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Tocilizumab (TCZ) is a humanized monoclonal antibody targeting the recep-
tor for IL-6 that has been approved in Japan, Europe and the USA for the 
treatment of rheumatoid arthritis (RA). Several Phase III trials have shown 
clinical efficacy of TCZ in the majority of clinical situations; namely RA 
with no previous methotrexate failures (AMBITION study), RA resistant to 
 disease-modifying antirheumatic drugs (TOWARD, OPTION and LITHE stud-
ies) and anti-TNF-a agents (RADIATE). TCZ is usually used in RA in combina-
tion with methotrexate but it may also be used as mono therapy  (AMBITION 
study). Radiological efficacy has also been demonstrated (SAMURAI and 
LITHE studies). In general, TCZ has a good safety profile. This article will 
 specifically review the Phase III clinical trials related to clinical and  radiological 
efficacy as well as safety of TCZ in RA.

Keywords: biological therapy • IL-6 receptor • juvenile idiopathic arthritis • rituximab 
• TNF-a • tocilizumab

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease characterized 
by joint pain and swelling, as well as stiffness and fatigue, resulting in progres-
sive joint damage with loss of function and increased morbidity and mortality [1]. 
Treatment often includes disease-modifying antirheumatic drugs (DMARDs) such 
as methotrexate (MTX), leflunomide, salazopyrin or antimalarials that improve 
inflammatory processes and can slow disease progression [2,3]. Biologic agents, such 
as TNF-a inhibitors are indicated for patients with inadequate response to con-
ventional DMARDs. However, even with anti-TNF-a inhibitors a proportion of 
patients do not achieve an adequate clinical response [4–11]. An alternative target for 
RA treatment is IL-6, a pleiotropic proinflammatory cytokine that is produced by 
a variety of cells types, including lymphocytes, monocytes and fibroblasts. IL-6 is 
involved in multiple immunologic processes relevant to RA, such as the differentia-
tion of B cells into immunoglobulin-secreting plasma cells, activation of T cells, 
induction of acute-phase proteins by hepatocytes and production of platelets [12–15]. 
IL-6 also induces the proliferation of synovial fibroblasts [16] and osteoclast dif-
ferentiation, both of which contribute to joint destruction and osteoporosis [17]. 
In addition, results from animal models suggest an important role of IL-6 in the 
induction and maintenance of chronic synovitis [18,19]. Furthermore, IL-6 serum level 
correlates positively with RA disease activity [20,21], and may have an important role 
in the development of anemia in RA, owing to the hyperproduction of hepcidina, 
an acute phase reactant that blocks ferropontin, preventing entry of iron into the 
blood both from the intestine and the reticuloendothelial system [22]. 

Tocilizumab (TCZ) is a humanized monoclonal antibody directed against the 
soluble as well as membrane-bound receptors of IL-6. TCZ has been jointly developed 
by the University of Osaka (Japan), the pharmaceutical company Chugai (Tokyo, 
Japan) and Roche headquartered in Basel (Switzerland). In Japan, TCZ has been 
indicated for Castleman’s disease and juvenile idiopathic arthritis. In Europe it has 
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been approved, in combination with MTX, for the treat-
ment of adult patients with moderate-to-severe RA who 
had responded inadequately or were intolerant to previ-
ous treatment with one or more DMARDs or TNF-a 
antagonists. TCZ can be given as monotherapy in cases 
of intolerance to MTX or when continuation with MTX 
is contraindicated. 

From the pharmacokinetic standpoint, TCZ 8 mg/kg 
infusions every 4 weeks is the most adequate dosage, 
according to the different studies that compared different 

doses and intervals of TCZ admin-
istration. The initial data about the 
pharmacokinetic properties of TCZ 
came from a Japanese open-label 
Phase I–II dose-ascending study 
in which patients received treat-
ment with TCZ 2, 4 or 8 mg/kg 
i.v. every 2 weeks [23]. This study 
demonstrated that the half-life of 
TCZ increased with dose incre-
ments and with the repetition of the 
dose [23], and a persistent reduction 
of C-reactive protein (CRP) was only 
observed with a dose of 8 mg/kg i.v. 
These data were supported by those 
from the Phase II CHARISMA trial, 
a multicenter double-blind random-
ized study that encompassed seven 
therapeutic arms with different doses 
of TCZ (2, 4 and 8 mg/kg) every 
4 weeks with or without MTX, and 
a placebo group treated only with 
MTX. This trial demonstrated that 
the efficacy based on the American 
College of Rheumatology (ACR) cri-
teria (ACR20, -50, and -70 response) 
was significantly superior with TCZ 
8 mg/kg with MTX and confirmed 
that normalized CRP levels were 
only maintained with this high TCZ 
dosage (Figure 1A & B) [24]. 

In this article we will focus on 
the more relevant aspects related to 
clinical efficacy, as well as its safety 
profile according to the results of 
the Phase III clinical trial program 
for TCZ. 

Clinical efficacy
There are seven Phase III trials that 
show clear efficacy in the possible 
situations of RA (Table 1); namely: 
RA with no previous MTXs failure 
(AMBITION [25]), RA refractory to 

MTX (SATORI [26], OPTION [27], LITHE [28]) or any 
DMARDs (TOWARD [29]) and finally RA resistant to 
anti-TNF-a (RADIATE [30]). Efficacy has been proven 
generally in combination with DMARDs, usually MTX, 
but also in monotherapy in Japan (SAMURAI [31], 
SATORI) and outside Japan (AMBITION). In addition, 
results of four Phase IIIb studies have been presented 
recently including: the ROSE trial [32] (patients with 
established RA resistant to DMARDs treated with TCZ 
plus DMARDs), ACT-SURE [33] and TAMARA [34] 

A
C

R
 r

es
p

o
n

se
 (

%
)

80

60

40

20

0

41

29

16

31

6
2

64

32

14

61

28

6

63

37

12

63

41

16

74

53

37

*
*

* *

*

**

*

Placebo 
+ MTX

TCZ
2 mg/kg

TCZ
2 mg/kg
+ MTX

TCZ
4 mg/kg

TCZ
4 mg/kg
+ MTX

TCZ
8 mg/kg

TCZ
8 mg/kg
+ MTX

ACR20 ACR50 ACR70

*p < 0.05 vs MTX; **p = 0.001 vs MTX

C
R

P
 (

m
g

/d
l)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Limit 0.3

Week

0 2 4 6 8 10 12 14 16 18

MTX

TCZ 4 mg/kg

TCZ 4 mg/kg + MTX

TCZ 8 mg/kg

TCZ 8 mg/kg + MTX

Time of infusions

Best choice

Fast

Figure 1. Results from the CHARISMA trial. (A) Improvement in the ACR responses in 
the different therapeutic groups with TCZ. Observed at week 16. (B) CRP response in the 
CHARISMA trial. TCZ 8 mg/kg is the only dose that produces a maintained reduction in CRP. 
ACR: American College of Rheumatology; CRP: C reactive protein; MTX: Methotrexate;  
TCZ: Tocilizumab. 
Data taken from [24].
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(two open-label studies of TCZ in patients with inad-
equate response to DMARDs or anti-TNF-a agents in 
the usual clinical practice), and the ACT-RAY [35] (used 
MRI to determine the efficacy of TCZ) (Table 1). 

Since the clinical development of TCZ for RA in 
Japan is considerably different (e.g., TCZ is used in 
monotherapy and the highest recommended dose of 
MTX is 8 mg/week [36]), this article will review mainly 
the trials developed outside Japan (Table 1). In the 
Phase III trials, the therapeutic arms were restricted to 
those of greater efficacy and the therapeutic arms were 
only the 8 mg/kg i.v. every 4 weeks in the TOWARD, 
AMBITION, ROSE, ACT-SURE and TAMARA 
trials while the RADIATE, OPTION and LITHE 
studies also used a 4 mg/kg i.v. arm. In general, the 
primary efficacy end point was the ACR20 response 
after 24 weeks, which was 70% in the AMBITION 
trial and 50% in the RADIATE study. This difference 
was somehow expected considering that the populations 

of RA included in these studies were very different 
(Table 1). Other secondary efficacy end points were the 
ACR50 and -70 responses, which were equally optimal 
being approximately 40 and 20%, respectively, as well 
as the clinical remission (defined as a disease activity 
score in 28 joints [DAS28] <2.6), which was achieved 
in approximately 30% of patients after 24 weeks even 
in those with anti-TNF-a resistant RA (RADIATE) 
(Figures 2 & 3). Clinical efficacy measured by a moder-
ate European League against Rheumatism Response 
(EULAR) [27], ACR20 [27] and -50 [29] response was 
observed as early as week 2 in several Phase III  clinical 
trials, whilst, a significant improvement in DAS28 
was assessed at week 1 in the Phase IIIb ROSE study. 
Additionally, after 2 weeks of treatment, the CRP levels 
had been normalized and the mean hemoglobin lev-
els had significantly increased [25,29,30]. A significant 
improvement in CRP was observed as early as week 1 
(ROSE trial) [32].

Table 1. Phase III clinical trials with tocilizumab in rheumatoid arthritis.

Location Phase Trial Number 
of patients

Design Objective Population Therapeutic 
group

Comparison 
group

Duration 
of trial

Ref.

Japan III SATORI 127 Double 
blind

S & S Failure to 
MTX

TCZ MTX 6 months [26]

SAMURAI 306 Open Radiologic 
damage
S & S

Failure to 
DMARDs

TCZ DMARDs 12 months [31]

Outside 
Japan

III OPTION 623 Double 
blind

S & S Failure to 
MTX

TCZ + MTX MTX 6 months [27]

TOWARD 1220 Double 
blind

S & S Failure to 
DMARDs

TCZ + 
DMARDs

DMARDs 6 months [29]

RADIATE 499 Double 
blind

S & S Failure to 
anti-TNF

TCZ + MTX MTX 6 months [30]

AMBITION 673 Double 
blind

S & S MTX naive 
>6 months

TCZ MTX 6 months [25]

LITHE 1196 Double 
blind

Radiologic 
damage
S & S

Failure to 
MTX

TCZ + MTX MTX 1 year [28]

IIIb ACT-RAY 63 Double 
blind

MRI Failure to 
MTX

TCZ + MTX MTX 12 weeks [35]

ACT-SURE 1669 Open
clinical 
practice

S & S
Safety

Failure to 
DMARDs
Failure to 
anti-TNF

TCZ + MTX
TCZ

- 6 months [33]

ROSE 619 Double 
blind

S & S Failure to 
DMARDs

TCZ + 
DMARDs

DMARDs 6 months [32]

TAMARA 293 Open
clinical 
practice

S & S Failure to 
DMARDs
Failure to 
anti-TNF

TCZ + 
DMARDs

- 6 months [34]

DMARD: Disease-modifying antirheumatic drug; MTX: Methotrexate; S & S: Signs and symptoms; TCZ: Tocilizumab.
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Other common parameters, such as the physical 
function (HAQ-DI), health-related quality of life 
(HRQoL), and fatigue (FACIT) were also significantly 
improved with TCZ after 24 weeks. Interestingly, clini-
cal improvement occurred rapidly and it was sustained 
throughout with TCZ therapy [25–31].

In assessing the main Phase III trials in more detail 
we can see that the OPTION study included patients 
with long standing, moderate-to-severe RA resist-
ant to MTX, who were randomized to receive TCZ 
8, 4 mg/kg or placebo i.v. every 4 weeks, with MTX 
(10–25 mg/week). The TOWARD trial was similar to 
OPTION but in this study RA patients were resistant 
to any DMARD (not only restricted to MTX) and there 
was only one therapeutic group receiving TCZ 8 mg/kg 
i.v. plus DMARD. In both cases, the results after 24 
weeks were very similar, with the ACR20, -50 and -70 
responses being approximately 60, 40 and 20% respec-
tively, and a clinical DAS28 remission approximately 
30%, which was significantly superior to placebo (25, 
10 and 2% respectively in the ACR responses, and a 
DAS28 remission of only 3% [29]). 

The RADIATE trial, which included patients 
that were resistant to anti-TNF-a drugs, reached a 
slightly inferior ACR response (Figure 2). However, the 
DAS28 remission was also approximately 30% after 
24 weeks (Figure 3), even in those resistant to two or 
three anti-TNF-a inhibitors. Up to now, other biologic 
drugs indicated in anti-TNF-a resistant RA patients 
(rituximab or abatacept), independent of whether they 

were assessed in different studies, 
obtained results that were lower than 
those obtained with TCZ regard-
ing remission (~10% in both cases) 
(Figure 4) [37–39]. 

The AMBITION trial, which 
included patients with no previous 
MTX failure (67% patients were 
MTX naive and 40% DMARD 
naive) also obtained interesting 
results. TCZ 8 mg/kg in mono-
therapy demonstrated a clinical effi-
cacy measured as ACR20, -50, -70, 
DAS28 remission and HAQ clearly 
superior to MTX, which was differ-
ent from other biological agents [25]. 
It must be remembered that clinical 
efficacy in studies such as TEMPO 
(etanercept) or PREMIER (adalim-
umab), the anti-TNF is clearly supe-
rior when combined with MTX and 
is similar to MTX when anti-TNF is 
used in monotherapy [40,41]. 

The data discussed previously 
from Phase III clinical trials have been confirmed in 
additional studies performed in the clinical practice 
such as the  ACT-SURE or TAMARA Phase IIIb  studies 
(Table 1) [33,34]. 

Another feature of TCZ is that its efficacy increases 
continuously over time. There are already data from 
3.5 years of long-term extension studies, which included 
3368 patients from the OPTION, RADIATE, 
TOWARD and LITHE trials [42]. Patients with inad-
equate response to DMARDs (OPTION, TOWARD 
and LITHE) increased ACR50 and -70 responses up to 
67 and 46% respectively, and DAS28 remission up to 
62%, after 180 weeks of treatment. Data from patients 
with inadequate response to TNF-a (RADIATE) were 
analyzed separately and also experienced a significantly 
higher clinical response over time (ACR50: 56%, -70: 
31% and DAS28 remission: 48% at week 144). Similar 
results were obtained from the AMBITION study after 
3 years of treatment [43]. In this long-term extension 
study a high number of patients treated with TCZ 
achieved ACR20, 50 and 70 responses (83%, 66% and 
43%) and DAS28 remission (57%) over time. 

Radiological efficacy 
The radiological efficacy of TCZ has been evalu-
ated in two Phase III clinical trials, SAMURAI [31] 
and LITHE [28]. The SAMURAI trial evaluated the 
radiological progression (primary efficacy end point) 
in early RA patients (<5 years duration) resistant to 
DMARDs in Japan. Patients were randomly assigned 
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Data taken from [25–31].
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to receive TCZ 8 mg/kg in mono-
therapy or traditional DMARDs. 
At week 52, patients in the TCZ 
group showed signif icantly less 
radiographic progression both in 
the total Sharp score modified by 
van der Heijde (2.3 TCZ 8 mg/kg 
vs 6.1, placebo) and in the erosive 
and joint space narrowing compo-
nents (Figure 5A). In addition, signif-
icantly more patients receiving TCZ 
than DMARDs had no radiologi-
cal progression after 52 weeks (56 vs 
39%: p < 0.01) [31]. These data were 
confirmed in the 3-year  extension 
study [44]. 

The coprimary end point of the 
LITHE trial was to assess the radio-
graphic disease progression after 
52 weeks in RA patients refractory 
to MTX who received TCZ 4 and 
8 mg/kg combined with MTX or 
placebo (MTX alone). There was 
also significantly less radiological 
progression in both TCZ groups 
compared with placebo, regarding 
the total Genant-modified Sharp 
scores as well as in its components (Figure 5B). Data 
obtained in the 2-year open-label trial confirmed these 
results (Figure 5C) [45].

A significant decrease in synovitis at week 2 and 
osteitis at week 12 was detected with the use of MRI 
in patients with erosive RA despite MTX receiv-
ing TCZ (both with MTX and in monotherapy), as 
 concluded the Phase IIIb clinical 
trial ACT-RAY [35]. 

Adverse events 
The clinical program for TCZ has 
demonstrated that TCZ is a safe and 
well-tolerated drug, both in mono-
therapy [25,26,31] and in combina-
tion with DMARDs [27–30,32–34]. 
Combined data retrieved from 3324 
patients of the five Phase III stud-
ies performed outside Japan with 
a duration of 24 weeks ratify these 
results in terms of safety reported in 
each individual trial [46]. Overall, all 
these results confirm that the major-
ity of the adverse events attributed 
to TCZ were mild-to-moderate both 
as monotherapy and in combination 
with DMARDs. The most common 

serious adverse event (SAE) was the development of 
infections, without differences in the rate of SAEs or 
deaths between groups treated with TCZ and the con-
trol groups (Table 2). These promising results at week 
24 described previously were confirmed in open label 
extension studies (median 2.6 years of treatment) which 
included 4009 patients combining the five Phase III 
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trials [47]. This study demonstrated that the rate of 
SAEs was stable over time (14.6/100 patient-years), 
with a rate of withdrawal because of adverse events of 
5.4/100  patient-years [47]. The most relevant adverse 
data are discussed.

 ■ Infections
Serious infection is the most common SAE of TCZ 
(Table 2). Its frequency is relatively low in all the thera-
peutic groups with no significant differences compared 
with placebo [46]. Patients receiving TCZ combined 
with DMARDs during 24 weeks presented an increase 
of serious infections compared with TCZ in monother-
apy or DMARDs, although such an increase was not 
statistically significant [46]. These serious infection rate 
are very similar to those seen with anti-TNF drugs [48]. 
Also, recent published data have shown that the num-
ber of serious infections remained stable over time 
(4.5/100  patients-years) [47]. 

Similar data were obtained in the STREAM trial (5-year 
extension Japanese study that included TCZ-treated 
patients in monotherapy [49]) with a serious infection rate 
of 5.7/100 patient-years. The most frequently reported 
serious infections have been pneumonia, herpes zoster, 
cellulitis, gastroenteritis and  diverticulitis [47,50].

Infections by opportunistic agents, even mycobacteria, 
were rare (0.3/100 patient-years) [47]. TCZ did not affect 
the response to influenza vaccination, being similar to 
that observed in patients receiving DMARDs [51]. The 
only factors that predispose to the development of seri-
ous infection were diabetes mellitus, an age of 65 years 
or older, the use of steroids and a history of previous 
 infection [52].

 ■ Malignancies
Although there are limited data on this issue, combined 
analyses of the different studies did not show an increase 
in the incidence of malignancies in patients treated with 
TCZ, with a rate of malignancies after 2.6 years of 
 treatment of 1.16/100 patient-years [47]. 

 ■ Infusion reactions
Infusion reactions (occurring within 24 h of the infusion) 
were reported in 6% of patients receiving TCZ 8 mg/kg 
plus DMARDs compared with 0% in the placebo plus 
DMARD group (Table 2). Most of them were mild and 
they did not require discontinuation of treatment. The 
most common infusion reactions were nausea, exan-
thema, hypertension, headache and pruritus and severe 
infusion reactions (e.g., anaphylactic reactions) occurred 
in 0.2% [101].

In addition, TCZ was associated with a low  production 
of autoantibodies and immunogenicity [53]. 

 ■ Neutropenia
Treatment with TCZ was often associated with the devel-
opment of neutropenia, which was generally mild (grade 
1 or 2), transient and not associated with infection. In 
this regard, grades 3/4 neutropenia were reported in 4% 
of patients [50,52]. 
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Neutropenia was found to be related to TCZ dose [24]. 
IL-6 physiologically increases the number of circulating 
neutrophils and its inhibition with TCZ can lead to the 
opposite effect [54].

 ■ Elevation of liver enzymes
Increases in alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and bilirubin have often been 
reported. However, most of the ALT and AST increases 
were mild (less than three-times above the upper limit of 
normal), transient, unrelated to bilirubin increases, and 
normalized either spontaneously or following discontinu-
ation of TCZ therapy [55]. In addition, no cases of hepati-
tis or liver dysfunction were seen. The frequency of ALT 
and AST elevations greater than three times the upper 
limit of normal in the pooled data of the five Phase III 
trials at week 24 were 3.6 and 1.4%, respectively, and 
this frequency did not increase after 2.6 years of treat-
ment [47]. Elevations of ALT and AST were observed more 
frequently in the high dose TCZ group, especially when 
combined with MTX. In this regard, elevation of liver 
enzymes following TCZ monotherapy was similar to that 
observed with MTX monotherapy [55]. It has been demon-
strated that IL-6 has an antiapoptotic physiological action 
on the liver, leading to its regeneration, but the mechanism 
of liver enzyme increase with TCZ is still unknown [56].

 ■ Alteration of the lipid profile
Increases in total cholesterol, low-denstiy lipid-choles-
terol, high-density lipid-cholesterol, triglycerides and 
apolipoprotein A1 and B have been reported in clinical 

trials [27,46,50,57]. This increase is observed as early as at 
week 6 [27], with no further elevation over time [46,47]. 
Unlike dyslipidemia, serum levels of high-density lipid-
cholesterol are increased in patients receiving TCZ, which 
contributes to the correction of the atherogenic index. 
Lipid-lowering therapy was initiated in 7.8% of patients 
during long-term TCZ treatment [47] leading to improve-
ment of the lipid profile [58]. Interestingly, TCZ drastically 
decreased the inflammation markers. This fact is of major 
relevance as it is known that inflammation plays a role in 
the development of subclinical atherosclerosis and cardio-
vascular events in patients with RA [59,60]. Therefore, the 
overall cardiovascular effect of both effects (lipid alteration 
and improvement on inflammatory parameters) remains 
unclear and somehow contradictory, although the evi-
dence shows that patients receiving TCZ during 2.5 years 
do not have increased rates of cardiovascular complica-
tions (myocardial infarction: 0.25/100  patient-years and 
stroke: 0.19/100 patient-years) [47]. 

Similar alterations in the lipid profile and in the 
inflammatory parameters have also been described in RA 
patients undergoing anti-TNF therapy [61–63]. However, 
in these patients an important reduction in the incidence 
of cardiovascular events has been observed, in particu-
lar in those who experienced good therapeutic response 
 following the use of TNF-a antagonists [64,65].

Future perspective
Tocilizumab is a therapeutic option different from 
other biologic agents, such as anti-TNF-a agents, 
RTX or abatacept. However, its efficacy and safety 

Table 2. Main adverse events of the different clinical trials of tocilizumab in rheumatoid arthritis. The combined data of 
five clinical trials in Phase III after 24 weeks are shown: OPTION, TOWARD, RADIATE, AMBITION and LITHE.

 Treatment groups Combined treatment Monotherapy groups

TCZ 8 mg/kg + DMARDs
(n = 1582)

Placebo + DMARDs
(n = 1170)

TCZ 8 mg/kg
(n = 288)

MTX
(n = 284)

Total patients per year 754 507 140 134

1000 patient-years index (95% CI)

Total AEs 462 (447–478) 377 (361–395) 492 (456–530) 450 (414–487)

Severe AEs 15 (13–18) 15 (12–18) 9 (4–15) 11 (6–19)

Infections 118 (110–126) 104 (95–113) 106 (90–125) 109 (92–128)

Severe infections 5.2 (3.7–7.1) 3.8 (2.3–5.9) 2.9 (0.8–7.3) 1.5 (0.2–5.4)

Neoplasms 1.3 1.4 1.4 2.2

Incidence, n (%)

Infusion reactions 6 (0.4) 0 (0.0) 1 (0.3) 0 (0.0)

AEs that led to drug 
discontinuation

74 (4.7) 28 (2.4) 11 (3.8) 15 (5.3)

AEs related to the drug 756 (47.8) 401 (34.3) 163 (56.6) 141 (49.6)
AE: Adverse effect; DMARD: Disease-modifying antirheumatic drug; MTX: Methotrexate; TCZ: Tocilizumab. 
Data taken from [46].
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needs to be confirmed in further long-term studies in 
clinical practice.

It is necessary to develop patient profiles with the 
purpose of selecting the most adequate biological agent 
to each patient. In this regard, patients with RA and 
high inflammatory response as well as those with severe 
anemia seem to be good candidates for TCZ. 

It is also important to confirm the potential efficacy 
of TCZ in several special situations related to RA, such 
as amyloidosis [66] or interstitial lung disease. Finally, it is 
possible that TCZ might also be useful in other diseases 

different from RA such as adult Still’s disease [67] and 
some cases of refractory polymyalgia rheumatic [68].
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