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Abstract: Recent developments in understanding the immunopathogenesis of rheumatoid 

arthritis (RA), combined with progress in biopharmaceutical development, have facilitated 

the introduction of novel immune modulating therapies for this progressive debilitating 

disorder. Effi cacy achieved with certain agents, particularly the TNF inhibitors, has spurred 

the development of additional biologic agents targeting other components of the dysregu-

lated immune response relevant to the etiology and sustenance of immune driven systemic 

infl ammation characteristic of RA. Among these other potential targets is IL-6, a cytokine with 

effects on numerous cell types, including those involved in the pathogenesis of RA. Based on 

its activities, IL-6 appeared to be a viable target for autoimmune disease. Inhibitors of IL-6 

were successful in animal models of autoimmune disease paving the way for subsequent studies 

in humans. The greatest experience to date has been with tocilizumab, a humanized monoclo-

nal antibody specifi c for the IL-6 receptor (IL-6R). Beginning with open label studies, and 

progressing through larger and more rigorous controlled trials, tocilizumab has been shown to 

have signifi cant effi cacy in patients with RA. Additional studies analyzing its effects in varied 

populations of RA patients, as well as greater detail concerning its longer-term tolerability 

and safety, will help defi ne the ultimate role of tocilizumab and other future inhibitors of IL-6 

activity as potential therapies for RA.
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Introduction to targeted treatments in rheumatoid 
arthritis: TNF and IL-6
Rheumatoid arthritis (RA) is a chronic, infl ammatory disease characterized by 

progressive, symmetric joint infl ammation and subsequent destruction. Left untreated, 

RA is associated with significant patient morbidity and accelerated mortality. 

Treatment with traditional disease modifying anti-rheumatic drugs (DMARDs) such 

as methotrexate (MTX) can be effi cacious for a number of RA patients. However, 

appreciation of the severity of the disease has led to elevation in the goals of treatment of 

RA. The desire for more complete control of disease, coincident with advances in under-

standing the underlying immunopathogenesis of RA, and progress in biopharmaceutical 

development, has spawned the introduction of novel biologic agents. Perhaps the 

greatest success has come with targeting those infl ammatory cytokines that exhibit 

key roles in the activation and continuation of the destructive process occurring in 

the rheumatoid synovium. To date, the most notable clinical success in the treatment 

of RA has been achieved through inhibition of tumor necrosis factor alpha (TNFα). 

Patients receiving anti-TNF agents have not only exhibited signifi cant improvement in 

arthritis signs and symptoms, but also better quality of life, less functional disability, 

and abrogation of joint damage (Gartlehner et al 2006). Despite these benefi ts, as with 

DMARDs not all patients respond or maintain effi cacy to desired standards. Therefore, 

new therapies for RA are needed.
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Interleukin-6 (IL-6) is a pleiotropic cytokine that is abundant 

in both the synovium and serum of RA patients. Locally in the 

joint, the major source of IL-6 may be synovial fi broblasts, with 

additional amounts released by activated macrophages and 

lymphocytes (Yoshizaki et al 1998). Originally identifi ed as a 

B-cell differentiation factor, IL-6 is now known to regulate a 

diverse array of activities may underlie both systemic as well as 

local symptoms of RA. For example, IL-6 initiates the acute-phase 

response inducing the hepatic synthesis of acute phase proteins 

including C-reactive protein (CRP), serum amyloid, haptoglobin, 

and fi brinogen among others (Cronstein 2007). IL-6 can also 

activate vascular endothelial cells, upregulating expression of 

certain chemokines and adhesion molecules, and facilitating 

leukocyte recruitment directly to sites of infl ammation (Lipsky 

2006). Excess production of IL-6 also contributes to the anemia 

of chronic disease common in active RA by increasing hepcidin 

production, and induces thrombocytosis through increased mega-

karyocyte differentiation (Ishibashi et al 1993; Andrews 2004. 

Its ability to induce B-cell differentiation may lead to hypergam-

maglobulinemia as well as the production of autoantibodies such 

as rheumatoid factor (RF) and autoantibodies to citrullinated 

peptides (Yoshizaki et al 1998). Additionally, IL-6 may prompt 

synovial fi broblast differentiation and osteoclast activation, con-

tributing to pannus formation and cartilage and bone destruction 

(Kudo et al 2003; Park and Pillinger 2007).

Dysregulation of IL-6 may provide an explanation for 

some of the common clinical manifestations associated 

with active RA, including fever, weight loss, fatigue, and 

poor appetite (Yoshizaki et al 1998). Signifi cant correlations 

between elevated levels of IL-6 and disease activity param-

eters including duration of morning stiffness and the Ritchie 

articular index have also been reported (Madhok et al 1993a). 

Furthermore, treatment of RA patients with methotrexate or 

gold therapy results in decreased levels of IL-6 in patients 

with concomitant improvement in additional measures of 

disease activity (Madhok et al 1993b; Straub et al 1997).

Given its many possible contributions to the pathogenesis 

of rheumatoid inflammation, IL-6 would appear to be 

an attractive therapeutic target in RA. Tocilizumab, a 

monoclonal antibody (mAb) specifi c for the IL-6 receptor 

(IL-6R) is the fi rst biologic agent targeting IL-6 that has 

progressed to late phase clinical trials.

Tocilizumab: pharmacology, 
mechanism of action, 
and pharmacokinetics
IL-6 mediates cell signaling by binding its cognate receptor 

(IL-6R; CD126). However, in order to transduce a signal, 

the combination of IL-6/IL-6R must also bind a ubiquitous 

transmembrane protein, glycoprotein (gp) 130 (CD130). The 

binding of IL-6R complexed with IL-6 results in homodi-

merization of gp130 and signal transduction through Janus-

activated kinase (JAK)/signal transducers and activators of 

transcription (STAT) pathways (Heinrich et al 2003). IL-6R 

is expressed on several cell types. However, IL-6 may also 

bind IL-6R in its soluble form. This complex can then bind 

gp130, which is expressed on a much wider variety of cell 

types. The presence of soluble IL-6R allows cell activation 

through gp130, a process known as trans-signaling, in tissues 

that do not constitutively express IL-6R (Rose-John 2003). 

This may help explain the diverse activities mediated by IL-6 

in systemic infl ammatory diseases such as RA.

Tocilizumab, previously known as myeloma receptor 

antibody (MRA), is a humanized, IgG1 IL-6 receptor mono-

clonal antibody that binds with high affi nity to the 80 kDa 

component of IL-6R. This binding subsequently inhibits 

dimerization of the IL-6/IL-6R complex with membrane-

bound gp130, preventing signaling.

The pharmacokinetics of tocilizumab were fi rst estab-

lished in a small, open-label study (Nishimoto et al 2003). 

Fifteen patients with active RA who had previously failed 

at least one DMARD or immunosuppressant received tocili-

zumab intravenously at doses of 2, 4, or 8 mg/kg biweekly 

for 6 weeks. The half-life of tocilizumab increased in a dose-

dependent manner, as well as with repeated dosing. After the 

third dose of 8 mg/kg, half-life reached a maximum of ~240 

hours. Serum tocilizumab concentrations were detectable 

during the entire study period in 4 of 5 patients in the 2 mg/kg 

group, 3 of 5 patients in the 4 mg/kg group, and all patients 

in the 8 mg/kg group, and decreased in a nonlinear manner. 

Those patients with detectable blood levels of tocilizumab 

maintained marked improvement in serum acute phase reac-

tants such as CRP and amyloid A.

Clinical trials
After its promising success in early open label studies, the 

effi cacy of tocilizumab in the treatment of RA was affi rmed 

in larger double-blind, placebo-controlled randomized 

trials (DBPCRT) (Table 1) (Yoshizaki et al 1998; Nishi-

moto et al 2003). A dose escalation study by Choy et al 

(2002) randomized 45 patients with active RA to receive a 

single intravenous (IV) dose of tocilizumab 0.1, 1.0, 5.0, or 

10.0 mg/kg or placebo. All patients had to have previously 

failed therapy with at least one DMARD. Improvement in 

disease activity was evaluated using the American College 

of Rheumatology (ACR) response criteria. At week 2, 55% of 
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patients receiving 5 mg/kg of tocilizumab met the primary 

effi cacy endpoint (ACR20) compared with 0% in the placebo 

cohort. Effi cacy was maintained through week 8. However, 

no signifi cant difference could be observed between the other 

tocilizumab groups and placebo until week 6. Nonetheless, 

mean disease activity (assessed with the Disease Activity 

Score using a 28 joint count; DAS28) in the 5 mg/kg and 

10 mg/kg tocilizumab groups was statistically signifi cantly 

lower at day 14 than those in the 0.1 mg/kg and 1 mg/kg 

tocilizumab and placebo cohorts. Infl ammatory markers 

including the erythrocyte sedimentation rate (ESR) and CRP 

also decreased signifi cantly in the 5 mg/kg and 10 mg/kg 

tocilizumab groups and normalized after only 2 weeks of 

treatment.

A second multi-center DBPCRCT evaluated the effi cacy 

and safety of tocilizumab in 164 RA patients who had been 

refractory to multiple DMARDs (Nishimoto et al 2004). 

Patients received tocilizumab at doses of 4 mg/kg or 8 mg/kg 

IV or placebo every 4 weeks over a 3-month period. The 

primary endpoint was achievement of an ACR20 response at 

week 12 using the last observation carried forward (LOCF) 

method. Secondary endpoints consisted of improvement in 

the DAS28, frequency of ACR50 and ACR70 responses, 

improvement of variables in the ACR core set, and 

overall improvement in the ACR criteria. Tocilizumab signif-

icantly improved all measures of disease activity in the ACR 

core set in a dose-dependent manner, with response obvious 

at week 4 and escalating through week 12. At 3 months, 

78%, 57%, and 11% in the 8 mg/kg, 4 mg/kg, and placebo 

groups, respectively, achieved an ACR20. A statistically 

signifi cantly higher percentage of patients in the 8 mg/kg 

group (40%) attained an ACR50 response compared with the 

placebo group (1.9%). Furthermore, complete normalization 

of CRP was observed in 76% and 26% of patients in the 

8 mg/kg and 4 mg/kg groups versus only 1.9% of the placebo 

group. Of note, 5-year data from patients originally in this 

study that elected to continue tocilizumab in an open-label 

extension were recently reported (Nishimoto et al 2007a). 

Of the original 164 patients, 144 opted to continue treatment 

with tocilizumab at 8 mg/kg every 4 weeks. Importantly, 89 

of these patients had received tocilizumab for �5 years. At 

the 5-year assessment, 84% of patients met ACR20 criteria. 

Sustained improvement was also noted in the mean DAS28 

and Health Assessment Questionnaire (HAQ) scores, 

confi rming the persistent clinical utility of tocilizumab in 

long-term treatment.

The European Chugai Humanized Anti-Human Recom-

binant Interleukin-6 Monoclonal Antibody (CHARISMA) 

trial was the fi rst study to examine the effects of tocilizumab 

in conjunction with concomitant MTX (Maini et al 2006). 

Three hundred and fi fty-nine patients with moderately severe 

RA who were refractory to MTX therapy were randomized 

to 1 of 7 treatment arms; tocilizumab 2 mg/kg, 4 mg/kg, or 

8 mg/kg as monotherapy, the same doses in combination 

with MTX, or MTX plus placebo. Patients had failed an 

average of 5 DMARDs and almost 14% had received a TNF 

inhibitor prior to enrollment. The primary outcome measure 

at week 16 was a 20% improvement in ACR criteria, with 

mean change in DAS28 observed as the secondary end-

point. In the combination groups, an ACR20 response was 

achieved by a statistically signifi cantly greater number of 

patients compared with MTX plus placebo. However, this 

could not be demonstrated in the group receiving 2 mg/kg 

of tocilizumab as monotherapy. Additionally, those patients 

receiving 4 mg/kg or 8 mg/kg of tocilizumab in combination 

with MTX also achieved an ACR50 and ACR70 response 

that was signifi cantly increased in comparison with MTX 

alone. These results indicate that tocilizumab is effective 

as monotherapy at the 4 mg/kg and 8 mg/kg dose, but also 

appears to have a synergistic effect in combination with 

methotrexate. Signifi cant changes in DAS28 scores were 

observed in a dose-dependent manner beginning at week 

4 (maximum reduction in the 8 mg/kg groups), and were 

maintained throughout the treatment period in all tocilizumab 

groups except patients administered 2 mg/kg of tocilizumab 

as monotherapy. Of patients in the 8 mg/kg combination 

group, 34% achieved remission as defi ned by a DAS28 

score �2.6, compared with only 8% of patients receiving 

MTX plus placebo (Prevoo et al 1996). Lastly, both ESR and 

CRP decreased markedly over time in all patients receiving 

tocilizumab except those assigned to 2 mg/kg monotherapy 

(ESR and CRP) and 4 mg/kg monotherapy (CRP only). 

Methotrexate plus placebo had very little effects on these 

parameters.

In the larger, more recent OPTION trial (Tocilizumab 

Pivotal Trial in Methotrexate Inadequate Responders), 632 

RA patients with moderate to severe disease were randomly 

assigned to receive IV tocilizumab 4 mg/kg or 8 mg/kg or 

placebo every 4 weeks (Smolen et al 2008). Enrolled patients 

had average disease duration of 7.5 years, a DAS28 score 

of 6.8, swollen joint count (SJC) 20, and tender joint count 

(TJC) 32. Less than 10% of patients had received prior anti-

TNF treatment. All three groups were continued on their pre-

study dose of methotrexate (~15 mg/week) throughout the 

24-week treatment period. The primary endpoint, an ACR20 

response, was observed in a signifi cantly higher proportion 
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of patients receiving tocilizumab 4 mg/kg or 8 mg/kg (48% 

and 59%) versus methotrexate alone (26%). Additionally, 

more patients in the 8 mg/kg tocilizumab group achieved 

an ACR50 or ACR70 response compared with placebo. 

CRP and ESR in this group also decreased signifi cantly by 

week 2, and remained at normal levels throughout the study 

duration. Signifi cant reduction in the DAS28 score was 

recorded as early as 2 weeks at both doses of tocilizumab, 

and continued to improve through 6 months of treatment. 

More patients allocated to tocilizumab therapy also achieved 

DAS28 remission (~25%) than those receiving DMARDs 

alone (�1%). Finally, a marked number of patients receiving 

tocilizumab also demonstrated good/moderate EULAR 

(European United League Against Rheumatism) response 

at 24 weeks (79.5% 8 mg/kg; 61.9% 4 mg/kg) compared 

with placebo (34.8%).

Investigation of tocilizumab in combination with a 

variety of DMARDs has also been recently reported. In 

the phase III, international TOWARD (Tocilizumab in 

Combination with Traditional DMARDs) trial, 1216 patients 

with moderate to severe RA who were inadequate responders 

to conventional DMARDs (MTX, sulfasalazine, lefl unomide, 

chloroquine/hydroxychloroquine, azathioprine, or parenteral 

gold) were continued on their current therapy in addition to 

tocilizumab 8 mg/kg or placebo intravenously every 4 weeks 

for 24 weeks (Genovese et al 2007). Patients had an average 

disease duration of 9.8 years, DAS28 score of 6.6, TJC of 29, 

SJC 0f 19, HAQ score of 1.5, and a CRP of 2.6 mg/dL. At 

the primary evaluation point, patients receiving tocilizumab 

exhibited significantly higher ACR20/50/70 responses 

compared with placebo. ACR20 responses were seen in the 

tocilizumab group as early as week 2 as well as improvements 

in CRP and hemoglobin. Signifi cant changes in the mean 

DAS28, HAQ score, and ESR were also documented in 

the tocilizumab group when compared to DMARDs alone. 

This trial was important in demonstrating the superior 

effi cacy of tocilizumab in patients who are unable to tolerate 

methotrexate.

In addition to its clinical benefi ts, the ability of tocili-

zumab to alter the progression of joint damage in RA was 

examined in a prospective phase III study called SAMURAI 

(Study of Active Controlled Monotherapy Used for Rheuma-

toid Arthritis, an IL-6 inhibitor) (22). In this trial, 306 patients 

with RA of �5 years duration were randomized to receive 

either tocilizumab 8 mg/kg IV as monotherapy every 4 weeks 

or traditional DMARDs for 52 weeks. All patients had severe, 

active disease, with an average swollen and tender joint count 

12 and 14, ESR �70, CRP of 4.8 mg/dL, and a mean DAS28 

score of 6.5. The average number of DMARDs failed was 2 

with average disease duration of 2.3 years. Radiographs of 

the hands and feet were performed at baseline, 28, and 52 

weeks. Radiographic scoring was confi rmed by 2 independent 

readers blinded to both treatment group and chronological 

order using the van der Heijde’s modifi ed Sharp method. The 

mean total Sharp score (TSS) at baseline was 29.4, with an 

estimated yearly progression rate of 13.3 Sharp units. Sixty 

seven percent of patients received MTX as monotherapy or 

in combination with other DMARDs. As in other studies, 

treatment with tocilizumab monotherapy proved to be 

clinically superior to conventional DMARD therapy. At 

week 52, patients allocated to treatment with tocilizumab 

achieved an ACR20, ACR50, and ACR70 response of 

78%, 64%, and 44% in contrast to 34%, 13%, and 6% in the 

DMARD group, respectively. Clinical remission (DAS28 � 

2.6) was achieved in 59% of patients receiving tocilizumab 

and only 3% of patients receiving DMARDs (Prevoo et al 

1996). Substantial improvements in radiographic progression 

were also documented. The mean change in TSS at week 28 

was statistically signifi cantly less in the tocilizumab group 

compared to patients treated with traditional DMARDs 

and exhibited constant improvement until week 52. These 

changes correlated with a higher ACR response in both the 

tocilizumab and DMARD cohorts. Furthermore, erosion and 

joint space narrowing scores also showed signifi cantly less 

change in the tocilizumab group than in the DMARD group. 

These results indicate that tocilizumab is not only effective 

in managing the signs and symptoms of RA, but can help to 

sustain structural integrity of the joints.

Safety and tolerability
Safety remains an important concern for both physicians 

and patients when investigating any new therapy. To 

date, controlled trials and long-term follow-up of patients 

provide preliminary safety data on approximately 4000 RA 

patients who have received tocilizumab as monotherapy 

or in combination with other DMARDs, with more than 

5000 patient-years of follow-up. The most frequent adverse 

events recorded to date are discussed below. In the future, 

post-marketing surveillance and pharmacovigilance may 

help to elucidate additional data relevant to adverse events 

and their potential clinical impact.

Infections have been the most frequently reported adverse 

event linked to tocilizumab therapy in RA. The most com-

mon documented infections include nasopharyngitis and 

upper respiratory tract infection of mild to moderate severity. 

Serious infections, that is those requiring antibiotics and/or 
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hospitalization, have been comprised of pneumonia, cellulitis, 

gastroenteritis, herpes zoster, herpes simplex, perianal abscess, 

osteomyelitis, infective arthritis, and sepsis (Maini et al 2006; 

Nishimoto et al 2007b). One patient in a trial died from 

disseminated Epstein-Barr virus (EBV) infection and subse-

quent hemophagocytic syndrome (Nishimoto et al 2004). In 

general, most studies show a small dose-dependent increase 

in the rate of serious infection associated with tocilizumab 

therapy compared with placebo. Larger studies with a more 

extensive period of exposure to study drug will be helpful to 

more accurately assess the risk of serious infection associated 

with tocilizumab treatment.

Increases in serum total cholesterol, LDL (low-density 

lipoprotein) and HDL (high- density lipoprotein) cholesterol, 

and triglycerides have been reported in many tocilizumab 

trials. In an earlier study, total cholesterol values in 44% 

of patients treated with tocilizumab increased in a dose-

dependent manner (Nishimoto et al 2004). Comparable 

elevations were noted in serum HDL and triglyceride levels. 

More recently, mean plasma concentrations of total, HDL, 

and LDL cholesterol were noted to be increased in patients 

receiving tocilizumab within the fi rst 6 weeks of treatment 

(Smolen et al 2008). These levels remained elevated through 

week 24, requiring 7 patients to begin lipid-lowering therapy 

according to protocol guidelines. Notably, there was no 

increase in cardiovascular events in this patient group com-

pared with placebo. Moderate, but reversible changes in 

non-fasting total cholesterol, HDL, and triglycerides were 

also documented during the CHARISMA trial in patients 

treated with tocilizumab (Maini et al 2006). Levels steadied 

after initial treatment and did not continue to increase with 

subsequent dosing. Importantly, the mean atherogenic index 

remained largely unchanged. Increases in cholesterol have 

also been reported with TNF inhibitors and may be related 

to the degree of infl ammatory suppression (Seriolo et al 

2006). Improvement therefore in overall disease activity may 

outweigh known risks of high serum cholesterol (ie, cardio-

vascular disease). This, however, remains to be elucidated 

in longer-term studies.

Tocilizumab treatment has also been associated with 

moderate increases in serum transaminases. In the CHARISMA 

trial, the mean AST (alanine aminotransferase) and ALT 

(aspartate aminotransferase) in all 127 patients who received 

tocilizumab exhibited elevations above normal levels (Maini 

et al 2006). This increase was accentuated in patients receiving 

concurrent MTX (2% of patients in the combination group 

had elevations �3-fold the upper limit of normal (ULN)). 

Five patients had to be withdrawn from the study due to ALT 

levels �100 IU/L. However, in the remaining patients, mean 

values returned to near-baseline within 8 weeks of the fi nal 

infusion. A gradual rise in bilirubin levels was also recorded, 

but appeared to have no correlation with elevations in ALT. 

Patients receiving MTX plus placebo demonstrated no increase 

in serum bilirubin. Raised levels of transaminases were also 

recorded in the OPTION trial (Smolen et al 2008). Of the 

patients receiving tocilizumab, 6% in the 4 mg/kg group and 

10% in the 8 mg/kg group had increases in ALT concentrations 

of more than 3 × /ULN compared with 4% of placebo patients. 

Eleven patients exhibited concentrations of �5 × /ULN. None 

of these patients demonstrated a concurrent increase in total 

bilirubin or alkaline phosphatase. These increases declined 

or normalized spontaneously or after disruption of treatment 

in the majority of patients, with no recurrent increase in ALT 

after the resumption of therapy. In a larger RA cohort, only 

1% of patients receiving tocilizumab in the TOWARD study 

had a transient ALT elevation �3 × ULN, with only 1 patient 

withdrawing (Genovese et al 2007). It is again important to 

note that these patients were also treated with concomitant 

DMARDs. No comments were made regarding elevations 

in serum bilirubin. To date, no cases of hepatitis or serious 

gastrointestinal (GI) events related to these fl uctuations in 

liver enzymes have been reported.

Reductions in the mean neutrophil count have also 

been observed with tocilizumab therapy. The initial study 

by Nishimoto observed decreases in white blood cell 

counts in 16% of patients allocated to tocilizumab (grade 

3 in 1 patient, grade 2 in 5 patients, and grade 1 in the 

remaining patients according to World Health Organization 

guidelines) (Nishimoto et al 2004). The decreases were 

transient and recovered without treatment within a few 

weeks. Only 1 patient withdrew from the study. Dose-

dependent decreases in the neutrophil count were also 

reported in the CHARISMA trial, again with normalization 

after the treatment period ended (Maini et al 2006). Lastly, 

transient neutrophil decreases in the OPTION trial were 

seen more often in patients treated with tocilizumab than 

in those of placebo (37 patients in the 4 mg/kg group, 67 in 

the 8 mg/kg groups, and 4 in the placebo group) (Smolen 

et al 2008). It is noteworthy that only a few patients treated 

with tocilizumab have developed absolute neutropenia 

(�500 cells/mL) and that these decreases do not appear to 

increase susceptibility to infection.

Infusion reactions related to tocilizumab therapy 

have been mild to moderate, with 2 cases of nonserious 

anaphylaxis and hypersensitivity reactions described in 

one study (Maini et al 2006). Transient increases in blood 
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pressure, injection site erythema, headache, nausea, and 

pruritis have also been reported (Nishimoto et al 2007b). Less 

than 1% of patients among the controlled trials discontinued 

therapy due to these effects.

The occurrence of malignancy in patients treated with 

tocilizumab has been reported in a single study. In the 

SAMURAI trial, 2 patients were diagnosed with breast cancer 

and a third with colon cancer (Nishimoto et al 2007b). All 

patients improved with directed therapy. No malignancies 

were reported in the DMARD group. Though other trials 

have not demonstrated an increased risk of malignancy with 

tocilizumab exposure, as with other biologics more long-term 

data are required.

Patient-focused perspectives such 
as quality of life, patient satisfaction/
acceptability/adherence
Patient-derived outcomes are essential in establishing the 

true effi cacy of any investigational drug. The infl uence of 

tocilizumab on health-related quality of life (HRQOL) and 

physical function in patients with RA has been analyzed in 

several large studies. In the OPTION trial, outcome measures 

including HAQ-Disability Index (HAQ-DI) and Functional 

Assessment of Chronic Illness Therapy-Fatigue scale 

(FACIT-Fatigue) were performed every 4 weeks. The Short 

Form 36 Health Survey (SF-36) was also assessed at base-

line, weeks 8, 16, and 24 (Smolen et al 2008). A signifi cant 

improvement from baseline HAQ-DI score was noted as early 

as week 4 in the tocilizumab groups, with 61% of patients in 

the 4 mg/kg cohort and 59% of patients in the 8 mg/kg cohort 

achieving an increase of 0.3 points or more at week 24 com-

pared with 47% of the placebo group. SF-36 physical com-

ponent score (PCS) and mental component score (MCS) also 

dramatically improved in patients allocated to tocilizumab 

therapy (p � 0.0001). FACIT-Fatigue scores demonstrated 

considerable improvement in patients receiving tocilizumab 

compared to methotrexate alone (difference from placebo: 

4 mg/kg 3.3, 8 mg/kg 4.6). Importantly, the change from 

baseline scores in patients receiving tocilizumab exceeded 

accepted thresholds for minimal clinically important differ-

ence (MCID) for these measures. The results of this study 

concluded that tocilizumab therapy provided clinically 

meaningful improvement in HRQOL and physical function 

in patients with RA.

Treatment with tocilizumab during the TOWARD trial 

also resulted in early signifi cant and clinically relevant 

improvement in the HAQ, SF-36 score, and FACIT-Fatigue 

score at 24 weeks (Gomez-Reino et al 2007). Sixty percent 

of patients receiving tocilizumab versus 34% of patients 

taking conventional DMARDs showed marked changes 

in the mean HAQ scores at 6 months. Improvement in the 

FACIT-Fatigue score in the tocilizumab groups was observed 

as early as week 8, with changes in the MCID increasing 

to well above accepted standards by week 24. Statistically 

signifi cant improvements in the PCS and MCS and the 

individual domain scores of the SF-36 (physical function, 

physical role, bodily pain, general health, vitality, social 

functioning, emotional role, and mental health) were higher 

in the tocilizumab groups compared with placebo. Again, 

tocilizumab demonstrated signifi cant benefi t in patients 

with an inadequate response to DMARDs in all quality of 

life parameters.

Conclusions, place in therapy
Several published clinical trials have now established 

the effi cacy of tocilizumab, both as monotherapy and in 

combination with traditional DMARDs, in the treatment 

of moderate to severe RA (Ohsugi and Kishimmoto 2008). 

Signifi cant early improvements in accepted disease outcome 

measures including the ACR response criteria, HAQ, and 

DAS28, as well as enhancement of quality of life and overall 

function indicate substantial clinical benefi t over DMARD 

therapy alone.

Inhibition of radiographic progression and joint destruction 

in RA has also been suggested with tocilizumab monotherapy 

in open-label trials. Larger randomized controlled studies are 

needed to determine the effects of IL-6R blockade in erosive 

disease. These studies, as well as those to determine whether 

combination therapy with methotrexate will provide greater 

radiographic benefi t, are in progress.

Based on their extensive record of effi cacy and a safety 

accumulated for more than a decade, TNF inhibitors have 

become the biologic agent of choice for patients with RA, 

as well as for patients with other systemic infl ammatory 

diseases. However, despite the substantial effi cacy of these 

drugs, a subset of patients will exhibit a suboptimal response, 

either on account of incomplete or unsustained effi cacy or 

related to tolerability. Of note, increasing observational and 

anecdotal data suggest that switching among different TNF 

inhibitors may be a viable option. As newer biologic agents 

are introduced to the clinic, it is important to understand 

their effi cacy in patients who had previously been treated 

with TNF inhibitors. Such data have been published for 

biologic agents with other mechanisms of action, including 

the abatacept, an inhibitor of T-cell co-stimulation, and for 

rituximab, an anti-CD20 mAb that targets B cells. Similar 
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data for IL-6 targeted therapies, in particular tocilizumab, 

are eagerly awaited.

Several doses of tocilizumab have been assessed in 

clinical trials and testing for optimum effi cacy at these and 

other levels continues. Evaluation of possible increased 

effectiveness with the addition of methotrexate or other 

DMARDs has also been previously estimated, but more 

studies to validate an observable difference are needed and 

are in progress. Combination therapy with other biologics 

may also be considered in prospective studies. However, 

because of current data surmised from published trials of 

combined biologic therapy, extreme caution will need to be 

implemented. Previous studies of a TNF inhibitor plus an 

IL-1 inhibitor or a T-cell costimulatory molecule antagonist 

showed no enhancement in effi cacy but defi nite increases in 

toxicity (Kavanaugh et al 2004).

Tocilizumab appears to have an acceptable safety profi le 

and is well-tolerated by most patients. Common laboratory 

abnormalities seen across clinical studies have included 

mild to moderate elevations in serum total cholesterol 

and its components (HDL, LDL, and triglycerides), AST 

and ALT, and decreases in absolute neutrophil count. To 

date, sequelae related to such events, such as increased car-

diovascular events, hepatic failure, or increased susceptibil-

ity to infection, have not been reported. At this time, the rate 

of serious infections appears comparable to that seen with 

other immunomodulatory biologic agents. Longer-term 

studies with increased patient exposure time are needed to 

more fully understand the risk of these events.

In future, it may be expected that we may see additional 

methods to target IL-6 as well as the application of IL-6 

inhibitors to systemic infl ammatory diseases besides RA. 

For example, blockade of IL-6 trans-signaling with a soluble 

gp130 protein (sgp130Fc) is now in preclinical trials and 

showing promise in a number of infl ammatory diseases 

(Rose-John et al 2007). In addition, tocilizumab has been 

approved in Japan for the treatment of RA, systemic onset 

juvenile idiopathic arthritis (JIA), and Castleman’s disease, a 

rare, lymphoproliferative disorder characterized by excessive 

IL-6 production (Nishimoto et al 2000; Yokota et al 2008). 

Children and adolescents affl icted with JIA are often resistant 

to treatment, including TNF inhibitors. Recent studies 

examining its effi cacy in Crohn’s disease and systemic lupus 

erythematosus (SLE) have also shown promise (Rose-John 

et al 2007; Ito 2005).

In summary, tocilizumab appears to be an emerg-

ing therapy for RA. Early studies have provided an 

acceptable profile but conclusions about the true safety 

of tocilizumab will need further evaluation through 

long-term studies.

Disclosures
Both authors have conducted clinical research sponsored 

by Roche.

References
Andrews NC. 2004. Anemia of infl ammation: the cytokine-hepcidin link. 

J Clin Invest, 113(9):1271–6.
Choy EHS, Isenberg DA, Garrood T, et al. 2002. Therapeutic benefi t of 

blocking interleukin-6 activity with an anti-interleukin-6 receptor 
monoclonal antibody in rheumatoid arthritis. A randomized, 
double-blind, placebo-controlled, dose-escalation trial. Arthritis Rheum, 
46:3143–50.

Cronstein BN. 2007. Interleukin-6: A key mediator of systemic and 
local symptoms in rheumatoid arthritis. Bull NYU Hosp Jt Dis, 
65(Suppl 1):S11–15.

Gartlehner G, Hansen RA, Jonas BL, et al. 2006. The comparative effi cacy 
and safety of biologics for the treatment of rheumatoid arthritis: a 
systematic review and metaanalysis. J Rheumatol, 33:2398–408.

Genovese M, McKay J, Nasonov E, et al. 2007. IL-6 receptor inhibition with 
Tocilizumab reduces disease activity in patients with rheumatoid arthri-
tis with inadequate response to a range of DMARDs: The TOWARD 
study. ACR/ARHP Scientifi c Meeting 2007; Presentation L15.

Gomez-Reino JJ, Fairfax MJ, Pavelka K, et al. 2007. Targeted inhibition of 
IL-6 signaling with tocilizumab improves quality of life and function in 
patients with rheumatoid arthritis with inadequate response to a range 
of DMARDs. ACR/ARHP Scientifi c Meeting 2007; Poster 522.

Heinrich PC, Behrmann I, Haan S, et al. 2003. Principles of interleukin (IL)-
6-type cytokine signaling and its regulation. Biochem J, 374:1–20.

Ishibashi T, Shikama Y, Kimura H, et al. 1993. Thrombopoietic effects of inter-
leukin-6 in long-term administration in mice. Exp Hematol, 21:640–6.

Ito H. 2005. Treatment of Crohn’s disease with anti-IL-6 receptor antibody. 
J Gastroenterol, 40(Suppl 16):32–4.

Kavanaugh A, Cohen S, Cush J. 2004. The evolving use of TNF inhibitors 
in rheumatoid arthritis. J Rheumatol, 31:1881–4.

Kudo O, Sabokbar A, Pocock A, et al. 2003. nterleukin-6 and interleukin-11 
support human osteoclast formation by a RANKL-independent mecha-
nism. Bone, 32:1–7.

Lipsky PE. 2006. Interleukin-6 and rheumatic diseases. Arthritis Res Ther, 
8(Suppl 2):S4.

Madhok R, Crilly A, Murphy E, et al. 1993b. Gold therapy lowers serum 
interleukin 6 levels in rheumatoid arthritis. J Rheumatol, 20:630–3.

Madhok R, Crilly A, Watson J, et al. 1993a. Serum interleukin 6 levels in 
rheumatoid arthritis: correlation with clinical and laboratory indices of 
disease activity. Ann Rheum Dis, 52:232–58.

Maini RN, Taylor PC, Szechinski J, et al. 2006. 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, 
54:2817–29.

Nishimoto N, Hashimoto J, Miyasaka N, et al. 2007b. Study of active 
controlled monotherapy used for rheumatoid arthritis, and IL-6 inhibitor 
(SAMURAI): -Evidence of clinical and radiographic benefi t from an 
x-ray reader-blinded randomized controlled trial of tocilizumab. Ann 
Rheum Dis, 66:1162–7.

Nishimoto N, Miyasaka N, Yamamoto K, et al. 2007a. Long-term safety 
and effi cacy of tocilizumab (an anti-IL-6 receptor monoclonal antibody) 
in monotherapy in patients with rheumatoid arthritis. Ann Rheum Dis, 
66(Suppl II):OP0227.

Nishimoto N, Sasai M, Shima Y, et al. 2000. Improvement in Castleman’s 
disease by humanized anti-interleukin-6 receptor antibody therapy. 
Blood, 95:56–61.



Therapeutics and Clinical Risk Management 2008:4(4) 775

Interleukin-6 inhibitors for rheumatoid arthritis

Nishimoto N, Yoshizaki K, Maeda K, et al. 2003. Toxicity, pharmacokinetics 
and dose fi nding study of repetitive treatment with the humanized 
anti-interleukin-6 receptor antibody MRA in rheumatoid arthritis. J 
Rheumatol, 30:1426–35.

Nishimoto N, Yoshizaki K, Miyasaka N, et al. 2004. Treatment of rheumatoid 
arthritis with humanized anti-interleukin-6 receptor antibody: a multi-center, 
double-blind, placebo-controlled trial. Arthritis Rheum, 50:1761–9.

Ohsugi Y, Kishimoto T. 2008.The recombinant humanized anti-IL-6 
receptor antibody tocilizumab, an innovative drug for the treatment of 
rheumatoid arthritis. Expert Opin Biol Ther, 8:669–81.

Park JY, Pillinger MH. 2007. Interleukin-6 in the pathogenesis of rheumatoid 
arthritis. Bull NYU Hosp Jt Dis, 65(Suppl 1):S4–10.

Prevoo ML, van Gestel AM, van T Hof MA, et al. 1996. Remission in 
a prospective study of patients with rheumatoid arthritis: American 
Rheumatism Association preliminary remission criteria in relation to 
the disease activity score. Br J Rheumatol, 35:1101–5.

Rose-John S, Waetzig GH, Scheller J, et al. 2007. The IL-6/IL-6R complex 
as a novel target for therapeutic approaches. Expert Opin Ther Targets, 
11:613–624.

Rose-John S. 2003. Interleukin-6 biology is coordinated by membrane bound 
and soluble receptors. Acta Biochim Pol, 50:603–11.

Seriolo B, Paolino S, Sulli A, et al. 2006. Effects of anti-TNF-alpha treatment 
on lipid profi le in patients with active rheumatoid arthritis. Ann N Y 
Acad Sci, 1069:414–9.

Smolen J, Beaulieu A, Rubbert-Roth A, et al. 2008. Effect of interleukin-6 
receptor inhibition with tocilizumab in patients with rheumatoid arthritis 
(OPTION study): a double-blind, placebo-controlled, randomised trial. 
Lancet, 371(9617):987–97.

Straub RH, Muller-Ladner U, Lichtinger T, et al. 1997. Decrease of 
interleukin 6 during the fi rst 12 months is a prognostic marker for 
clinical outcome during 36 months treatment with disease-modifying 
anti-rheumatic drugs. Br J Rheumatol, 36:1298–303.

Yokota S, Imagawa T, Mori M, et al. 2008. Efficacy and safety of 
tocilizumab in patients with systemic-onset juvenile idiopathic arthritis: 
a randomised, double-blind, placebo-controlled, withdrawal phase III 
trial. Lancet, 371(9617):998–1006.

Yoshizaki K, Nishimoto N, Mihara M, et al. 1998. Therapy of rheuma-
toid arthritis by blocking IL-6 signal transduction with humanized 
anti-IL-6 receptor antibody. Springer Seminar Immunopathol, 
20:247–59.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


