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ABSTRACT
Objectives: The phase III RADIATE study examined the
efficacy and safety of tocilizumab, an anti-IL-6 receptor
monoclonal antibody in patients with rheumatoid arthritis (RA)
refractory to tumour necrosis factor (TNF) antagonist therapy.
Methods: 499 patients with inadequate response to one
or more TNF antagonists were randomly assigned to
receive 8 mg/kg or 4 mg/kg tocilizumab or placebo
(control) intravenously every 4 weeks with stable
methotrexate for 24 weeks. ACR20 responses, secondary
efficacy and safety endpoints were assessed.
Results: ACR20 was achieved at 24 weeks by 50.0%,
30.4% and 10.1% of patients in the 8 mg/kg, 4 mg/kg
and control groups, respectively (less than p,0.001 both
tocilizumab groups versus control). At week 4 more
patients achieved ACR20 in 8 mg/kg tocilizumab versus
controls (less than p = 0.001). Patients responded
regardless of most recently failed anti-TNF or the number
of failed treatments. DAS28 remission (DAS28 ,2.6)
rates at week 24 were clearly dose related, being
achieved by 30.1%, 7.6% and 1.6% of 8 mg/kg, 4 mg/kg
and control groups (less than p = 0.001 for 8 mg/kg and
p = 0.053 for 4 mg/kg versus control). Most adverse
events were mild or moderate with overall incidences of
84.0%, 87.1% and 80.6%, respectively. The most
common adverse events with higher incidence in
tocilizumab groups were infections, gastrointestinal
symptoms, rash and headache. The incidence of serious
adverse events was higher in controls (11.3%) than in the
8 mg/kg (6.3%) and 4 mg/kg (7.4%) groups.
Conclusion: Tocilizumab plus methotrexate is effective in
achieving rapid and sustained improvements in signs and
symptoms of RA in patients with inadequate response to
TNF antagonists and has a manageable safety profile.
Trial registration number: NCT00106522.

Rheumatoid arthritis (RA) is a chronic, immunemediated, systemic disease affecting approximately
1% of the population.1 It is characterised by pain,
swelling and progressive destruction of the small
joints of the hands and feet, accompanied by loss
of function, fatigue, anaemia and an increased risk
of osteoporosis and coronary heart disease.
Treatments often include disease-modifying
antirheumatic drugs (DMARD; eg, methotrexate)
and biologicals (eg, tumour necrosis factor (TNF)
alpha inhibitors). However, even with TNF inhibitors (alone or with DMARD), 20–40% of RA
1516

patients show inadequate response. In addition,
the attrition rate after 2 years nears 20%2
Switching between anti-TNF treatments, rising
patient age and increasing disease duration all
increase patients’ chances of an inadequate
response.3–9 This partly explains the poor prognosis
for, and the difficulty in, treating this population.
An alternative target for RA treatment is the
pleiotropic cytokine IL-6. Chronic joint inflammation in RA leads to the production of IL-6 and its
receptor, IL-6R, which is expressed on effector cells
that cause and prolong inflammation. IL-6 also
influences B and T-cell development, along with
the activation of cells involved with the innate
immune response.10 11 IL-6 knockout mice have
been shown to be protected from developing joint
symptoms in an arthritis model in vivo.12 13
Tocilizumab is a humanised anti-IL-6R monoclonal antibody that prevents IL-6 from binding to
IL-6R.14 Tocilizumab in combination with methotrexate or DMARD exhibits superior clinical
efficacy compared with controls in several populations, including patients with an inadequate
response to methotrexate and/or DMARD.15–19
The Research on Actemra Determining effIcacy
after Anti-TNF failurEs (RADIATE) study examined the efficacy and safety of tocilizumab with
methotrexate in patients with active RA who had
failed at least one TNF antagonist.

PATIENTS AND METHODS
Patients
Patients 18 years of age and older with moderate to
severe active RA and failure to respond or intolerance to one or more TNF antagonists within the
past year were included. Patients had active RA for
6 months or more, swollen joint count (SJC) of 6
or more, tender joint count (TJC) of 8 or more, and
C-reactive protein (CRP) greater than 1.0 mg/dl or
erythrocyte sedimentation rate (ESR) greater than
28 mm/h at baseline. Patients discontinued etanercept (>2 weeks), infliximab or adalimumab
(>8 weeks), leflunomide (>12 weeks) and all
DMARD other than methotrexate before receiving
study medication. Patients had to be treated with
methotrexate for 12 weeks or more before baseline
(stable dose >8 weeks).
Exclusion criteria included treatment with celldepleting agents, uncontrolled medical conditions,
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Age, years (SD)
% Female
Disease duration, years (SD)
No of previous anti-TNF
1 (%)
2 (%)
.3 (%)
Previous anti-TNF therapy (%)
Etanercept
Adalimumab
Infliximab
No of previous DMARD (SD)
Baseline methotrexate dose, mg/week (SD)
% Receiving oral steroids
DAS28 score (SD)
Rheumatoid factor (%)
,LLN haemoglobin, n (%)
Tender joint count (SD)
Swollen joint count (SD)
Erythrocyte sedimentation rate, mm/h (SD)
C-reactive protein, mg/dl (SD)
HAQ–DI (SD)
Pain VAS, 100 mm (SD)
Patient VAS, 100 mm (SD)
Physician VAS, 100 mm (SD)

8 mg/kg
Tocilizumab +
methotrexate
(n = 170)

4 mg/kg
Tocilizumab +
methotrexate
(n = 161)

Placebo +
methotrexate
(n = 158)

53.9 (12.7)
84
12.6 (9.3)

50.9 (12.5)
81
11.0 (8.5)

53.4 (13.3)
79
11.4 (9.2)

50
32
18

47
41
12

42
44
14

38.3
30.3
31.4
1.9 (1.7)
15.7 (4.4)
52
6.79 (0.93)
79
60 (35.3)
31.7 (15.4)
18.9 (10.9)
49.1 (27.9)
2.80 (3.37)
1.7 (0.6)
64.7 (20.6)
70.2 (20.0)
66.4 (18.0)

38.0
34.4
26.4
2.0 (1.6)
16.2 (4.5)
58
6.78 (0.97)
73
52 (32.3)
31.3 (15.1)
19.5 (10.4)
51.3 (28.3)
3.11 (3.61)
1.7 (0.6)
63.5 (22.2)
70.4 (23.8)
66.5 (16.1)

30.6
39.4
29.4
2.1 (1.6)
16.5 (4.8)
58
6.80 (1.06)
75
57 (36.1)
30.4 (16.8)
18.9 (11.1)
54.6 (32.7)
3.71 (4.12)
1.7 (0.6)
64.1 (21.8)
70.9 (21.1)
67.5 (16.1)

DAS28, disease activity score based on 28 joints; DMARD, disease-modifying anti-rheumatic drug; HAQ–DI, Health Assessment
Questionnaire disease index; LLN, lower limit of normal; TNF, tumour necrosis factor; VAS, visual analogue score.

history of other inflammatory diseases or functional class 4 RA,
history of malignancies or recurrent infections, primary or
secondary immunodeficiency, haemoglobin less than 8.5 g/dl,
leucopenia, neutropenia, thrombocytopenia, abnormal liver
function, triglycerides greater than 10 mmol/l, or recognised
active tuberculosis, hepatitis B, or hepatitis C.

Study design
RADIATE was a phase III, randomised, double-blind, placebocontrolled, parallel group study conducted throughout North
America and western Europe. Protocol approval by institutional
review boards, ethics committees and/or regulatory authorities
and written informed consent from each patient were obtained
as per the Declaration of Helsinki. Participants were randomly
assigned to tocilizumab 8 mg/kg or 4 mg/kg intravenously
every 4 weeks or placebo intravenously every 4 weeks (controls). Drug/placebo was infused for one hour. All patients
received stable methotrexate (10–25 mg weekly) and folate. No
other DMARD were allowed. Patients were allowed to continue
stable oral corticosteroids ((10 mg/day prednisone or equivalent) and/or non-steroidal anti-inflammatory drugs.
Rescue therapy of 8 mg/kg tocilizumab plus methotrexate
was offered at week 16 in all cases of treatment failure (,20%
improvement in both SJC and TJC). Joint assessors were
blinded as to other data including CRP, ESR and treatment
assignment, thus rescue therapy could be given to patients
already receiving 8 mg/kg tocilizumab.

Study endpoints
The primary endpoint was the ACR20 response at week 24.
Secondary endpoints included further efficacy measures. Safety
Ann Rheum Dis 2008;67:1516–1523. doi:10.1136/ard.2008.092932

outcomes included adverse events, infections and infusion
reactions.

Statistical methodology
A sample size of 450 patients was calculated to provide more
than 80% power to detect a difference of 20 points between
tocilizumab and control arms at week 24 for the ACR20
response and to enable the reporting of safety and efficacy for
this unique patient population for registration. Primary endpoint analysis was performed on all participants receiving one or
more administration of study treatment (the intent to treat
(ITT) population). Safety data are presented using the safety
population, comprising all ITT patients with one or more postrandomisation assessments of safety.
Primary endpoint analysis for ACR20 response (with secondary analyses for ACR50/70, DAS28 and European League
Against Rheumatism (EULAR) responses) compared the proportion of patients in each of the tocilizumab plus methotrexate
groups versus controls with a response at week 24 using a
Cochrane–Mantel–Haenszel x2 test with adjustment for site.
Patients on rescue therapy or with insufficient data to calculate
the change from baseline ACR score at a specific time point
were classified as non-responders at that time point. Changes
from baseline in the individual ACR core set parameters and
haemoglobin were summarised using descriptive statistics, and
the difference between treatment groups for each component
was compared using an analysis of variance with adjustment for
site.
In the case of missing data, SJC and TJC scores were
calculated as the last observation carried forward. There was
no imputation for missing data for the remaining ACR
1517
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components. Comparisons between tocilizumab groups and for
safety outcomes were not performed.

RESULTS
Patients
The three groups were reasonably well balanced for demographics and RA characteristics at baseline (table 1).
Patient disposition is shown in fig 1. The major reason for
screen failure was a CRP or ESR value below the inclusion limit.
This did not skew the populations, which were well balanced.
One control patient withdrew after random selection but before
receiving any study treatment because of a latex allergy. Also,
one patient randomly assigned to the 4 mg/kg plus methotrexate group received 6 mg/kg of tocilizumab at baseline. This

patient was assigned to the 8 mg/kg group for safety analyses
and to the 4 mg/kg group for ITT analyses but was excluded
from per protocol analyses. The most common reasons for
withdrawal were: adverse events in 11 (8 mg/kg), 10 (4 mg/kg)
and 10 (control) and insufficient therapeutic response in four,
six and 19 patients, respectively. More patients in the control
group (41%) and in the 4 mg/kg group (19%) received rescue
therapy after week 16 compared with 11% of patients in the
8 mg/kg group.

Efficacy
Both the 8 mg/kg (50.0%) and 4 mg/kg (30.4%) groups
exhibited superior ACR20 responses compared with control
(10.1%; less than p,0.001). ACR50 and ACR70 responses at

Figure 2 Clinical response to
tocilizumab treatment by visit for (A)
ACR20 response, (B) ACR50 response,
(C) ACR70 response, (D) percentage of
patients achieving clinical remission
(disease activity score based on 28 joints
(DAS28) ,2.6). **p,0.001 versus
placebo. ***less than p,0.001 versus
placebo. MTX, methotrexate; TCZ,
tocilizumab.
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Figure 1 Numbers of patients
undergoing enrolment, random selection
and study completion. *One randomly
assigned patient was withdrawn from the
study before receiving any study
medication because of a latex allergy.
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8 mg/kg
Tocilizumab +
methotrexate

4 mg/kg
Tocilizumab +
methotrexate

ACR response by most recently failed anti-TNF treatment; n/n9 (% responders)
ACR20
Etanercept
35/67 (52.2%)
17/61 (27.9%)
Adalimumab
26/49 (53.1%)
19/55 (34.5%)
Infliximab
24/54 (44.4%)
13/43 (30.2%)
ACR50
Etanercept
19/67 (28.4%)
6/61 (9.8%)
Adalimumab
19/49 (38.8%)
13/55 (23.6%)
Infliximab
11/54 (20.4%)
8/43 (18.6%)
ACR70
Etanercept
10/67 (14.9%)
0/61 (0.0%)
Adalimumab
6/49 (12.2%)
5/55 (9.1%)
Infliximab
5/54 (9.3%)
3/43 (7.0%)
ACR response by number of previous anti-TNF treatments; n/n9 (% responders)
ACR20
One
45/92 (48.9%)
28/81 (34.6%)
Two
26/52 (50.0%)
17/60 (28.3%)
Three
14/26 (53.8%)
4/18 (22.2%)
ACR50
One
28/92 (30.4%)
15/81 (18.5%)
Two
16/52 (30.8%)
8/60 (13.3%)
Three
5/26 (19.2%)
4/18 (22.2%)
ACR70
One
11/92 (12.0%)
6/81 (7.4%)
Two
8/52 (15.4%)
2/60 (3.3%)
Three
2/26 (7.7%)
0/18 (0.0%)

Placebo +
methotrexate

8/49 (16.3%)
3/62 (4.8%)
5/47 (10.6%)
3/49 (6.1%)
0/62 (0.0%)
3/47 (6.4%)
1/49 (2.0%)
0/62 (0.0%)
1/47 (2.1%)

8/76 (10.5%)
7/64 (10.9%)
1/18 (5.6%)
5/76 (6.6%)
1/64 (1.6%)
0/18 (0.0%)
2/76 (2.6%)
0/64 (0.0%)
0/18 (0.0%)

n, number of patients with ACR response; n9, total number of patients in group; TNF, tumour necrosis factor.

24 weeks were achieved by 28.8% and 12.4% of patients in the
8 mg/kg group (less than p,0.001 and less than p = 0.001,
respectively, versus control), 16.8% and 5.0% in the 4 mg/kg
group (less than p,0.001 and p = 0.1, respectively, versus
control) and 3.8% and 1.3% in the control group. Response to
tocilizumab treatment was rapid (fig 2A–C). The ACR20
response was comparable irrespective of the type or number
of failed TNF antagonists (table 2). Ninety-five per cent of

previous TNF antagonist failures were due to inadequate
efficacy.
Significant improvements from baseline were observed at
24 weeks for SJC: 27.8 versus 26.8 versus 20.5 (less than
p,0.001 versus control for both tocilizumab groups) and TJC:
214.8 versus 210.5 versus 0.3 in the 8 mg/kg, 4 mg/kg and
control groups, respectively (less than p,0.001 versus control
for both tocilizumab groups). Likewise, Health Assessment

Figure 3 Changes in haematological
and serum proteins per visit for (A) Creactive protein, (B) erythrocyte
sedimentation rate, (C) haemoglobin.
*p,0.05 versus placebo; **p,0.001
versus placebo; ***less than p,0.001
versus placebo. LLN, lower limit of
normal; MTX, methotrexate; TCZ,
tocilizumab; ULN, upper limit of normal.
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Safety
The overall incidence of adverse events was similar in all groups
(table 3). Adverse events were mostly mild to moderate, with
more attributed to study treatment in the tocilizumab groups.
There was no obvious influence of the previous type or number
of TNF antagonist treatments (data not shown).
There were more serious adverse events in the control group
compared with the individual tocilizumab treatment arms
(table 3). These were primarily related to complications of
RA. The incidence of serious related adverse events was also
higher in the 8 mg/kg group (five) than controls (three). The
rate of serious infections per 100 patient-years was 9.98, 5.72
and 9.64 in the 8 mg/kg, 4 mg/kg and control groups,
respectively. All but two serious infections, staphylococcal
polyarthritis in the 8 mg/kg group and cellulitis in the control
group, resolved without sequelae. Five serious infections in four
patients led to study treatment discontinuation: staphylococcal
polyarthritis in the 8 mg/kg group; necrotising pneumonia in
the 4 mg/kg group; urosepsis and osteomyelitis/cellulitis in the
controls.
Infusion reactions (adverse events occurring during or within
24 h after infusion) occurred in 9.1% (8 mg/kg), 9.8% (4 mg/kg)
and 6.3% (control) of patients, resulting in two withdrawals:
one control patient and one in the 8 mg/kg group. Most
reactions were transient non-specific symptoms such as headache or hypertension; none were consistent with anaphylaxis.
Mean neutrophil counts decreased within the normal range in
patients receiving tocilizumab plus methotrexate. Using common toxicity criteria grades (CTC, version 2.0) to classify
neutropenia, 49 patients (28.0%), 33 patients (20.3%) and one
patient (,1.0%) in the 8 mg/kg, 4 mg/kg and control groups,
respectively, had transient neutropenia at some time during the
study. Although most changes were CTC grade 1 or 2, four
patients in the 8 mg/kg group and one in the 4 mg/kg group
had grade 4 neutropenia (absolute neutrophil count ,500)
requiring withdrawal per protocol. One of the patients in the
8 mg/kg group was inadvertently entered into the study with
grade 4 neutropenia and was withdrawn immediately after the
1520

first dose. In addition, five patients (four in the 8 mg/kg group,
one in the 4 mg/kg group) had transient grade 3 neutropenia.
No patients had associated fever or serious infection.
Although transient or recurrent increases in alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST)
above the upper limit of normal (ULN; 55 U/l) were common
as patients were also receiving methotrexate, no patients
developed evidence of methotrexate hepatotoxicity. Increases
in ALT from normal at baseline to more than three times ULN
to five times ULN occurred in four patients (2%) in the 8 mg/kg
group, four patients (2.5%) in the 4 mg/kg group and one
control patient (,1%). None of these elevations were sustained
for more than two consecutive visits. In most patients, values
normalised while continuing tocilizumab therapy. Per protocol,
three patients discontinued study treatment for elevated liver
enzymes. Mild to moderate hepatic steatosis diagnosed by
imaging methods was recorded in one patient each in the 8 mg/kg
and 4 mg/kg groups, without clinically apparent hepatitis or
hepatic dysfunction.
Elevations in high-density lipoprotein and low-density
lipoprotein, as defined by ATPIII guidelines,20 are shown in
table 3. Clinically relevant triglyceride increases without
evidence of pancreatitis were observed in two patients in the
4 mg/kg group. Comparable proportions of patients had a
greater than 30% increase in the ApoB/ApoA atherogenic index:
11.6% (8 mg/kg), 9.4% (4 mg/kg) and 9.7% (controls). More
patients in the tocilizumab groups had a greater than 30%
increase in the low-density/high-density lipoprotein index:
22.2% (8 mg/kg), 19.1% (4 mg/kg) and 10.1% (controls).
During the study, there were no reported ischaemic cardiac
disorders in tocilizumab-treated patients. There was only one
cardiovascular event (myocardial infarction) in the control
group.

DISCUSSION
RADIATE is the first study demonstrating the efficacy of
tocilizumab plus methotrexate in patients with an inadequate
response to TNF antagonist treatment. Treatment with
tocilizumab, especially at the 8 mg/kg dose, and stable
methotrexate provides a rapid and sustained improvement in
RA symptoms. Treatment was generally well tolerated, with a
comparable incidence of serious infections and withdrawals due
to safety issues. These results were consistent with the results
obtained in previous trials in different patient populations,
including the recently reported OPTION and TOWARD
trials.15 19 21 As observed in those trials, the onset of ACR,
DAS28 and EULAR responses in RADIATE occurred within
2–4 weeks of tocilizumab 8 mg/kg treatment.
Patients receiving 8 mg/kg tocilizumab plus methotrexate
exhibited the greatest ACR20/50/70 responses at 24 weeks; all
numerically higher compared with 4 mg/kg and significantly
higher than control, irrespective of the most recently failed, or
number of failed anti-TNF therapies.
Treatment goals for RA have shifted towards achieving
remission. Similar to OPTION and TOWARD, in this study
over half of patients receiving 8 mg/kg tocilizumab achieved
low disease activity (DAS28 ,3.2) and nearly a third achieved
DAS28 remission (DAS28 ,2.6) after 24 weeks of treatment.
This is somewhat higher than the ACR50 response rate and
may relate to the substantial suppression of acute phase
reactants by tocilizumab treatment. DAS28 scores continued
to improve linearly throughout the 24 week period in the 8 mg/
kg tocilizumab group, which suggests that DAS28 remission
rates may continue to improve with longer treatment periods.
Ann Rheum Dis 2008;67:1516–1523. doi:10.1136/ard.2008.092932
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Questionnaire (HAQ) values improved from baseline by 20.39
versus 20.31 versus 20.05 in the 8 mg/kg, 4 mg/kg and control
groups, respectively (less than p,0.001 for control versus 8 mg/
kg and p = 0.003 versus 4 mg/kg group).
Low disease activity (DAS28 ,3.2) was reported at week 24
in 51.2%, 15.2% and 4.9% of patients in the 8 mg/kg, 4 mg/kg
and control groups, respectively. DAS28 remission (DAS28
,2.6) rates at 24 weeks were 30.1%, 7.6% and 1.6% in the
8 mg/kg, 4 mg/kg and control groups (less than p = 0.001
(8 mg/kg), p = 0.053 (4 mg/kg) both versus control). The dose
response between 8 mg/kg and 4 mg/kg is evident, as seen by
the proportion of patients achieving DAS28 remission (DAS28
,2.6) as early as week 4 (fig 2D). Furthermore, there was an
incremental improvement in this measure in the 8 mg/kg group
at each time point throughout the 24 weeks.
Good or moderate EULAR responses at week 24 were
observed in 67.7%, 46.5% and 16.5% of the 8 mg/kg, 4 mg/kg
and control groups, respectively (less than p,0.001 across all
categories for both tocilizumab groups versus control).
CRP levels and ESR dropped markedly by week 2 in both
tocilizumab groups (fig 3A–B). By week 24, mean CRP had
normalised (,0.3 mg/dl) in the 8 mg/kg group, but not in the
4 mg/kg or control groups. Mean haemoglobin levels increased
with tocilizumab as early as week 2, more with 8 mg/kg, with
incremental improvements over time (fig 3C).
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Overall summary of AE, serious AE and deaths*
Total AE, n (%)
Severe AE{
Related AE
Total serious AE, n (%)
Related serious AE
Serious infections
AE leading to discontinuation, n (%)
AE leading to dose modification, n (%)
Deaths
Summary of AE by class in .5% of patients
Infections and infestations, n (%)
Gastrointestinal, n (%)
Skin and subcutaneous tissue, n (%)
Musculoskeletal and connective tissue, n (%)
Nervous system, n (%)
General and administrative, n (%)
Respiratory, n (%)
Injuries and procedural, n (%)
Laboratory investigations, n (%)
Vascular, n (%)
Psychiatric, n (%)
Eye, n (%)
Metabolism and nutrition, n (%)
Haematological, n (%)
Summary of serious AE by class in .1% of patients
Infections and infestations, n (%)
Musculoskeletal and connective tissue, n (%)
Gastrointestinal, n (%)
Summary of changes in lipid parameters{
Total cholesterol, mmol/l
Baseline, mean (SD)
Week 24, mean (SD)
High-density lipoprotein, n (%)
No change
Elevation to >60 mg/dl
Low-density lipoprotein, n (%)
No change
Elevation to >160 mg/dl

8 mg/kg
Tocilizumab +
methotrexate
(n = 175)

4 mg/kg
Tocilizumab +
methotrexate
(n = 163)

Placebo +
methotrexate
(n = 160)

147 (84.0)
24 (13.7)
111 (63.4)
11 (6.3)
5 (2.9)
8 (4.6)
10 (5.7)
12 (6.9)
0

142 (87.1)
22 (13.5)
107 (65.6)
12 (7.4)
3 (1.8)
3 (1.8)
10 (6.1)
24 (14.7)
0

129
31
86
18
3
5
8
13
0

(80.6)
(19.4)
(53.8)
(11.3)
(1.9)
(3.1)
(5.0)
(8.1)

86 (49.1)
64 (36.6)
38 (21.7)
27 (15.4)
32 (18.3)
21 (12.0)
21 (12.0)
19 (10.9)
14 (8.0)
14 (8.0)
13 (7.4)
11 (6.3)
9 (5.1)
9 (5.1)

76 (46.6)
53 (32.5)
50 (30.7)
34 (20.9)
32 (19.6)
26 (16.0)
24 (14.7)
11 (6.7)
20 (12.3)
18 (11.0)
16 (9.8)
11 (6.7)
7 (4.3)
4 (2.5)

66
31
23
34
27
23
21
16
9
8
6
3
7
4

(41.3)
(19.4)
(14.4)
(21.3)
(16.9)
(14.4)
(13.1)
(10.0)
(5.6)
(5.0)
(3.8)
(1.9)
(4.4)
(2.5)

8 (4.6%)
1 (0.6%)
2 (1.1%)

3 (1.8%)
2 (1.2%)
2 (1.2%)

5.09 (1.07)
5.99 (1.25)

4.96 (1.12)
5.38 (1.09)

5 (3.1%)
5 (3.1%)
2 (1.3%)

4.92 (0.99)
4.99 (1.07)

112 (64.7)
29 (16.6)

100 (61.3)
22 (13.5)

104 (65.0)
6 (3.8)

90 (51.4)
21 (12.0)

76 (46.6)
25 (15.3)

104 (65.0)
6 (3.8)

*Events that occurred on escape therapy were excluded from all treatment groups presented in this table.
{Severe adverse events refer to those resulting in an inability of the patient to work or perform daily activity.
{Changes according to ATPIII guidelines20 reflect highest elevation of lipid during study.
AE, adverse event.

DAS28 improvement was associated with incremental decreases
in not only ESR and CRP, beginning by week 2, but also with
improvements in patient global health, SJC and TJC, from week
4 onwards (data not shown). Collectively, the efficacy data
support the use of 8 mg/kg tocilizumab plus methotrexate in
this patient population, and together with improvements in
HAQ, provide evidence that changing therapy from an antiTNF biological to IL-6R inhibition with tocilizumab can
improve RA signs and symptoms in inadequate responders to
anti-TNF therapy.
The accumulation of IL-6 and soluble IL-6R prolongs the
inflammatory response and produces a variety of systemic
conditions that are commonly seen in RA, including anaemia of
chronic inflammation.22 23 Treatment that reduces the severity
of inflammation has been associated with an increase in
haemoglobin levels.22 Indeed, the concomitant reduction in
CRP and increase in haemoglobin observed in this study in
Ann Rheum Dis 2008;67:1516–1523. doi:10.1136/ard.2008.092932

patients receiving 8 mg/kg tocilizumab supports this hypothesis. A proposed mechanism for the increase in haemoglobin
levels relates to the ability of IL-6 to induce hepcidin production
as part of the acute phase response.24 IL-6 signalling activates the
JAK–STAT pathway to stimulate the production of acute phase
proteins, including CRP and hepcidin. Because hepcidin blocks
iron transport, inhibition of hepcidin production should lead to
the release of sequestered iron in macrophages and the
alleviation of anaemia. TNF does not stimulate hepcidin
production.25 26 The correction of anaemia seen with TNF
antagonists thus potentially occurs indirectly via a reduction in
IL-6 levels,27 whereas tocilizumab directly inhibits IL-6 signalling
for each mechanism.
Although numerically higher in the control group, the
incidence of adverse events and serious adverse events was
comparable across treatment groups and most adverse events
were mild or moderate in intensity. Infections were the most
1521
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Second, the limitation of joint damage with tocilizumab
treatment (as shown in the SAMURAI study)18 needs to be
confirmed in patients refractory to anti-TNF treatments.

CONCLUSION
In patients with moderate to severe active RA responding
inadequately or who are intolerant to TNF antagonists,
changing to tocilizumab plus methotrexate is effective, and
the safety profile is manageable, regardless of the number of
previous failed agents.
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frequently reported adverse event. The rate of serious infections
was similar in the 8 mg/kg and control groups and was
consistent with the OPTION study.19 These rates are higher
than reports in other similar studies; however, they are
comparable to rates in a recent large community study and
reflect the comorbidities and long disease duration seen in this
treatment population,28–30 as well as concomitant corticosteroid
treatment in more than half of the patients. Four patients
discontinued study treatment due to serious infections, one or
two from each study group. No tuberculosis or opportunistic
infections were observed.
Whereas a higher proportion of patients experienced gastrointestinal adverse events in the 8 mg/kg group, only two patients
in each treatment group had serious gastrointestinal adverse
events. One patient in the 8 mg/kg group with a history of
diverticulosis had an acute diverticular perforation 5 days after her
second infusion and recovered fully. Tocilizumab may suppress
symptoms and delay the detection of diverticulitis; thus patients
with a history of diverticulitis must be managed carefully.
Patients treated with tocilizumab in the present study
demonstrated reductions in mean neutrophil counts. Although
neutropenia was typically transient, not associated with
infection or fever and of low CTC grade, more patients in this
population (TNF antagonist inadequate responders) had transient grade 3 or 4 neutropenia, compared with reports in the
methotrexate inadequate responder population of the OPTION
study.19 Some possible mechanisms by which tocilizumab may
result in lower neutrophil counts include blocking IL-6-induced
neutrophil survival, the downregulation of other inflammatory
cytokines and the margination of neutrophils from the
circulation into tissues.31–34
Consistent with previous reports, tocilizumab treatment in
this study was associated with episodic increases in hepatic
aminotransferases. No patient had both a greater than three
times ULN increase in ALT and AST and a clinically relevant
(greater than two times ULN) increase in total bilirubin and
there were no cases of hepatitis or clinically significant hepatic
dysfunction. Nonetheless, long-term follow-up is required to
determine the implications of these observations.
Increases in total and low-density lipoprotein cholesterol
levels in this study were consistent with previous reports17 19 35
and were associated with marked decreases in CRP. Patients
with active RA often have abnormal lipid profiles, an inverse
relationship that associates low lipid levels with elevated acute
phase reactants in some patients.36 37 Considering the recognised higher incidence of cardiovascular mortality in RA
patients,37 38–41 traditional risk factors for cardiovascular disease,
including dyslipidaemia, are not necessarily predictive of events
for patients with RA. Indeed, several studies have provided
evidence that despite increases in lipid levels, reduced inflammation markers have been associated with reduced cardiovascular mortality.38 40–43 Interestingly, the ApoB/ApoA ratio is
viewed as possibly the more relevant indicator for inflammatory
vascular disorders than other atherogenic indices, and this index
worsened in a comparable proportion (,10%) of patients in
each treatment group in this study.44 45
The current study does have limitations. First, the clinical
consequences of the increase in lipid levels observed with 24week tocilizumab treatment, together with the significant
decreases in CRP and inflammation, are unclear. Long-term
studies in this population may determine whether the effects of
tocilizumab on lipid levels are clinically meaningful, although it
is apparent that this effect may require treatment with statins,
according to standards developed to lower cardiovascular risk.

Extended report

19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31.

Nishimoto N, Hashimoto J, Miyasaka N, Yamamoto K, Kawai S, Takeuchi T, et al.
Study of active controlled monotherapy used for rheumatoid arthritis, an IL-6 inhibitor
(SAMURAI): evidence of clinical and radiographic benefit from an X-ray reader-blinded
randomized controlled trial of tocilizumab. Ann Rheum Dis 2007;66:1162–7.
Smolen JS, Beaulieu A, Rubbert-Roth A, Ramos-Remus C, Rovensky J, Alecock E, et
al. Effect of interleukin-6 receptor inhibition with tocilizumab in patients with
rheumatoid arthritis (OPTION study): a double-blind, placebo-controlled, randomised
trial. Lancet 2008;371:987–97.
Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr, Clark LT, Hunninghake DB, et al.
Implications of recent clinical trials for the National Cholesterol Education Program
Adult Treatment Panel III Guidelines. J Am Coll Cardiol 2004;44:720–32.
Nishimoto N, Kishimoto T. Inhibition of IL-6 for the treatment of inflammatory
diseases. Curr Opin Pharmacol 2004;4:386–91.
Young A, Koduri G. Extra-articular manifestations and complications of rheumatoid
arthritis. Best Pract Res Clin Rheumatol 2007;21:907–27.
Voulgari PV, Kolios G, Papadopoulos GK, Katsaraki A, Seferiadis K, Drosos AA. Role
of cytokines in the pathogenesis of anemia of chronic disease in rheumatoid arthritis.
Clin Immunol 1999;92:153–60.
Nemeth E, Rivera S, Gabayan V, Keller C, Taudorf S, Pedersen BK, et al. IL-6
mediates hypoferremia of inflammation by inducing the synthesis of the iron
regulatory hormone hepcidin. J Clin Invest 2004;113:1271–6.
Nemeth E, Valore EV, Territo M, Schiller G, Lichtenstein A, Ganz T. Hepcidin, a
putative mediator of anemia of inflammation, is a type II acute-phase protein. Blood
2003;101:2461–3.
Heinrich PC, Behrmann I, Muller-Newen G, Schaper F, Graeve L. Interleukin-6-type
cytokine signalling through the gp130/Jak/STAT pathway. Biochem J 1998;
334:297–314.
Davis D, Charles PJ, Potter A, Feldmann M, Maini RN, Elliott MJ. Anaemia of chronic
disease in rheumatoid arthritis: in vivo effects of tumour necrosis factor alpha
blockade. Br J Rheumatol 1997;36:950–6.
Bombardieri S, Ruiz AA, Fardellone P, Geusens P, McKenna F, Unnebrink K, et al.
Effectiveness of adalimumab for rheumatoid arthritis in patients with a history of TNFantagonist therapy in clinical practice. Rheumatology (Oxford) 2007;46:1191–9.
Cohen SB, Emery P, Greenwald MW, Dougados M, Furie RA, Genovese MC, et al.
Rituximab for rheumatoid arthritis refractory to anti-tumor necrosis factor therapy:
results of a multicenter, randomized, double-blind, placebo-controlled, phase III trial
evaluating primary efficacy and safety at twenty-four weeks. Arthritis Rheum
2006;54:2793–806.
Wolfe F, Caplan L, Michaud K. Treatment for rheumatoid arthritis and the risk of
hospitalization for pneumonia: associations with prednisone, disease-modifying
antirheumatic drugs, and anti-tumor necrosis factor therapy. Arthritis Rheum
2006;54:628–34.
Asensi V, Valle E, Meana A, Fierer J, Celada A, Alvarez V, et al. In vivo interleukin-6
protects neutrophils from apoptosis in osteomyelitis. Infect Immun 2004;72:3823–8.

32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.

43.
44.
45.

Noursadeghi M, Pepys MB, Gallimore R, Cohen J. Relationship of granulocyte
colony stimulating factor with other acute phase reactants in man. Clin Exp Immunol
2005;140:97–100.
Sabroe I, Prince LR, Jones EC, Horsburgh MJ, Foster SJ, Vogel SN, et al. Selective
roles for Toll-like receptor (TLR)2 and TLR4 in the regulation of neutrophil activation
and life span. J Immunol 2003;170:5268–75.
Suwa T, Hogg JC, Quinlan KB, Van Eeden SF. The effect of interleukin-6 on L-selectin
levels on polymorphonuclear leukocytes. Am J Physiol Heart Circ Physiol
2002;283:H879–84.
Nishimoto N, Yoshizaki K, Miyasaka N, Yamamoto K, Kawai S, Takeuchi T, et al.
Treatment of rheumatoid arthritis with humanized anti-interleukin-6 receptor antibody:
a multicenter, double-blind, placebo-controlled trial. Arthritis Rheum 2004;50:1761–9.
Dessein PH, Stanwix AE, Joffe BI. Cardiovascular risk in rheumatoid arthritis versus
osteoarthritis: acute phase response related decreased insulin sensitivity and highdensity lipoprotein cholesterol as well as clustering of metabolic syndrome features in
rheumatoid arthritis. Arthritis Res 2002;4:R5. doi: 10.1186/ar428.
Situnayake RD, Kitas G. Dyslipidemia and rheumatoid arthritis. Ann Rheum Dis
1997;56:341–2.
Dursunoglu D, Evrengul H, Polat B, Tanriverdi H, Cobankara V, Kaftan A, et al. Lp(a)
lipoprotein and lipids in patients with rheumatoid arthritis: serum levels and
relationship to inflammation. Rheumatol Int 2005;25:241–5.
Gonzalez A, Maradit-Kremers H, Crowson CS, Nicola PJ, Davis JM III, Therneau TM,
et al. The widening mortality gap between rheumatoid arthritis patients and the
general population. Arthritis Rheum 2007;56:3583–7.
Sattar N, McCarey DW, Capell H, McInnes IB. Explaining how ‘‘high-grade’’ systemic
inflammation accelerates vascular risk in rheumatoid arthritis. Circulation
2003;108:2957–63.
Sattar N, Crompton P, Cherry L, Kane D, Lowe G, McInnes IB. Effects of tumor
necrosis factor blockade on cardiovascular risk factors in psoriatic arthritis: a doubleblind, placebo-controlled study. Arthritis Rheum 2007;56:831–9.
Dixon WG, Watson KD, Lunt M, Hyrich KL, Silman AJ, Symmons DP. Reduction in
the incidence of myocardial infarction in patients with rheumatoid arthritis who
respond to anti-tumor necrosis factor alpha therapy: results from the British Society
for Rheumatology Biologics Register. Arthritis Rheum 2007;56:2905–12.
Jacobsson LT, Turesson C, Nilsson JA, Petersson IF, Lindqvist E, Saxne T, et al.
Treatment with TNF blockers and mortality risk in patients with rheumatoid arthritis.
Ann Rheum Dis 2007;66:670–5.
Sniderman AD, Kiss RS. The strengths and limitations of the apoB/apoA-I ratio to
predict the risk of vascular disease: a Hegelian analysis. Curr Atheroscler Rep
2007;9:261–5.
Gonzalez A, Maradit KH, Crowson CS, Ballman KV, Roger VL, Jacobsen SJ, et al. Do
cardiovascular risk factors confer the same risk for cardiovascular outcomes in
rheumatoid arthritis patients as in non-rheumatoid arthritis patients? Ann Rheum Dis
2008;67:64–9.

Drug and Therapeutics Bulletin (DTB)
Your key source of unbiased, independent advice
For over 45 years DTB has been an independent, indispensable part of evidence-based clinical practice.
DTB offers healthcare professionals detailed assessment of, and practical advice on, individual
medicines and other treatments, groups of treatment and the overall management of disease.
DTB is now also available online at http://dtb.bmj.com:
c browse or search all DTB content from the latest issue back to 1994
c email alerting, sophisticated searching, RSS feeds and full text links from cited references
c interactive services such as My Folders for quick access to articles that you have viewed previously
and My Searches to save and re-use useful searches
c comment online on any DTB article
To subscribe, or for further information, please visit http://dtb.bmj.com

Ann Rheum Dis 2008;67:1516–1523. doi:10.1136/ard.2008.092932

1523

Ann Rheum Dis: first published as 10.1136/ard.2008.092932 on 14 July 2008. Downloaded from http://ard.bmj.com/ on September 15, 2019 by guest. Protected by copyright.

18.

Letters
Both erosive and non-erosive groups of osteoarthritis patients
and healthy controls were age-matched women who had a
comparable body mass index. The presence or absence of knee
or hip osteoarthritis as well as synovial oedema and intraarticular effusion did not differ between patients with erosive
and non-erosive osteoarthritis. Although bone scintigraphy
demonstrated joint inflammation almost twice as often in
erosive as in non-erosive disease, CRP levels were comparable in
both osteoarthritis groups. In addition, mean serum levels of
adiponectin (28.70 mg/ml (SD 13.14) vs 21.25 mg/ml (SD 11.40)
vs 21.20 mg/ml (SD 10.90), p,0.05) but not resistin (4.60 ng/ml
(SD 1.86) vs 5.41 ng/ml (SD 2.69) vs 5.10 ng/ml (SD 2.50),
p = 0.50) were significantly higher in erosive than in non-erosive
disease or healthy controls (fig 1). Both adiponectin and resistin
correlated neither with the levels of CRP nor were related to
body mass index. Moreover, the presence or absence of small
joint inflammation assessed by bone scintigraphy and the
presence or absence of intra-articular effusions or synovial
oedema of the knee performed by arthrosonography did not
alter the levels of either adipocytokine.
In conclusion, we demonstrated increased serum levels of
adiponectin in female patients with erosive compared with nonerosive osteoarthritis of the hands, suggesting that adiponectin
may play a role in the pathophysiology of the erosive subtype of
osteoarthritis.
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Correction
There were several errors in an article published in the November 2008 issue of the journal
(Emery P, Keystone E, Tony HP, Cantagrel A, van Vollenhoven R, Sanchez A, et al. IL-6 receptor
inhibition with tocilizumab improves treatment outcomes in patients with rheumatoid arthritis
refractory to anti-tumour necrosis factor biologicals: results from a 24-week multicentre
randomised placebo-controlled trial. Ann Rheum Dis 2008;67:1516–23). The final footnote in table
3 should read: ‘‘Changes according to ATPIII guidelines reflect last observation recorded within
the study.’’ This footnote refers to the HDL and LDL within table 3, but not to cholesterol (that
is baseline and week 24). Therefore the footnote should be attached to the last two categories,
not the overall ‘‘Summary of changes in lipid parameters’’. Also, in table 3 ‘‘Summary of changes
in lipid parameters’’ has been mistakenly indented, possibly leading readers to believe that it is
part of the AE section.
In figs 3A and 3B the triple asterisks for less than p,0.001 vs placebo are placed on the placebo
line instead of the TCZ 8mg/kg line.
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