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Risk of adverse events including serious infections
in rheumatoid arthritis patients treated with
tocilizumab: a systematic literature review and
meta-analysis of randomized controlled trials
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Andrew J. K. Ost6r?

Abstract

Objective. To assess the risk of adverse events (AEs) in patients with RA treated with tocilizumab, an IL-6
receptor antibody, in published randomized controlled trials (RCTs).

Methods. A systematic literature search was conducted using the Cochrane library, PUBMED and
EMBASE for all RCTs (of the use of tocilizumab for RA) until September 2009. Fixed effect meta-analyses
were conducted to compare the incidence of AEs after treatment with tocilizumab 8 and 4 mg/kg in
combination with MTX, and 8 mg/kg tocilizumab monotherapy, with controls. Pooled summary odds
ratios (ORs) were calculated using the Mantel-Haenszel method.

Results. Six trials were analysed (four trials included 8 mg/kg tocilizumab and MTX combination therapy,
three of which also assessed the 4mg/kg dose). Three studies assessed tocilizumab monotherapy at
8mg/kg. Pooled ORs revealed statistical significance for an increased risk of AEs in the 8 mg/kg
combination group compared with controls (OR=1.53; 95% CIl 1.26, 1.86). The risk of infection was
significantly higher in the 8 mg/kg combination group compared with controls (OR=1.30; 95% CI 1.07,
1.58). No increased incidence of malignancy, tuberculosis reactivation or hepatitis was seen.

Conclusion. Tocilizumab in combination with MTX as a treatment for RA is associated with a small but
significantly increased risk of AEs, which is comparable with that of other biologics. Vigilance for untoward
effects is, therefore, imperative in any patient treated with these immuno-suppressive agents.
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(anti-TNF), B-cell depleting agents and T-cell
co-stimulatory blockers [4-6]. Despite their efficacy, not
all patients obtain benefit and improvement may not per-
sist among responders. Many patients also experience
adverse events (AEs) [6].

A novel target for the treatment of RA is IL-6, a key
pro-inflammatory cytokine in RA contributing to both the
articular and systemic manifestations of the disease [7, 8].
Tocilizumab, a humanized mAb, was thus developed
to block the IL-6 receptor and has been extensively

Introduction

RA is a chronic autoimmune disease characterized by
progressive joint damage, pain, fatigue and disability,
affecting ~1% of the population [1-3]. Current therapies
comprise traditional DMARDs including MTX and, more
recently, biologic DMARDs such as TNF-o inhibitors
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trialled in RA [9-11].

For a novel medication to be widely accepted, its
safety is of utmost importance. Strict inclusion and exclu-
sion criteria may render randomized controlled trials
(RCTs) inadequate to detect the true incidence of AEs
encountered. This limitation may be overcome by meta-
analysis, which combines the results of several RCTs
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Adverse events in RA patients treated with tocilizumab

and increases statistical power to detect significant
differences.

Infection risk is one of the most feared complications
with biologic use [12-15]. A report from the British Society
for Rheumatology Biologics Register (BSRBR) revealed
that although anti-TNF-treated patients did not have a
significantly higher risk of developing serious infections
overall compared with patients taking traditional
DMARDs, the risk of suffering a serious skin or soft
tissue infection was significantly higher [16].

The objective of this study was to perform a systematic
literature review and meta-analysis on published RCTs
and to compare the odds ratios (ORs) of AEs [total AEs,
serious AEs (SAEs), infections and serious infections]
occurring in patients receiving tocilizumab with or without
MTX compared with the controls receiving MTX alone.

Methods

Search strategy and study selection

Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement was utilized to guide
the methodology of our meta-analysis [17]. A systematic
literature search was conducted using the Cochrane
library, PubMed and EMBASE using MeSH and free text
search terms. All variants of the key search terms: tocili-
zumab, RA and AEs were included. The analysis was
limited to late Phase Il or Phase Il RCTs in peer-reviewed
publications to September 2009. Trial participants
were adults (=18 years of age) with a diagnosis of RA
according to the ACR 1987 criteria [18].

Data extraction and end points

All demographic, protocol, AE, laboratory and safety data
were collated from each trial and extracted in duplicate
with discrepancies resolved by reviewing the source
material and consulting the other authors. Only four
events were found to be reported in a consistent format
across the trials: one or more AE, SAE, infection and ser-
ious infection. Assumptions were made that the definitions
of these terms were consistent across trials, as individual
study definitions were not available. Within each group of
trials, the data were combined and subdivided into two
tocilizumab dose regimens: low dose (4 mg/kg) and high
dose (8 mg/kg). Other events, such as neutropenia, abnor-
mal liver function tests (LFTs) and altered lipid profile,
were reported; however, due to inconsistent data format-
ting, meta-analysis was not possible.

Statistical analysis

Within the combination therapy trial group, the following
dosing groups were compared:

(i) 8 vs 4mg/kg;
(i) 8mg/kg vs control; and
(i) 4mg/kg vs control.

Within the monotherapy trial group, only the 8 mg/kg dose
group vs control group comparison was considered.
For each comparison, individual meta-analyses were
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performed on the number of AEs, SAEs, infections and
serious infections, where applicable. The effect sizes
were measured using ORs.

We employed the Mantel-Haenszel method to perform
the meta-analysis [19]. For all fixed-effects meta-analyses,
it was assumed that the true effect sizes were the same
for all studies, and any difference observed was simply
due to sampling variation. A x2-test of heterogeneity
(often denoted by Q) was applied in each case to
assess the fixed-effects assumption. A 10% significance
level was used for the test of heterogeneity. />-statistics
were also presented (with 95% Cls where possible) in
order to estimate the proportion of variability in the
effect sizes attributable to heterogeneity.

Zero total event studies were excluded from meta-
analyses according to statistical recommendation [20,
21]. After excluding these, if any contingency tables con-
tained zero values, a continuity correction was applied to
the relevant tables. This consisted of adding a factor of
the reciprocal of the size of the opposite treatment arm to
each cell of a contingency table of treatment group
against event for the relevant studies.

For each of the comparisons of interest, forest plots
were produced to show the treatment effect sizes
(ORs) for each of the relevant studies with corresponding
95% Cls (Fig. 1). Publication bias was investigated
for each meta-analysis using funnel plots. The statis-
tics software used was the metafor package (version
0.5-7, written by Wolfgang Viechtbauer) in R statistics
software [20].

Results

Literature search results and trial characteristics

Eight trials were found following electronic searches from
the Cochrane database, 93 reported in manuscripts
identified by PubMed and 136 from EMBASE. After
considering duplication and article relevance and design,
six RCTs were selected (Fig. 2 and Table 1) [22-27].
Of these, five were Phase Ill [22, 23, 25-27] and one
a late Phase Il trial [24] comprising patients with active
RA refractory to conventional DMARDs or anti-TNF
treatment. The analysis included all the randomized
patients who received at least one dose of tocilizumab.
Table 2 shows the patient demographics and baseline
characteristics.

Study selection

The trials were split into two groups according to their
protocols. The first comprised tocilizumab and MTX
combination therapy vs MTX alone [22-25] and the
second comprised tocilizumab monotherapy vs MTX
alone [26, 27]. The CHARISMA trial included both com-
bination and monotherapy protocols; therefore, the
appropriate data were distinguished and separated into
each corresponding group for analysis [24]. It is noted
that the end point of treatment with tocilizumab within
the CHARISMA trial was 16 weeks; however, each of
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Fic. 1 OR forest plots showing effect of treatment on risk of AEs and infections. Right-hand side of plots indicates a

greater risk of AEs or infections for the treatment or higher dose of treatment group.

AEs: tocilizumab combination therapy
Tocilizumab 8 mg/kg and MTX compared with controls

AEs: tocilizumab combination therapy
Tocilizumab 4mg/kg and MTX compared with controls

CHARISMA [24] +———8—— 1.33(0.60, 2.92)

RADIATE [22] — 1.26 (0.72,2.22)
OPTION [25] ——— 1.32 (0.88, 1.99)
TOWARD [23] —— 1.70 (1.33,2.19)

T T 1
0.50 1.00 2.00 4.00

OR (log-scale) (95% CI)

AEs: tocilizumab combination therapy

Tocilizumab 8 mg/kg compared with tocilizumab 4 mg/kg

CHARISMA [24] — 0.72(0.32, 1.60)
RADIATE [22] ———a——  1.62(0.89, 2.97)
OPTION [25] H—— 1.44(0.95, 2.17)

T T T 1
025 050 1.00 200 4.00

OR (log-scale) (95% CI)

AEs: tocilizumab monotherapy

Tocilizumab 8 mg/kg compared with controls

CHARISMA [24] —_—— 1.85(0.83,4.12)
RADIATE [22] +——®m—— 0.78 (0.42,1.43)
OPTION [25] — 0.92 (0.60, 1.40)

T T T T 1
025 050 1.00 200 4.00 8.00

OR (log-scale) (95% Cl)

SAEs: tocilizumab combination therapy

SATORI [27] —— == 438(151,1271)
CHARISMA [24] —— 1.67 (0.76, 3.67)
AMBITION [26] —— 1.15(0.77,1.72)

T T T 1
050 100 200 400 8.00

OR (log-scale) (95% Cl)

SAEs: tocilizumab combination therapy
Tocilizumab 4mg/kg and MTX compared with controls

______ Tocilizumab 8 mg/kg and MTX compared with controls
CHARISMA [24] —— 3.83(0.75, 19.43)
OPTION [25] —— 1.08 (0.48, 2.42)
RADIATE [22] +——m—H 0.53(0.24, 1.16)
TOWARD [23] H—— 1.59 (0.92, 2.75)

T T T T T 1

0.10 0.25 1.00 4.00
OR (log-scale) (95% CI)

SAEs: tocilizumab combination therapy
Tocilizumab 8 mg/kg compared with Tocilizumab 4mg/kg

CHARISMA [24] — 0.49 (0.04,5.58)

OPTION [25] —i— 1.05 (0.47,2.35)

RADIATE [22] —a— 0.63 (0.29, 1.35)
L N B N B B B

0.02 0.10 0.50 2.00 8.00
OR (log-scale) (95% CI)

SAEs: tocilizumab monotherapy
Tocilizumab 8 mg/kg compared with controls

CHARISMA [24] H—————®&—= 7.81(0.92,66.10)
RADIATE [22] —— 0.84 (0.36, 1.97)
OPTION [25] —— 1.03 (0.47,2.28)

T T T T T 1
0.25 1.00 4.00 16.00
OR (log-scale) (95% CI)
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CHARISMA [24] 1.44 (0.23,9.00)
SATORI [27] —_— 1.43 (0.31,6.66)
AMBITION [26] ———— 1.37 (0.54, 3.46)

T T T T T T 1
0.10 0.25 1.00 4.00 16.00
OR (log-scale) (95% CI)
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Fic. 1 Continued.

Infections: tocilizumab combination therapy

Tocilizumab 8 mg/kg and MTX compared with controls

RADIATE [22] —_—— 1.38 (0.89, 2.12)
OPTION [25] — 1.25 (0.81, 1.90)
TOWARD [23] — 1.29 (1.00, 1.66)
T T 1
0.50 1.00 2.00 4.00

OR (log-scale) (95% Cl)

Infections: tocilizumab combination therapy

Tocilizumab 8 mg/kg compared with tocilizumab 4mg/kg

RADIATE [22] — 1.11(0.72, 1.70)
OPTION [22] — . 1.07 (0.71, 1.61)
T 1
0.50 1.00 2.00

OR (log-scale) (95% Cl)

Serious infections: tocilizumab combination therapy
Tocilizumab 8 mg/kg and MTX compared with controls

Infections: tocilizumab combination therapy

Tocilizumab 4mg/kg and MTX compared with controls

RADIATE [22] — 1.24 (0.80, 1.93)
OPTION [25] — 1.17 (0.76, 1.79)
T 1
0.50 1.00 2.00

OR (log-scale) (95% ClI)

Infections: tocilizumab monotherapy

Tocilizumab 8 mg/kg compared with controls

SATORI [27] —_— 1.44 (0.59, 3.47)

AMBITION [26] — 0.88 (0.62, 1.24)

T T T 1
0.25 0.50 1.00 2.00 4.00

OR (log-scale) (95% ClI)

Serious infections: tocilizumab combination therapy

Tocilizumab 4mg/kg and MTX compared with controls

CHARISMA [24] —_— 7.31(0.37, 145.34)

OPTION [25] ———— 3.03 (0.60, 15.19)

RADIATE [22] ——— 1.49 (0.48, 4.64)

TOWARD [23] —— 1.43 (0.63, 3.24)
Tt T T 1T T 1

025 1.00 4.00 16.00
OR (log-scale) (95% ClI)

Serious infections: tocilizumab combination therapy

OPTION [25] ——— 145 (0.24, 8.77)

RADIATE [22] 0.58 (0.14, 2.47)

T T T T 1
0.10 050 200 8.0

OR (log-scale) (95% Cl)

Serious infections: tocilizumab monotherapy

Tocilizumab 8 mg/kg compared with controls

Tocilizumab 8 mg/kg pared with tocili 4mg/kg
CHARISMA [24] —_—— 7.31(0.37, 145.34)
OPTION [25] — 2.09 (0.52, 8.47)
RADIATE [22] [ — ] 2.55 (0.67, 9.80)

T T T 1 11

025 1.00 4.00 16.00
OR (log-scale) (95% ClI)

the other studies included in this meta-analysis had a
duration of 24 weeks.

Although the TOWARD trial included patients on any
traditional DMARD, 76% of the participants were

www.rheumatology.oxfordjournals.org

SATORI [27] —— . 2.14(0.19, 24.18)
AMBITION [26] — 1.99 (0.36, 10.93)
| AN N N N R .

010 050 2.00 8.0
OR (log-scale) (95% Cl)

prescribed MTX [23]. This was determined to be a high
enough proportion to be comparable with the other
combination therapy trials, where 100% of the partici-
pants were prescribed MTX. As TOWARD comprised the
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Fic. 2 Systematic literature search selection process. CHARISMA [24] trial included in both monotherapy and
combination therapy subgroups. Control group received MTX and tocilizumab placebo.

RCT parameter introduced

records excluded

A4

(n=121)

Records excluded

A 4

(n=4)

Full-text articles excluded
(n=0)

SAMURAI trial excluded
(n=1)

A 4

Records identified through
database searching
s (n=237)
=
2
g
E A 4
Records after duplicates removed
— (n=132)
o
£ Y
c
)
o Records screened
e (n=11)
\ 4
Full-text articles assessed
for eligibility
= (n=7)
3
g \4
w
Studies included in
qualitative synthesis
(n=7)
o
c
° v
g
° Studies included in
i= quantitative synthesis
(meta-analysis)
(n=6)

largest number of participants in any ftrial, it was con-
sidered that inclusion of this study would increase the
precision and power of the meta-analysis.

The study of active controlled monotherapy used for
RA, an IL-6 inhibitor (SAMURAI) trial was excluded,
given the lack of specificity in describing the treatment
arms of the patients involved; details regarding the
DMARDs that patients were prescribed and the percent-
age of those patients taking MTX were not provided [28].
This is in contrast with the TOWARD study, which speci-
fied the percentage of patients prescribed MTX [23].

The quality of the studies was assessed by considering
selection, performance, attrition and detection biases,
as well as the individual analyses carried out. It was
concluded that each of the six RCTs had accounted
appropriately for these sources of error, and were of a
sufficient quality to enable a meaningful meta-analysis to
be undertaken.

556

Side-effect categories

Four categories of side effects were presented: patients
with one or more AEs, one or more SAE, one or more
infections and one or more serious infections. As the
CHARISMA study did not contain results for one or
more infections, it was excluded from this category [24].
The incidences of these AEs are shown in Table 3, with
the corresponding summary ORs shown in Table 4.

Assessment of heterogeneity

The Q-tests for heterogeneity showed insufficient evi-
dence for heterogeneity in all but two comparisons of
interest. The comparison of AEs between the 8 mg/kg
dose group and the control group for tocilizumab mono-
therapy gave a P-value of 0.064 for the y2-test of hetero-
geneity, which is significant at 10% but not at the
5% level. Similarly, the comparison of SAEs between the

www.rheumatology.oxfordjournals.org
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TasLe 1 Characteristics of the six RCTs of tocilizumab therapy in RA included in these meta-analyses for AEs

Number
Number of patients Duration of
of patients completing follow-up,
randomized follow-up RA features weeks

OPTION [25] 623 566 Phase Ill double-blind RCT: TCZ and MTX 24
combination therapy in MTX-naive, active
RA patients

TOWARD [23] 1220 1121 Phase Ill double-blind RCT: TCZ in combination 24
with one of the six DMARDs (76% of which used
one DMARD, most commonly used DMARD
is MTX) in MTX naive, active RA patients

RADIATE [22] 499 417 Phase Ill double-blind RCT: TCZ and MTX 24
combination therapy in MTX-naive, active
RA patients

CHARISMA [24] 359 299 Phase Il double-blind RCT: both TCZ monotherapy 20
and combination therapy with MTX in
MTX-naive, active RA patients

SATORI [27] 127 87 Phase Ill double-blind RCT: TCZ monotherapy in 24
MTX-naive, active RA patients

AMBITION [26] 673 612 Phase Ill double-blind, double-dummy, 24

parallel-group RCT: TCZ monotherapy in
MTX-naive, active RA patients

TCZ: tocilizumab.

8 mg/kg dose group and the control group for the tocili-
zumab combination therapy gave a P-value of 0.065 for
the x*-test of heterogeneity. All /*-statistics were 0 except
for the following comparisons: SAEs between the 8 mg/kg
dose group and the control group for tocilizumab combin-
ation therapy (=0.59; 95% CI 0, 0.86); AEs between the
4 mg/kg dose group and the control group for tocilizumab
combination therapy (#=0.30; 95% CI 0, 0.93); AEs
(P=0.35; 95% CI 0, 0.79) and SAEs (°=0.46; 95% ClI
0, 0.84) between the 8 and the 4 mg/kg dose group for
tocilizumab combination therapy; and AEs (/>=0.64; 95%
Cl 0, 0.90) and infections (/?=0.03) between the 8 mg/kg
dose group and the control group for tocilizumab mono-
therapy. Note that all the 95% Cls for /2 given above con-
tain 0, and hence we are not able to determine significant
heterogeneity in any of the meta-analysis comparisons.
Hence, although overall there is insufficient evidence to
suggest that the true effect size differs across trials for
any of the comparisons, it is sensible to be cautious
against over-interpreting the combined summary esti-
mates corresponding to the comparison of AEs between
the 8 mg/kg dose group and the control group for tocili-
zumab monotherapy and the comparison of SAEs be-
tween the 8 mg/kg dose group and the control group for
the tocilizumab combination therapy, because these two
separate meta-analysis comparisons have moderately
high /? heterogeneity estimates and significant Q-test
P-values.

AEs

In combination therapy, the estimated odds for one or
more AEs was significantly greater for the 8 mg/kg dose
group compared with control group (OR=1.53; 95% ClI
1.26, 1.86). The estimated odds were not significantly

www.rheumatology.oxfordjournals.org

greater for the 4 mg/kg dose group compared with control
group (OR=1.34; 95% CI 0.98, 1.82), and the estimated
odds for the 8 mg/kg dose group were not significantly
different to the 4 mg/kg dose group (OR=0.98; 95% CI
0.72, 1.34).

SAEs

In combination therapy, the estimated odds of at least one
SAE in the 4 mg/kg dose group were not significantly dif-
ferent from control (OR=0.78; 95% CI 0.45, 1.33) nor in
the 8 vs 4 mg/kg dose group comparison (OR=1.18; 95%
Cl 0.69, 2.02). Patients taking monotherapy (8 mg/kg)
were estimated to have the odds of at least one SAE
occurring ~1.39 times greater than control (95% ClI
0.67, 2.89).

Infections

In combination therapy, patients taking the 8 mg/kg dose
were found to have significantly greater odds of infection
than control (OR=1.30; 95% CI 1.07, 1.58). The corres-
ponding estimated odds for infection were not significant-
ly different for the 4mg/kg dose group compared with
controls (OR=1.20; 95% CI 0.89, 1.63) and for the 8 mg/
kg dose group compared with the 4 mg/kg dose group
(OR=1.09; 95% CI 0.81, 1.46). Patients taking monother-
apy were estimated to have odds ~0.94 times those of the
control (95% CI 0.68, 1.29) for developing at least one
infection.

Serious infections

The odds of serious infection were not significantly differ-
ent between the 4 mg/kg dose groups and control groups
(OR=0.83; 95% CI 0.28, 2.50) after excluding the
CHARISMA study. The CHARISMA study was excluded
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TaeLE 2 Patient demographics and clinical characteristics at baseline

Study protocol with doses (number Mean RA
of patients in each group in Mean age, Sex: duration, DAS-28 ESR,
intention-to-treat population) years female, % years score mm/h
OPTION [25] TCZ 8 mg/kg (every 4 weeks) with weekly 50.8 85.0 7.50 6.80 51.2 26.0
MTX (n=205)
TCZ 4mg/kg (every 4 weeks) with weekly 51.4 82.0 7.40 6.80 49.2 28.0
MTX (n=213)
Control: TCZ placebo (every 4 weeks) with 50.6 78.0 7.80 6.80 49.7 24.0
weekly MTX (n=204)
TOWARD [23] TCZ 8 mg/kg + DMARD(s) (76% used one 53.0 81.0 9.80 6.70 48.2 26.0
DMARD, the most commonly used
DMARD being MTX) (n=803)
TCZ placebo + DMARD(s) (76% used one 54.0 84.0 9.80 6.60 49.2 26.0
DMARD, the most commonly used
DMARD being MTX) (n=413)
RADIATE [22] TCZ 8 mg/kg (every 4 weeks) with stable 53.9 84.0 12.6 6.79 49.1 28.0
MTX and folate (n=170)
TCZ 4mg/kg (every 4 weeks) with stable 50.9 81.0 11.0 6.78 51.3 31.1
MTX and folate (n=161)
Control: TCZ placebo (every 4 weeks) 53.4 79.0 53.4 6.80 54.6 37.1
with stable MTX and folate (n=158)
CHARISMA [24] TCZ 8 mg/kg (every 4 weeks)+MTX 50.1 73.0 0.76 6.43 39.0 22.0
placebo (n=52)
TCZ 4mg/kg (every 4 weeks) + MTX 49.3 75.9 0.82 6.55 41.0 19.0
placebo (n=254)
TCZ 8 mg/kg (every 4 weeks) + MTX at 50.1 78.0 0.89 6.47 39.0 24.0
previously stabilized dose (n=50)
TCZ 4mg/kg (every 4 weeks)+MTX at 50.2 75.5 0.65 6.34 40.0 31.0
previously stabilized dose (n=49)
Control: TCZ placebo + MTX at previously 50.9 77.6 0.93 6.75 43.0 32.0
stabilized dose (n=49)
SATORI [27] TCZ 8 mg/kg (every 4 weeks) plus MTX 52.6 90.2 8.50 6.10 51.9 30.0
placebo (n=61)
Control: TCZ placebo plus MTX 8 mg/wk 50.8 75.0 8.70 6.20 51.9 32.0
(n=64)
AMBITION [26] TCZ 8 mg/kg (every 4 weeks) (n=286) 50.7 83.0 6.40 6.80 49.9 30.0
Control: MTX 7.5 mg/week titrated to 50.0 79.0 6.20 6.80 49.4 31.0

20 mg/week within 8 weeks (n=284)

TCZ: tocilizumab.

from this meta-analysis because it was identified as a
zero-total event study, and no continuity correction
factors were applied in this case.

When the 8 mg/kg dose was compared with the 4 mg/kg
dose in the combination groups, continuity correction
factors were applied. Patients taking 8 mg/kg tocilizumab
were found to have significantly greater odds than in the
4 mg/kg group (OR=2.70; 95% CI 1.09, 6.71). However,
sensitivity analysis revealed that after removing the rela-
tively small CHARISMA study, the overall conclusions
changed with the summary OR no longer being significant
at the 5% level (OR=2.33; 95% CI 0.88, 6.13). Patients
taking tocilizumab monotherapy did not have significantly
greater odds of at least one serious infection compared
with the controls (OR =2.03; 95% CI 0.50, 8.21).

Other laboratory markers

Other AEs mentioned included changes in lipids, LFTs and
neutrophil counts. Overall the LFT elevations were not
associated with clinical signs or symptoms of liver disease
and an increased risk of infection was not seen in individ-
uals who developed neutropenia. In all trials other than
the OPTION study [25], in most patients, the alteration
in lipid profile was transient. It was not considered

558

appropriate to undertake a statistical meta-analysis on
these individual categories due to the varied presentation
of the results between the trials. For example, lipid
profiles, LFTs and neutropenia were all presented with
varying baseline reference values across the studies.
There was no apparent increase in the rate of malignancy,
tuberculosis or hepatitis associated with the use of
tocilizumab.

Sensitivity analysis

As CHARISMA was a small study, the sensitivity of
the meta-analysis was assessed by removing this.
Our conclusions changed for the comparison of serious
infections in patients taking 8 mg/kg tocilizumab with
those taking 4mg/kg tocilizumab as mentioned. The
comparison of AEs between the 4mg/kg tocilizumab
and control groups (combination therapy) also gave a
significant summary OR when CHARISMA was removed.
However, in order to be conservative in our conclusions,
CHARISMA was included in the calculation of the final
summary estimate. All other conclusions based on
summary estimates were unaffected when CHARISMA
was removed.
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TaBLe 3 Risk of AEs in patients with RA during tocilizumab and MTX combination therapy (CHARISMA, RADIATE,
OPTION and TOWARD) and tocilizumab monotherapy (AMBITION, CHARISMA and SATORI)

with at least
one AE/total one SAE/total
in treatment

Number Number Number
of patients of patients of patients

Number
of patients
with at least
one serious
with at least with at least one infection or
infection/total infestation/total

in treatment in treatment in treatment

Treatment group (%) group (%) group (%) group (%)
CHARISMA TCZ 4 mg/kg (every 4 weeks) + MTX 19/49 (42.0) 1/49 (2.00) - 0
(TCZ combination at previously stabilized dose
therapy arm) [24]* TCZ 8 mg/kg (every 4 weeks) + MTX 27/50 (54.0) 7/50 (14.0) - 3/50 (6.00)
at previously stabilized dose
TCZ placebo + MTX at previously 23/49 (47.0) 2/49 (4.10) - 0

stabilized dose

RADIATE [22]* TCZ 8 mg/kg (every 4 weeks) with 147/175 (84.0) 11/175 (6.30) 86/175 (49.1) 8/175 (4.60)
stable MTX and folate
TCZ 4mg/kg (every 4 weeks) with 142/163 (87.0) 12/163 (7.40) 76/163 (46.6) 3/163 (1.80)
stable MTX and folate
TCZ placebo (every 4 weeks) with 129/160 (81.0) 18/160 (11.0) 66/160 (41.3) 5/160 (3.10)
stable MTX and folate
OPTION [25]* TCZ 4mg/kg (every 4 weeks) with 151/212 (71.0) 13/212 (6.10) 65/212 (31.0) 3/212 (1.40)
weekly MTX
TCZ 8 mg/kg (every 4 weeks) with 143/206 (69.0) 13/206 (6.30) 66/206 (32.0) 6/206 (2.90)
weekly MTX
TCZ placebo (every 4 weeks) with 129/204 (63.0) 12/204 (5.90) 56/204 (27.0) 2/204 (1.00)
weekly MTX
TOWARD [23]* TCZ 8 mg/kg + DMARD(s) (76% 584/802 (72.8) 54/802 (6.70) 300/802 (37.4) 22/802 (2.70)
used one DMARD, the most
commonly used DMARD being
MTX)
TCZ placebo + DMARD(s) 253/414 (61.1) 18/414 (4.30) 131/414 (31.6) 8/414 (1.90)
(76% used one DMARD, the
most commonly used DMARD
being MTX)
SATORI [27]° TCZ 8 mg/kg (every 4 weeks) plus 56/61 (92.0) 4/61 (6.60) 14/61 (23.0) 2/61 (3.30)
MTX placebo (n=61)
TCZ placebo plus MTX 8 mg/week 46/64 (72.0) 3/64 (4.70) 11/64 (17.0) 1/64 (1.60)
(n=64)
CHARISMA (TCZ TCZ 8mg/kg (every 4 31/52 (60.0) 3/52 (5.80) - 0
monotherapy weeks) + placebo
arm) [24]° TCZ placebo + MTX at previously 23/49 (47.0) 2/49 (4.10) - 0
stabilized dose
AMBITION [26]° TCZ 8 mg/kg (every 4 weeks) 230/288 (80.0) 11/288 (3.80) 99/288 (34.0) 4/288 (1.40)
MTX 7.5 mg/week titrated to 20 mg/ 220/284 (77.0) 8/284 (2.80) 106/284 (37.0) 2/284 (0.70)

week within 8 weeks

AE, SAE, infections and serious infections are defined and presented in the six RCTs shown in the table. ®Tocilizumab
combination therapy trials. °Tocilizumab monotherapy trials. TCZ: tocilizumab.

Publication bias

It is difficult to assess publication bias in such a small
number of studies. However, funnel plots were considered
to help detect any evidence of large biases. All funnel
plots appeared satisfactory with no clear evidence of
large publication bias.

Discussion

Due to the efficacy of biologic DMARDs in RA, the goals
of management have been reappraised, with disease
remission being a realistic outcome [29]. Despite this,
patient safety remains a chief concern. Individual RCTs
are often underpowered to identify rare effects, including
AEs such as severe infections; thus, pooling studies and
undertaking meta-analyses provide a means to identify
these.

www.rheumatology.oxfordjournals.org

Our meta-analyses show a small but significantly
increased risk of AEs in patients taking tocilizumab
8 mg/kg with MTX, compared with controls, including an
increased risk of infection. The main adverse effects
reported were nasopharyngitis [27] respiratory tract
disorder [23], skin and soft tissue pathology (e.g. rash)
[22, 23] and gastrointestinal side effects (e.g. nausea)
[22, 28]. All other comparisons appeared to have event
risks that were not significantly different between groups.
However, two comparisons were excluded because of
concerns about heterogeneity. No summary estimate
was given for the comparison of AEs between the
8 mg/kg tocilizumab monotherapy group and the control
group, and neither was one given for the comparison of
SAEs between the 8 mg/kg dose group and the control
group for the tocilizumab combination therapy. Therefore,
we were not able to investigate if a significant difference
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TaBLe 4 ORs (95% Cils) for tocilizumab and MTX combination and tocilizumab monotherapy studies

ORs (95% CI) for tocilizumab and MTX combination therapy

High dose?® vs
Outcome of interest control®

At least one AE

At least one SAE

At least one infection

At least one serious infection

1.53 (1.26, 1.86)

1.30 (1.07, 1.58)°
1.78 (0.98, 3.23)

ORs (95% CI) for
tocilizumab
monotherapy

Low dose® vs High® vs high dose® vs
control® Low dose® control®
1.34 (0.98, 1.82) 0.98 (0.72, 1.34)
(0.45, 1.33) 1.18 (0.69, 2.02) 1.39 (0.67, 2.89)
(0.89, 1.63)° 1.00 (0.81, 1.46°  0.94 (0.68, 1.29)'
0.83 (0.28, 2.50)° 2.33(0.88,6.13°  2.03 (0.50, 8.21)"

Combination trials include CHARISMA, RADIATE and OPTION studies. The TOWARD study was also included in the
meta-analyses of combination therapy corresponding to the high dose vs control comparison. Monotherapy trials include:
AMBITION, CHARISMA and SATORI studies. ®Tocilizumab 8 mg/kg with MTX. PControl with MTX and tocilizumab placebo.
“Tocilizumab 4mg/kg with MTX. ®Tocilizumab monotherapy 8 mg/kg. °CHARISMA study excluded from meta-analysis.

fOnly AMBITION and SATORI studies included in meta-analysis.

in risk existed between the groups for these specific
comparisons overall. One explanation for heterogeneity
within AEs, but perhaps less so for SAEs, may be that the
definition of the former is extremely broad and the reporting
of these events within studies would be participant and
clinician dependent.

The 8mg/kg tocilizumab combination therapy group
showed a significantly greater risk of serious infection
than the 4 mg/kg tocilizumab combination group when
CHARISMA was included, although this is not apparent
when compared with controls. This finding is possibly
due to the CHARISMA study being an outlier in this
particular effect group due to its small sample size
(n=101) [24].

The main infections reported were skin and subcuta-
neous infections as well as respiratory tract infections
[22, 23, 26]. A meta-analysis of harmful effects in RCTs
involving anti-TNF-o therapy concluded that the pooled
OR for serious infection was 2.0 (95% CI 1.3, 3.1) in com-
parison with controls [30]. This may suggest that anti-TNF
agents carry a higher risk of significant infection than toci-
lizumab as patients taking high-dose tocilizumab
(8mg/kg) in combination with MTX in our study showed
only a trend towards a greater risk of serious infection
when compared with controls (OR=1.78; 95% CI 0.98,
3.23). Other authors have concluded that treatment with
tocilizumab produces a similar risk of serious infections to
that of anti-TNF drugs [15, 31].

As IL-6 is a pleotropic cytokine, a number of other
effects were found. All studies reported elevations in
LFTs; however, the format of reporting for these events
was not consistent and hence it was not possible to
perform statistical analyses. LFT elevations were found
to be dose dependent in CHARISMA and more frequent
in patients taking MTX concurrently [24]. Although
some patients were withdrawn due to LFT derangement,
no patient experienced clinical signs or symptoms as a
result of these changes.

Tocilizumab has been linked to an alteration in lipid pro-
files, with high-density lipoprotein, low-density lipoprotein,
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cholesterol and ftriglycerides shown to rise variously
across studies. It has been hypothesized that the
hyper-inflammatory state in RA decreases plasma lipids
to an abnormally low level [11, 33]; hence, upon resolution
of inflammation, lipids rise to normal levels. However, we
cannot exclude that tocilizumab may raise lipid levels
beyond what would be expected simply by reducing in-
flammation. This is especially important given the
increased cardiovascular risk associated with RA, and
therefore further investigation into this risk factor is sug-
gested. The anti-TNF-a biologic agent, infliximab, has also
been found to elevate the lipid profile [34]. However, no
increase in cardiovascular events was noted in any
of the short-term tocilizumab studies [22, 23, 26].
Importantly, the recently released 5-year extension to
the STREAM study [35] found no evidence of an increased
risk of cardiovascular disease in patients on tocilizumab
therapy.

Five of the trials analysed reported significantly reduced
neutrophil counts in patients within tocilizumab protocols,
compared with controls [22-26]. Unfortunately, these
data were also presented in differing formats, and hence
meta-analysis was not possible. Importantly, no associ-
ation was identified between neutrophil levels and infec-
tion rates or infection severity and the neutropenia
detected was usually transient [22-26].

Following immune system suppression, concern
exists regarding possible reactivation of latent infections,
most notably Mycobacterium tuberculosis (TB). In post-
marketing surveillance, anti-TNF agents were found to
increase this risk [36]. None of the tocilizumab studies
analysed encountered patients with TB reactivation
including those that did not screen for TB [27, 35].
However, two cases of TB in patients taking tocilizumab
(not in the studies within this meta-analysis) have been
reported in Japan [37]. It would, therefore, be advisable
to continue to screen patients for TB before commencing
any biologic agent [38]. Three trials reported an absence
of opportunistic infections [22, 24, 26]; however, one
patient in the TOWARD trial was diagnosed with

www.rheumatology.oxfordjournals.org
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Mycobacterium avium intracellulare following an incidental
abnormality on chest X-ray [23].

Malignancy is also of serious concern when using
immunosuppressant agents. None of the studies found a
significant increase in the rate of malignancy in those
taking tocilizumab compared with controls. Furthermore,
Yamanaka et al. [39] compared the incidence of malignan-
cies in tocilizumab cohorts with a group of RA patients in
the Tokyo Women’s Medical University, and to the
Japanese population database with no significant differ-
ence in the incidence of malignancy being found between
these groups.

The possibility of publication bias is an ever-present
limitation of the statistical method of meta-analysis.
Funnel plots did not reveal any major indications of
publication bias in our results; however, it was difficult
to evaluate publication bias due to the small number of
studies used in the meta-analyses.

Conclusion

This meta-analysis has revealed a small but significant
increase in AEs and infections in patients treated with
8 mg/kg of tocilizumab compared with controls. This risk
is comparable with other biologic agents, although the
risk of serious infection may be less than that for TNF
antagonists. Despite this, tocilizumab has a critical role
in the treatment of RA and overall the low incidence
of AEs is reassuring. Vigilance for untoward events,
however, must be maintained in any patient treated with
immune-modulating therapies.

Rheumatology key messages

e There is a small but significant increase in the risk
of AEs and infections with tocilizumab 8 mg/kg.

e AEs and infections with tocilizumab are comparable
with other biologics.

e Tocilizumab has an important role in treating RA,
but vigilance for AEs remains a priority.

Disclosure statement: A.J.K.O. has received support
from (including attendance at conferences), undertakes
clinical trials and acts as a consultant to Roche, Chugai,
Schering-Plough/MSD, Abbott, Wyeth, BMS, GSK,
MerckSorono and UCB. All other authors have declared
no conflicts of interest.

References

1 Choy E, Panayi G. Cytokine pathways and joint inflamma-
tion in rheumatoid arthritis. N Engl J Med 2001;344:907-16.

2 Kirwan J, Hewlett S. Patient perspective: reasons and
methods for measuring fatigue in rheumatoid arthritis.
J Rheumatol 2007;34:1171-3.

3 Gabiriel S. The epidemiology of rheumatoid arthritis.
Rheum Dis Clin North Am 2001;27:269-81.

4 Emery P, Salmon M. Early rheumatoid arthritis: time to aim
for remission? Ann Rheum Dis 1995;54:944-7.

www.rheumatology.oxfordjournals.org

5 Mierau M, Schoels M, Gonda G, Fuchs J, Aletaha D,
Smolen J. Assessing remission in clinical practice.
Rheumatology 2007;46:975-9.

6 Smolen J, Aletaha D, Koeller M, Weisman M, Emery P.
New therapies for treatment of rheumatoid arthritis. Lancet
2007;370:1861-74.

7 Fonseca J, Santos M, Canhéo H, Choy E. Interleukin-6
as a key player in systemic inflammation and joint
destruction. Autoimmun Rev 2009;8:538-42.

8 Tamura T, Udagawa N, Takahashi N et al. Soluble
interleukin-6 receptor triggers osteoclast formation
by interleukin 6. Proc Natl Acad Sci USA 1993;90:
11924-8.

9 Hirano T. Interleukin 6 and its receptor ND: ten years later.
Int Rev Immunol 1998;16:249-84.

10 Rose-John S, Waetzig G, Scheller J, Grotzinger J,
Seegert D. The IL-6/sIL-6R complex as a novel target for
therapeutic approaches. Expert Opin Ther Targets 2007;
11:613-24.

11 Moots R, Ostor A, Isaacs J. Will treatment of rheumatoid
arthritis with an IL-6R inhibitor help facilitate the ‘age of
remission’? Expert Opin Investig Drugs 2009;18:1687-99.

12 Edwards J, Szczepanski L, Szechinski J et al. Efficacy
of B-cell-targeted therapy with rituximab in patients
with rheumatoid arthritis. N Engl J Med 2004;350:
2572-81.

13 Lipsky PE, van der Heijde DM, St Clair EW et al. Infliximab
and methotrexate in the treatment of rheumatoid arthritis.
Anti-tumor necrosis factor trial in rheumatoid arthritis with
concomitant therapy study group. N Engl J Med 2000;343:
1594-1602.

14 van Hall G, Steensberg A, Sacchetti M et al. Interleukin-6
stimulates lipolysis and fat oxidation in humans. J Clin
Endocrinol Metab 2003;88:3005-10.

15 Weinblatt M, Keystone E, Furst D et al. Adalimumab, a fully
human anti-tumor necrosis factor alpha monoclonal anti-
body, for the treatment of rheumatoid arthritis in patients
taking concomitant methotrexate: the ARMADA trial.
Arthritis Rheum 2003;48:35-45.

16 Dixon W, Watson K, Lunt M, Hyrich K, Silman A,
Symmons D. Rates of serious infection, including site-
specific and bacterial intracellular infection, in rheumatoid
arthritis patients receiving anti-tumor necrosis factor
therapy: results from the British Society for Rheumatology
Biologics Register. Arthritis Rheum 2006;54:2368-76.

17 Moher D, Liberati A, Tetzlaff J, Aitman DG. The PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med
2009;6:¢1000097.

18 Arnett F, Edworthy S, Bloch D et al. The American
Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum 1988;
31:315-24.

19 Sweeting M, Sutton A, Lambert P. What to add to
nothing? Use and avoidance of continuity corrections in
meta-analysis of sparse data. Stat Med 2004;23:1351-75.

20 R Development Core Team. R: a language and
environment for statistical computing. Vienna, Austria:

R Foundation for Statistical Computing, 2009.

21 Whitehead A, Whitehead J. A general parametric
approach to the meta-analysis of randomized clinical
trials. Stat Med 1991;10:1665-77.

561

Z20z 1snbny 9| uo 1senb Aq Z0L 06/ L/ZSS/S/0S/20nie/ABojolewnayl/woo dno-olwepeoe//:sdiy woll papeojumoq



Laura Campbell et al.

22 Emery P, Keystone E, Tony H et al. IL-6 receptor inhibition
with tocilizumab improves treatment outcomes in patients
with rheumatoid arthritis refractory to anti-tumour necrosis
factor biologicals: results from a 24-week multicentre
randomised placebo-controlled trial. Ann Rheum Dis
2008;67:1516-23.

23 Genovese M, McKay J, Nasonov E et al. Interleukin-6
receptor inhibition with tocilizumab reduces disease
activity in rheumatoid arthritis with inadequate response
to disease-modifying antirheumatic drugs: the tocilizumab
in combination with traditional disease-modifying
antirheumatic drug therapy study. Arthritis Rheum 2008;
58:2968-80.

24 Maini R, Taylor P, Szechinski J et al. Double-blind
randomized controlled clinical trial of the interleukin-6
receptor antagonist, tocilizumab, in European patients
with rheumatoid arthritis who had an incomplete response
to methotrexate. Arthritis Rheum 2006;54:2817-29.

25 Smolen J, Beaulieu A, Rubbert-Roth A et al. Effect
of interleukin-6 receptor inhibition with tocilizumab in
patients with rheumatoid arthritis (OPTION study): a
double-blind, placebo-controlled, randomised trial. Lancet
2008;371:987-97.

26 Jones G, Sebba A, Gu J et al. Comparison of tocilizumab
monotherapy versus methotrexate monotherapy in
patients with moderate to severe rheumatoid arthritis:
The AMBITION study. Ann Rheum Dis. Advance Access
published March 17, 2009, doi:10.1136/ard.2008.105197.

27 Nishimoto N, Miyasaka N, Yamamoto K et al. Study of
active controlled tocilizumab monotherapy for rheumatoid
arthritis patients with an inadequate response to metho-
trexate (SATORI): significant reduction in disease activity
and serum vascular endothelial growth factor by IL-6 re-
ceptor inhibition therapy. Mod Rheumatol 2009;19:12-9.

28 Nishimoto N, Hashimoto J, Miyasaka N et al. Study of
active controlled monotherapy used for rheumatoid arth-
ritis, an IL-6 inhibitor (SAMURAI): evidence of clinical and
radiographic benefit from an x ray reader-blinded rando-
mised controlled trial of tocilizumab. Ann Rheum Dis 2007;
66:1162-7.

29 Goekoop-Ruiterman Y, de Vries-Bouwstra J, Allaart C
et al. Clinical and radiographic outcomes of four different
treatment strategies in patients with early rheumatoid
arthritis (the BeSt study): a randomized, controlled trial.
Arthritis Rheum 2005;52:3381-90.

30 Bongartz T, Sutton A, Sweeting M, Buchan |, Matteson E,
Montori V. Anti-TNF antibody therapy in rheumatoid

562

arthritis and the risk of serious infections and malignan-
cies: systematic review and meta-analysis of rare harmful
effects in randomized controlled trials. JAMA 2006;295:
2275-85.

31 Genovese M, Becker J, Schiff M et al. Abatacept for
rheumatoid arthritis refractory to tumor necrosis factor
alpha inhibition. N Engl J Med 2005;353:1114-23.

32 Sattar N, McCarey D, Capell H, Mclnnes I. Explaining
how ““high-grade” systemic inflammation accelerates
vascular risk in rheumatoid arthritis. Circulation 2003;108:
2957-63.

33 Boers M, Nurmohamed M, Doelman C et al. Influence of
glucocorticoids and disease activity on total and high
density lipoprotein cholesterol in patients with rheumatoid
arthritis. Ann Rheum Dis 2003;62:842-5.

34 Allanore Y, Kahan A, Sellam J, Ekindjian O, Borderie D.
Effects of repeated infliximab therapy on serum lipid
profile in patients with refractory rheumatoid arthritis.
Clin Chim Acta 2006;365:143-8.

35 Nishimoto N, Miyasaka N, Yamamoto K, Kawai S,
Takeuchi T, Azuma J. Long-term safety and efficacy of
tocilizumab, an anti-interleukin-6 receptor monoclonal
antibody, in monotherapy, in patients with rheumatoid
arthritis (the STREAM study): evidence of safety and
efficacy in a 5-year extension study. Ann Rheum Dis 2009;
68:1580-4.

36 Centers for Disease Control and Prevention. Tuberculosis
associated with blocking agents against tumor necrosis
factor-alpha—California, 2002-2003. MMWR Morb Mortal
WKkly Rep 2004;53:683-6.

37 Nishimoto N, Miyasaka N, Yamanaka K et al. Safety profile
of tocilizumab in Japanese patients with rheumatoid
arthritis—incidences of infections in Japanese long-term
clinical studies [abstract]. Ann Rheum Dis 2008;
67(Suppl. 11):335.

38 British Thoracic Society. BTS recommendations for
assessing risk and for managing Mycobacterium
tuberculosis infection and disease in patients due
to start anti-TNF-alpha treatment. Thorax 2005;60:
800-5.

39 Yamanaka H, Nishimoto N, Inoue E et al. Incidence of
malignancies in Japanese rheumatoid arthritis patients
treated with tocilizumab in comparison to those in an
observational cohort of Japanese patients and a Japanese
population database [abstract]. Ann Rheum Dis 2007;
66(Suppl. 2):122.

www.rheumatology.oxfordjournals.org

Z20z 1snbny 9| uo 1senb Aq Z0L 06/ L/ZSS/S/0S/20nie/ABojolewnayl/woo dno-olwepeoe//:sdiy woll papeojumoq



