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Abstract: Rheumatoid arthritis (RA) is a systemic inflammatory disease characterized by joint 

pain, swelling, stiffness, and progressive destruction of the small joints of the hands and feet. 

Treatment of RA has improved over the past decade. With multiple cytokines well-known now to 

play a role in the pathogenesis of RA, including tumor necrosis factor alpha, interleukin (IL)-1β, 

and IL-6, many targeted biological treatments against these cytokines have emerged, changing the 

treatment of this disease. Tocilizumab (TCZ) is a recombinant humanized monoclonal antibody 

against the IL-6 receptor and has been approved in many countries, including the United States, 

for the treatment of moderate to severe RA in patients who have not adequately responded to one 

or more disease-modifying antirheumatic drugs (DMARDs) or cannot tolerate other approved 

drug classes for RA. The aim of this review is to discuss the role of IL-6 in RA, and to provide 

an overview of the mode of action, pharmacokinetics, and safety of TCZ. Furthermore, efficacy 

studies of TCZ as both monotherapy and combination therapy will be evaluated. There have 

been several important clinical trials evaluating the efficacy and safety of TCZ in RA patients; 

this review summarizes this data from 14 key trials with emphasis on Phase III trials. Review of 

these trials provides strong evidence that its use, both as monotherapy and in combination with 

methotrexate or other DMARDs, is an effective treatment in reducing the signs and symptoms of 

RA. TCZ showed tolerable safety but care is required for its use since there are some important 

safety concerns including elevated liver enzymes, elevated low-density lipoprotein, infections, 

and gastrointestinal perforations. Additionally, given the efficacy of TCZ in the treatment of 

RA, this review discusses how TCZ may be beneficial in the treatment of other autoimmune 

diseases, spinal disease, cardiovascular disease, organ transplantation, and malignancies where 

elevated levels of IL-6 may play a role in the pathogenesis of these diseases.
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Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflammatory autoimmune dis-

ease causing a symmetrical polyarthritis characterized by persistent synovitis and 

destruction of bone and cartilage in multiple joints. RA affects about 1% of adults 

aged .35 years and .2% of adults aged .60 years and is more common in women.1 

The etiology of RA is thought to be multifactorial and is not fully understood; however, 

proinflammatory cytokines are known to play a role in the disease pathogenesis in RA 

by propagating inflammation and leading to joint destruction.2 These key cytokines 

include tumor necrosis factor alpha (TNF-α), interleukin (IL)-1β, and IL-6.3 First-line 

drug therapies that are US Food and Drug Administration (FDA)-approved for the treat-

ment of RA include conventional disease-modifying antirheumatic drugs (DMARDs)  
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including hydroxychloroquine, methotrexate (MTX), sul-

fasalazine, and leflunomide. Gold agents, cyclosporine, 

and azathioprine are now rarely used. Nonsteroidal anti-

inflammatory medications as well as corticosteroids are 

generally used in conjunction with DMARDs as adjunctive 

therapy. For patients with an insufficient response to these 

conventional agents, a combination of DMARDs or biologi-

cal agents may be indicated. Biologics include the TNF-α 

inhibitors etanercept, adalimumab, infliximab, golimumab, 

and certolizumab; the IL-1 inhibitor anakinra; the selective 

modulator of T cell activation, abatacept; and rituximab, 

a B cell depleting monoclonal antibody directed against the 

CD20 antigen.4 All of these agents have been successfully 

used in the treatment of RA, but are not always effective. 

Of all the biologics listed, anti-TNF-α agents were the first 

biologics studied and approved.5 TNF-α inhibitors have 

been established as an effective treatment option for RA, 

especially in patients who experience an inadequate response 

to the conventional DMARDs listed above, including MTX. 

There is no direct comparison data between the five cur-

rently approved TNF-α inhibitors; however, meta-analyses 

of clinical trial data suggest these compounds have similar 

efficacy.6 They differ in terms of molecular structures and 

route of application (subcutaneous versus intravenous). 

A significant portion of patients have an inadequate response 

(20%–40%) to anti-TNF-α agents with regards to clinical 

signs and symptoms.7 The many patients who do not respond 

to the conventional DMARDs, biologics, or are unable to 

take these medications secondary to problems with adverse 

effects create a demand for new therapies in the treatment 

of RA.

Tocilizumab (TCZ), a new drug targeting the IL-6 

pathway, was approved in 2010 for the treatment of 

moderate to severe RA in patients who have failed other 

DMARDs, including biologics. It is the first humanized IL-6 

receptor-inhibiting monoclonal antibody.8 IL-6 is a 26 kDa 

glycopeptide. This cytokine plays a role in inflammation, 

bone metabolism, hematopoiesis, and immune regulation. 

IL-6 is produced by various cell types, predominantly mac-

rophages and fibroblasts.9 IL-6 is known to be produced in 

high quantities in the synovial fluid of patients with RA and 

these elevations correlate with disease activity and joint 

destruction.10

The purpose of this paper is to review the role of TCZ 

in the treatment of RA, focusing on the pharmacology, effi-

cacy, and safety of this drug as demonstrated by important 

clinical trials. Lastly, we will address the evolving role of 

TCZ in the future.

Pathogenesis of RA  
and the role of IL-6
The pathogenesis of RA is highly complex and involves 

interconnected cellular and molecular pathways involving 

B cells, T cells, and cytokines, ultimately causing articular 

inflammation resulting in joint destruction. Antibodies 

directed against joint-specific and systemic autoantigens 

are commonly detected in the blood of RA patients and are 

thought to contribute to the local inflammation. The concept 

that autoantibodies, such as rheumatoid factor and anti-cyclic 

citrullinated peptide, are pathogenic fostered the development 

of targeted B cell depletion in RA with rituximab. T cells 

have also been implicated in RA due to their presence in the 

synovium. Subsets of T cells have been defined that produce 

cytokines in the rheumatoid synovium including T helper 

17 cells that also play a role in neutrophil migration. Another 

subset, regulatory T cells can cause immune suppression, 

which all contributes to pannus formation in RA. Abatacept, 

a biologic agent that blocks T cell costimulation, targets 

T cells to treat RA.

Macrophages and fibroblasts are the primary sources 

of cytokines in the synovium of RA patients. Synovial 

macrophages and f ibroblasts produce a multitude of 

proinflammatory factors in the rheumatoid joint including 

IL-1β, IL-6, IL-17, and TNF-α.11 These cytokines 

enhance and propagate synovial inflammation. IL-6 has 

an assortment of effects on the immune system includ-

ing stimulating fibroblasts, osteoclasts, macrophages, 

production of helper T cells and regulatory T cells, play-

ing a role in B cell activation and differentiation, and 

inducing the production of C-reactive protein. IL-6 is a 

major cytokine inducer of acute phase response proteins, 

and it is known to be an endogenous pyrogen, therefore 

playing a role in the systemic and constitutional manifes-

tations of RA.

IL-6 acts upon neutrophils, which are cells that play an 

important role in the acute inflammatory response in the syn-

ovium of RA patients. IL-6 increases neutrophil adherence to 

fibroblasts, which, as a result, leads to leukocyte recruitment 

causing inflammation.12 Since IL-6 can stimulate osteoclast 

maturation and activation via RANKL (receptor activator of 

nuclear factor kappa-B ligand) as well as synovial prolifera-

tion, it can contribute to the synovial pannus formation seen 

in RA. IL-6 acts synergistically with IL-1β and TNF-α to pro-

mote angiogenesis as a result of increased production of vascu-

lar endothelial growth factor (VEGF).13 This IL-6 stimulated 

increase in VEGF is important for pannus formation. IL-6 

may also contribute to T helper 17 cell differentiation, which  
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in turn leads to the production of more cytokines by mac-

rophages including IL-1β and TNF-α.

IL-6 works through two differing signaling pathways, a 

membrane bound IL-6 receptor and a soluble IL-6 receptor. 

Normally, the IL-6 receptor binds to IL-6 and to a cell-surface 

glycoprotein called gp130, which is necessary for signal 

transduction. The gp130-mediated IL-6 signaling pathway 

works even for cells that do not express the membrane bound 

IL-6 receptor on their surface. IL-6 and the soluble IL-6 

receptor are present in serum and synovial fluids and are seen 

in higher levels in patients with RA.14 All of these functions 

in which IL-6 mediates the systemic and articular features of 

RA make IL-6 blockade an attractive biologic target therapy 

for the treatment of RA (Figure 1).9

Pharmacokinetics and metabolism
TCZ is a humanized IgG1 monoclonal antibody that binds 

with high affinity to both the soluble and membrane-

bound forms of the IL-6 receptor, which prevents IL-6 

from binding to its receptor. It is developed by grafting the 

complementarity determining regions of a mouse antihu-

man IL-6 receptor antibody onto human IgG1.15 TCZ has a 

nonlinear pharmacokinetic profile. The maximum concen-

tration increases in approximate proportion to increases 

in dosage, whereas the area under the concentration–time 

curve increases disproportionately. As the dosage increases, 

clearance and the apparent elimination rate constantly 

decrease, and terminal half-life and mean residence times 

are prolonged.16

TCZ binds to soluble IL-6 receptor in a dose-dependent 

manner and saturates the receptor at approximately 0.1 µg/mL. 

TCZ also competitively inhibits IL-6 binding to soluble IL-6 

receptor and complete inhibition is seen at approximately 

4 µg/mL. The elimination of TCZ is biphasic, vacillating 

between nonlinear and linear clearance pathways, and is 

highly dependent on serum drug concentration.12 At low 

serum concentrations, the non-linear pathway is predominant 

and is specifically associated with the degree of saturation 

of the IL-6 receptor.17 Once target saturation occurs, a more 

nonspecific linear clearance pathway dominates; the linear 

TNF-α, IL-1β, IL-17 TNF-α, IL-1β

sIL-6R IL-6
Tocilizumab

B cells
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Figure 1 Functions of IL-6 in RA and blockage of IL-6 signal transduction by tocilizumab.
Notes: Macrophages and fibroblasts produce IL-6, in addition to other proinflammatory cytokines including TNF-α, IL-1β, and IL-17. IL-6 is a pleiotropic proinflammatory 
cytokine with a variety of biologic effects regulating angiogenesis, bone metabolism, inflammation, immune suppression, autoantibody production, and production of CRP, 
which all contribute to the pannus formation seen in RA. Tocilizumab blocks these effects by binding to both the soluble and membrane-bound forms of the IL-6 receptor.
Abbreviations: Auto-Abs, autoantibodies; CRP, C-reactive protein; IL, interleukin; mIL-6R, membrane bound IL6-receptor; RA, rheumatoid arthritis; RANKL, receptor 
activator of nuclear factor kappa-B ligand; RF, rheumatoid factor; sIL-6R, soluble IL-6 receptor; TH-17, T helper 17; TNF-α, tumor necrosis factor alpha; Tregs, regulatory 
T cells; VEGF, vascular endothelial growth factor.
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clearance continues to proportionally increase with body 

weight exceeding 100 kg, which may result in unnecessarily 

high drug exposure. Therefore, doses exceeding 800 mg per 

infusion are not recommended.18 Additionally, more sustained 

target saturation occurs with infused doses of 8 mg/kg every 

4 weeks compared to 4 mg/kg, resulting in reduced elimina-

tion and a longer half-life with higher serum concentrations. 

This prolonged exposure with the highest dose may also be 

associated with improved response.19

Alcohol, age, and race have not been found to affect 

the pharmacokinetics of TCZ.20 So far, there are no studies 

addressing the effect of hepatic or renal impairment on the 

pharmacokinetics of TCZ. There does not appear to be a 

need to adjust the dose for mild renal impairment.18 In the 

United States, TCZ was approved in early 2010 for the treat-

ment of adult patients with moderate to severe RA of which 

response to anti-TNF therapies was inadequate. Its indication 

was later expanded to include inadequate response to one 

or more DMARDs.15 In Europe, TCZ is approved in com-

bination with MTX for the treatment of moderate to severe 

RA in adults who have not responded to or did not tolerate 

previous DMARD or anti-TNF therapies.21 It can be used 

as monotherapy if MTX is not appropriate. The European 

League Against Rheumatism (EULAR) recommends use 

of TCZ in combination with MTX as a second-line therapy 

to conventional DMARDs.22 The recommended dose of 

TCZ is 4 mg/kg, with an increase to 8 mg/kg, based on 

response, given every 4 weeks as an intravenous infusion 

over 1 hour.

Drug interactions
Although few specific drug interaction studies have been 

done with TCZ, its potential restorative effect on the 

expression of CYP450 enzymes in RA patients should 

be considered when used in combination with known 

CYP450 substrates that require intense monitoring or 

have narrow dosing requirements.18 In vivo studies showed 

that omeprazole and simvastatin levels decreased by 28% 

and 57% 1 week after TCZ infusion.18 Upon initiation or 

discontinuation of TCZ, drugs with a narrow therapeutic 

margin (CYP450 substrate) such as warfarin should be 

closely monitored.18

Key studies of TCZ
There have been several key clinical trials evaluating the 

efficacy and safety of TCZ in patients with RA. The pri-

mary efficacy endpoint used in all studies was the American 

College of Rheumatology (ACR) response criteria (ACR20, 

ACR50, and ACR70; defined by a 20%, 50%, or 70% clinical 

improvement from baseline after treatment, respectively).23 

Other endpoints used included the Disease Activity Score  

of 28 joints (DAS28) improvement criteria, the Health 

Assessment Questionnaire Disease Index (HAQ-DI) score24 

and the Sharp score of joint damage.24

SATORI: monotherapy – DMARD 
failure
The SATORI study (study of active-controlled TCZ mono-

therapy for RA patients with inadequate response to MTX) 

was a randomized, double-blind, multicenter Phase III trial 

that investigated the clinical efficacy and safety of TCZ 

monotherapy in active RA patients with an inadequate 

response to low-dose MTX.25 This trial consisted of 125 

patients who were randomized to receive either TCZ 8 mg/kg 

every 4 weeks plus MTX placebo (TCZ group) or TCZ pla-

cebo plus MTX 9 mg/week (control group) for 24 weeks. 

The clinical responses were measured using the ACR criteria 

and DAS28 response criteria. Serum VEGF levels were also 

monitored.25

An ACR20 response was achieved by 25% and 80.3% 

of patients at week 24 in the control group and TCZ group, 

respectively. The TCZ group showed superior ACR50 and 

ACR70 responses over the control group as well from 

4 weeks onward. DAS28 scores showed a reduction that 

was significantly greater for the TCZ group (P,0.001). 

Additionally, serum VEGF levels were signif icantly 

decreased by TCZ treatment (P,0.001). In the TCZ group, 

increases in total cholesterol (TC), triglycerides (TG), and 

low-density lipoprotein cholesterol (LDL) were common. 

Values increased until week 4 and thereafter remained 

constant. The SATORI study group concluded that TCZ 

monotherapy was well-tolerated and provided an excellent 

clinical benefit in active RA patients with an inadequate 

response to low-dose MTX.25

SAMURAI: monotherapy –  
DMARD failure; radiographic  
progression with TCZ
The SAMURAI study (study of active controlled mono-

therapy used for RA, an IL-6 inhibitor) was an open-label, 

randomized, placebo-controlled Phase III trial that evalu-

ated the ability of TCZ monotherapy to inhibit progression 

of structural joint damage in patients with RA.26 The trial 

consisted of 306 patients with active RA of ,5 years 

duration who were randomized to receive either TCZ 

8 mg/kg monotherapy or conventional DMARDs (except 
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for leflunomide and anti-TNF therapies) for 52 weeks. 

Radiographs of hands and feet were scored by the van der 

Heijde modified Sharp method.26

In the primary efficacy analysis, the TCZ group showed 

significantly less radiographic disease progression than those 

patients treated with conventional DMARDs. At week 52, 

the secondary endpoints of ACR20, ACR50, and ACR70 

response were 78%, 64%, and 44%, respectively; which was 

statistically superior compared to the conventional DMARD 

group, which was 34%, 13%, and 6%, respectively (P,0.001, 

for each comparison). DAS28 remission was achieved in 59% 

of patients receiving TCZ compared to 3% of patients receiv-

ing DMARDs at week 52. Laboratory abnormalities were 

more common in the TCZ group (61% of subjects) compared 

to the DMARD group (31% of subjects). The most common 

laboratory abnormalities in the TCZ group were related to TC, 

TG, high-density lipoprotein (HDL) deficiency, and LDL; 

however, adverse cardiovascular events were not reported. 

The SAMURAI study concluded that TCZ monotherapy was 

generally well-tolerated and provided radiographic benefit in 

patients with RA.26

LITHE: combination therapy – 
DMARD failure; radiographic 
progression with TCZ
The LITHE study (TCZ safety and the prevention of struc-

tural joint damage) was a double-blind, randomized con-

trolled Phase III trial aiming to assess the efficacy and safety 

of TCZ in combination with MTX in preventing structural 

joint damage and improving physical function and disease 

activity in patients with RA.27 The study included a total 

of 1,196 patients with active, moderate to severe RA, who 

had an incomplete response to MTX and had not previously 

failed anti-TNF therapy. Patients were randomized to one of 

three treatment arms: infusions of either TCZ 4 mg/kg, TCZ 

8 mg/kg, or a TCZ placebo every 4 weeks, all in combina-

tion with MTX 10–25 mg weekly. The length of the study 

was 2 years. The main outcomes measured were the changes 

from baseline in Genant-modified Sharp score and the area 

under the curve in the HAQ-DI. Secondary endpoints of 

disease activity using the ACR response criteria were also 

assessed.27

The study found that TCZ significantly inhibited the pro-

gression of joint damage in patients with RA (inhibition of 

radiographic progression compared to control was 74% in the 

TCZ 8 mg/kg group). Also, after 24 weeks of treatment, TCZ 

8 mg/kg plus MTX significantly reduced signs and symp-

toms compared with MTX monotherapy assessed by ACR 

responses (ACR20 57% versus 27%; ACR50 32% versus 

10%; ACR70 13% versus 2%, respectively; P,0.0001). By 

52 weeks, DAS28 remission rates were significantly higher 

in the TCZ 8 mg/kg group at 47.2% versus 30.2% in the 

TCZ 8 mg/kg group and 7.9% in the placebo group. The 

LITHE study group concluded that TCZ plus MTX resulted 

in greater inhibition of joint damage and greater improvement 

in physical function than MTX alone.27

CHARISMA: combination therapy – 
previous DMARD failure
The CHARISMA study (Chugai humanized antihuman 

recombinant IL-6 monoclonal antibody study) was a random-

ized, double-blind, placebo-controlled, multicenter, Phase II 

trial studying the safety and efficacy of repeat infusions 

of TCZ alone and in combination with MTX.28 This trial 

comprised 359 patients with active RA with inadequate 

response to 4 weeks of treatment with MTX. Patients were 

randomized to one of seven treatment arms: TCZ at doses of 

2 mg/kg, 4 mg/kg, and 8 mg/kg either as monotherapy with 

placebo or in combination with MTX, or MTX plus placebo 

for 20 weeks.28

An ACR20 response was achieved by 61% and 63% of 

patients receiving 4 mg/kg and 8 mg/kg of TCZ as monother-

apy, respectively, and by 63% and 74% of patients receiving 

those doses of TCZ plus MTX, respectively, compared with 

41% of patients receiving placebo plus MTX. Statistically 

significant ACR50 and ACR70 responses were observed in 

patients receiving combination therapy with either 4 mg/kg 

or 8 mg/kg of TCZ plus MTX (P,0.05).28

A dose-related reduction in the DAS28 was observed 

from week 4 onward, in all patients except those receiving 

monotherapy with 2 mg/kg of TCZ. Liver transaminases 

including alanine transaminase and aspartate transaminase 

levels rose and then fell between TCZ infusions. There were 

moderate but reversible increases in the non-fasting TC and 

TG levels and reversible reductions in the HDL cholesterol. 

The CHARISMA study concluded that TCZ was highly 

efficacious in decreasing disease activity in RA.28

OPTION: combination therapy – 
previous DMARD failure
The OPTION study (TCZ pivotal trial in MTX inadequate 

responders) was a double blind, randomized, placebo-

controlled, parallel-grouped Phase III trial studying the 

efficacy and safety of TCZ.29 The trial consisted of 623 

patients with active RA with an inadequate response to a 

stable dose of MTX (10–25 mg/week) for at least 8 weeks. 
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Patients were randomized to receive placebo, TCZ 4 mg/kg,  

or TCZ 8 mg/kg intravenously every 4 weeks, in 

combination with weekly stable dose of MTX for 24 weeks. 

All other DMARDs were discontinued before the start of 

the study.29

The primary endpoint was ACR20 response at week 24, 

which was significantly higher in the TCZ 4 mg/kg and TCZ 

8 mg/kg groups compared to the placebo group (48%, 59%, 

and 26%, respectively, P,0.0001). The ACR50 and ACR70 

responses were also significantly higher in both the TCZ 

groups compared to the placebo. DAS28 disease remission 

was reached by 13%, 27%, and 0.8% of patients in the TCZ 

4 mg/kg, TCZ 8 mg/kg, and placebo groups, respectively 

(P,0.05). The OPTION study concluded that TCZ was an 

effective therapeutic approach in patients with moderate to 

severe active RA.29

TOWARD: combination therapy – 
previous DMARD failure
The TOWARD study (the TCZ in combination with tradi-

tional DMARD therapy study) was the largest multicenter 

randomized, double-blind placebo-controlled study to date 

investigating the efficacy and safety of TCZ combined with 

conventional DMARDs (MTX, hydroxychloroquine, paren-

teral gold, sulfasalazine, azathioprine, and leflunomide) in 

patients with active RA.30 The study excluded patients who 

had an inadequate response to anti-TNF therapies. A total of 

1,220 patients were included in the trial and randomized in a 

2:1 manner to receive either TCZ 8 mg/kg infusions or placebo 

infusions every 4 weeks. All patients continued their conven-

tional DMARD therapy at a stable dose. The primary efficacy 

endpoint was meeting the ACR20 criteria after 24 weeks.30

At week 24, the ACR20 response rate was 61% in the 

TCZ group compared to 25% in the placebo. ACR50 and 

ACR70 response rates in the TCZ group were 38% and 

21%, respectively; all significantly increased compared to 

placebo rates of 9% and 3%, respectively. DAS28 remission 

at week 24 was higher in the TCZ group versus the control 

group (30% versus 3%, respectively, P,0.0001). There 

were also greater improvements from baseline in physical 

function and fatigue with the TCZ group than the placebo 

group, as assessed by HAQ-DI scores. Elevations in alanine 

aminotransferase level, from normal at baseline to greater 

than three-fold the upper limit of normal, occurred in 4% of 

patients in the TCZ group and 1% in the control group, and 

elevated TC levels were observed in 23% and 6% of patients, 

respectively. Grade III neutropenia occurred in 3.7% of 

patients receiving TCZ and none in the control; however, the 

neutropenias reported were not clearly linked to any serious 

infections during the course of the trial. The TOWARD study 

concluded that TCZ combined with any of the DMARDs 

evaluated was safe and effective in reducing articular and 

systemic symptoms in patients with an inadequate response 

to these DMARDs alone.30

ROSE: combination therapy – 
previous DMARD failure
The ROSE study (the rapid onset and systemic efficacy 

study) was a randomized, double-blind, placebo-controlled, 

parallel-group, multicenter Phase III clinical trial evaluating 

the efficacy of TC in US patients with moderate to severe 

active RA and inadequate clinical response to DMARDs.31 

A total of 619 patients were included and randomized 2:1 to 

TCZ 8 mg/kg or placebo every 4 weeks while continuing 

background DMARD in both groups. Permitted DMARDs 

(at stable doses .7 weeks before study baseline) included 

MTX, hydroxychloroquine, parenteral gold, sulfasalazine, 

azathioprine, and leflunomide. The primary efficacy endpoint 

was the ACR50 response at week 24.31

At week 24, the ACR50 response was significantly higher 

in the TCZ group than in the placebo group (30.1% versus 

11.2%, P,0.0001). Percentages of both ACR20 and ACR50 

responders were significantly higher in the TCZ group versus 

the placebo group as early as week 4 and continued to week 

24. The proportion of patients achieving a clinically mean-

ingful decrease in DAS28 ($1.2 points from baseline) was 

significantly higher in the TCZ group versus placebo group at 

all time points from week 4 onwards (87.9% in the TCZ group 

versus 53.4% in the placebo group at week 24, P,0.0001). 

The ROSE study demonstrated the efficacy of TCZ in improv-

ing measures of disease activity in patients with RA who 

failed to respond adequately to DMARD therapy.31

RADIATE: combination therapy – 
previous anti-TNF failure
The RADIATE study (RA study in anti-TNF failures) was 

a double-blind, placebo-controlled, multicenter Phase III 

trial evaluating the efficacy and safety of TCZ in patients 

with active RA refractory to anti-TNF therapies.32 The trial 

consisted of 499 RA patients with inadequate response to one 

or more anti-TNF agents. Patients were randomly assigned 

to one of three treatment arms: TCZ 4 mg/kg, TCZ 8 mg/kg, 

or placebo infusions every 4 weeks, all with stable doses of 

MTX (10–25 mg/week) for a total of 24 weeks. The primary 

efficacy endpoint was meeting the ACR20 response criteria 

24 weeks after treatment.32
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At week 24, the proportion of patients achieving an 

ACR20 was significantly higher in the TCZ 4 mg/kg and 

TCZ 8 mg/kg groups compared to the placebo group (30.4%, 

50.0%, and 10.1%, respectively, P,0.001). The ACR50 and 

ACR70 responses were also significantly more common 

in the TCZ 8mg/kg group compared to the placebo. The 

DAS28 remission rates were likewise significantly higher 

with TCZ 8 mg/kg at 30.1% compared to the placebo group 

(only 1.6%). Greater improvement in HAQ-DI values from 

baseline were achieved by the TCZ 8 mg/kg group and the 

TCZ 4 mg/kg group compared to the placebo group as well. 

The most common adverse effects with higher incidence in 

the TCZ groups were infections, gastrointestinal symptoms, 

rash, and headache. The RADIATE study concluded that TCZ 

plus MTX was effective in achieving rapid and sustained 

improvements in the signs and symptoms of RA in patients 

with an inadequate response to anti-TNF therapy.32

ACT-RAY: monotherapy or 
combination therapy – previous 
DMARD failure
The ACT-RAY study was a double-blind, randomized, place-

bo-controlled, parallel-group Phase III clinical trial evaluating 

patients with active RA with inadequate response to MTX, 

comparing the efficacy of adding TCZ to that of switching 

to TCZ monotherapy.33 The trial included 556 patients who 

were randomized to either continue MTX with the addition 

of TCZ 8 mg/kg every 4 weeks or to switch to TCZ and 

placebo. The primary endpoint of this study was to achieve 

DAS28 remission at week 24.33

The results showed at week 24 that TCZ monotherapy 

had comparable efficacy to TCZ plus MTX in patients with 

an inadequate response to MTX. The DAS28 remission rate 

was 35% for the TCZ monotherapy group and 40% in the 

TCZ plus MTX group.

The study demonstrated the fast onset of action of TCZ with 

18.1% and 15.2% of patients achieving remission at week 8 

in the combination and monotherapy groups respectively. No 

overt differences in the safety profile were observed between 

the two treatments. The ACT-RAY study concluded no clini-

cally relevant superiority of the TCZ plus MTX add-on strategy 

over the switch to TCZ monotherapy strategy was observed.33

ACT-STAR: monotherapy  
or combination therapy –  
previous DMARD failure
The ACT-STAR study was a double-blind, randomized, 

multicenter Phase III trial in the US that assessed the safety 

and tolerability of TCZ as monotherapy or in combination 

with non-biologic DMARDs in patients with moderate to 

severe RA who had an inadequate response to their current 

treatment with biologic agents or DMARDs.34 The trial 

included 886 patients who were randomized to TCZ 8 mg/kg 

monotherapy, TCZ 4 mg/kg plus DMARDs, or TCZ 8 mg/kg 

plus DMARDs for a total of 24 weeks. Overall, 82.5% of the 

patients completed the 24-week study. The primary endpoint 

was the number and percentage of patients with serious 

adverse events during 24 weeks of TCZ treatment. Efficacy 

assessments were evaluated as secondary outcomes.34

The serious adverse events per 100 person-years were 

28.3 and were similar among the treatment groups. The 

most common serious adverse events were pneumonia and 

cellulitis. Overall, ACR20, ACR50, and ACR70 response 

rates increased throughout the 24-week treatment period and 

were similar for all treatment groups. Mean DAS28 scores 

were significantly decreased from baseline at all time points 

in all treatment groups. The ACT-STAR study concluded 

that the safety findings were consistent with the previously 

identified safety profile of TCZ. TCZ had an adverse effect 

profile consistent with prior randomized blinded studies and 

was effective when administered as either monotherapy or in 

combination with DMARDs for the treatment of RA.34

AMBITION: monotherapy – no 
previous MTX or anti-TNF failure
The AMBITION study (ACTEMRA® versus MTX double 

blind investigative trial in monotherapy) is a non-inferiority, 

double-blind, randomized, double-dummy, parallel-group 

Phase III study that sought to compare TCZ 8 mg/kg mono-

therapy to escalating doses of MTX in patients who had not 

previously failed MTX or biologics.35 A total of 673 patients 

were randomized to either TCZ 8 mg/kg intravenously every 4 

weeks or to MTX weekly (escalating dose regimen: initial 7.5 

mg, increasing to 15 mg at week 4 and to 20 mg at week 8), 

and most completed 24 weeks of treatment. Most patients 

were MTX-naïve with mean disease duration of 5 years. The 

primary efficacy endpoint was meeting the ACR20 response 

criteria 24 weeks after treatment.35

An ACR20 response was statistically superior in those 

who received TCZ (70%) compared to those in the MTX 

group (52.5%). The percentage of patients who achieved 

a DAS28 ,2.6 was also significantly higher in the TCZ 

monotherapy group (34%) compared to the MTX group 

(12%). Health-related quality of life was also better in a 

higher proportion of patients treated with TCZ monotherapy 

compared to MTX. There was no significant difference in 
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the incidence of serious adverse events with TCZ versus 

MTX, but in the TCZ group, there was a higher incidence 

of reversible grade III neutropenia (3.1% versus 0.4%) and 

increased TC (13.2% versus 0.4%) relative to placebo. The 

AMBITION study concluded that TCZ monotherapy is better 

than MTX monotherapy, with rapid improvement in RA 

signs and symptoms and a favorable benefit–risk profile, in 

patients for whom treatment with MTX or biological agents 

has not previously failed.35

ADACTA: monotherapy  
versus anti-TNF
The ADACTA study was a double-blind, randomized, 

placebo-controlled multicenter Phase IV trial that was the 

first head-to-head trial specifically designed to determine 

superiority between two biologic medications as monotherapy 

for the treatment of RA.36 This trial evaluated the efficacy 

and safety of TCZ monotherapy versus adalimumab mono-

therapy for the treatment of biologic-naïve patients with 

severe RA (DAS28 ,5.1) who were intolerant of MTX or for 

whom MTX was inappropriate. A total of 326 patients were 

randomized to receive either TCZ 8 mg/kg every 4 weeks 

or adalimumab 40 mg subcutaneously every 2 weeks for 

24 weeks total. The primary efficacy outcome was the mean 

change from baseline in DAS28 at week 24.36

At week 24, the mean change from baseline in DAS28 

was significantly greater in the TCZ group (−3.3) than 

in the adalimumab group (−1.8); P,0.0001. Ten percent 

of patients in the adalimumab group versus 12% in the 

TCZ group had serious adverse events. More patients in the 

TCZ group had increased LDL cholesterol, increased alanine 

aminotransferase concentrations, and reduced platelet and 

neutrophil counts. The ADACTA study concluded that TCZ 

monotherapy was superior to adalimumab monotherapy for 

reduction of signs and symptoms of RA in patients for whom 

MTX was deemed inappropriate.36

MUSASHI: monotherapy – 
subcutaneous TCZ (TCZ-SC)  
versus intravenous TCZ (TCZ-IV)  
infusion – previous DMARD failure
The MUSASHI study (multicenter double-blind study of 

ACTEMRA subcutaneous injection in patients having RA 

to verify non-inferiority against intravenous infusion) was a 

24 week, randomized, double-blind, Phase III trial designed to 

evaluate the efficacious non-inferiority of TCZ-SC injection 

monotherapy to TCZ-IV infusion monotherapy in patients 

with RA with an inadequate response to synthetic and/or 

biologic DMARDs.37 A total of 348 patients were random-

ized 1:1 into two groups: 162 mg of TCZ-SC monotherapy 

every 2 weeks plus placebo TCZ-IV every 4 weeks or 8 mg/kg 

TCZ monotherapy every 4 weeks plus placebo-TCZ-SC 

every 2 weeks. The primary endpoint was to evaluate the 

non-inferiority of TCZ-SC to TCZ-IV regarding ACR20 

response rates at week 24.

At week 24, ACR20 response was achieved in 79.2% of 

the TCZ-SC group and 88.5% of the TCZ-IV group. The 

incidences of adverse events and serious adverse events were 

similar in both groups. The MUSASHI study concluded that 

TCZ-SC had comparable efficacy and safety to TCZ-IV 

monotherapy, and that TCZ-SC could provide additional 

treatment options for patients with RA.37

SUMMACTA: combination therapy: 
SC-TCZ versus IV-TCZ – previous 
DMARD failure
The SUMMACTA study was a randomized, double-dummy, 

Phase III, multicenter study with a double-blind study evalu-

ating the efficacy and safety of TCZ-SC versus TCZ-IV in 

adult patients with RA who had an inadequate response to one 

or more DMARD.38 A total of 1,262 patients were randomly 

assigned to receive TCZ-SC 162 mg weekly plus intravenous 

placebo every 4 weeks or TCZ-IV 8 mg/kg every 4 weeks plus 

subcutaneous placebo weekly in combination with traditional 

DMARDs. The primary outcome was to evaluate the non-

inferiority of TCZ-SC to TCZ-IV regarding the proportion of 

patients who achieved an ACR20 response at week 24.

At week 24, 69.4% of TCZ-SC patients versus 73.4% 

of TCZ-IV treated patients achieved an ACR20 response. 

The safety profiles of both treatments were similar, and the 

most common adverse event was infection. Injection site 

reactions occurred more frequently in the TCZ-SC group than 

the TCZ-IV group. The SUMMACTA study concluded that 

TCZ-SC 162 mg weekly demonstrated comparable efficacy 

to TCZ-IV 8 mg/kg.38

Summary of TCZ trials in RA
The above trial data shows the efficacy of TCZ in adult 

patients with active moderate to severe RA. Tables 1 and 2 

summarize the key trials from Phase II, III, and IV trials 

involving TCZ. These trials demonstrate that TCZ was effec-

tive in RA treatment in patients both as monotherapy and 

combination therapy in patients with inadequate response 

to DMARDs in moderate to severe RA, including inad-

equate response to MTX and anti-TNF therapy. TCZ at a 
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dose of 8 mg/kg was shown to be more likely to lead to 

DAS28 remission and a greater improvement in HAQ-DI 

scores.39 Furthermore, TCZ at a dose of 8 mg/kg was found 

to achieve a more sustained target saturation compared to 

4 mg/kg, which was associated with improved response 

based on ACR criteria and tender and swollen joint counts. 

The sustained receptor-blocking activity and longer half-life 

with the higher TCZ dose of 8 mg/kg results in prolonged 

exposure and may be associated with improved response.40 

In fact, since the higher dose was consistently superior in 

clinical trials, many experts recommend initiating treatment 

at 8 mg/kg and reducing the dose to 4 mg/kg only in the 

event of an adverse effect that requires a dose modification. 

In both Europe and Japan, only the 8 mg/kg dose is approved 

for initiation of TCZ. The SATORI trial established that  

TCZ monotherapy was effective in the treatment of RA in 

patients with inadequate response to low-dose MTX. Multiple 

studies, including CHARISMA, OPTION, TOWARD, and 

ROSE, all demonstrated the efficacy of TCZ in combination 

therapy with other conventional DMARDs in patients with 

previous DMARD failure. The RADIATE trial was the first 

trial to look at TCZ in combination with MTX in patients with 

previous anti-TNF-α failure and found that the combination 

was effective in patients with an inadequate response to anti-

TNF-α therapy. The AMBITION trial established superior 

efficacy of TCZ monotherapy over MTX monotherapy 

Table 1 Key trials of tocilizumab

Trial Year Patients Duration  
(weeks)

Design Prior treatment Treatment arms

CHARISMA28 2006 359 20 Double-blind, multicenter,  
randomized controlled trial

Inadequate response 
to MTX

TCZ 2 mg/kg, 4 mg/kg, or 8 mg/kg 
monthly either as monotherapy or 
in combination with MTX

SAMURAI26 2007 300 52 X-ray reader-blind, open- 
label randomized, placebo- 
controlled trial

Failed $1 DMARD 
No biologic failure

TCZ 8 mg/kg monthly or DMARDs

SATORI25 2008 125 24 Randomized, double-blind,  
multicenter, controlled trial

Inadequate response 
to MTX 
No biologic failure

TCZ 8 mg/kg monthly + MTX 
placebo or MTX 8 mg weekly + 
TCZ placebo

OPTION29 2008 622 24 Double-blind, randomized,  
placebo-controlled trial,  
parallel-grouped trial

Failed $1 DMARD TCZ 4 mg/kg monthly + MTX, TCZ 
8 mg/kg monthly + MTX, or  
MTX + placebo

RADIATE32 2008 489 24 Double-blind, placebo- 
controlled trial

No prior MTX failure 
Biologic failure

TCZ 4 mg/kg monthly + MTX, TCZ 
8 mg/kg monthly + MTX,  
or MTX + placebo

TOWARD30 2008 1,220 24 Double-blind, randomized,  
placebo-controlled,  
multicenter trial

Failed $1 DMARD 
No biologic failure

TCZ 8 mg/kg monthly or placebo

AMBITION35 2010 570 24 Double-blind, randomized,  
double-dummy, parallel- 
group study

No previous MTX or 
biologic failure

TCZ 8 mg/kg monthly versus 
escalating doses of MTX

LITHE27 2011 1,196 104 Double-blind, randomized,  
controlled trial

Inadequate response 
to MTX

TCZ 4 mg/kg monthly + MTX, TCZ 
8 mg/kg monthly + MTX, or 
placebo + MTX

ROSE31 2011 619 24 Double-blind, randomized,  
placebo-controlled,  
parallel-group trial

Inadequate response 
to DMARDs

TCZ 8 mg/kg monthly + stable 
DMARDs or placebo

ACT-RAY33 2012 556 24 Double-blind, randomized,  
placebo-controlled,  
parallel-group trial

Inadequate response 
to MTX 
No biologic failure

TCZ 8 mg/kg monthly + MTX or 
TCZ 8 mg/kg monthly + placebo

ADACTA36 2013 326 24 Double-blind, randomized,  
multicenter, parallel-  
group study

Inadequate response 
to MTX 
Biologic failure

TCZ 8 mg/kg monthly + placebo or 
adalimumab + placebo

ACT-STAR34 2013 886 24 Randomized, open-label,  
multicenter study

Inadequate response 
to DMARDs or  
biologic

TCZ 4 mg/kg monthly + DMARDs, 
TCZ 8 mg/kg monthly + DMARDs, 
or TCZ 8 mg/kg monthly 
monotherapy

Abbreviations: DMARD, disease-modifying antirheumatic drug; MTX, methotrexate; TCZ, tocilizumab.
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regardless of previous MTX exposure. The ADACTA study 

found that TCZ monotherapy was superior to adalimumab 

monotherapy for reduction of signs and symptoms of RA in 

patients for whom MTX was deemed inappropriate. Both 

the SAMURAI and LITHE studies looked at radiographic 

progression of disease with TCZ and concluded that TCZ 

provided radiographic benefit compared to MTX or other 

conventional DMARDs alone.

The majority of these studies demonstrated the efficacy of 

TCZ in moderate to severe active RA with inadequate clini-

cal response to DMARDs or to TNF-α inhibitors. However, 

in addition, based on the AMBITION trial, TCZ may be 

considered a first-line therapy in patients with relatively 

early active RA for whom MTX has not previously failed. 

This is a question that can only be achieved by conducting 

studies testing early versus late treatment with TCZ in the 

same trial. The ADACTA trial also suggests that TCZ is more 

effective than TNF-α inhibitors, specifically adalimumab, and 

can be considered as a first-line biologic to be tried prior to 

TNF-α inhibitors. TCZ-SC recently became FDA-approved 

in October 2013 for DMARD inadequate responders with 

moderate to severe RA. The MUSASHI and SUMMACTA 

trials demonstrated that TCZ-SC had comparable efficacy 

and clinical safety profiles to TCZ-IV and the subcutaneous  

formulation provides an additional, more convenient adminis-

tration option and opportunity for home injection for patients 

with RA.

There are no trials comparing the efficacy of TCZ to 

abatacept or rituximab, and the choice of TNF-α inhibitors 

or biologics with different modes of action after inadequate 

response to one or more DMARD is generally reliant on 

physician preference and patient’s comorbidities. A meta-

analysis comparing the potential adverse effects of nine 

biologic agents, including adalimumab, certolizumab, etan-

ercept, golimumab, infliximab, anakinra, rituximab, abata-

cept, and TCZ, found no statistically significant differences 

between biologics in total adverse effects or withdrawals 

due to adverse effects.41 Thus, all the biologic agents have 

comparable safety profiles. For this reason, comparative 

studies addressing biologics as monotherapy are needed, 

looking at reduction of clinical signs, symptoms, and radio-

graphic progression, while maintaining acceptable safety 

and tolerability profiles.

Safety and tolerability
Data on adverse and serious adverse events are shown in Table 

3. Overall, the most common adverse events were laboratory 

abnormalities and infections.42 Risk factors associated with 

acquiring an infection are advanced age, concurrent corticos-

teroid use, previous exposure to a biologic DMARD such an 

anti-TNF agent, and history of pulmonary disease.43 There-

fore, any active localized or disseminated infection should 

be resolved before initiating TCZ and treatment should 

be interrupted if an infection is identified.44 No cases of 

Table 3 Adverse events in Phase III/IV trials

Trial Treatment group Any AEs Serious AEs Death Serious  
infection

Neoplasm Drug-related  
infusion reaction

SAMURAI26 TCZ 8 mg/kg 
MTX

89% 
82%

18% 
13%

0 
0

5% 
4%

2% 
0

7%

SATORI25 TCZ 8 mg/kg 
Placebo

92% 
72%

7% 
5%

0 
0

2% 
2%

11.5%

OPTION29 TCZ 4 mg/kg 
TCZ 8 mg/kg 
Placebo

71% 
69% 
63%

6% 
6% 
6%

0 
0 
0

1% 
3% 
1%

0 
0 
2%

RADIATE32 TCZ 4 mg/kg 
TCZ 8 mg/kg 
Placebo

87% 
84% 
81%

2% 
5% 
3%

0 
0 
0

2% 
5% 
3%

9.8% 
9.1% 
6.3%

TOWARD30 TCZ 8 mg/kg 
Placebo

73% 
61%

8% 
4%

0.30% 
0.50%

3% 
2%

AMBITION35 TCZ 8 mg/kg 
Placebo

80% 
78%

4% 
3%

1% 
0.40%

1% 
1%

5.6% 
1.8%

ROSE31 TCZ 8 mg/kg 
Placebo

71% 
60%

8.6% 
6.3%

1% 
0

3% 
0

1% 
2%

ACT-RAY33 TCZ 8 mg/kg + MTX 
TCZ 8 mg/kg + placebo

70% 
73%

6.1% 
5.8%

1% 
1%

2.2% 
2.2%

ADACTA36 TCZ 8 mg/kg 
Adalimumab

82% 
83%

12% 
10%

1% 
0

4% 
4%

1% 
1%

Abbreviations: AE, adverse event; MTX, methotrexate; TCZ, tocilizumab.
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tuberculosis were reported in any of the Phase III trials, which 

is a known possible side effect in anti-TNF medications. IL-6 

does not appear to have an effect on granuloma formation. 

Neutropenia, thrombocytopenia, and elevated liver enzymes 

may occur at higher incidence with TCZ and may require a 

dose reduction, interruption, or discontinuation depending 

on the severity.45 Additionally, an increase in TC, TG, and 

LDL may occur, possibly due to attenuated lipolysis and 

reduced hepatic LDL receptor expression; this is typically 

evident by week 6 and may require treatment with statin 

therapy if clinically significant elevations occur.46 With 

respect to leukocytopenia, TCZ should be discontinued if 

neutrophil counts are ,500 mm3. In the 6-month Phase 

III trials, authors reported no clear relationship between 

decreases in neutrophils ,1,000 mm3 and the occurrence 

of serious infections or neutropenic fever.47 Complete blood 

count with differential, liver profile, and lipid levels should 

be assessed every 4 to 8 weeks for the first 6 months and 

every 3 months thereafter.48 Considering the known increased 

higher incidence of cardiovascular mortality in RA patients, 

traditional risk factors for cardiovascular disease, including 

dyslipidemia, are not necessarily predictive of events for 

patients with RA.49 Despite the lipid abnormalities seen with 

TCZ, clinical cardiovascular events have not been increased 

with TCZ therapy in the trials and no studies have been 

published assessing LDL particle size. Furthermore, some 

evidence suggests use of TCZ may reduce arterial stiffness 

similar to other biologics, and also may reduce serum levels 

of the cardiovascular disease promoting lipoprotein(a).50 

Additional risks to assess for include gastrointestinal per-

forations, malignancies, liver disease, and demyelinating 

diseases. All of these have been reported in association with 

TCZ.51 Although possibly higher than with conventional 

DMARDs or anti-TNF therapies, the data suggest the overall 

risk of gastrointestinal perforation with the use of TCZ is low 

and risk may be amplified by concomitant use of NSAIDs or 

corticosteroids.52 The risk of serious adverse events does not 

appear to increase with prolonged exposure to TCZ; in fact, 

most adverse events leading to discontinuation occur dur-

ing the first 6 months of treatment, the most common being 

infection and elevation of liver enzymes.53 Administering live 

vaccinations during treatment with TCZ has not been studied 

and it is recommended that any live vaccines be given at a 

minimum of 4 weeks prior to treatment initiation.

The ACT-SURE study, a 24-week, Phase IIIb, open-label, 

single-arm study, in which patients received TCZ-IV 8 mg/kg 

every 4 weeks, evaluated the safety of TCZ in clinical practice 

in a total of 1,680 patients with RA with inadequate responses 

to DMARDs or both DMARDs and TNF-α inhibitors.54 In 

this study, the incidence of infection and other adverse events 

at the rate of 5.2 serious infections per 100 patients-years 

was similar to that previously reported in RA patients taking 

anti-TNF agents.55

Future directions
TCZ has the potential of being used in various other autoim-

mune diseases including systemic juvenile idiopathic arthritis 

(sJIA), adult-onset Still’s disease (AOSD), and systemic lupus 

erythematosus (SLE).56 IL-6 may play a role in the pathogen-

esis of these diseases. In a randomized, double-blind study of 

56 children with sJIA, three doses of 8 mg/kg were admin-

istered every 2 weeks and 75% of the TCZ group patients 

reached an ACR70 endpoint and lower C-reactive protein levels 

compared to 13% in the placebo group.57 In Japan, TCZ has 

been approved for sJIA treatment. AOSD shares many of the 

clinical symptoms of sJIA, including fever spikes, arthralgia 

or arthritis, myalgia, evanescent rashes, and splenomegaly. 

In AOSD, IL-6 serum level has been shown to correlate with 

clinical disease activity and has also been found in tissues of 

affected patients.58 One study looked at 14 patients with AOSD 

refractory to other therapies who were started on TCZ and eight 

out of 14 patients achieved DAS remission.59 TCZ treatment 

was also shown to induce TCZ-free remission in patients, and 

retreatment with TCZ following a long-term interval resulted in 

an efficacy similar to the first-time treatment.60 Previous stud-

ies have associated SLE disease activity with increased serum 

IL-6 levels in patients.61 In patients with SLE, a small Phase I, 

open-label study of 16 patients with moderate lupus received 

TCZ with a significant decrease in clinical symptoms.62 More 

studies are needed to further assess the therapeutic benefits of 

TCZ for the treatment of SLE.

IL-6 is implicated in vascular inflammation and injury 

in Takayasu arteritis (TA). Strong expression of IL-6 has 

been shown in the aorta and serum levels of IL-6 have been 

reported to be greatly elevated in patients with TA and 

could correlate with disease activity.63 A retrospective study 

of TCZ in seven consecutive patients with refractory TA 

concluded that TCZ may be effective in a subset of patients 

with refractory TA, even in cases of unresponsiveness to 

TNF-α inhibitors.64 Another retrospective study including 

44 patients with TA treated with TCZ showed the efficacy 

of TCZ in terms of clinical, biological, and radiographical 

response, as well as a steroid-sparing agent in the treatment 

of TA.65 These studies demonstrated that TCZ may repre-

sent an alternative therapeutic option even in refractory TA. 

A multicenter, randomized, controlled trial may be necessary 
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to address the benefits of first-line TCZ treatment in inducing 

remission and steroid sparing, as well as to compare the best 

strategy for biologics in TA.

Sarcoidosis, a multisystem autoimmune disorder with 

incompletely understood pathophysiology, has been associ-

ated with elevated levels of IL-6 in bronchoalveolar fluid66 and 

induced sputum,67 making IL-6 theoretically a potential target 

in sarcoidosis. However, there is no established role for TCZ 

in sarcoidosis since there is also one report of new-onset sar-

coidosis which occurred after treatment with TCZ for RA.68

Additionally, IL-6 may be a biomarker of carotid artery 

atherosclerosis in patients with moderate to high prevalence 

of coronary artery disease.69 One study showed TCZ reduced 

arterial stiffness, although TC increased. Higher cholesterol 

may be secondary to increased HDL cholesterol so that the 

TC/HDL ratio did not change.70 High levels of IL-6 have 

also been found to be a predictor of stroke in patients with 

atrial fibrillation.71 IL-6 is thought to play a crucial role in the 

radicular pain caused by lumbar spinal stenosis. One small 

randomized study looked at the effect of TCZ on radicular 

pain by its epidural administration in 60 patients with lumbar 

spinal stenosis.72 The study concluded that epidural admin-

istration of TCZ produced reduction of radicular leg pain, 

numbness, and low back pain without adverse events.72

Elevations in serum and tissue IL-6 concentrations have 

been reported in numerous malignancies including liver, 

gastric, brain, ovarian, and pancreatic cancers. Evidence 

suggests increased IL-6 may affect development and disease 

pathogenesis, reduce response to treatment, and be a marker 

for prognosis.73 For example, in the instance of hepatocellular 

carcinoma, higher serum IL-6 levels are associated with 

advanced disease, reduced survival, and increased tumor size.74 

Additionally, the presence of elevated IL-6 serum levels is 

shown to be an independent risk factor for developing hepato-

cellular carcinoma.75 Inhibiting IL-6 with TCZ is thought to be a 

promising target in cancer treatment and has been preliminarily 

studied in animal models.76 Finally, IL-6 is an attractive target in 

solid organ transplantation, hence its effect on B cell stimulation 

and antibody production.77 Blocking IL-6 could theoretically 

lead to a lower rate of transplant rejection. To date, there is one 

Phase I/II clinical trial that investigates the usefulness of TCZ 

in kidney transplantation78 and another Phase II trial in patients 

with glucocorticoid-refractory acute graft-versus-host disease 

after hematopoietic stem cell transplant.79

Conclusion
TCZ is currently the only FDA-approved drug targeting IL-6 

receptors. Phase III studies are underway for two new IL-6 

antagonists, sarilumab and sirukumab, for the treatment of 

RA.80,81 Sarilumab, the first fully humanized monoclonal 

antibody directed against IL-6 receptor alpha, demonstrated 

encouraging results in Phase II studies when used in com-

bination with MTX.82 Additionally sirukumab proved to be 

efficacious and well-tolerated in combination with MTX in a 

Phase II, proof of concept study.83 The clinical trials reviewed 

in this article provide strong evidence that TCZ’s use, both 

as monotherapy and in combination with MTX or other 

DMARDs, is an effective treatment in reducing the signs and 

symptoms of RA. Additionally, TCZ reduced radiological dis-

ease progression and improved physical function. TCZ safety 

concerns include elevated liver enzymes, elevated LDL, 

infections, and gastrointestinal perforations. Given that these 

trials analyzed short-term efficacy and safety profiles, further 

long-term safety data are required to better characterize the 

risk–benefit profile of TCZ. With the advances in treatment of 

RA, biologics targeting differing proinflammatory cytokines 

may offer new utility in patients who have failed treatment 

with previous DMARDs. Given its clinical efficacy in the 

treatment of RA, TCZ may be beneficial in the treatment of 

other autoimmune diseases, spinal disease, cardiovascular 

disease, organ transplantation, sarcoidosis, and malignancies 

where elevated levels of IL-6 play a role.
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