and
information bias are among the most
common forms. Therefore, a systemic
meta-analysis that includes only randomised controlled trials (RCTs) is
needed.
The purpose of our study was to evaluate the risk of respiratory AEs, particularly non-infectious AEs, including
ILD, associated with TCZ therapy in
patients with RA by performing a meta-analysis of RCTs.
Methods
Data sources and searches
A comprehensive literature search was
conducted to identify all relevant articles from the inception of each database until October 28, 2017. The databases searched included PubMed, Embase and Cochrane Library. The search
terms included the following keywords: “Arthritis, Rheumatoid”, “tocilizumab” or “monoclonal antibody,
MRA” or “atlizumab” or “Actemra”.

Table I. Characteristics of the included studies.
Study name
NCT NO.
First author, Medication
TCZ dose
TCZ /
		
year, ref.			
comparator,
					n*

Blinding
design

Study
Age,
Female,
Disease TCZ-naive
duration,
years**
%
duration,
weeks			
years**

ADACTA
NCT01119859
		

Gabay.
2013 (24)

TCZ
8 mg/kg, Q4W
ADA		

162
double-blind
24
162			

54.4
53.3

79
82

7.3
6.3

Yes

BREVACTA 	
NCT01232569
		

Kivitz.
2014 (20)

TCZ-SC***
162 mg, Q2W
PBO-SC		

437
double-blind
24
218			

52.1
52.0

85.8
82.6

11.1
11.1

Yes

FUNCTION
NCT01007435
		

Burmester.
2016 (33)

TCZ+PBO
8 mg/kg, Q4W
MTX+PBO		

292
double-blind
52
282			

49.9
49.6

75
79

0.5
0.4

Yes

MEASURE
NCT00535782
		

McInnes.
2015 (22)

TCZ+MTX
8 mg/kg, Q4W
PBO+MTX		

70
double-blind
12
62			

57.0
57.0

75
83

6.8
7.0

Yes

OPTION
NCT00106548
		

Smolen
2008 (23)

TCZ
8 mg/kg, Q4W
PBO		

206
double-blind
24
204			

50.8
50.6

85
78

7.5
7.8

Yes

ROSE
NCT00531817
		

Yazici
2012 (21)

TCZ+DMARDs 8 mg/kg, Q4W
PBO+DMARDs		

409
double-blind
24
205			

55.2
55.8

79.5
83.9

8.6
8.5

Yes

U-ACT-EARLY NCT01034137
		

Bijlsma
2016 (34)

TCZ+PBO
8 mg/kg, Q4W
MTX+PBO		

103
double-blind
104
108			

55.0
53.5

76
64

25.5
27.0

Yes

VISARA
NCT01163747
		

Bingham
2015 (35)

MTX+TCZ
8 mg/kg, Q4W
MTX alone		

50
open-label
8
24			

51.1
51.4

41
22

13.2
8.4

Yes

*Number of participants analysed for safety data. **Mean or median, as reported in individual studies. TCZ was administered intravenously if not indicated as “TCZ-SC”, which
indicates that the drug was administered subcutaneously in this trial. ADA: adalimumab; PBO: placebo; MTX: methotrexate; DMARDs: disease-modifying anti-rheumatic drugs.
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The search was extended by reviewing
reference lists of articles included in
the final selection.
Study selection and data extraction
Trials were included if they met the
following criteria: (1) adult patients
(aged≥18 years) with RA; (2) Englishlanguage publications; (3) RCTs; (4)
studies consisting of a minimum of 2
arms, at least 1 of which received TCZ
and at least 1 of which did not receive
TCZ; and (5) trials in which detailed
respiratory AEs were reported separately in the TCZ and comparator groups.
Two
investigators
independently
screened all available studies, and disagreements were discussed and resolved
by consensus. Two reviewers independently extracted data from studies using standardised data extraction sheets,
and all discrepancies were resolved by
consensus. For each study, the following information was recorded: basic
information (name of the study, NCT
number, first author, and year of publication), study characteristics (design
and duration, TCZ dose and usage, and
comparator drug dose and usage), study
subject characteristics (number of patients in the safety analysis group, age,
sex, disease duration, etc.).
As expected, we observed substantial
variation in the terminology used to describe respiratory AEs in the included
studies. Thus, these AEs were divided
into 2 subgroups: infectious and noninfectious AEs, as described in other
studies (7, 19). Unfortunately, because
of this heterogeneity in terminology,
we were unable to directly compare
any specific respiratory AEs, including
ILD, in this meta-analysis.
Assessment of bias
The Cochrane risk of bias tool was
used to assess the risks of bias of each
trial. The main domains are random sequence generation, allocation concealment, blinding of participants, blinding
of outcome assessments, incomplete
outcome data, selective reporting and
other forms of bias. An I2 statistic of
at least 50% was defined as indicating
heterogeneity of outcomes. The assumption of homogeneity was considered invalid for p<0.1.
320

Data synthesis and analysis
Review Manager 5.3 software (The
Nordic Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark)
was used to analyse the data, and results are expressed as relative risks
(RRs) with 95% confidence intervals
(CIs). The pooled estimates were calculated using random-effects or fixedeffects models, depending on the heterogeneity of included studies. If substantial heterogeneity was observed
(I2>50%), the pooled estimate was calculated using the random-effects model; otherwise, the fixed-effects model
was employed. We also conducted the
following prespecified subgroup analyses to explore possible reasons for any
observed heterogeneity: 1) the administration of intravenous (IV) TCZ versus subcutaneous (SC) TCZ and 2) the
administration of different comparator drugs (placebo (PBO) vs. MTX vs.
adalimumab (ADA)).
Results
Study inclusion and characteristics
Our initial search strategy yielded
1,868 citations. Details of the selection
process are outlined in Figure 1. Eight
RCTs were ultimately selected for analysis, and respiratory AEs were analysed
in 2,994 patients. The main characteristics of the included trials are listed in
Table I. Across the trials, mean (or median) age and disease duration ranged
from 49.6 to 57.0 and 0.4 to 27.0 years,
respectively. Study duration ranged
from 8 to 104 weeks. The proportions
of female subjects ranged from 22 to
85.8 percent. All subjects were TCZnaïve before participating in the RCT.
Risk of bias
The data analysed using the Cochrane
risk of bias tool suggested a low risk
of bias in the included studies (Supplementary Fig. 1). Most of the bias
was contributed by the BREVACTA,
MEASURE, OPTION, ROSE and
ADACTA studies. In these studies, escape/rescue therapy with TCZ or ADA
was permitted from week 12 (20) or
16 (21-24) for patients who did not
achieve a 20% or greater improvement
in the number of swollen and tender
joints from baseline, and the incidence

of AEs in these patients before the escape/rescue therapy was not clearly indicated in the safety data. In addition,
in the BREVACTA study, the ratio of
patients who withdrew from the TCZ
and PBO groups was 28:9, whereas at
baseline, 656 patients were randomised
into these two groups at a 2:1 ratio.
Therefore, bias due to loss to follow-up
may exist in this trial. Finally, VISARA
was an open-label RCT; therefore, performance bias and detection bias may
have existed.
Risk of respiratory AEs
TCZ was associated with an increased
risk of total infectious respiratory AEs
compared to comparator agents (RR
1.53 (95% CI 1.04–2.25, p=0.03),
I2=86%; Fig. 2). Among these infectious respiratory AEs, the most frequent were “upper respiratory tract
infection”, “nasopharyngitis”, “sinusitis” and “bronchitis” for both TCZ and
the comparator agents group. TCZ was
not associated with an increased risk
of total non-infectious respiratory AEs
(RR 1.19 (95% CI 0.86–1.64, p=0.30),
I2=18%; Fig. 3). Moreover, no significant differences were observed in the
risk of infectious serious AEs (SAEs)
(RR 1.43 (95% CI 0.74–2.76, p=0.28),
I2=0%; Supplementary Fig. 2A) and
non-infectious SAEs (RR 2.15 (95%
CI 0.89–5.18, p=0.09), I2=0%; Supplementary Fig. 2B) between the TCZ
group and the group treated with comparator agents.
Subgroup analyses
Subgroup analyses were performed according to 1) the use of different comparator agents in these trials and 2) the
route by which TCZ as administered
to determine whether the difference
in the risk of respiratory AEs was influenced by study design. Notably, the
open-label VISARA trial, in which the
patients were randomly assigned at a
2:1 ratio to receive TCZ plus MTX or
MTX alone, was also included in the
PBO subgroup.
Compared with MTX and ADA,
TCZ was not associated with an increased risk of infectious respiratory
AEs (RR=0.98, p=0.89 and RR=1.16,
p=0.49, respectively, Supplementary
Clinical and Experimental Rheumatology 2019
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Fig. 2. Relative risk of infec-

tious respiratory AEs for tocilizumab compared with comparator agents. M-H: Mantel-Haenszel test; df: degrees of freedom.

Fig. 3. Relative risk of noninfectious respiratory AEs for
tocilizumab compared with comparator agents.

Fig. 3A), although a statistically significant difference was observed when we
compared TCZ with PBO (RR=2.08,
p=0.0001, Supplementary Fig. 3A).
Similarly, TCZ was not associated with
an increased risk of non-infectious respiratory AEs compared with MTX and
ADA (RR=0.98, p=0.92 and RR=0.56,
p=0.28, respectively, Supplementary
Fig. 3B), but it was associated with a
significantly increased risk compared
with PBO (RR=2.04, p=0.02, Supplementary Fig. 3B). Regarding the
SAEs, our meta-analysis did not reveal
significant differences in RRs of infectious (PBO: RR=2.07, p=0.10; MTX:
RR=0.57, p=0.37; ADA: RR=3.00,
p=0.50, Supplementary Fig. 3C) or
non-infectious respiratory SAEs (PBO:
RR=1.81, p=0.33; MTX: RR=2.57,
p=0.20; ADA: RR=3.00, p=0.50, Supplementary Fig. 3D) between the
groups treated with TCZ and comparator agents. Among the non-infectious
SAEs, only three cases of ILD or pulmonary fibrosis were reported, one in
the MTX group and two in the TCZ-IV
group.
In the TCZ-SC subgroup, infectious
respiratory complications were significantly more likely to develop in patients
treated with TCZ (RR=2.52, p=0.00,
Supplementary Fig. 4A), whereas in
Clinical and Experimental Rheumatology 2019

the TCZ-IV subgroup, significant differences in RRs of infectious respiratory AEs were not observed between
groups treated with TCZ and comparator agents (RR=1.42, p=0.09, Supplementary Fig. 4A). Regarding the infectious SAEs and non-infectious AEs and
SAEs, the RRs were not significantly
different in either subgroup (IV group:
RR=1.65, p=0.21; RR=1.17, p=0.35;
RR=2.11, p=0.11; SC group: RR=1.00,
p=1.00; RR=2.50, p=0.55; RR=2.50,
p=0.55, Supplementary Fig. 4B, C, D).
Sensitivity analysis
According to the sensitivity analysis
performed using Stata/SE software
(v. 11.0, StataCorp LLC), the exclusion of any single trial had little effect
on the pooled results (Supplementary
Fig. 5A-B-C-D). Thus, the results of
this meta-analysis are quite stable.
Discussion
In general, we did not observe increased risks of non-infectious respiratory AEs or SAEs in patients with RA
who were treated with TCZ. The subgroup analysis revealed similar results
for the comparisons of TCZ with MTX
and ADA, although increased risks of
these AEs but not SAEs were observed
for TCZ compared with PBO. Nota-

bly, MTX was not associated with an
increased risk of total non-infectious
respiratory AEs compared with other
bDMARDs and sDMARDs in a recent
meta-analysis (19).
In the present study, TCZ was associated with a significant increase in total
infectious respiratory AEs, whereas the
subgroup analysis showed that this statistically significant difference was observed only when the TCZ group was
compared to the PBO group. This finding is not surprising because infections
are among the most frequently occurring AEs during TCZ therapy, similar
to other biological or non-biological
DMARDs. A previous meta-analysis of
six initial trials and five long-term extensions found that the MedDRA system organ class in which AEs occurred
most frequently was “infections and
infestations”, among which respiratory
AEs, such as upper respiratory infection, bronchitis and pneumonia, rated
first, fourth and sixth most frequent AEs,
respectively (25). Our study showed a
similar pattern of infections, with “upper respiratory tract infection” as the
most common. In addition, nearly all of
these upper respiratory tract infections
were AEs rather than SAEs, except for
one event. As expected, compared with
other DMARDs, such as MTX and the
321
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TNF-α inhibitor ADA examined in this
study, differences in infectious respiratory AEs or SAEs were not observed.
Notably, in the TCZ subgroup, infectious respiratory complications were
significantly more likely to develop in
patients treated with TCZ-SC, but not
TCZ-IV. The possible explanation for
this finding is that only one trial analysed the TCZ-SC subgroup, and the
only comparator agent for TCZ-SC was
PBO; for the TCZ-IV subgroup, seven
trials compared this treatment with different comparator agents. Therefore,
this result must be interpreted with
caution. In addition, in a recent review
comparing the safety profile of the SC
formulation of TCZ with the original
IV formulation in patients with RA,
McLaughlin et al. concluded that the
safety data for TCZ-SC are similar to
the IV form, although with a higher frequency of injection site reactions (26).
TCZ is an effective treatment for RA. It
was first approved in Japan in 2008 and
in the European Union in 2009. During
the last decade, TCZ has been approved
as a treatment for RA in >100 countries
worldwide (27). The administration of
TCZ-SC or -IV as a monotherapy or
in combination with conventional synthetic DMARDs (csDMARDs) provided rapid and sustained improvements in
clinical and radiographic outcomes and
health-related quality of life. These formulations were generally well-tolerated
in clinical trials and clinical practice
(28). In addition to its well-recognised
efficacy and safety, TCZ has several
special advantages. First, other biological DMARDs, such as TNF inhibitors,
must be used in combination with MTX
for patients with RA to achieve maximum benefits (29, 30), whereas TCZ is
clinically, functionally, and radiographically effective and safe both with and
without low-dose MTX (11). Consequently, TCZ monotherapy represents a
valuable alternative strategy for patients
with RA who cannot tolerate MTX and
other csDMARDs. Second, the immunogenic risk of TCZ-SC and TCZ-IV
treatments is low, either as monotherapy or in combination with csDMARDs
(31). Moreover, a small proportion of
patients develop anti-TCZ antibodies,
but they have no evident impact on PK,
322

efficacy or safety (31). Considering the
abovementioned advantages of TCZ in
the clinical setting, practitioners must
distinguish TCZ-induced lung toxicity
from RA-associated lung disease.
Our study has important clinical implications. To the best of our knowledge,
this meta-analysis, which includes a
large number of patients (more than
2,900), is the first to show that RA patients treated with TCZ did not exhibit
an increased risk of non-infectious respiratory AEs compared to those treated
with other csDMARDs and biological
agents. Although we were not able to
directly evaluate any specific respiratory AE, including ILD, in this metaanalysis because of the heterogeneity
in terminology, we believe our metaanalysis may to some extent help ameliorate clinician concerns regarding
TCZ usage and therefore benefit patients with RA, especially those who
cannot tolerate csDMARDs.
As with any study, ours has some limitations. A major limitation may be the
relatively small number of studies included in our meta-analysis. Although
several RCTs assessed TCZ, only a few
studies provided complete information
regarding all respiratory AEs (both infectious and non-infectious). We tried
to include only high-quality studies that
provided detailed information on the
relevant data to minimise the effect of
data collection errors. Another limitation is that although only three cases of
ILD or pulmonary fibrosis were found
in our analysis, these data may be biased by the selection of patients in the
RCTs, which typically exclude patients
with preexisting lung diseases. In addition, because ILD sometimes needs
years to develop clinically, we believe
that additional “real world” studies with
long periods of detailed observation are
needed. A final limitation is that only
studies administering 8 mg/kg TCZ-IV
every four weeks and 162 mg TCZ-SC
weekly were analysed. We had two
reasons for employing this strategy. 1)
Among the eight trials analysed in our
study, only one (OPTION) contained
a 4 mg/kg arm. 2) In most countries,
such as European countries, Japan and
China, the recommended IV dosage of
TCZ for patients with moderate to se-

vere RA is 8 mg/kg once every 4 weeks,
whereas in the United States, the recommended initial dose is 4 mg/kg once
every 4 weeks, which may subsequently be increased to 8 mg/kg based on
the clinical response at the physician’s
discretion (32). However, according
to analyses from the Corrona Registry
in the US, 77% of patients actually received 8 mg/kg TCZ every 4 weeks for
6 months after treatment initiation in
real-world settings (32). Thus, the AEs
occurring in the 8 mg/kg group may be
more likely to reflect the AEs observed
in the real-world clinical setting.
Conclusions
In summary, the results of our work provide an up-to-date summary of the infectious and non-infectious respiratory AEs
in adults with RA who are treated with
TCZ. We did not observe an increased
risk of non-infectious respiratory AEs in
patients with RA who were treated with
TCZ compared with other csDMARDs
and biological agents, although an increased risk of infectious respiratory
AEs was identified with TCZ treatment
compared to comparator agents. These
findings have important implications for
clinicians who are treating patients with
RA, and may assist practitioners with
disease-management decisions. Nevertheless, more studies are warranted in
the future to improve our knowledge
of the safety of IL-6R blockade therapy
among patients with RA.
References

1. TURESSON C: Extra-articular rheumatoid arthritis. Curr Opin Rheumatol 2013; 25: 360-6.
2. GABBAY E, TARALA R, WILL R et al.: Interstitial lung disease in recent onset rheumatoid arthritis. Am J Respir Crit Care Med
1997; 156: 528-35.
3. HABIB HM, EISA AA, ARAFAT WR, MARIE
MA: Pulmonary involvement in early rheumatoid arthritis patients. Clin Rheumatol
2011; 30: 217-21.
4. OLSON AL, SWIGRIS JJ, SPRUNGER DB et
al.: Rheumatoid arthritis-interstitial lung disease-associated mortality. Am J Respir Crit
Care Med 2011; 183: 372-8.
5. SOKKA T, ABELSON B, PINCUS T: Mortality
in rheumatoid arthritis: 2008 update. Clin
Exp Rheumatol 2008; 26: S35-61.
6. TYMMS K, ZOCHLING J, SCOTT J et al.: Barriers to optimal disease control for rheumatoid arthritis patients with moderate and high
disease activity. Arthritis Care Res (Hoboken) 2014; 66: 190-6.
7. CONWAY R, LOW C, COUGHLAN RJ,

Clinical and Experimental Rheumatology 2019

TCZ and risk of respiratory AEs in RA patients / Z. Geng et al.
O’DONNELL MJ, CAREY JJ: Leflunomide
use and risk of lung disease in rheumatoid
arthritis: A systematic literature review and
metaanalysis of randomized controlled trials.
J Rheumatol 2016; 43: 855-60.

8. PICCHIANTI DIAMANTI A, MARKOVIC M,
ARGENTO G et al.: Therapeutic management
of patients with rheumatoid arthritis and associated interstitial lung disease: Case report
and literature review. Ther Adv Respir Dis
2017; 11: 64-72.
9. SMOLEN JS, LANDEWÉ R, BREEDVELD FC et
al.: Eular recommendations for the management of rheumatoid arthritis with synthetic
and biological disease-modifying antirheumatic drugs: 2013 update. Ann Rheum Dis
2014; 73: 492-509.
10. DOUGADOS M, KISSEL K, SHEERAN T et
al.: Adding tocilizumab or switching to tocilizumab monotherapy in methotrexate inadequate responders: 24-week symptomatic
and structural results of a 2-year randomised
controlled strategy trial in rheumatoid arthritis (act-ray). Ann Rheum Dis 2013; 72: 43-50.
11. IZUMI K, KANEKO Y, YASUOKA H et al.:
Tocilizumab is clinically, functionally, and radiographically effective and safe either with
or without low-dose methotrexate in active
rheumatoid arthritis patients with inadequate
responses to dmards and/or tnf inhibitors:
A single-center retrospective cohort study
(keio-tcz study) at week 52. Mod Rheumatol
2015; 25: 31-7.
12. GABAY C, RIEK M, HETLAND ML et al.:
Effectiveness of tocilizumab with and without synthetic disease-modifying antirheumatic drugs in rheumatoid arthritis: Results from
a european collaborative study. Ann Rheum
Dis 2016;75:1336-42.
13. LE TT, KARMOUTY-QUINTANA H, MELICOFF
E et al.: Blockade of il-6 trans signaling attenuates pulmonary fibrosis. J Immunol
2014; 193: 3755-68.
14. PAUPIERE S, MILLOT F, GRADOS F, FARDELLONE P: Primary lymphoma of bone infected
with staphylococcus aureus. Joint Bone Spine
2013; 80: 669-70.
15. MANFREDI A, SEBASTIANI M, CASSONE G,
COLACI M, SANDRI G, FERRI C: Tocilizumab
for the treatment of patients with rheumatoid
arthritis and interstitial lung diseases: A case
series. Clin Exp Rheumatol 2018; 36: 342.
16. MOHR M, JACOBI AM: Interstitial lung disease in rheumatoid arthritis: Response to il-6r

Clinical and Experimental Rheumatology 2019

blockade. Scand J Rheumatol 2011; 40: 400-1.
17. NAKASHITA T, ANDO K, KANEKO N, TAKAHASHI K, MOTOJIMA S: Potential risk of TNF
inhibitors on the progression of interstitial
lung disease in patients with rheumatoid arthritis. BMJ Open 2014; 4: e005615.
18. AKIYAMA M, KANEKO Y, YAMAOKA K, KONDO H, TAKEUCHI T: Association of disease
activity with acute exacerbation of interstitial
lung disease during tocilizumab treatment in
patients with rheumatoid arthritis: A retrospective, case-control study. Rheumatol Int
2016; 36: 881-9.
19. CONWAY R, LOW C, COUGHLAN RJ, O’DONNELL MJ, CAREY JJ: Methotrexate and lung
disease in rheumatoid arthritis: A meta-analysis of randomized controlled trials. Arthritis
Rheumatol 2014; 66: 803-12.
20. KIVITZ A, OLECH E, BOROFSKY M et al.:
Subcutaneous tocilizumab versus placebo in
combination with disease-modifying antirheumatic drugs in patients with rheumatoid
arthritis. Arthritis Care Res (Hoboken) 2014;
66: 1653-61.
21. YAZICI Y, CURTIS JR, INCE A et al.: Efficacy
of tocilizumab in patients with moderate to
severe active rheumatoid arthritis and a previous inadequate response to disease-modifying antirheumatic drugs: The rose study. Ann
Rheum Dis 2012; 71: 198-205.
22. McINNES IB, THOMPSON L, GILES JT et al.:
Effect of interleukin-6 receptor blockade on
surrogates of vascular risk in rheumatoid arthritis: Measure, a randomised, placebo-controlled study. Ann Rheum Dis 2015; 74: 694702.
23. SMOLEN JS, BEAULIEU A, RUBBERT-ROTH
A et al.: Effect of interleukin-6 receptor inhibition with tocilizumab in patients with
rheumatoid arthritis (option study): A doubleblind, placebo-controlled, randomised trial.
Lancet 2008; 371: 987-97.
24. GABAY C, EMERY P, van VOLLENHOVEN
R et al.: Tocilizumab monotherapy versus
adalimumab monotherapy for treatment of
rheumatoid arthritis (adacta): A randomised,
double-blind, controlled phase 4 trial. Lancet
2013; 381: 1541-50.
25. NISHIMOTO N, ITO K, TAKAGI N: Safety and
efficacy profiles of tocilizumab monotherapy
in japanese patients with rheumatoid arthritis: Meta-analysis of six initial trials and five
long-term extensions. Mod Rheumatol 2010;
20: 222-32.

26. McLAUGHLIN M, OSTOR A: Safety of subcutaneous versus intravenous tocilizumab in
combination with traditional disease-modifying antirheumatic drugs in patients with rheumatoid arthritis. Expert Opin Drug Saf 2015;
14: 429-37.
27. MESQUIDA M, MOLINS B, LLORENC V, de la
MAZA MS, ADAN A: Targeting interleukin-6
in autoimmune uveitis. Autoimmun Rev 2017;
16: 1079-89.
28. SCOTT LJ: Tocilizumab: A review in rheumatoid arthritis. Drugs 2017; 77: 1865-79.
29. BREEDVELD FC, WEISMAN MH, KAVANAUGH AF et al.: The premier study: A multicenter, randomized, double-blind clinical trial
of combination therapy with adalimumab
plus methotrexate versus methotrexate alone
or adalimumab alone in patients with early,
aggressive rheumatoid arthritis who had not
had previous methotrexate treatment. Arthritis Rheum 2006; 54: 26-37.
30. KLARESKOG L, van der HEIJDE D, de JAGER
JP et al.: Therapeutic effect of the combination
of etanercept and methotrexate compared with
each treatment alone in patients with rheumatoid arthritis: Double-blind randomised controlled trial. Lancet 2004; 363: 675-81.
31. BURMESTER GR, CHOY E, KIVITZ A et al.:
Low immunogenicity of tocilizumab in patients with rheumatoid arthritis. Ann Rheum
Dis 2017; 76: 1078-85.
32. PAPPAS DA, JOHN A, CURTIS JR et al.: Dosing
of intravenous tocilizumab in a real-world
setting of rheumatoid arthritis: Analyses
from the corrona registry. Rheumatol Ther
2016; 3: 103-15.
33. BURMESTER GR, RIGBY WF, van VOLLENHOVEN RF et al.: Tocilizumab in early progressive rheumatoid arthritis: Function, a
randomised controlled trial. Ann Rheum Dis
2016; 75: 1081-91.
34. BIJLSMA JWJ, WELSING PMJ, WOODWORTH
TG et al.: Early rheumatoid arthritis treated
with tocilizumab, methotrexate, or their
combination (u-act-early): A multicentre,
randomised, double-blind, double-dummy,
strategy trial. Lancet 2016; 388: 343-55.
35. BINGHAM CO, 3rd, RIZZO W, KIVITZ A, HASSANALI A, UPMANYU R, KLEARMAN M:
Humoral immune response to vaccines in patients with rheumatoid arthritis treated with
tocilizumab: Results of a randomised controlled trial (visara). Ann Rheum Dis 2015;
74: 818-22.

323

