
Rheumatoid arthritis (RA) is a chronic, progressive system-
ic autoimmune disease. Its natural history is characterized 

by sustained inflammation of the synovium as well as disease 
activity flares that lead to progressive joint damage, functional 
disability, and impaired quality of life [1]. RA has a prevalence 
of 0.5% to 1.0% and a peak incidence between 40 and 60 years 
of age, and affects women primarily. The cause of RA is not 
known. Various clinical, genetic, and laboratory markers have 
been associated with poorer outcomes.

Long-term efficacy and safety of drugs are of paramount im-
portance to the pharmacological management of RA. Nonsteroi-
dal anti-inflammatory drugs (NSAIDs) provide only symptom-
atic relief. Disease-modifying anti-rheumatic drugs (DMARDs) 
are the standard treatment for RA throughout all stages of the 
disease, and they maintain or improve physical function and 
slow radiographic joint damage [2]. Patients who show inad-
equate response to DMARDs (DMARD-IR) are treated with 
biological compounds that act in various mechanisms of action. 
These treatments include targeting cytokines and cellular sub-
sets of the immune system. In a real-life setting approximately 
30–40% of patients treated with biologic DMARDs discontin-
ue their treatment because of inefficacy or adverse events [3]. 
Biomarkers or demographic and clinical features may aid in 
predicting response to treatment. However, even among re-
sponders, many patients do not achieve clinical or radiographic 
remission and may experience toxicity or lose their response 
to treatment within several years of starting a biologic agent. 
Therefore, there is a continuous need to offer more treatment 
options to RA patients.



Elevated tissue and serum levels of interleukin-6 (IL-6) have 
been implicated in the pathogenesis of RA [4,5]. Tocilizumab is 
a recombinant humanized anti-human monoclonal antibody of 
the immunoglobulin G (IgG) subclass directed against the IL-6 
receptor. The efficacy and safety of treatment with intravenous 
(IV) tocilizumab has been well established in many clinical 
studies as well as in real-life settings. Recently, a subcutaneous 
(SC) route of administration has become available, allowing pa-
tients to administer the drug at home.

To date, the development program of SC tocilizumab in RA 
patients included three studies showing that combined treatment 
of SC tocilizumab with DMARDs was superior to treatment 
with placebo and non-inferior to IV tocilizumab plus DMARDs. 
In addition, SC tocilizumab monotherapy showed non-inferior-
ity to IV tocilizumab monotherapy [6].

The current study (ClinicalTrials.gov number: NCT01988012) 
was part of a Roche multinational, open-label, single-arm umbrel-
la study (TOZURA), comprising seven single-country and four 
regional multi-country protocols to evaluate the SC tocilizumab 
treatment regimen of 162 mg once weekly as monotherapy or in 
combination with methotrexate or other DMARDs in a real-life 
clinical setting [7].

The study group comprised 100 patients. Their demographics 
and baseline characteristics are summarized in Table 1. The vast 
majority of the patients were Caucasian (99%) and most were 
female (80%). At baseline, the mean age of the patients was 54.3 
± 11.8 years and the mean duration of RA was 8.7 ± 9.2 years. 
Mean disease activity according to disease activity score using 
28 joint counts, and erythrocyte sedimentation rate (DAS28-
ESR), clinical disease activity index (CDAI), and simplified 
disease activity index (SDAI) was 4.98 ± 0.98, 31.89 ± 14.35, 
and 33.73 ± 14.83, respectively.

This multi-center, open-label single-arm study was performed 
at 13 medical centers in Israel between January 2014 and July 
2015. Each center received approval for performing the study 
from its institutional independent ethics committee as required 
by Israeli Ministry of Health regulations.

Study participants were adults above 18 years of age with a di-
agnosis of active RA according to the revised (1987) American 
College of Rheumatology (ACR) or European League Against 
Rheumatism (EULAR) (2010) criteria who received treatment 
on an outpatient basis (not including tocilizumab). The par-
ticipants were either previously treated with three DMARDs 

and not treated with any biologic agent, or were previously 
treated with one biologic agent (alone or in combination with 
DMARDs) and discontinued that agent for any reason.

Exclusion criteria included rheumatic autoimmune disease 
other than RA (secondary Sjögren’s syndrome with RA was per-
mitted), functional Class IV as defined by the ACR classifica-
tion of functional status in rheumatoid arthritis, diagnosis of ju-
venile idiopathic arthritis or juvenile RA, and/or RA before the 
age of 16 and prior history of current inflammatory joint disease 
other than RA.



Study participants received a weekly SC injection of tocilizum-
ab 162 mg (in a single fixed dose irrespective of body weight) 
as monotherapy or in combination with methotrexate or other 
DMARDs for 24 weeks. All patients had a follow-up visit (via 
a telephone call) 4 weeks after the end of the treatment study 
visit (week 24), or after an early withdrawal visit from the study, 
to assess adverse events (AEs), concomitant medications, and 
plans for further treatment. DMARDs were allowed if the par-
ticipant was on a stable dose for at least 4 weeks prior to base-

-
alent) and NSAIDs (up to the maximum recommended dose) 
were permitted if the participant was on a stable dose regimen 
for more than 4 weeks prior to baseline.

The primary endpoint of the study was the proportion of patients 
achieving remission and proportion of patients achieving low 
disease activity (LDA) according to the CDAI after 24 weeks 
of treatment with SC tocilizumab. Secondary efficacy endpoints 
included the change in SDAI up to 24 weeks, the proportion of 
patients achieving SDAI remission and LDA after 24 weeks, 
change in the DAS28-ESR up to 24 weeks. Additional endpoints 
included proportion of patients achieving ACR responses up to 
24 weeks, proportion of patients achieving EULAR responses up 
to 24 weeks, and change in tender joint count (TJC) and swol-
len joint count (SJC) over time. Furthermore, patient-reported 
outcomes were assessed, including patient pain visual analogue 
scale (VAS), patient global assessment of disease activity VAS, 
the Stanford health assessment questionnaire disability index 
(HAQ-DI© Stanford University, 1980) [8], and patient functional 
assessment of chronic illness therapy-fatigue (FACIT-F) [9].

Pharmacokinetics and immunogenicity (anti-tocilizumab an-
tibodies) were assessed at baseline, 12 weeks, and 24 weeks. 
Anti-tocilizumab antibodies were measured using the bridging 
enzyme-linked immunosorbent assay. Safety was assessed by 
adverse events reports.

The analysis population included all patients who received at 
least one dose of SC tocilizumab. Study results were summa-
rized by descriptive statistics at baseline and over time. Change 
in efficacy parameters between baseline and 24 weeks were an-
alyzed using the Wicoxon signed rank test. A  value of < 0.05 
was considered significant. Statistical analyses were performed 
using SAS 9.3 software (SAS Institute Inc., Cary, NC, USA).

At baseline, 74% of the patients were treated with DMARDs, 
while the rest began treatment with tocilizumab as a mono-
therapy. The most common DMARD was methotrexate, taken 

by 59% of patients. During the study 12 additional patients 
(12%) stopped DMARD treatment completely (3 other patients 
stopped DMARD treatment temporarily during the study). 
Therefore, a total of 38% of patients were treated with tocili-
zumab monotherapy during the study. An inadequate response 
to a RA biologic treatment (biologic-IR) was experienced by 
35 patients (35%) prior to the study and the rest of the patients 
(65%) were DMARD-IR.

Eighty-five patients (85.0%) completed the study as planned 
and 15 patients (15.0%) withdrew early from the study. The prima-
ry reasons for discontinuation of the study were AEs (4 patients), 
decision of patient to withdraw (4 patients), insufficient therapeutic 
response (4 patients), loss to follow-up (1 patient), physician deci-
sion (1 patient), and a protocol violation (1 patient). None of the 
patients withdrew due to anaphylaxis or a hypersensitivity reaction.

As shown in Figure 1A, mean CDAI decreased by 18.29 ± 14.52 
between baseline and 24 weeks (  < 0.0001). The minimal clini-
cally meaningful difference (MCMD) of CDAI score (reduction 

After 24 weeks of treatment, 16.5% of patients achieved clinical 

difference in the mean change in CDAI from baseline between 
the DMARD-IR patient population and the biologic-IR popu-
lation. In addition, no difference was observed between the pa-
tients who received tocilizumab monotherapy at baseline com-
pared to those who received a combination of tocilizumab and 
DMARDs at baseline.

DAS28-ESR remission (DAS28-ESR < 2.6) increased from 
13% (13 of 99 patients) after 2 weeks of treatment to 57.1% (48 
of 84 patients) after 24 weeks of treatment. DAS28-ESR LDA 

99 patients) at 2 weeks of treatment to 16.7% (14 of 84 patients) 

3.0% (2 of 66 patients) at week 2 to 19.2% (10 of 52 patients) 

8.1% (8 of 66 patients) to 38.5% (20 of 52 patients). The propor-
tion of patients achieving an ACR 20/50/70 response at week 24 
was 62.4%/37%/20%.

Figure 2 shows the percent of patients achieving MCMD in 
-

-

a minimal clinically meaningful reduction in SDAI increased 
from 31.3% at week 2 to 65.4% at 24 weeks. A statistical and 
clinical significant mean decrease from baseline in pain VAS 
score was observed from baseline to week 16 and onwards. 
At 24 weeks, 61.2% of patients achieved a minimal clinically 
meaningful decrease from baseline in pain VAS score. 



>

Patient and physician global assessment of disease activity 
also decreased significantly during the study period with 68.2% 
of patients achieving a clinically meaningful decrease in patient 
global assessment of disease activity at 24 weeks. A statistically 
and clinically significant mean increase from baseline in FAC-
IT-F score was evident from week 8 onwards and the propor-
tion of patients who achieved a minimal clinically meaningful 
increase from baseline was 65.9% at 24 weeks. The proportion 
of patients who achieved MCMD in HAQ-DI increased from 
18.2% at week 2 to 44.7% at 24 weeks.

The effect of SC tocilizumab treatment on the acute phase 
reactants ESR and C-reactive protein (CRP) was already evi-
dent at week 2 with mean CRP decreasing from 1.79 ± 2. 77 
mg/L to 0.22 ± 0.78 mg/L (  < 0.0001) and mean ESR decreas-
ing from 41.64 ± 25.88 mm/hour to 19.79 ± 18.54 mm/hour 
(  < 0.0001) at week 2. At 24 weeks, mean CRP was 0.08 ± 0.08 
mg/L and mean ESR was 9.15 ± 11.99 mm/hour [Table 2].

Of the patients assessed for EULAR response, more than 
two-thirds (67.4%) achieved good to moderate response at week 
2. Between week 8 and week 24 over 90% of patients with valid 
data achieved good to moderate response; at 24 weeks, 96.4% 
of patients achieved good to moderate response.

Mean hemoglobin levels increased by a mean of 0.96 ± 0.99 
g/dl from baseline to 24 weeks in the overall population. The 
increase in hemoglobin levels was more pronounced in the 11 

in these patients, hemoglobin increased by a mean of 1.91 ± 
1.23 g/dl (from 10.90 ± 0.94 g/dl at baseline to 12.34 ± 1.37 
g/dl at week 24).



Mean tocilizumab and soluble IL-6R levels increased from base-
line and appeared to remain stable between 12 and 24 weeks. 

respectively. Mean soluble IL-6R levels increased from 38.33 ± 
10.30 ng/ml (n=98) at baseline to 512.77 ± 122.84 ng/ml (n=91) 
and 542.21 ± 128.38 ng/ml (n=85) at 12 and 24 weeks, respec-
tively. None of the patients was positive for anti-tocilizumab 
antibodies at 12 or 24 weeks. One patient had a moderate hy-
persensitivity reaction (non-serious adverse event of significant 
interest) but did not develop anti-tocilizumab antibodies.

At least one AE was reported by 70% of patients (473 events/100 pa-
tient years [PY]). The most common AEs were neutropenia (12%), 
leukopenia (11%), and increased hepatic enzymes (11%). In addi-
tion, increased alanine aminotransferase (ALT) and increased as-
partate aminotransferase (AST) were observed in 8% and 6% of pa-
tients, respectively and upper respiratory tract infection and urinary 
tract infection were each observed in 7% of patients. Five patients 
(5%) discontinued from the study because of treatment-emergent 
AEs and none of the AEs that led to discontinuation from treatment 
occurred within 24 hours of SC tocilizumab injection.

Dose modifications were necessary for 16 patients (16%) be-
cause of AEs. The most common reason for dose modification 
was change in hepatic enzymes (8% of patients), leukopenia 

(4%), and neutropenia/decreased neutrophil count (4%). Seven 
treatment-emergent serious adverse events (SAEs) were report-
ed in 6% of the patients. Two serious infections (both cellulitis) 
were reported in one patient; and both of the events resolved. 
Injection-site reactions were reported in 7% of patients. Each 
injection site reaction (erythema, irritation, pain, pruritus, rash, 
swelling, and urticaria) occurred only once during the study. All 
of them except for one were mild; injection-site erythema was 
rated moderate. No severe hypersensitivity, anaphylaxis, malig-
nancies, pregnancies, or deaths were reported during the study.

Twenty-three patients (23%) reported 31 AEs of hepatic en-
zymes elevation; 22 of the events were considered to be relat-
ed to tocilizumab. None of the events was severe or serious, 
and none of them fulfilled the definition of Hy's law (AST or 
ALT elevations that are more than threefold the upper limit of 
normal [ULN] and concurrent elevation of total bilirubin more 
than twofold ULN) during the study. Tocilizumab treatment was 
temporarily interrupted in two patients (2%) as a result of ele-
vations in liver enzyme. In six patients (6%), tocilizumab dose 
was decreased or its frequency was reduced. Tocilizumab was 
permanently discontinued in two patients (2%).

ALT elevations of one to fivefold ULN were observed at least once 
in 55 patients (55%) during the study. These elevations were tran-
sient (i.e., happened once and resolved) in 19 patients (19%), fluc-
tuated (i.e., happened more than once) in 6 patients (6%), and were 
persistent (i.e., did not resolve) in 30 patients (30%). AST eleva-
tions at onefold to threefold ULN were observed at least once in 49 
patients (49%) during the study, which were transient in 27 patients 
(27%), fluctuated in 4 patients (4%), and persistent in 18 patients 
(18%). Eleven patients (11%) had total bilirubin above ULN range 
at any time during the study. All but one had levels below twofold 
ULN and none of them fulfilled the criteria for Hy’s law.

Neutrophils below the lower limit of normal range (1.5 GI/L) 
but above 1 GI/L were reported by 36 patients (36%) at least 
once during the study. None of the patients had neutrophil val-
ues below 0.5 GI/L during the study.

Total cholesterol above ULN was measured at least once 
during the study in 11 patients (11%) and 3 of the patients had 
a medical history of hyperlipidemia. Low-density lipopro-
tein (LDL) cholesterol ULN was measured in 4 patients (4%) 
at least once during study laboratory tests; three of them had 
total cholesterol above ULN. Twenty-five patients (25%) had 
triglycerides values above ULN during the study; 8 of them had 
triglyceride elevations already at screening or baseline.

Mean weight increased by 1.40 ± 2.19 kg from baseline to 
12 weeks and by 1.80 ± 3.18 kg from baseline to 24 weeks. An 
increase of more than 10% in body weight was measured in 3 
patients (3%) from baseline and 23 additional patients (23%) 
had weight increases between 5-10%. The body weight of 2 pa-
tients (2%) decreased by more than 10% from baseline.



The present study was conducted in a real-life setting. Treatment 
with SC tocilizumab over 24 weeks resulted in an improvement 
in all efficacy parameters assessed: CDAI, DAS28-ESR, ACR 
response scores, EULAR response criteria, SDAI, TJC/SJC, and 
patient-reported outcomes. At baseline 26% of patients were 
treated with monotherapy, increasing to 38% during the course 
of the study. This is consistent with available publications on 
clinical trials and real-life data [6] describing tocilizumab IV 
and SC and local data from Israel [12,13].

24 weeks was 16.5%, similar to the proportion of patients in CDAI 
remission in the MUSHASHI study, and of 18.5% and 17.2% in 
the ADACTA study [6]. Unlike DAS28 and SDAI scores, CDAI 
does not include CRP levels. This mitigates potential overestima-
tion of remission rates, which may be present with these scores.

The observed changes in CDAI from baseline to 24 weeks 
as well as remission and LDA rates were similar in patients 
who received monotherapy at baseline compared to those who 
were treated with a combination of tocilizumab and DMARDs, 
highlighting the efficacy of tocilizumab monotherapy, which is 
closely linked to its low immunogenic potential. 

Interestingly, DAS28-ESR remission was higher than in the 
SUMMACTA [11] and BREVACTA [24] trials while the ACR 
20/50/70 were similar. A particularly interesting finding of our 
study is the rapid achievement of improvement as early as week 
2. A minimal clinically meaningful reduction of CDAI score 
was observed in 22 patients (22.2%) at week 2, including 3 pa-
tients who achieved CDAI remission, comparable with the rapid 
onset of response reported for IV tocilizumab treatment [14-17].

The effect of SC treatment on fatigue was not assessed in the 
studies that assessed SC administration of tocilizumab and only 
a few studies reported the impact of IV tocilizumab on fatigue. 
In the current study MCMD (increase of FACIT-F score of above 
4) from baseline was evident from week 8 onward, and at 24 
weeks the proportion of patients who achieved a MCMD from 
baseline was 65.9%. This finding is similar to previous reports 
for IV tocilizumab: the ACTIVE study (56.8% at 24 weeks) [13] 
and the PEPS study (62% at 16 weeks) [25]. The RADIATE 
and TOWARD studies showed statistically significant mean im-
provement vs. placebo in FACIT-Fatigue scores from baseline 
at week 24.

In the current study, mean tocilizumab and soluble IL-6R 
levels increased from baseline to week 12, and remained stable 
through week 24. Mean tocilizumab levels at 24 weeks (41.63 

high variance of tocilizumab and soluble IL-6R levels among 
patients may be explained by the variance in systemic absorp-
tion via the SC route, in body weight, or in intervals between 
injections, caused by dose adjustments or non-adherence to the 

treatment regimen. Immunogenicity risk was very low, as ex-
pected, in accordance with previous publications [18-21], with 
none of the patients testing positive for the anti-tocilizumab an-
tibodies test at week 12 or at week 24.

In this real-life trial, the proportion of SAEs and of serious 
infections (SIs) was low and similar to the rate reported in other 
randomized clinical trials. Seventy percent of patients reported 
at least one AE (473 events/100 patient years [PY]) compared to 
62.7% of patients in the BREVACTA study, 76% in the SUM-
MACTA study and 89% in the MUSASHI study [21]. 

Of a total of 42 PY in our study, the rates of SAEs, SIs, and AEs 
leading to discontinuation were 16.7, 4.8, and 11.9 events per 100 
PY, respectively. These results compare well with a long-term safe-
ty analysis of IV tocilizumab (mean treatment duration of 3 years, 
and up to 4.6 years, with a total of 12,293 PY) that showed rates 
of SAE, SI, and AEs leading to discontinuation in the first year of 
treatment of 15.5, 4.5, and 5.2 events per 100 PY, respectively [23].

The rate (7.0%) and type of injection site reactions was simi-
lar to that reported in other SC studies. The percentage of leuko-
penia and increased ALT in the present study was similar to that 
observed in other studies in which tocilizumab was administered 
IV or SC and is in accordance with tocilizumab's labeling [22]. 
Total cholesterol above ULN was measured at least once during 
the study in 11 patients (11%); 3 patients had a medical history 
of hyperlipidemia. Four patients (4%) had LDL cholesterol ULN 
at least once during study laboratory tests; three had total cho-
lesterol above ULN. These laboratory findings seem lower than 
those reported in the prescribing information [22], where 24% 
of patients receiving tocilizumab in clinical trials experienced 
sustained elevations in total cholesterol of above 6.2 mmol/L and 

Twenty-five patients (25%) had triglyceride values above ULN 
during the study; 8 had triglyceride elevations already at screen-
ing or baseline.

Weight gain is a common AE of SC and IV tocilizumab treat-
ment [22]. In the current study, 23% had weight increases between 
5-10%. An increase of over 10% in body weight compared to 
baseline was observed in three patients (3%) The body weight of 
two patients decreased by more than 10% from baseline with no 
known reason. No malignancies were reported during the study.

The study limitations include its non-blinded, non-randomized na-
ture and the relatively short period of follow-up  of up to 32 weeks.

The overall safety, tolerability, and efficacy profile of tocilizumab 
administered by the SC route in this real-life setting were compara-
ble to those reported from other studies both in studies evaluating 
IV and in studies evaluating the SC route of administration. Our 
findings add to the established body of knowledge, and strengthen 
previous findings from clinical trials and real-world data.
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