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ABSTRACT
Objectives To evaluate effi cacy of tocilizumab in US 

patients with moderate to severe active rheumatoid 

arthritis (RA) and inadequate clinical response to disease-

modifying antirheumatic drugs (DMARD). Safety-related 

outcomes were also analysed.

Methods The rapid onset and systemic effi cacy study 

was a 24-week, randomised, double-blind trial. Patients 

were randomly assigned 2:1 to tocilizumab 8 mg/kg 

(n=412) or placebo (n=207) every 4 weeks while 

continuing background DMARD in both groups.

Results The primary effi cacy endpoint, percentage 

of patients achieving ACR50 response at week 24, 

was higher with tocilizumab versus placebo (30.1% vs 

11.2%; p<0.0001). Percentages of ACR20 and ACR50 

responders were signifi cantly higher with tocilizumab 

versus placebo as early as week 4 and continued to 

week 24; more patients in the tocilizumab versus placebo 

group also achieved ACR70 responses beginning at 

week 8 (p<0.01). Signifi cant improvements associated 

with tocilizumab versus placebo were seen in routine 

assessment of patient index data responses, EULAR 

good response, DAS28 and percentages of patients 

achieving low disease activity and clinical remission 

(based on DAS28). A substudy examining early response 

to therapy showed improved patient global assessment 

of disease activity (p=0.005) and pain (p=0.01) and 

DAS28 (p=0.007) with tocilizumab versus placebo at 

day 7. Safety fi ndings were consistent with the known 

tocilizumab safety profi le; rates of serious infections (per 

100 patient-years) were 7.87 (95% CI 4.30 to 13.2) and 

1.20 (95% CI 0.03 to 6.66) in the tocilizumab and placebo 

groups, respectively.

Conclusions This study demonstrated the effi cacy of 

tocilizumab in improving measures of disease activity in 

patients with RA who failed to respond adequately to DMARD 

therapy. Rapid improvement in clinical outcomes was 

demonstrated in a substudy as early as week 1 as shown by 

DAS28 scores, patient measures and C-reactive protein.

Trial Registry no NCT00531817

Early and aggressive treatment of rheumatoid arthri-
tis (RA) is associated with improved outcomes, 
including lower disease activity, improved physical 
function and quality of life and reduced radiographic 
disease progression.1–6 Despite advances in how we 
treat RA,7 8 many patients still fail to respond or 

respond only partly to disease-modifying antirheu-
matic drugs (DMARD) or  anti-tumour necrosis fac-
tor (TNF) therapy.9

Tocilizumab is a humanised, monoclonal, anti-
interleukin (IL) 6 receptor antibody that binds to 
both soluble and membrane-bound IL-6 receptor, 
inhibiting IL-6R signal transduction to infl amma-
tory mediators.10 The effi cacy and tolerability of 
tocilizumab have been demonstrated previously in 
combination with traditional DMARD in patients 
with inadequate responses to earlier DMARD9 11 or 
anti-TNF biological agents,12 and as monotherapy 
in comparison with methotrexate.13

The aim of the current study was to evaluate fur-
ther the effi cacy and tolerability of tocilizumab for 
6 months for the fi rst time in a US patient popula-
tion with moderate to severe active RA who had 
an inadequate clinical response to DMARD. Unlike 
previous studies of tocilizumab in DMARD inade-
quate response patients,9 11 this study also assessed 
the response to therapy in the fi rst week after the 
fi rst infusion for a subset of study participants. In 
addition, this study employed as a primary end-
point the highest threshold of the clinically rele-
vant outcome (American College of Rheumatology 
(ACR) 50% improvement; ACR50).

PATIENTS AND METHODS
Study design and patient population
The Rapid Onset and Systemic Effi cacy (ROSE) 
study was a 24-week, randomised, double-blind, 
placebo-controlled, parallel-group, multicentre 
phase IIIb clinical trial. According to revised 1987 
ACR criteria, this study included adults diag-
nosed with active RA for at least 6 months who 
were experiencing an inadequate clinical response 
to DMARD as determined by the investigator. 
Eligible patients had six or more swollen joints and 
six or more tender joints at screening and baseline, 
and either a C-reactive protein (CRP) level of 95.24 
nmol/l or greater or an erythrocyte sedimenta-
tion rate (ESR) of 28 mm/h or greater at screening 
(normal reference ranges are 0.76–28.5 nmol/l for 
CRP and 0–25 mm/h for ESR).14 Patients were ran-
domly assigned 2:1 to receive tocilizumab 8 mg/
kg intravenously every 4 weeks plus stable anti-
rheumatic therapy including DMARD (tocilizumab 
group) or placebo intravenously every 4 weeks plus 
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used to determine p values for EULAR response between groups 
at each time point. For continuous variables, such as DAS28, 
RAPID3, FACIT-F, CRP and ESR, p values and 95% CI for the dif-
ference of change from baseline between treatment groups were 
obtained using an analysis of covariance model with baseline as a 
covariate and treatment group as a factor. Groups were not strati-
fi ed by history of TNF inhibitor use.

RESULTS
Patients
Patient disposition is shown in fi gure 1. The ITT population 
included 614 patients, 409 and 205 in the tocilizumab and pla-
cebo groups, respectively. Baseline demographics and disease 
characteristics were similar between groups (table 1). Overall, 
most patients were women and were white, with a mean age 
of approximately 55 years and a mean duration of RA of 8.5 
years. More than 25% of patients had had RA for at least 10 
years. The mean DAS28 was 6.5 at baseline in both treatment 
groups. Most patients in both treatment groups reported using 
one background DMARD at baseline. The mean number of 
previous DMARD or anti-TNF was 1.4 and 1.3 in the tocili-
zumab and placebo groups, respectively. The proportions of 
patients who discontinued previous treatment with anti-TNF 
or non-biological DMARD were similar between groups, as 
was the proportion of patients currently receiving methotrex-
ate as active DMARD (86.3% tocilizumab, 86.8% placebo). 
Hypertension was the most common comorbid diagnosis in 
these patients.

Effi cacy assessments
The primary effi cacy endpoint, the percentage of patients achiev-
ing an ACR50 response at week 24, was signifi cantly higher 
in the tocilizumab group than in the placebo group (30.1% vs 
11.2%; p<0.0001). As shown in fi gure 2, percentages of both 
(A) ACR20 and (B) ACR50 responders were signifi cantly higher 
in the tocilizumab versus the placebo group as early as week 
4 and continued to week 24; signifi cantly more patients in the 
tocilizumab versus the placebo group also achieved (C) ACR70 
responses at week 8 and at all subsequent time points.

Proportions of patients achieving a EULAR good response 
increased over time in the tocilizumab group and were signifi -
cantly higher than in the placebo group at all time points start-
ing at week 4 (13.2% vs 2.0% of patients in the tocilizumab 
vs placebo groups; p<0.0001 for between-group comparison 
across response categories). At week 24, 32.5% of patients in 
the tocilizumab group versus 5.9% of patients in the placebo 
group achieved a EULAR good response (p<0.0001).

The mean DAS28 score decreased from baseline to week 24 in 
both treatment groups starting at week 4, but the adjusted mean 
change from baseline was signifi cantly greater in the tocilizumab 
versus the placebo group at all time points (p<0.0001, fi gure 3A). 
In the tocilizumab group, the mean DAS28 decreased from 6.53 
at baseline to 3.24 at week 24. The proportion of patients achiev-
ing a clinically meaningful decrease in DAS28 (≥1.2 points from 
baseline) was signifi cantly higher in the tocilizumab versus the 
placebo group at all time points from week 4 onwards (fi gure 3B; 
87.9% in the tocilizumab group vs 53.4% in the placebo group 
at week 24, p<0.0001). Furthermore, signifi cantly greater pro-
portions of patients in the tocilizumab versus the placebo group 
achieved both LDA and clinical remission at all time points from 
week 4 onwards (fi gure 3C,D). At week 24, 50.7% of patients 
achieved LDA and 38.4% reached clinical remission in the tocili-
zumab group (p<0.0001 vs placebo for both measures).

DMARD (placebo group). Permitted DMARD (at stable doses 
≥7 weeks before study baseline) included methotrexate, chloro-
quine, hydroxychloroquine, parenteral gold, sulfasalazine, aza-
thioprine and lefl unomide. Doses of these permitted DMARD 
(in addition to corticosteroid and non-steroidal anti-infl amma-
tory drug doses) were required to remain stable throughout the 
study; however, dose reductions were allowed as clinically war-
ranted for safety reasons. Patients were required to discontinue 
previous biological therapy (eg, adalimumab, etanercept, inf-
liximab, abatacept, anakinra, rituximab) before randomisation. 
Rescue therapy (two courses of tocilizumab 8 mg/kg every 4 
weeks, in place of the assigned study drug) was permitted from 
week 16 for patients who did not achieve a 20% or greater 
improvement from  baseline in swollen and tender joint counts.

A subset of patients with CRP levels of 95.24 nmol/l or greater 
who received one or more administration of study drug and 
who agreed to participate in an ancillary substudy had addi-
tional assessments on days 3 and 7 to measure early response 
on disease activity control. The analysis for the substudy was 
predefi ned in the protocol and was not to alter the enrolment 
or design of the study. It was performed by an independent 
data review committee. The study management team, inves-
tigational staff and monitors remained blinded to individual 
patients’ treatment assignments.

All patients gave written informed consent, and the study 
complied with the principles of good clinical practice and the 
Declaration of Helsinki.

Assessments
The primary effi cacy endpoint was the ACR50 response at week 
24. In addition, the following were determined every 4 weeks to 
week 24: ACR20/50/70 responses;15 16 European League Against 
Rheumatism (EULAR) responses;16–18 disease activity score in 28 
joints (DAS28),19 including proportions of patients with clinically 
meaningful improvement (change from baseline in DAS28 of ≥1.2) 
and patients achieving low disease activity (LDA, DAS28 ≤3.2) or 
clinical remission (DAS28 <2.6);18 ESR and CRP levels; functional 
assessment of chronic illness therapy—fatigue (FACIT-F);20 and 
routine assessment of patient index data (RAPID3) scores (on a 
scale of 0–10) derived from the multidimensional health assess-
ment questionnaire (MDHAQ).21 In the substudy, additional effi -
cacy assessments for the early response on disease activity control 
included CRP levels on days 3 and 7; joint counts, patient and 
investigator global assessment of disease activity, patient pain 
assessment, MDHAQ and ESR on day 7. Safety assessments 
performed throughout the 24-week treatment period included 
adverse event (AE) reporting, withdrawals from the study, deaths, 
serious infections, malignancies and laboratory parameters, such 
as liver enzyme levels, neutrophils, platelets and lipids.

Statistical analysis
The intent-to-treat (ITT) population consisted of all randomly 
assigned patients who received at least one administration of 
study medication. The safety population included all patients who 
received at least one administration of study medication and who 
had at least one safety assessment after receiving study medication.

Patients who received rescue therapy and patients who did 
not have data required to assess effi cacy outcomes at week 24 
were classifi ed as non-responders. Last observation carried for-
ward methodology was used for missing joint count data. A two-
sided Fisher’s exact test was used to determine p values for ACR 
responses, LDA and DAS28 remission differences between groups 
at each time point. The Cochrane–Mantel–Haenszel χ2 test was 
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adjusted mean change from baseline at week 24 was 2.73 (95% 
CI 0.45 to 5.00; p=0.0188).

Although RAPID3 scores decreased during the fi rst week 
of treatment in both groups, improvements were signifi cantly 
greater for patients in the tocilizumab versus the placebo group 
on days 3–7 (day 7 mean change from baseline, −1.00 vs −0.51 
for tocilizumab vs placebo, respectively; difference in adjusted 
mean change −0.47, 95% CI −0.78 to −0.16; p=0.0029).

Early disease activity control substudy
This substudy included 40 patients in the tocilizumab group and 
22 in the placebo group (see supplementary appendix, available 
online only, for baseline demographics and clinical characteris-
tics). Several measures showed signifi cant differences by day 7 
of treatment. At day 7, CRP levels had decreased signifi cantly 
more from baseline in the tocilizumab versus the placebo group 
(−256.2 vs −29.5 nmol/l; p<0.001), as did the ESR (−25.6 vs 0.30 
mm/h; p<0.001). In addition, both patients’ global assessment 
of disease activity (−16.2 vs 0.8; p=0.005) and assessment of 
pain (−12.2 vs 1.4; p=0.01) improved signifi cantly more in the 
tocilizumab versus the placebo group; DAS28 (−1.16 vs −0.27; 
p=0.007) also improved signifi cantly more in the tocilizumab 
group. Statistically signifi cant differences between the tocili-
zumab and placebo groups were not observed at day 7 for ten-
der and swollen joint counts or physician’s global assessment 
of disease activity (table 2). Of note, no signifi cant changes 
from baseline in the number of DMARD, methotrexate dose, or 
 concomitant oral steroid dose were observed.

Mean RAPID3 scores decreased during the fi rst week of 
 treatment in both groups; improvements were signifi cantly 
greater for patients in the tocilizumab versus the placebo group 
on days 3–7 (day 7 mean change from baseline, −1.00 vs −0.51 
for tocilizumab vs placebo, respectively; difference in adjusted 
mean change, −0.47, 95% CI −0.78 to −0.16; p=0.0029).

(Note: Please see supplementary appendix, available online 
only, for additional information on RAPID3 scores during the 
fi rst week of treatment.)

Signifi cantly greater improvements from baseline in the 
tocilizumab versus the placebo group were also seen at week 
4 and at all subsequent time points (fi gure 4). By week 24, the 
mean change from baseline in the RAPID3 score was −2.33 
in the tocilizumab group versus −1.29 in the placebo group 
(p<0.0001).

Mean CRP levels were signifi cantly lower in the tocilizumab 
versus the placebo group starting at week 4 (39.05 vs 162.86 
nmol/l) and remained signifi cantly lower at all time points 
(p<0.0001, data available in supplementary appendix fi gure 
S5, available online only). Mean ESR showed a signifi cantly 
greater mean decrease from baseline in the tocilizumab versus 
the placebo group starting at week 4 (−29.82 vs −3.52 mm/h; 
p<0.0001), which was sustained to week 24 (−34.72 vs −5.70 
mm/h; p<0.0001). Improvement in mean FACIT-F scores was 
evident by week 8 in the tocilizumab group versus the placebo 
group and was sustained to week 24 (p<0.05). At week 24, mean 
change from baseline was 8.43 versus 5.89 in the tocilizumab 
group versus the placebo group, respectively; the difference in 

Figure 1 Patient disposition. DMARD, disease-modifying antirheumatic drug; ITT, intent-to-treat.

07_annrheumdis148700.indd   20007_annrheumdis148700.indd   200 12/17/2011   5:32:30 PM12/17/2011   5:32:30 PM

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2010.148700 on 26 S
eptem

ber 2011. D
ow

nloaded from
 

http://ard.bmj.com/


Clinical and epidemiological research

201Ann Rheum Dis 2012;71:198–205. doi:10.1136/ard.2010.148700

Table 1 Baseline demographics and disease characteristics (ITT population)

 

Tocilizumab + DMARD Placebo + DMARD

(N=409) (N=205)

Women, n (%) 325 (79.5) 172 (83.9)
Age, years 55.2 (12.06) 55.8 (12.42)
Race, n (%)
 White 328 (80.2) 170 (82.9)
 Black 53 (13.0) 17 (8.3)
 Hispanic 12 (2.9) 9 (4.4)
 Asian 7 (1.7) 4 (2.0)
 American Indian/Alaska native 4 (1.0) 3 (1.5)
 Other 5 (1.2) 2 (1.0)
Ethnicity, n (%)
 Hispanic 69 (17) 42 (20)
 Non-Hispanic 340 (83) 163 (80)
Selected major comorbid diagnoses, n (%)
 Hypertension 153 (37.4) 84 (41.0)
 Coronary artery disease 14 (3.4) 10 (4.9)
 Chronic obstructive pulmonary disease 10 (2.4) 11 (5.4)
 Diabetes mellitus 50 (12.2) 24 (11.7)
Duration of RA, years 8.62 (8.93) 8.52 (9.05)
DAS28 6.53 (1.03) 6.55 (1.01)
No of previous DMARD/anti-TNF 1.35 (1.41) 1.31 (1.23)
Past use of anti-TNF, n (%) 155 (37.9) 78 (38.0)
No of past anti-TNF, n (%)
 1 110 (26.9) 55 (26.8)
 2 35 (8.6) 21 (10.2)
 3 10 (2.4) 2 (1.0)
Reasons for anti-TNF discontinuation, n (%) n=155 n=78
 Discomfort 19 (12.3) 9 (11.5)
 Lack of effi cacy 19 (12.3) 9 (11.5)
 Safety 7 (4.5) 3 (3.8)
 Other 127 (81.9) 65 (83.3)
 Unknown 2 (1.3) 2 (2.6)
Past use of DMARD, n (%) 278 (68.0) 144 (70.2)
No of past DMARD, n (%)
 1 130 (31.8) 69 (33.7)
 2 75 (18.3) 44 (21.5)
 3 42 (10.3) 18 (8.8)
 4 18 (4.4) 8 (3.9)
 5 7 (1.7) 5 (2.4)
 >5 6 (1.5) 0
Reasons for DMARD discontinuation (antimetabolite)*, n (%) n=134 n=62
 Discomfort 16 (11.9) 5 (8.1)
 Lack of effi cacy 40 (29.9) 14 (22.6)
 Safety 6 (4.5) 5 (8.1)
 Other 38 (28.4) 11 (17.7)
 Unknown 45 (33.6) 30 (48.4)
No of background DMARD, n (%)
 1 354 (86.6) 175 (85.4)
 2 48 (11.7) 27 (13.2)
 3 or more 6 (1.5) 2 (1.0)
 None 1 (0.2) 1 (0.5)
Methotrexate dose, mg/week n=353 n=178
 Mean (SD) 17.0 (4.68) 17.2 (10.71)
Oral steroid use, n (%) 176 (43) 80 (39)
SJC 19.7 (12.4) 19.9 (12.1)
TJC 29.7 (16.5) 30.4 (16.9)
ESR, mm/h† 46.0 (23.64) 47.3 (22.42)
CRP, nmol/l‡ 174.3 (218.4) 171.4 (212.0)
MDHAQ-PF† 4.07 (1.73) 4.00 (2.09)
Patient’s global assessment of pain (VAS 0–100 mm)† 56.5 (22.6) 55.9 (22.8)
Patient’s global assessment of disease activity (VAS 0–100 mm)† 62.3 (22.5) 61.7 (21.9)
Physician’s global assessment of disease activity (VAS 0–100 mm)† 62.2 (18.25) 62.8 (18.33)

Data are presented as mean (SD) unless otherwise indicated.
*Lack of effi cacy was also the most common reason for discontinuation of antimalarial agents and gold.
†Sample size differed from the ITT population for the following parameters: ESR (tocilizumab, n=408); MDHAQ-PF (tocilizumab, 
n=405; placebo, n=204); patient’s global assessment of pain (tocilizumab, n=405; placebo, n=203); patient’s global assessment 
of disease (tocilizumab n=405; placebo, n=203); physician’s global assessment of disease (tocilizumab, n=408; placebo, n=203). 
‡Conversion factor for SI to conventional units (mg/dl) is 1/9.524.
CRP, C-reactive protein; DAS28, disease activity score in 28 joints; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte 
sedimentation rate; ITT, intent-to-treat; MDHAQ-PF, multidimensional health assessment questionnaire for physical function; RA, 
rheumatoid arthritis; SJC, swollen joint count; TJC, tender joint count; TNF, tumour necrosis factor; VAS, visual analogue scale.
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resulting in serious AE rates (per 100 patient-years) of 24.16 
(95% CI 17.48 to 32.54) and 19.41 (95% CI 10.94 to 31.07), 
respectively. Twenty-seven patients (6.6%) withdrew from the 
treatment because of AE in the tocilizumab group versus eight 

Safety
Table 3 presents an overview of AE during double-blind 
 treatment. Serious AE were reported in 7.3% of patients in the 
tocilizumab group and 5.4% of patients in the placebo group, 

Figure 2 Percentages of patients achieving (A) ACR20, (B) ACR50 and (C) ACR70 responses over time. ACR20: *p<0.0001. ACR50: *p=0.0002, 
†p<0.0001, ‡p=0.0017, §p=0.0015. ACR70: *p=0.0002, †p=0.0076, ‡p<0.0001. All comparisons were tocilizumab plus DMARD vs placebo plus 
DMARD. ACR, American College of Rheumatology; DMARD, disease-modifying antirheumatic drug; TCZ, tocilizumab.

Figure 3 (A) Mean DAS28; (B) percentages of patients achieving clinically meaningful improvement (DAS28 improvement from baseline ≥1.2); 
(C) LDA (DAS28≤3.2); and (D) clinical remission (DAS28<2.6) over time. *p<0.0001, tocilizumab plus DMARD vs placebo plus DMARD. Panel A: 
p values compare adjusted mean changes from baseline between the two treatment groups. DAS28, disease activity score in 28 joints; DMARD, 
disease-modifying antirheumatic drug; LDA, low disease activity; TCZ, tocilizumab.
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patients (3.9%) in the placebo group. The most common AE 
leading to treatment withdrawal in the tocilizumab group were 
cellulitis (n=2), staphylococcal infection (n=2) and abnormal 
liver function tests (n=2). Three deaths were reported during the 
study, all of which occurred in the tocilizumab group: sepsis, 
haemorrhagic stroke and coronary artery arteriosclerosis. The 
deaths due to sepsis and haemorrhagic stroke were considered 
by the investigator to be possibly related to study treatment. 
The death due to coronary artery arteriosclerosis was  considered 
unrelated to treatment.

Overall AE rates (per 100 patient-years) were 472.52 (95% CI 
441.12 to 505.56) and 330.09 (95% CI 292.29 to 371.42) in the tocili-
zumab and placebo groups, respectively. The most common AE, 
occurring in over 5% of patients, were upper respiratory tract infec-
tion (7.6% tocilizumab, 4.9% placebo), urinary tract infection (5.9% 
tocilizumab, 5.4% placebo), diarrhoea (6.1% tocilizumab, 4.9% 
placebo) and worsening of RA (2.2% tocilizumab, 8.3% placebo).

Figure 4 Mean RAPID3 score over time. *p<0.0001, †p=0.0011; 
adjusted mean change from baseline for tocilizumab plus DMARD vs 
placebo plus DMARD. DMARD, disease-modifying antirheumatic drug; 
RAPID3, routine assessment of patient index data; TCZ, tocilizumab.

Table 2 Results of the early disease activity control substudy (N=62): change from baseline to week 1
 Tocilizumab + DMARD (N=40) Placebo + DMARD (N=22) p Value

DAS28
 n 32 20 0.007
 Mean (SE) −1.16 (0.22) −0.27 (0.14)
Patient’s global assessment of pain (VAS 0–100 mm)
 n 35 20 0.01
 Mean (SE) −12.2 (3.8) 1.4 (4.6)
Patient’s global assessment of disease (VAS 0–100 mm)
 n 35 20 0.005
 Mean (SE) −16.2 (4.1) 0.8 (4.7)
Physician’s global assessment of disease (VAS 0–100 nm)
 n 36 20 0.0502
 Mean (SE) −15.4 (3.0) −5.6 (3.1)
MDHAQ-PF
 n 36 20 0.829
 Mean (SE) −0.5 (0.3) −0.7 (0.3)
TJC
 n 35 20 0.265
 Mean (SE) −4.2 (1.9) −7.2 (3.2)
SJC
 n 35 20 0.683
 Mean (SE) −3.0 (1.3) −2.8 (2.7)  

DAS28, disease activity score in 28 joints; DMARD, disease-modifying antirheumatic drug; MDHAQ-PF, multidimensional health assessment questionnaire for physical function; 
SE, standard error; SJC, swollen joint count; TJC, tender joint count; VAS, visual analogue scale.

Table 3 Overview of AE during double-blind treatment (safety population)
No (%) of patients with Tocilizumab 8 mg/kg + DMARD (N=409) Placebo + DMARD (N=205)

Any AE 290 (70.9) 122 (59.5)
Severe AE 35 (8.6) 13 (6.3)
Serious AE 30 (7.3) 11 (5.4)
AE leading to treatment withdrawal 27 (6.6) 8 (3.9)
AE leading to dose modifi cation/interruption 53 (13.0) 12 (5.9)
Deaths 3* 0

*Two deaths were considered possibly related to drug treatment: (1) Sepsis (73-year-old white/Hispanic woman with multiple comorbidities, with concomitant medications including 
methotrexate, coumadin, folic acid and metoprolol, who received her last dose of tocilizumab on 10 June 2008; she was diagnosed with a urinary tract infection on 30 June, pneumonia 
on 1 July, and died of septic shock on 18 July); and (2) Haemorrhagic stroke (74-year-old white man with dyspepsia as the only reported comorbidity, with concomitant medications 
including methotrexate, prednisone, Advil, calcium, multivitamins, folic acid, Prilosec and ibuprofen, who received his last dose of tocilizumab on 8 July 2008, and died of haemorrhagic 
stroke with underlying interstitial lung disease on 4 August). A third death, from coronary artery arteriosclerosis, was considered by the investigator to be unrelated to study treatment.
AE, adverse event; DMARD, disease-modifying antirheumatic drugs.
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little change over time. Thirty (7.4%) patients experienced CTC 
grade 1 platelet levels (75.0×103/μl to below lower limit)22 in the 
tocilizumab group versus none in the placebo group. No plate-
let level decreases to CTC grades 2–4 were reported in either 
group, and there were no reports of bleeding events associated 
with grade 1 platelet count.

Mean values of total cholesterol, low-density lipoprotein cho-
lesterol, high-density lipoprotein cholesterol and triglycerides 
increased in the tocilizumab group from baseline to the end of 
the study, while the placebo group showed little change over 
time. Most of the increase was within the fi rst 4–8 weeks of 
therapy and reached a plateau by weeks 12–16 (see supplemen-
tary appendix table S6, available online only). Individual patient 
shifts in lipid parameters from normal levels at baseline to lev-
els above adult treatment panel III recommended thresholds23 
at the end of the study are also shown in the supplementary 
appendix (table S6), available online only.

DISCUSSION
At the time this study was designed, tocilizumab was not 
yet approved in the USA for the treatment of active RA nor 
for any other disorder; therefore, an active placebo design 
(ie, in which patients remained on their current medications 
and were either unable to or chose not to combine therapy 
with an older biological agent) was employed. The addition of 
tocilizumab to the treatment regimen of patients with mod-
erate to severe active RA, who previously demonstrated an 
incomplete response to traditional DMARD and/or anti-TNF, 
resulted in signifi cantly improved ACR50 response rates ver-
sus placebo; tocilizumab treatment was also associated with 
signifi cant improvements in ACR20 and ACR70 response rates 
and DAS28 and RAPID3 scores. The benefi ts of tocilizumab 
therapy were seen as early as week 4, and were sustained to 
24 weeks of treatment. Furthermore, the substudy evaluating 
early response on disease control suggested that several clini-
cally relevant and statistically signifi cant improvements, includ-
ing patients’ global assessments of disease activity and pain, 
DAS28, and reduction of CRP level and ESR, were observed 
within 7 days after the fi rst infusion of tocilizumab. At 1 week, 
while patient-reported measures were signifi cantly improved, 
physician-reported measures of global disease activity, tender 
and swollen joint counts were not. It may be important to rea-
lise the improvement in patient-reported outcomes, early in 
treatment compared with physician measures, when disease 
activity is measured.

Previous studies have shown that physician measures have a 
higher rate of placebo response, and are among the least  effi cient 
measures in clinical trials when compared with patient-reported 
outcomes.24 25 Our study provides additional evidence suggest-
ing that patients are probably able to identify improvements 
more accurately and earlier than physicians. We believe this is an 
important fi nding to consider when designing and  interpreting 
outcomes of randomised clinical trials.

Safety fi ndings in this study were consistent with the known 
safety profi le of tocilizumab. The rate of serious infection was 
higher in tocilizumab-treated patients (7.87 vs 1.20), although 
there were no occurrences of opportunistic infections—including 
tuberculosis—reported during the trial. Four neoplasms were 
reported in the tocilizumab group and three in the placebo 
group; there were no cases of gastrointestinal perforations in 
either arm.

There was no clinical evidence of liver injury or clinical hepa-
titis following treatment with tocilizumab. Mean lipid levels 

Serious infections, gastrointestinal perforations and neoplasms
Twelve patients in the tocilizumab group and one patient in the 
placebo group had serious infections during double-blind treat-
ment, representing a rate per 100 patient-years of 7.87 (95% CI 
4.30 to 13.2) and 1.20 (95% CI 0.03 to 6.66), respectively. In the 
tocilizumab group, the infections were most commonly celluli-
tis (three patients, 0.7%) and pneumonia (three patients, 0.7%). 
Time to serious infections in the tocilizumab group ranged from 
day 32 to day 170 after the start of therapy (see supplemen-
tary appendix table S4, available online only). No opportunis-
tic infections, including tuberculosis, were reported during the 
study, and no cases of gastrointestinal perforation. Seven neo-
plasms were reported, four in the tocilizumab group and three 
in the placebo group. In the tocilizumab group, the neoplasms 
were one malignant neoplasm of the eye (right temporal con-
junctival intraepithelial neoplasia, carcinoma in situ, reported 
on day 146 from fi rst infusion) and one lipoma of the cecum 
(not malignant, day 97), both of which were reported as serious 
AE, as well as one basal cell carcinoma (day 106) and one skin 
neoplasm (day 112), which were not reported as serious AE. In 
the placebo group, there was one report of non-melanoma skin 
cancer (squamous cell carcinoma of left cheek in situ, day 116); 
one diffuse large B-cell lymphoma (day 170) and one renal cell 
carcinoma (day 40). All three neoplasms in the placebo group 
were reported as serious AE.

Laboratory parameters
In the tocilizumab group, mean ALT, AST and total bilirubin 
levels increased by week 4 and generally remained elevated to 
week 24, but remained within normal ranges. Shifts in ALT and 
AST from normal at baseline to greater than the upper limit 
of normal (ULN) occurred in more patients in the tocilizumab 
group than in the placebo group: in the tocilizumab group, 
shifts in ALT up to 1.5× ULN occurred in 23.5% of patients; 
shifts to greater than 1.5× to 2× ULN occurred in 12.7%, and 
shifts to greater than 2× to 3× ULN occurred in 5.0% (vs 11.1%, 
2.2% and 1.7%, respectively, in the placebo group). In addition, 
10 patients (2.6%) had shifts to greater than 3× to 5× ULN and 
two patients (0.5%) had shifts to greater than 5× ULN in the 
tocilizumab group, compared with one patient (0.6%) in each 
category for the placebo group. Shifts in AST from normal at 
baseline to up to 1.5× ULN, greater than 1.5× to 2× ULN, greater 
than 2× to 3× ULN and greater than 3× to 5× ULN occurred 
in 26%, 4.9%, 2.3% and 0.8% of patients, respectively, in the 
tocilizumab group (vs 9.6%, 1.6%, 1.1% and 0.5%, respectively, 
in the placebo group). No patients in either group had shifts in 
AST to greater than 5× ULN (see supplementary appendix table 
S5, available online only). Most liver enzyme elevations were 
single occurrences with no cases of drug-induced injury.

The mean neutrophil count decreased in the tocilizumab group 
from 5.73×109/l at baseline to 4.27×109/l at week 4 and 3.75×109/l 
at week 24, while there was little change over time in the pla-
cebo group. In the tocilizumab group, 27.9% of patients had 
neutrophil levels less than the lower limit of normal (1.96×109/l) 
at some point during the study versus 4.0% of patients in the 
placebo group. Twelve (2.9%) patients in the tocilizumab group 
had common toxicity criteria (CTC) grade 3 neutropenia (0.5 to 
<1.0×109/l); none had grade 4 neutropenia. There was no appar-
ent relationship between low neutrophil counts and the occur-
rence of infections. No serious infections were associated with 
a neutrophil count less than 1.0×109/l within 2 weeks of infec-
tion. The mean platelet count also decreased in the tocilizumab 
group, from 329.1×109/l at baseline to 242.0×109/l at week 4 
and 241.6×109/l at week 24, while the placebo group showed 
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increased in patients treated with tocilizumab compared with 
placebo, but the clinical relevance of these lipid elevations is 
unclear in the RA population at this time.

While a number of clinical trials have been conducted in 
 studying the effi cacy and safety of tocilizumab with DMARD, 
this is the fi rst report of effi cacy and safety data in a US 
 population. In addition, we attempted to identify a population 
in routine care who may be treated with not only methotrexate 
but other DMARD, with the subsequent addition of tocilizumab 
to improve outcomes given an inadequate response with pre-
vious therapy. The substudy group with disease activity mea-
surements very early at 1 week after treatment is also unique 
and provides useful information for practising rheumatologists 
about the time to treatment response. As in other randomised 
clinical trials, the study has similar limitations including restric-
tions on patient enrolment, lack of major comorbidities rep-
resented among the treated patients, limited use of additional 
medications and strict dosing regimens. These limitations may 
potentially have an impact on the results.

In conclusion, these data suggest tocilizumab, an anti-IL-6R 
monoclonal antibody, has early and sustained effi cacy in patients 
with RA who have failed to respond adequately to  previous 
DMARD therapy.
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Online Appendix 

Methods: RAPID3 scores during the first week of treatment  

The initial printing of the case report form had an error in question 1 of the Patient Take Home 

Form, where the time frame “Over the past week” was used rather than the correct time frame 

“Over the past 24 hours.” This error was corrected, and updated CRF pages were released to the 

study sites. Because of the printing error that affected 214 patients, the analyses were also 

performed for the subset of the intent-to-treat population not affected by the CRF error. In this 

second analysis, mean improvement in Routine Assessment of Patient Index Data score was still 

greater in the tocilizumab vs placebo group at day 7, but the difference was not statistically 

significant (–0.88 vs –0.50 in the tocilizumab and placebo groups, respectively). 

 

FIGURES 

Figure S5 Mean CRP levels over time. *p<0.0001; adjusted mean change from baseline for TCZ 

plus DMARDs vs placebo plus DMARDs. CRP, C-reactive protein; DMARDs, disease-

modifying antirheumatic drugs; TCZ, tocilizumab. 
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TABLES 

Table S4 Summary of serious infections   

Treatment Group Infection (AE preferred term) Start Day (from first infusion) 

Tocilizumab plus 

DMARDs 

Cellulitis 32 

 Pneumonia 45 

 Cellulitis 66 

 Pneumonia 66 

 Cellulitis 69 

 Urosepsis 76 

 Pyelonephritis 94 

 Staphylococcal infection 115 

 Pneumonia 122 

 Anal abscess 138 

 Septic shock* 138 

 Urinary tract infection* 141 

 Enterobacter sepsis* 157 

 Gastroenteritis viral 170 

Placebo plus DMARDs Lung infection pseudomonal 22 

*Infections occurring in the same patient. AE, adverse event; DMARDs, disease-modifying antirheumatic drugs. 
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Table S5 Percentages of patients with shifts in liver enzyme levels (ALT and AST) from normal 

at baseline to above the ULN  

 

From Normal to: >ULN – 

1.5x ULN 

>1.5x – 2x 

ULN 

>2x – 3x ULN >3x – 5x ULN >5x ULN 

ALT: 

TCZ 8 mg/kg + 

DMARDs (N=379) 

89 (23.5%) 48           

(12.7%) 

19              

(5.0%) 

10                  

(2.6%) 

2                    

(0.5%) 

Placebo + DMARDs 

(N=180) 

20 (11.1%) 4              

(2.2%) 

3             

(1.7%) 

1                   

(0.6%) 

1               

(0.6%) 

AST: 

TCZ 8 mg/kg + 

DMARDs (N=388) 

101 

(26.0%) 

19              

(4.9%) 

9                  

(2.3%) 

3                  

(0.8%) 

0 

Placebo + DMARDs 

(N=188) 

18         

(9.6%) 

3                

(1.6%) 

2                 

(1.1%) 

1               

(0.5%) 

0 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DMARDs, disease-modifying antirheumatic 

drugs; ULN, upper limit of normal. 
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Table S6 Changes in lipid parameters in patients treated with TCZ 8 mg/kg plus DMARDs 

(safety population) 

 

 TC, mmol/L LDL-C, mmol/L HDL-C, mmol/L TG, mmol/L 

Mean Values Over Time in Patients Treated with Tocilizumab 8 mg/kg + DMARDs 

Baseline 

    n 

   Mean (SD) 

 

404 

4.96 (1.03) 

 

396 

2.86 (0.85) 

 

404 

1.38 (0.44) 

 

409 

1.57 (0.91) 

Week 4 

    n 

   Mean (SD) 

 

401 

5.51 (1.24) 

 

390 

3.20 (0.98) 

 

402 

1.48 (0.45) 

 

401 

1.83 (1.35) 

Week 8 

    n 

   Mean (SD) 

 

395 

5.60 (1.32) 

 

381 

3.25 (1.02) 

 

395 

1.48 (0.47) 

 

395 

1.83 (1.25) 

Week 12 

   n 

   Mean (SD) 

 

375 

5.63 (1.25) 

 

360 

3.28 (1.02) 

 

374 

1.46 (0.46) 

 

375 

1.93 (1.50) 

Week 16 

   n 

   Mean (SD) 

 

357 

5.62 (1.18) 

 

346 

3.32 (1.01) 

 

357 

1.46 (0.44) 

 

357 

1.84 (1.11) 

Week 20 

   n 

   Mean (SD) 

 

295 

5.58 (1.22) 

 

281 

3.24 (0.96) 

 

294 

1.48 (0.44) 

 

295 

1.90 (1.47) 

Week 24 

   n 

   Mean (SD) 

 

281 

5.63 (1.28) 

 

274 

3.32 (1.04) 

 

281 

1.47 (0.44) 

 

281 

1.87 (1.60) 

Patient Shifts From Normal at Baseline to Above ATPIII Thresholds at End of Study:  

 ≥6.22 mmol/L 

(≥240 mg/dL) 

≥3.37 mmol/L 

(≥130 mg/dL) 

≥1.55 mmol/L 

(≥60 mg/dl) 

≥5.65 mmol/L 

(≥500 mg/dL) 

TCZ 8 mg/kg 

+ DMARDs 

 

78/356 (21.9%) 97/300 (32.3%) 59/292 (20.2%) 5/407 (1.2%) 

Placebo + 

DMARDs 

13/168 (7.7%) 12/130 (9.2%) 25/146 (17.1%) 1/198 (0.5%) 

ATPIII, Adult Treatment Panel III [22]; DMARDs, disease-modifying antirheumatic drugs; TC, total 

cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides; TCZ, 

tocilizumab. 
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