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Abstract: Interleukin (IL)-6 has a variety of biological functions. For example, it stimulates 

the production of acute-phase reactants (C-reactive protein and serum amyloid A) and hepcidin 

which interferes with iron recycling and absorption, causing iron-deficient anemia, and augments 

expression of vascular endothelial growth factor and receptor activator of nuclear factor-κB 

ligand in synovial cells, leading to neovascularization and osteoclast formation. IL-6 also acts 

on lymphocytes, not only on B cells to stimulate autoantibody production, but also on naïve 

T helper cells to promote T
h
17 cell differentiation. Thus, an imbalance between T cell subsets 

possibly contributes to development of rheumatoid arthritis. Several clinical studies have 

demonstrated that a humanized anti-IL-6 receptor antibody, tocilizumab, improves clinical 

symptoms in rheumatoid arthritis. Tocilizumab prevented radiographic progression of joint 

destruction by inhibiting cartilage/bone resorption. Tocilizumab also improved hematological 

abnormalities, including hypergammaglobulinemia, high levels of autoantibodies, and elevation 

of erythrocyte sedimentation rate and acute-phase proteins. Importantly, tocilizumab improved 

quality of life by reducing systemic symptoms, including fatigue, anemia, anorexia, and fever. 

These findings have confirmed that hyperproduction of IL-6 is responsible for the above clinical 

symptoms, including joint destruction. Many patients treated with tocilizumab achieved clinical 

remission associated with decreased serum IL-6, suggesting that IL-6 enhances autoimmunity. 

Tocilizumab is a new therapeutic option for rheumatoid arthritis.
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Introduction
Rheumatoid arthritis is a chronic, progressive autoimmune inflammatory disease of 

unknown etiology that particularly affects the joints of the hands and feet. The syn-

ovial tissue of affected joints is infiltrated by inflammatory cells, such as macrophages 

and lymphocytes, leading to hyperplasia with neovascularization, which causes joint 

swelling, stiffness, and pain. The final results are cartilage destruction and bone resorp-

tion in the joints, with some patients suffering permanent disability. Patients with 

rheumatoid arthritis also develop multiple systemic symptoms, including fever, fatigue, 

anemia, anorexia, osteoporosis, weight loss, and muscle weakness, and their lungs, skin, 

and liver may be affected. By five years after diagnosis, about 40% of patients are unable 

to work, and by 10 years, over 50% are unable to work. Patient lifespan is reduced by 

up to 10 years because of the effects of chronic inflammation on major organs.1

Although the etiology of rheumatoid arthritis is not fully understood, recent 

work has demonstrated that proinflammatory cytokines play an important role in its 

pathogenesis. Recent evidence suggests that a humanized antihuman interleukin (IL)-6 
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receptor antibody, tocilizumab, may be highly effective in 

treating patients with rheumatoid arthritis.2,3 In this review, we 

summarize the results of seven large clinical Phase III studies 

conducted worldwide, and discuss the possible mechanisms 

of action of tocilizumab in rheumatoid arthritis.

Tocilizumab
Tocilizumab is a humanized antihuman IL-6 receptor 

antibody (human IgG1 subclass). It is a κ light chain glyco-

protein with a molecular weight of 148 kDa. It was derived 

from a mouse monoclonal antibody with IL-6-neutralizing 

activity that was humanized by means of complementarity-

determining region grafting techniques.4

Tocilizumab binds to both the soluble IL-6 receptor and 

membrane-bound IL-6 receptor, with a dissociation constant 

(K
d
 value) of 2.5 × 10–9 M, thus completely inhibiting the 

binding of IL-6 to the IL-6 receptor. Tocilizumab inhibits 

the proliferation of KPMM2, a human myeloma cell line, 

in response to IL-6 via the membrane-bound IL-6 receptor. 

It also inhibits the soluble IL-6 receptor-mediated signal 

transduction, as examined using the human gp130-transfected 

mouse pro-B cell line, BAF (BAF-h130).5

Efficacy
In several large-scale clinical Phase III studies conducted 

in Japan and worldwide, including the US and Europe, 

tocilizumab has shown consistent efficacy.6–12 The results 

of clinical trials are summarized in Table 1. In addition, its 

efficacy has been confirmed recently in everyday clinical 

practice in Japan.13,14

Improved signs and symptoms  
of rheumatoid arthritis
In two Japanese studies (SATORI and SAMURAI), adult 

patients with moderate-to-severe active rheumatoid arthritis 

refractory to low-dose methotrexate or disease-modifying 

antirheumatic drugs (DMARDs) were given tocilizumab 

every four weeks as monotherapy. Excellent clinical benefit 

(American College of Rheumatology [ACR] responses 

and remission rates) was observed at weeks 24 and 52.6,7 

AMBITION, one of several international studies, demon-

strated the superiority of tocilizumab 8  mg/kg as mono-

therapy over methotrexate in patients who had not failed 

previous methotrexate or biologic treatment.8 The superiority 

of tocilizumab was apparent from as early as week 2, with 

between-group differences increasing over time.

Similarly, tocilizumab in combination with methotrexate 

proved highly effective in patients with rheumatoid arthritis 

who had experienced inadequate clinical response to previous 

therapy with at least one traditional DMARD including 

methotrexate (TOWARD study), methotrexate (OPTION 

and LITHE studies), or at least one anti-tumor necrosis factor 

(TNF) agent (RADIATE study).9–12 Tocilizumab significantly 

improved ACR response rates and Disease Activity Score 

using 28 joint counts (DAS28), as well as rates of remission. 

The efficacy of tocilizumab is similar in all kinds of patients. 

Of note, tocilizumab 8  mg/kg produced greater clinical 

benefit than tocilizumab 4 mg/kg.

Recently, the efficacy of tocilizumab in patients with 

rheumatoid arthritis seen in daily clinical practice in Japan 

was reported (REACTION study).13 Among 229 patients, 

55% concomitantly received methotrexate and 63% had 

previously received anti-TNF therapy. The DAS28 of 

all 229 patients significantly decreased after 24  weeks of 

therapy. Tocilizumab was discontinued in 47 cases (20.5%) 

due to lack of efficacy (5.2%), adverse events (11.4%), and 

other reasons (3.9%). The overall retention rate at 24 weeks 

was 79.5%. This study suggests that tocilizumab therapy in 

daily clinical practice is highly efficacious in patients with 

active rheumatoid arthritis, including the population refrac-

tory to anti-TNF therapy. Tocilizumab infusion is therefore 

applicable not only as an alternative approach for patients 

resistant to anti-TNF therapy, but also as primary biologic 

therapy for patients with active rheumatoid arthritis.

Prevention of joint destruction
Tocilizumab 8 mg/kg as monotherapy significantly prevented 

joint damage in terms of total Sharp score, erosion score, and 

joint space narrowing score, compared with conventional 

DMARDs and methotrexate (SAMURAI study).7 Moreover, 

tocilizumab 4 or 8 mg/kg combined with methotrexate sig-

nificantly inhibited the progression of radiographic damage 

compared with methotrexate alone (LITHE study). In that 

study, tocilizumab 8 mg/kg showed greater clinical benefit 

than 4 mg/kg.11

Improvement of quality of life scores
In several trials, tocilizumab significantly improved health-

related quality of life and physical function in patients 

with rheumatoid arthritis, as assessed by Modified Health 

Assessment Questionnaire scores, Health Assessment 

Questionnaire Disease Index, Functional Assessment of 

Chronic Illness Therapy-Fatigue score, and The Short-Form 

36 Health Survey scores.6,7,15

Tocilizumab also apparently improved anemia in patients 

with rheumatoid arthritis. Hemoglobin levels increased as early 
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as week 2, and normalized by week 6 (AMBITION study).8 

This efficacy was maintained through 24 weeks, but metho-

trexate did not show any apparent effect on anemia in that 

study. Improvement of anemia may contribute, in part, to 

the amelioration of health-related quality of life and physical 

function in patients with rheumatoid arthritis.

Long-term efficacy
The results of a long-term efficacy study in Japan (STREAM) 

have recently been published.15 In that study, 94/143 patients 

(66%) received tocilizumab 8 mg/kg monotherapy for five 

years. There were 32 withdrawals due to adverse events 

(22%), one withdrawal due to poor response (0.7%), and 

14 withdrawals due to patient request or other reasons. Of 

88 patients receiving concomitant steroids, 78 (88.6%) had 

the dose decreased and 28 (31.8%) were able to discontinue 

steroid use altogether. At five years, ACR20/50/70 response 

rates were 84.0%, 69.1%, and 43.6%, respectively, and the 

DAS28 remission (DAS28 , 2.6) rate was 55.3%.

In summary, tocilizumab as monotherapy or in com-

bination with traditional DMARDs can lead to rapid and 

clinically relevant improvements in the signs and symp-

toms of rheumatoid arthritis, and prevent joint damage in 

biologics-naïve patients, as well as in patients with long-

standing disease who fail to respond to traditional DMARDs 

or anti-TNF agents.

With respect to the efficacy of tocilizumab, it is reported 

that results differ depending on whether disease activity 

is evaluated by methods that use inflammatory markers 

(DAS28) or by methods that do not use inflammatory markers 

(clinical disease activity index, CDAI).15–17 However, such 

differences are not limited to tocilizumab, and are similarly 

observed in clinical studies for other biologics.17 This means 

that CDAI is a stricter criterion than DAS28. The weighting 

given to inflammatory markers when calculating the 

DAS28 score is high, and tocilizumab rapidly reduces levels 

of inflammatory markers. Therefore, joint symptoms may 

not improve in concert with the reduction in DAS28 score 

in the very early stages of treatment when improvement of 

inflammatory markers is a main factor. For long-term therapy, 

DAS28 score correlates with CDAI.15,16

Safety
Infections
Infections are the most frequent adverse events during tocili-

zumab therapy, with upper respiratory infection, urinary tract 

infection, bronchitis, gastroenteritis, and pneumonia being 

the most common.19 Although with long-term tocilizumab 

the incidence of adverse events is similar to that with other 

biologics, tocilizumab significantly reduces inflammatory 

markers. Therefore, when administering tocilizumab, it is 

important to pay attention not only to abnormal test values 

associated with infection but also to the emergence of 

symptoms of infection in patients. It is also important to 

educate patients who are going to be treated with tocilizumab 

that they should come in promptly for treatment if they notice 

any physical abnormalities, such as cough, sputum, or skin 

abnormalities.

Table 1 Brief summary of Phase III clinical trials

Trial Groups Sample  
size

Study  
duration

Study  
population

ACR20 ACR50 ACR70 DAS
remission (%)

Japanese P3
(SATORI)

MTX
TCZ 8 mg/kg

125 24 weeks Active RA, refractory  
to MTX

25
80

11
49

6
30

2
43

Japanese P3
(SAMURAI)

DMARDs
TCZ 8 mg/kg

306 52 weeks Active RA, refractory  
to DMARDs,  
including MTX

34
78

13
64

6
44

3
59

International P3
(OPTION)

Placebo + MTX
TCZ 4 mg/kg + MTX
TCZ 8 mg/kg + MTX

623 24 weeks Active RA, refractory  
to MTX

26
48
59

11
31
44

2
12
22

1
13
27

International P3
(TOWARD)

Placebo + MTX
TCZ 8 mg/kg + MTX

1216 24 weeks Active RA, refractory 
to DMARDs

25
61

9
38

3
21

3
30

International P3
(AMBITION)

MTX
TCZ 8 mg/kg

673 24 weeks Active RA 53
70

34
44

15
28

12
34

International P3
(RADIATE)

Placebo + MTX
TCZ 4 mg/kg + MTX
TCZ 8 mg/kg + MTX

498 24 weeks Active RA, refractory  
to TNF blockers

10
30
50

4
17
29

1
5
12

2
8
30

International P3
(LITHE)

Placebo + MTX
TCZ 4 mg/kg + MTX
TCZ 8 mg/kg + MTX

1170 52 weeks Active RA, refractory  
to MTX

25
47
56

10
29
36

4
16
20

8
30
47

Abbreviations: MTX, methotrexate; TCZ, tocilizumab; DMARDS, disease-modifying antirheumatic drugs; TNF, tumor necrosis factor; RA, rheumatoid arthritis.
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Gastrointestinal perforation
Nonfatal gastrointestinal perforation occurred in five (0.8%) 

patients enrolled in the Japanese clinical studies, and a causal 

relationship with tocilizumab could not be ruled out in three 

cases.19 In international clinical studies, 26 (0.65%) patients 

experienced gastrointestinal perforation and three died of 

this complication.20

Recent Japanese postmarketing surveillance of tocili-

zumab in 6424 patients showed that 10 (0.2%) patients 

experienced gastrointestinal perforations (unpublished 

data). Most cases (n = 8) involved the lower gastrointestinal 

tract, and six patients had complications of the diverticulum 

(n = 2), amyloidosis (n = 2), and anamnestic ulcer (n = 2). 

All patients were taking corticosteroids, and five patients 

were taking nonsteroidal anti-inflammatory drugs that may 

have contributed to gastrointestinal perforation.

Liver function disorder
Liver function disorders, such as transient elevations in 

alanine aminotransferase or aspartate aminotransferase, 

were commonly observed in tocilizumab-treated patients, 

and the incidence of these elevations increased when 

tocilizumab was combined with potentially hepatotoxic 

drugs, such as methotrexate.21,22 No clinically apparent 

hepatitis or hepatic impairment was observed in either the 

international23 or Japanese studies.19 Abnormal increases 

in bilirubin levels occurred rarely in patients treated with 

tocilizumab.19

Altered lipid profile
Changes in serum lipid profiles were commonly observed in 

patients treated with tocilizumab.19 These increases occurred 

soon after initiation of treatment and stabilized during long-

term therapy. Serum total cholesterol increased in 38% of 

patients on tocilizumab monotherapy in one Japanese study7 

and in 23% of the patients given a combination of tocilizumab 

and nonbiologic DMARDs in a European study.10 However, 

total cholesterol levels stabilized in the upper normal range 

in most cases. If required, lipid-lowering agents allowed 

lipid abnormalities to be controlled. Due to a concomitant 

increase in high-density lipoprotein cholesterol levels, 

the atherogenic index ([total cholesterol - high-density 

lipoprotein cholesterol]/high-density lipoprotein cholesterol) 

remained unchanged in most patients.

The lipid increase may be related to the mechanism of 

action of tocilizumab, because IL-6 decreases serum cho-

lesterol in cancer patients.24,25 We have recently found that 

IL-6 induces expression of the very low density lipoprotein 

receptor on cell surfaces, leading to increased consumption 

of low-density lipoprotein cholesterol.26 Decreased total 

cholesterol and high-density lipoprotein cholesterol levels 

are often seen in patients with severe rheumatoid arthritis, 

possibly because of cytokine-induced activation of the reticu-

loendothelial system.27 In fact, the suppression of TNF-α by 

infliximab has similar effects on lipids.28,29 TNF-α is a potent 

inducer of IL-6, and its blockade rapidly reduces serum IL-6 

levels in patients with rheumatoid arthritis.30 It is likely that 

suppression of IL-6 production partly contributes to the lipid 

profile changes following TNF-α blockade.

Adverse hematological events
Tocilizumab produced rapid, transient, and dose-depen-

dent decreases in neutrophils by inhibiting the biological 

effects of IL-6 on recruitment of neutrophils into periph-

eral blood. An anomalous decrease in neutrophil counts 

(,1000/mm3) occurred in 6% of patients on tocilizumab 

8  mg/kg.19 However, there was no clear association 

between decreases in neutrophils and the occurrence of 

serious infections.

Antirheumatic mechanism
Overproduction of IL-6 has been found in the synovial 

fluid and blood of patients with rheumatoid arthritis, and 

IL-6 levels correlate with disease activity.31,32 Some of the 

clinical aspects of rheumatoid arthritis, such as the produc-

tion of acute-phase proteins, increase in platelet counts and 

neutrophil counts, induction of osteoclasts, production of 

autoantibodies, and decrease in albumin, can be explained 

by the activities of IL-6.33 However, the precise mechanism 

by which IL-6 blockade leads to improvement of rheumatoid 

arthritis is not well understood. In this part of the review, 

we discuss the antirheumatic effect of tocilizumab based on 

our recent research.

Protection against synovitis
Changes in the synovium are marked by neovascularization, 

infiltration of inflammatory cells, and synoviocyte hyper-

plasia that produce a pannus (inflamed vascular tissue). 

Newly formed blood vessels are thought to be involved in 

the development and maintenance of synovitis because they 

support the infiltration of inflammatory cells, and the growth 

and survival of synovial cells.

A number of growth factors and cytokines have 

angiogenic activity.34 Among these, vascular endothelial 

growth factor (VEGF) is thought to be the most impor-

tant angiogenic factor in the pathogenesis of rheumatoid 
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arthritis. VEGF production is induced by IL-6 stimulation 

of fibroblast-like synoviocytes from patients with rheuma-

toid arthritis (RA-FLS), and treatment with tocilizumab 

significantly lowers serum VEGF levels in patients with 

the disease.35 We found that IL-6 induced angiogenesis in 

a coculture system of human umbilical vascular endothe-

lial cells and RA-FLS.36 Moreover, this angiogenesis was 

completely inhibited by anti-VEGF antibody, indicating 

that VEGF plays a crucial role in IL-6-induced angiogen-

esis (Figure 1).

With collagen-induced arthritis in monkeys, we found 

that tocilizumab treatment significantly reduced joint swell-

ing and infiltration of inflammatory cells into inflamed 

joints when tocilizumab was injected after the onset of 

arthritis.37 We found that IL-6 augmented production of 

chemokines, such as monocyte chemotactic protein-1 

and IL-8 from endothelial cells, mononuclear cells, and 

RA-FLS.38 Moreover, IL-6  induced adhesion molecules, 

such as intracellular adhesion molecule-1, in endothelial 

cells and increased adhesion of monocytes to endothelial 

cells.38 These lines of evidence strongly support the idea 

that IL-6 aggravates the local inflammatory reaction by 

amplifying inflammatory cell infiltration. Suppression 

of angiogenesis may also reduce cell migration, because 

newly formed blood vessels are conduits for the infiltration 

of inflammatory cells.

Synovial fibroblastic cells produce large amounts of 

IL-6 when stimulated by inflammatory cytokines, such as 

IL-1, TNF, and IL-17, and we found that IL-6 augmented 

the proliferation of synovial fibroblastic cells in the presence 

of soluble IL-6 receptor.39,40 Tocilizumab may exert its anti-

synovitis effect via inhibition of the biological activities of 

IL-6. In fact, semiquantitative assessment by ultrasonography 

indicated that tocilizumab significantly improves synovitis 

in patients with rheumatoid arthritis.41

Protection against joint destruction
Irreversible joint destruction is a characteristic feature 

of rheumatoid arthritis. Tocilizumab monotherapy for 

52  weeks showed significantly less radiographic change 

in total Sharp score (bone erosion and joint space narrow-

ing) than DMARD treatment. Interestingly, tocilizumab 

halted the progression of both bone erosion and joint space 

narrowing.7

As a pathogenic mechanism of bone destruction, 

osteoclasts activated by inflammatory cytokines are thought to 

Control IL-6+sIL-6R 
IL-6+sIL-6R

+tocilizumab 
IL-6+sIL-6R

+anti-VEGF Ab

Control IL-6+sIL-6R IL-6+sIL-6R
+tocilizumab 

IL-6+sIL-6R
+anti-VEGF Ab

40000

30000

20000

10000

0

†

†

*

T
ot

al
 le

ng
th

 o
f n

ew
 v

es
se

l (
m

m
)

Figure 1 Tubule formation in coculture of rheumatoid arthritis fibroblast-like synovial cells and human vascular endothelial cells.35 Human vascular endothelial cells and 
rheumatoid arthritis fibroblast-like synovial cells were cocultured for 21 days alone (control), with IL-6 + soluble IL-6 receptor), with IL-6 + soluble IL-6 receptor + tocilizumab, 
or with IL-6 + soluble IL-6 receptor + anti-VEGF antibody. The medium (with cytokine and antibody) was replaced every two days. After culture, the formed tubules were 
detected by anti-CD31 antibody.
Notes: *P , 0.05 by unpaired t-test (versus control); †P , 0.05 by Dunnett’s multiple comparison test (versus IL-6 + soluble IL-6 receptor).
Abbreviations: Ab, antibody; IL, interleukin; VEGF, vascular endothelial growth factor; sIL-6R, soluble interleukin-6 receptor.
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be responsible for focal bone erosion. In fact, osteoclasts are 

often seen in the synovium at sites of cartilage destruction in 

patients with rheumatoid arthritis.42,43 The receptor activator of 

NF-κB (RANK) and its ligand (RANKL) are essential factors 

for osteoclastogenesis.44,45 Osteoclast precursor cells express 

RANK and differentiate into mature osteoclasts following 

RANKL stimulation. RANKL also stimulates osteoclast 

migration, fusion, activation, and survival, so acts at all stages 

of osteoclast generation and activity. It has been shown that 

RANKL is expressed in rheumatoid arthritis synovial mem-

branes at sites of bone erosion.42,46

We found that IL-6 and soluble IL-6 receptor, but not 

IL-6 alone, induced RANKL expression in RA-FLS. On the 

other hand, neither TNF-α nor IL-17  induced RANKL 

expression, although each stimulates cell growth and IL-6 

production. Interestingly, TNF-α and IL-17 each induced 

RANKL expression in the presence of soluble IL-6 receptor. 

In cocultures of RA-FLS and the osteoclast precursor cell 

line, RAW 264.7, IL-6 and soluble IL-6 receptor induced 

NFATc1 and TRAP5b mRNA expression in osteoclast 

precursor cells. IL-6 and the soluble IL-6 receptor directly 

induced osteoclastogenesis by inducing RANKL expression 

in RA-FLS.40

Cartilage degeneration is also observed in rheuma-

toid arthritis joints. RANKL inhibition clearly halted the 

progression of bone erosion, but did not improve joint 

space narrowing in patients with rheumatoid arthritis, 

strongly suggesting that RANKL/RANK signaling does 

not participate in cartilage degeneration in patients with 

rheumatoid arthritis.47 Matrix metalloproteinase (MMP) and 

a disintegrin and metalloproteinase with thrombospondin 

(ADAMTS) are thought to play crucial roles in cartilage 

matrix degeneration. We found that IL-6 induced MMP-1, 

MMP-3, and MMP-13 production from chondrocytes and 

synovial cells.48,49

From these data, we suggest that the preventive effect of 

tocilizumab on joint destruction is mediated by the inhibi-

tion of IL-6-induced RANKL induction, followed by osteo-

clastogenesis and suppression of IL-6-induced production 

of MMPs (Figure 2). In a subanalysis of the SAMURAI 

and OPTION studies, improvements in bone resorption 

markers (such as C-terminal crosslinking telopeptide of 

type I collagen and deoxypyridinoline) and cartilage turn-

over markers (such as C-terminal crosslinking telopeptide 

of type II collagen, N-terminal propeptide of type IIA, and 

type II collagen helical peptide) were seen in the tocilizumab 

group.50,51 Moreover, tocilizumab decreased serum MMP-3 

levels in several clinical trials.17,52

Improvement of anemia  
in rheumatoid arthritis
Anemia is the most common extra-articular manifestation of 

rheumatoid arthritis, and is estimated to occur in 30%–60% 

of patients.53,54 There are two primary types of anemia in 

rheumatoid arthritis, ie, anemia of chronic disease and iron-

deficiency anemia. Anemia of chronic disease is character-

ized by hypoferremia in the presence of adequate iron stores. 

It is an inflammatory anemia, and inflammatory cytokines 

are thought to play important roles in anemia in rheumatoid 

arthritis.55,56 In fact, tocilizumab therapy in patients with 

rheumatoid arthritis rapidly improves anemia.10,11

With collagen-induced arthritis in monkeys, we found 

that anemia was also induced after collagen immunization. 

Anemia in monkeys with collagen-induced arthritis is char-

acterized by decreased serum iron and transferrin saturation 

and by elevated serum ferritin, and its severity is correlated 

with serum IL-6 levels. Therefore, anemia in monkeys 

with collagen-induced arthritis is very similar to human 

anemia in inflammatory diseases, at least with respect to the 

changes in serum parameters.57 Hepcidin is a master regula-

tor of iron homeostasis in humans and other mammals.58 

It inhibits the absorption of iron in the small intestine and 

the release of recycled iron from macrophages, effectively 

decreasing the delivery of iron to maturing erythrocytes in 

the bone marrow.59 In fact, mice genetically engineered to 

overproduce hepcidin died of severe iron deficiency shortly 

after birth.60 Interestingly, IL-6 induces hepcidin production 

in liver cells.61

We found that administration of tocilizumab to mon-

keys with collagen-induced arthritis rapidly improved 

anemia and induced a rapid but transient reduction in serum 

hepcidin. Hepcidin mRNA expression was more potently 

induced by serum from arthritic monkeys, and this was 

inhibited by the addition of tocilizumab.62 From these lines 

of evidence, we propose that tocilizumab improves anemia 

in monkey arthritis via the inhibition of IL-6-induced 

hepcidin production.

Immunological improvement
There is no doubt that T cells play important roles in the onset 

of rheumatoid arthritis. CD4+ T helper cells have been classi-

fied as T
h
1 and T

h
2 cells on the basis of their cytokine produc-

tion profiles, and recently, T
h
17 cells which produce IL-17 in 

autoimmune pathology have become recognized as a separate 

subset, which is interesting in the context of events that were 

previously thought to be T
h
1-mediated. In vitro studies utiliz-

ing mouse cells have shown that the costimulation of IL-6 and 
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transforming growth factor-β is essential for the differentia-

tion of T
h
17 cells from naïve CD4+ T cells.63 Furthermore, 

studies suggesting an involvement of IL-6 in the induction of 

T
h
17 cells in arthritis models have been reported. We found 

that the antihuman IL-6 receptor antibody suppressed the 

onset of arthritis in glucose-6-phosphate isomerase-induced 

and collagen-induced arthritis models, and concomitantly 

inhibited the appearance of T
h
17  cells (Figure  3).64–66 

Interestingly, anti-TNF antibody conversely augmented the 

induction of T
h
17 cells, although it significantly suppressed 

the onset of arthritis.67 The involvement of T
h
17 cells in rheu-

matoid arthritis is therefore still controversial. However, the 

involvement of CD4+CD161+ T cells in autoimmune diseases 

has been attracting attention recently.68 These T cells produce 

large amounts of IL-17, and are increased in psoriasis and 

Crohn’s disease. It is also reported that peripheral blood 

mononuclear cells from patients with rheumatoid arthritis 

produced higher levels of IL-17 than peripheral blood mono-

nuclear cells from healthy subjects when stimulated with 

anti-CD3 and anti-CD28 antibodies.69 We anticipate that the 

role of IL-17-producing T cells in rheumatoid arthritis will 

be clarified in the near future. From our and others results, 

we have summarized the mode of action of tocilizumab 

in Figure 4.

Place of tocilizumab in disease 
management
Thanks to the recent deployment of biologic agents, disease 

remission is now an achievable goal in many patients with 

rheumatoid arthritis. In fact, biologics targeting TNF have 

markedly increased the disease remission rate. However, up 

to 50% of patients treated with such TNF blockers still fail 

to achieve remission.70 Around 14%–38% of patients do not 

respond to first-line anti-TNF treatment, and as many as 40% 
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discontinue treatment within a year, and 50% within two 

years.70 The reasons for lack of treatment efficacy are not 

clearly understood. A possible mechanism is the develop-

ment of antibodies that target and neutralize infliximab and 

adalimumab. It was shown recently that patients treated with 

infliximab or adalimumab who had anti-TNF-α antibodies 

had lower serum trough levels of the drug and poorer response 

to treatment.71 Moreover, TNF blockers are associated with a 

significantly increased risk of infection.72 TNF blockers may 

also increase the risk of certain malignancies, although this 

is controversial.73

Tocilizumab can also achieve a high rate of clinical 

remission. For example, in the SATORI study, 59% of 

patients achieved DAS28 remission (DAS28  ,  2.6) at 

week 52.6 Similar results were reported in a long-term 

study (STREAM),15 and the rate of DAS28 remission 

increased as the duration of treatment increased (55.3% 

at five years). Interestingly, anti-tocilizumab antibodies 

were detected in only 3%–5% of patients, even though no 

immunosuppressants, such as methotrexate, were used. This 

strongly suggests that tocilizumab shows sustained long-

term efficacy. In fact, the STREAM study demonstrated 

good sustained efficacy and a generally good safety profile 

over the five years of the study. Of particular note, only one 

of 143 patients withdrew as a result of an unsatisfactory 

response, indicating that no general loss of response occurred 

during long-term treatment.

Tocilizumab not only improves local signs and symp-

toms, but also systemic ones, such as anemia, anorexia, 

fever, and fatigue, thereby potentially improving patient 

quality of life. This is the great advantage of tocilizumab 

because systemic efficacy is difficult to achieve with 

other therapies, including anti-TNF therapies. Tocili-

zumab also improves hypoalbuminemia and erythrocyte 

sedimentation rate, which may also improve patient 

quality of life.

Tocilizumab almost completely normalizes serum 

amyloid and C-reactive protein levels, which may improve 

secondary amyloidosis74 (seen in 5% of patients with rheu-

matoid arthritis in Europe75) and may counter the increased 

risk of cardiovascular disease caused by high C-reactive 

protein in patients with rheumatoid arthritis.76 These effects 

may be related to IL-6 receptor blockade because IL-6 is 

intimately involved in the regulation of gene expression 

for serum amyloid and C-reactive protein synthesis.77 

To improve secondary amyloidosis, serum amyloid needs to 

be kept below 10 µg/mL, and tocilizumab treatment is the 

only rheumatoid arthritis therapy that can decrease serum 

amyloid to this extent.

A clear advantage of IL-6 receptor blockade over TNF 

blockade in tuberculosis infection has been reported.78 

In TNF inhibitor therapy, screening for tuberculosis 

infection and medication for tuberculosis are necessary 

before treatment. Ogata et al demonstrated that interferon 

synthesis by tuberculosis antigens was inhibited by TNF 

inhibitors but not by tocilizumab.79 Moreover, in collabora-

tion with Dr Okada, we found that after inoculation with 

Mycobacterium tuberculosis, mice treated with antimouse 

TNF antibody all died much earlier than control mice, 

whereas those treated with an antimouse IL-6 receptor anti-

body did not. TNF is well known to play a critical role in 

the formation of granulomas that keep mycobacteria inside 
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macrophages, whereas IL-6 has no such activity (unpublished 

data). Such differences may explain the reduced risk of 

tuberculosis during tocilizumab therapy.

The US Food and Drug Administration has approved 

tocilizumab for moderate to severe rheumatoid arthritis in 

adults who have not achieved an adequate response with 

one or more TNF antagonist therapies, and in the UK, 

the National Institute of Clinical Excellence recommends 

tocilizumab, in combination with methotrexate, for the 

treatment of moderate to severe active rheumatoid arthritis 

in people whose disease has responded inadequately to one 

or more TNF inhibitors, those whose rheumatoid arthritis 

has responded inadequately to rituximab or in whom ritux-

imab is contraindicated, or when rituximab is withdrawn 

because of an adverse effect.1 However, in Japan and in 

European countries other than the UK, tocilizumab can be 

used for patients with rheumatoid arthritis who show an 

inadequate response to DMARDs. In the clinical trials and 

in actual clinical practice carried out in Japan, many patients 

treated with tocilizumab have achieved complete remission 

(DAS28 , 2.6). Additionally, as we have described, basic 

research suggests that tocilizumab ameliorates autoimmune 

phenomena as well as inflammation. Moreover, the earlier 

tocilizumab treatment is started, the better the clinical 

response80 in terms of both stopping disease progression 

and achieving complete remission. All of these findings 

strongly suggest that tocilizumab can be considered as a 

first-line drug for treatment of DMARD-resistant patients 

with rheumatoid arthritis.

Disclosure
M Mihara and Y Ohsugi are employees of Chugai Phar-

maceutical Co, Ltd. T Kishimoto is a patent holder of 

tocilizumab.
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