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ABSTRACT
Objectives To evaluate safety and efﬁcacy of weekly
(qw) and every other week (q2w) dosing of sarilumab, a
fully human anti-interleukin 6 receptor α (anti-IL-6Rα)
monoclonal antibody, for moderate-to-severe rheumatoid
arthritis (RA).
Methods In this dose-ranging study, patients (n=306)
with active RA, despite methotrexate, were randomly
assigned to placebo or one of ﬁve subcutaneous doses/
regimens of sarilumab: 100 mg q2w, 150 mg q2w,
100 mg qw, 200 mg q2w, 150 mg qw for 12 weeks,
plus methotrexate. The primary end point was ACR20 at
Week 12. Secondary endpoints included ACR50, ACR70,
Disease Activity Score in 28 joints (C reactive protein).
Safety, pharmacokinetics, pharmacodynamics and
efﬁcacy in population subgroups were assessed.
Results The proportion of patients achieving an ACR20
response compared with placebo was signiﬁcantly higher
for sarilumab 150 mg qw (72.0% vs 46.2%, multiplicity
adjusted p=0.0203). Higher ACR20 responses were also
attained with 150 mg q2w (67%; unadjusted (nominal)
p=0.0363) and 200 mg q2w (65%; unadjusted
p=0.0426) versus placebo. Sarilumab ≥150 mg q2w
reduced C reactive protein, which did not return to
baseline between dosing intervals. Infections were the
most common adverse event; none were serious.
Changes in laboratory values (neutropenia,
transaminases and lipids) were consistent with reports
with other IL-6Rα inhibitors.
Conclusions Sarilumab improved signs and symptoms
of RA over 12 weeks in patients with moderate-to-severe
RA with a safety proﬁle similar to reports with other IL-6
inhibitors. Sarilumab 150 mg and sarilumab 200 mg
q2w had the most favourable efﬁcacy, safety and dosing
convenience and are being further evaluated in Phase III.

INTRODUCTION
Therapies in rheumatoid arthritis (RA) have
evolved from symptomatic treatments to nonbiological disease modifying antirheumatic drugs
(DMARDs) such as methotrexate (MTX).1 2 Over
the past 15 years, biological immunomodulating
therapies have been shown to slow the progression
of joint damage and improve the clinical manifestations of RA superior to DMARDs. Nine agents, in

ﬁve therapeutic classes, are approved for clinical
use in Europe and USA.3–11 The risk of disease progression persists in patients with RA who do not
respond completely to currently available treatment
options.12 Therefore, unmet needs in the treatment
of RA still exist, and additional therapies are
needed. Interleukin 6 (IL-6) is a key driver of
inﬂammation, and is elevated in the serum and synovial ﬂuid of patients with RA.13 Tocilizumab, a
humanised monoclonal antibody (mAb) directed
against IL-6 receptor α (IL-6Rα) has been shown to
be an effective treatment option, either as monotherapy or in combination with non-biological
DMARDS, for many patients with an inadequate
response to one or more DMARDs or antitumour
necrosis factor agents, or in whom DMARDs are
contraindicated.14–19
Sarilumab (SAR153191/REGN88) is a fully
human anti-IL-6Rα mAb that binds membranebound and soluble human IL-6Rα with high afﬁnity
thereby blocking cis and trans IL-6-mediated
inﬂammatory signalling cascade, and with no evidence of complement-dependent or antibodydependent cell-mediated cytotoxicity.20 Sarilumab
has been shown in preclinical studies to inhibit IL-6
signalling in a dose-dependent manner.21–23 In
Phase I studies subcutaneous sarilumab was generally well tolerated and, in patients with RA,24 25
reduced acute phase reactants including C reactive
protein (CRP).24 26
Results from the dose ranging study, Part A of
the MOnoclonal antiBody to IL-6Rα In RA
patients: A pivotal Trial with X-raY (MOBILITY)
seamless-design Phase II/III study (NCT01061736),
are reported here. The primary objective was to
demonstrate that sarilumab dosed qw or q2w plus
MTX is effective in reducing the signs and symptoms of RA at week 12 in patients with active RA
who have inadequate response to MTX, and to
select one or more dose regimens to be evaluated
in the pivotal Phase III MOBILITY Part B study.
Key secondary objectives were to assess the safety
of sarilumab in combination with MTX, and to
document its pharmacokinetic (PK) and pharmacodynamic (PD) proﬁle. Exploratory objectives
included an analysis of sarilumab efﬁcacy in a wide
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range of population subgroups to test the robustness of the
therapeutic activity of the drug.

METHODS
Patients and study design
MOBILITY Part A was a Phase II, randomised, double-blind,
placebo-controlled, multicentre, dose-ranging study conducted
between March 2010 and May 2011; patients fulﬁlled the
American College of Rheumatology (ACR) revised criteria for
the diagnosis of RA.27 Patients were 18–75 years of age, had
active RA (swollen joint count ≥6, tender joint count ≥8, and
CRP ≥1 mg/dL) of at least 3 months duration despite MTX
treatment for a minimum of 12 weeks, stable dose (10–25 mg/
week) for at least 6 weeks prior to the screening visit. Details of
patient inclusion and exclusion criteria, assessment measures
and study treatment are provided in the online supplement.
The study duration was 22 weeks, comprised of 4 weeks
screening, 12 weeks treatment and 6 weeks post-treatment
follow-up. Patients were randomised to placebo or to one of ﬁve
subcutaneous sarilumab doses (100 mg q2w (200 mg total
monthly dose), 150 mg q2w (300 mg total monthly dose),
100 mg qw (400 mg total monthly dose), 200 mg q2w (400 mg
total monthly dose) and 150 mg qw (600 mg total monthly
dose)) (see online supplementary ﬁgure S1). Randomisation was
performed centrally with allocation generated by interactive
voice response system, stratiﬁed by region and prior biological
use. All patients and investigators were blinded to the study treatments. The protocol was approved by ethics committees/institutional review boards within each country, and each patient gave
informed consent. The study was conducted in compliance with
Institutional Review Board regulations, International Conference
on Harmonisation Good Clinical Practice guidelines and the
Declaration of Helsinki. Patients who completed the 12-week
treatment period, and if eligible, could enter an open-label, longterm extension study (SARIL-RA-EXTEND, NCT01146652).

Efﬁcacy assessments
The efﬁcacy population included all randomised patients who
had received at least one dose of study drug and had at least
one postbaseline assessment. The primary end point was the
proportion of patients who achieved improvement of ≥20%
according to the ACR criteria (ACR20 response rate) at
Week 12.28 Secondary end points included ACR50 and ACR70
responses, change from baseline in individual disease activity
measures (swollen joint count, tender joint count, physician and
patient global assessment of disease activity, patient’s pain score,
CRP, Health Assessment Questionnaire score), as well as Disease
Activity Score in 28 joints (DAS28(CRP)).29 Disease remission
was deﬁned as DAS28(CRP) score <2.6.

with either one or two available binding sites were measured.
The assay does not detect sarilumab with both binding sites
occupied (fully bound sarilumab). The functional assay employs
human IL-6Rα as the capture reagent and a biotinylated goat
polyclonal antibody speciﬁc for human κ light chain as the
detection reagent. The lower limit of quantiﬁcation of the assay
is 294 ng/mL of functional sarilumab in neat human serum.

Bound sarilumab assay
Bound sarilumab levels in human serum were measured using a
validated direct ELISA. This assay measures the levels of
IL-6Rα:sarilumab complex. It does not detect sarilumab that is
not in complex with IL-6Rα (free sarilumab). The bound assay
employs a mouse mAb selective for IL-6Rα as the capture
reagent and a horseradish peroxidase conjugated goat polyclonal
antibody speciﬁc for the human κ light chain as the detection
reagent. The lower limit of quantiﬁcation of the assay is
662 ng/mL of bound sarilumab in neat human serum.

IL-6 assay
IL-6 was measured using the ELISA-based Quantikine Human IL-6
Immunoassay (R&D Systems, Minneapolis, Minnesota, USA).

Sample size calculation
Sample size calculations were performed assuming an ACR20
response rate of 75% in at least one sarilumab dose group
versus a placebo response rate of 40%. With 50 patients per
group, the study had approximately 80% power to detect a difference of 35% between sarilumab and placebo using a twosided test with α=0.01. The difference of 35% between groups
was based on available data from approved biological DMARDs
(etanercept, inﬂiximab, adalimumab and tocilizumab).3–5 11

Statistical analysis
Primary efﬁcacy
The primary endpoint, the ACR20 response rate at Week 12,
was assessed in the intent-to-treat population, which included
all randomised patients, and was analysed according to the treatment group allocated by randomisation. ACR20 response rate
was analysed using the two-sided Cochran-Mantel-Haenszel test
stratiﬁed by prior biological use and geographical region.
Pairwise comparisons for the response rates between each dose
of sarilumab and placebo were derived by testing each active
dose group versus placebo separately. The Mantel-Haenszel estimate of the OR and the corresponding 95% CI were derived by
testing each active dose group versus placebo separately. Details
of data handling for patients who discontinued study treatment,
correction for the multiplicity that arose from testing multiple
doses of sarilumab against placebo, and sensitivity analysis are
provided in the online supplement.

Safety assessments
The safety population consisted of all randomised patients who
received at least one dose of study drug. Safety assessments
included monitoring of vital signs, 12-lead ECGs and physical
examinations, adverse events (AEs), clinical laboratory analyses
of haematology, serum biochemistry, immunological parameters
and urine. Treatment-emergent AEs were deﬁned as AEs which
developed, worsened or became serious on or after the ﬁrst sarilumab dose, up to the end of the study.

Bioanalytical methods
Functional sarilumab assay
Functional sarilumab levels in human serum were measured
using a validated ELISA. In this assay, the levels of sarilumab

Secondary efﬁcacy
The secondary efﬁcacy end points were also analysed as
described above. An analysis of covariance (ANCOVA) model,
including terms for baseline, treatment, prior biological use and
region, was used to assess treatment differences in the change
from baseline for each of the seven ACR components and for
DAS28(CRP). Descriptive statistics and post hoc correction for
multiplicity in the secondary efﬁcacy end points of ACR50 and
ACR70 are provided in the online supplement. Sarilumab efﬁcacy was also analysed in a number of subgroups by testing
treatment-by-subgroup interaction terms and statistically signiﬁcant interaction indicated differential drug effect within the corresponding subgroups.

Huizinga TWJ, et al. Ann Rheum Dis 2014;73:1626–1634. doi:10.1136/annrheumdis-2013-204405

1627

Ann Rheum Dis: first published as 10.1136/annrheumdis-2013-204405 on 2 December 2013. Downloaded from http://ard.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Clinical and epidemiological research

Safety analysis

Secondary efﬁcacy end points

All safety data were summarised descriptively based on the
safety population. Summarisation of treatment emergent adverse
events (TEAEs) was based on Medical Dictionary for Regulatory
Activities coding of verbatim terms reported by investigators.
The safety and PK analyses sets included patients who received
at least one dose of sarilumab and who provided at least one
qualiﬁed sample.

For ACR50 and ACR70 response rates, as well as DAS28(CRP)
improvement from baseline, sarilumab doses of 150 mg q2w
and higher resulted in numerical rates substantially better than
placebo, most with unadjusted p values <0.05 (ﬁgures 2B–D);
these doses also led to improvement in the clinical components
of the ACR assessment (table 2). Evaluation of DAS28(CRP)
suggested a dose response with highest incidence DAS28(CRP)
<2.6 in the 150 mg qw group (ﬁgure 2E). Although not a prespeciﬁed end point, clinical disease activity index (CDAI) scores
at baseline and 12 weeks are shown in online supplementary
table S1.
Compared with placebo, as expected with an antibody to
IL-6, sarilumab doses higher than 150 mg q2w produced a
prompt and sustained suppression of CRP (ﬁgure 3). By Week 4
the median percentage change in CRP from baseline was −85%,
−95%, −95% and −97%, respectively in the 150 mg q2w,
100 mg qw, 200 mg q2w and 150 mg qw groups, compared
with −11% in the placebo group. The maximum CRP suppression achieved in each of the treatment groups was maintained to
Week 12. In each of the three q2w doses, CRP levels did not
return to baseline values at the end of the dosing intervals.
However, only the 150 mg and 200 mg q2w doses substantially
reduced CRP values throughout the study.
Testing of treatment-by-subgroup interactions indicated that
sarilumab efﬁcacy was not inﬂuenced by gender, race, age, geographical region, weight, body mass index (BMI), prior biological use, rheumatoid factor or cyclic citrullinated peptide
antibody positivity, baseline CRP, smoking history, duration of
RA disease or number of prior DMARDs (see online supplementary tables S2 and S3). In online supplementary table S3,
the incidence of ACR20 response comparing patients with and
without prior biological use suggests there is no signiﬁcant difference between these subgroups.

RESULTS
Patients
Three hundred and six patients who met the inclusion criteria
were randomly allocated among six treatment groups (ﬁgure 1).
A total of 305 patients received study treatment. One patient
from the placebo group who had received a single 150 mg q2w
dose in error was considered to be in the placebo group for efﬁcacy analyses but in the 150 mg q2w group for safety and PK
analyses. One patient in the 200 mg q2w group who did not
receive treatment was included in the 200 mg q2w group for
efﬁcacy analysis, but excluded from the safety analysis. Three
patients in the placebo group and 32 in the sarilumab group discontinued treatment before Week 12 due to AEs or lack of efﬁcacy. Baseline demographic and disease characteristics of the
treatment groups were similar (table 1). The mean duration of
RA was approximately 8 years and for those patients with a
prior use of biological DMARDs, the majority had been previously treated with one, some with two, but none with three.

Primary efﬁcacy end point
The highest dose group, 150 mg qw, achieved an ACR20
response rate of 72% at Week 12 compared with 46.2% in the
placebo group (unadjusted (nominal) p=0.0041; Hommeladjusted (for multiplicity) p=0.0203) (ﬁgure 2A). An ACR20
response at Week 12 was also achieved by 67% of patients
receiving 150 mg q2w (unadjusted p=0.0363) and 65% with
200 mg q2w (unadjusted p=0.0426). ACR20 results for other
dose groups are shown in ﬁgure 2A, with the 100 mg q2w dose
identiﬁed as a non-efﬁcacious treatment group.

Safety
Table 3 summarises the key safety results. Incidence rates of any
TEAE were 47% for placebo and between 43% and 72% across
the sarilumab groups (table 3A). Twenty-four patients

Figure 1 Patient disposition. Not randomised=patients who did not meet inclusion criteria. SAR, sarilumab; q2w, every 2 weeks; qw, every week;
MTX, methotrexate; all patients were required to receive and tolerate a minimum of 12 weeks of MTX treatment prior to the randomisation visit
with a stable dose for 6 weeks prior to screening. All randomised patients received assigned treatment except one patient randomised to the
placebo group who received in error a single 150 mg q2w dose (between days 57 and 78), and one patient randomised to the SAR 200 mg q2w
group who did not receive study treatment.
1628
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Table 1 Demographics and baseline characteristics
Placebo
(n=52)
Population
Age, mean (SD)
55.2 (12.5)
Female, N (%)
38 (73.1)
Caucasian/White, N (%)
49 (94.2)
Region, N (%)
Western countries
16 (30.8)
South America
13 (25.0)
Rest of the world
23 (44.2)
Baseline Disease Characteristics
Duration of RA (years),
8.07 (8.62)
mean (SD)
Average MTX dose
16.9 (4.2)
(mg/wk), mean (SD)
Prior biological DMARD
12 (23.1)
use, N (%)
RF positive, N (%)
35 (67.3)
Anti-CCP antibody
16 (72.7)
positive, N (%)
TJC (0–68), mean (SD)
27.09 (16.12)
SJC (0–66), mean (SD)
17.45 (11.68)
DAS28(CRP), mean (SD)
6.08 (0.86)
CRP (mg/L), median
21.8

SAR 100 mg q2w
(n=51)

SAR 150 mg q2w
(n=51)

SAR 100 mg qw
(n=50)

SAR 200 mg q2w
(n=52)

SAR 150 mg qw
(n=50)

All (n=306)

53.5 (11.8)
38 (74.5)
49 (96.1)

51.2 (12.9)
42 (82.4)
49 (96.1)

53.9 (12.3)
41 (82.0)
47 (94.0)

48.7 (12.4)
42 (80.8)
47 (90.4)

50.9 (11.1)
42 (84.0)
46 (92.0)

52.2 (12.3)
243 (79.4)
287 (93.8)

15 (29.4)
14 (27.5)
22 (43.1)

16 (31.4)
13 (25.5)
22 (43.1)

14 (28.0)
13 (26.0)
23 (46.0)

16 (30.8)
14 (26.9)
22 (42.3)

17 (34.0)
13 (26.0)
20 (40.0)

94 (30.7)
80 (26.1)
132 (43.1)

9.76 (9.08)

7.74 (7.20)

8.07 (8.68)

5.95 (6.18)

7.30 (8.28)

7.81 (8.08)

16.2 (4.1)

17.1 (6.4)

16.7 (3.5)

16.6 (3.8)

16.4 (4.9)

16.6 (4.5)

13 (25.5)

12 (23.5)

12 (24.0)

14 (26.9)

12 (24.0)

75 (24.5)

42 (82.4)
16 (80.0)

44 (86.3)
21 (95.5)

35 (70.0)
14 (70.0)

44 (86.3)
20 (87.0)

43 (86.0)
18 (85.7)

243 (79.7)
105 (82.0)

30.31 (14.68)
19.53 (9.46)
6.28 (0.92)
19.8

26.94 (16.79)
17.59 (10.60)
6.11 (0.91)
17.6

29.12 (15.36)
16.76 (9.05)
6.05 (0.79)
17.0

25.52 (14.21)
16.63 (8.94)
6.06 (0.90)
19.0

25.36 (11.97)
16.29 (8.33)
6.07 (0.65)
17.1

27.39 (14.93)
17.38 (9.73)
6.11 (0.84)
19.2

All patients received methotrexate (MTX) 10–25 mg/week.
anti-CCP, anti-cyclic citrullinated peptide; CRP, C reactive protein; DAS28, disease activity score 28 joint count; DMARDs, disease-modifying antirheumatic drugs; q2w, every 2 weeks;
qw, every week; RA, rheumatoid arthritis; RF, rheumatoid factor; SAR, sarilumab; SJC, swollen joint count; TJC, tender joint count.

discontinued treatment due to a TEAE; 13 of these patients
were in the 100 mg qw dose group with between 1 and 4
patients in each of the other groups. Infection and protocolmandated discontinuation due to neutropenia were the primary
reasons for treatment discontinuations; 2 patients discontinued
treatment due to infection (1 patient in the 100 mg qw group,

who experienced an Escherichia coli urinary tract infection, and
1 patient in the 150 mg q2w group, who experienced herpes
zoster infection). There was no dose trend in the incidence of
serious adverse events (table 3A,B). One death from stroke/acute
respiratory distress syndrome occurred in the non-efﬁcacious
100 mg q2w group. The investigator judged the acute

Figure 2 ACR and DAS28(CRP) response, week 12. (A) ACR20, (B) ACR50, (C) ACR70 at week 12, (D) improvement from baseline, and (E) number
of patients in remission deﬁned as DAS28(CRP) <2.6. ACR20/50/70 indicates at least 20%, 50% or 70% improvement in tender and swollen joint
counts as well as at least 20%, 50% or 70% improvement in three of the other ﬁve ACR components. Panel A shows unadjusted (nominal) p
values; *adjusting for multiplicity resulted in signiﬁcance for the highest dose group as discussed in the text. Unadjusted p values are shown in
panels B, C, D and E; Bonferroni adjustment for multiplicity considers p value <0.01 statistically signiﬁcant. ACR, American College of
Rheumatology; DAS28, disease activity score 28 joint count; MTX, methotrexate; q2w, every 2 weeks; qw, every week; SAR, sarilumab.
Huizinga TWJ, et al. Ann Rheum Dis 2014;73:1626–1634. doi:10.1136/annrheumdis-2013-204405

1629

Ann Rheum Dis: first published as 10.1136/annrheumdis-2013-204405 on 2 December 2013. Downloaded from http://ard.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Clinical and epidemiological research

Table 2

Change from baseline in ACR components at Week 12
Placebo
(n=52)
LS Mean (SE)

TJC (0–68)
p Value vs placebo
SJC (0–68)
p Value vs placebo
Pain (VAS)
p Value vs placebo
Physician global (VAS)
p Value vs placebo
Patient global (VAS)
p Value vs placebo
HAQ-DI
p Value vs placebo
CRP
p Value vs placebo

−8.72 (1.69)
−6.74 (1.13)
−22.28 (3.46)
−26.79 (2.88)
−21.10 (3.39)
−0.26 (0.07)
−3.1 (2.8)

SAR 100 mg q2w
(n=51)
LS Mean (SE)

SAR 150 mg q2w
(n=51)
LS Mean (SE)

SAR 100 mg qw
(n=50)
LS Mean (SE)

SAR 200 mg q2w
(n=52)
LS Mean (SE)

SAR 150 mg qw
(n=50)
LS Mean (SE)

−11.87 (1.70)
0.1740
−5.97 (1.13)
0.6184
−21.02 (3.47)
0.7899
−28.85 (2.89)
0.6021
−20.12 (3.40)
0.8312
−0.35 (0.07)
0.3527
−10.2 (2.8)
0.0661

−15.64 (1.70)
0.0029
−9.36 (1.14)
0.0894
−29.05 (3.49)
0.1531
−34.32 (2.90)
0.0559
−27.57 (3.42)
0.1636
−0.62 (0.07)
0.0003
−21.9 (2.8)
<0.0001

−14.43 (1.73)
0.0151
−9.93 (1.16)
0.0410
−29.19 (3.55)
0.1499
−35.20 (2.95)
0.0347
−30.22 (3.47)
0.0522
−0.42 (0.07)
0.0997
−25.0 (2.9)
<0.0001

−14.57 (1.69)
0.0118
−10.16 (1.12)
0.0268
−32.46 (3.48)
0.0332
−39.66 (2.89)
0.0012
−31.66 (3.41)
0.0241
−0.57 (0.07)
0.0019
−21.9 (2.8)
<0.0001

−12.84 (1.72)
0.0772
−8.87 (1.15)
0.1698
−25.26 (3.51)
0.5312
−34.91 (2.92)
0.0410
−27.80 (3.44)
0.1515
−0.45 (0.07)
0.0545
−20.7 (2.9)
<0.0001

All patients received methotrexate 10–25 mg/week. To adjust for multiplicity p values <0.01 can be regarded as statistically significant.
CRP, C-reactive protein (mg/L); HAQ-DI, health assessment questionnaire disability index; LS, least-square; q2w, every 2 weeks; qw, every week; SAR, sarilumab; SJC, swollen joint
count; TJC, tender joint count; VAS, visual analogue scale.

respiratory distress syndrome to be potentially drug related, and
the stroke to be unrelated.
Table 3C shows those TEAEs that occurred in >5% of
patients in any treatment group. Fifteen patients (14 (5.5%) on
sarilumab; 1 (2.0%) on placebo) experienced injection site reactions. All were mild to moderate in intensity with the exception
of one patient who experienced a severe reaction, as assessed by
the investigator, which led to permanent treatment discontinuation. Sixteen patients (11 on sarilumab; 5 on placebo) reported
‘accidental overdose’ (deﬁned in the protocol as dosed outside
the dosing administration window); no AEs were associated
with these protocol-deﬁned ‘overdoses’. Other AEs and safety
data are reported in the online supplement.
Neutropenia (Grade 1, absolute neutrophil count
(ANC)≥1500–<2000) was reported in one patient in the
placebo group. There was a general dose-related reduction in
neutrophil count during treatment with sarilumab (ﬁgure 4A).
In the 100 mg qw, 200 mg q2w and 150 mg qw groups,
ANC≥500–<1000 was reported in three, six and four patients,
respectively. ANC<500 was reported in the 200 mg q2w (four
patients) and 150 mg qw (one patient) groups. Of the 13
patients in the 100 mg qw group who discontinued treatment
due to TEAE, 2 discontinuations were due to ANC≥500–

Figure 3 Change in CRP serum levels over time. CRP, C-reactive
protein; MTX, methotrexate 10 to 25 mg/week; q2w, every 2 weeks;
qw, every week; SAR, sarilumab.
1630

<1000 and 4 due to ANC<500. The 150 mg q2w dose group
yielded a relatively small average decrease from baseline in neutrophil count at Week 12 (ﬁgure 4A).
‘Infections and infestations’ were the most common TEAEs,
and the incidence was greater than placebo in patients treated
with doses of 150 mg q2w and higher. The proportion of
patients with infections was 14% in patients treated with
placebo. There were no serious infections. One patient developed herpes zoster that was limited to one dermatome.
Infection rates in patients on sarilumab did not appear to be
associated with neutropenia. For sarilumab-treated patients with
ANC>2000 (normal), infection was reported in 24%. Among
those with ANC≥1500 and <2000, ANC≥1000 and <1500,
and ANC<1000, infection was reported in 13% (4/32), 13%
(4/30), and 22% (4/18), respectively. Among sarilumab-treated
patients within the effective q2w dose groups ( pooled 150 mg
and 200 mg q2w doses), the proportions of patients with infections was 29% in patients with ANC>2000 (normal), 15% in
patients with ANC≥1500 and <2000, 8% in patients with
ANC≥1000 and <1500, and 14% in patients with ANC
<1000.
Sarilumab doses of 150 mg q2w and higher produced an
increase in alanine aminotransferase (ALT) level during the
dosing period (ﬁgure 4B). Elevation in ALT >3–≤5× upper
limit of normal (ULN), was reported in seven sarilumab-treated
patients (150 mg q2w (four patients), 100 mg qw (two patients)
and 150 mg qw (one patient)). Elevation in ALT >5–≤10×ULN
was reported in four sarilumab-treated patients (100 mg qw
(one patient), 200 mg q2w (one patient) and 150 mg qw (two
patients)). In general, these abnormalities resolved on treatment
or at the end of the study. No patients in the placebo group
experienced ALT >3×ULN during the dosing period. The incidence of categorical changes in aspartate transaminase (AST)
was similar to changes in ALT (data not shown). One patient
had a bilirubin of 1.58× ULN.
Overall, lipid changes occurred early and the mean change in
high density lipoprotein (HDL) and low density lipoprotein
(LDL) cholesterol from baseline at Week 12 was similar in all
active treatment groups (ﬁgure 4C,D). At Week 12 mean total
cholesterol was higher in the four highest dose groups; the
increase from baseline was 9.4%, 10%, 16.4% and 21.1%,
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Table 3 Safety parameters
Primary system organ class
preferred term

Placebo
(n=51)
N (%)

(A) Safety overview
Any TEAE
24 (47.1)
Any treatment-emergent SAE
2 (3.9)
Any TEAE leading to treatment
2 (3.9)
discontinuation
Deaths
0
(B) Treatment-emergent serious adverse events
Basal cell carcinoma
1 (2.0)
Plasmacytoma
0
Squamous cell carcinoma
1 (2.0)
Neutropenia
0
Hypersensitivity
0
Cerebrovascular accident
0
Acute respiratory distress syndrome
0
Alcoholic pancreatitis
0
Arthralgia
1 (2.0)
RA
0
(C) TEAEs occurring in ≥5% of patients
Infections and infestations
7 (13.7)
Nasopharyngitis
3 (5.9)
Upper respiratory tract infection
2 (3.9)
Urinary tract infection
1 (2.0)
Blood and lymphatic system disorders
0
Neutropenia
0
Musculoskeletal/connective tissue
5 (9.8)
RA
1 (2.0)
Investigations
3 (5.9)
ALT increased
0
Injury/poisoning/procedural
6 (11.8)
complications
Accidental overdose*
5 (9.8)

SAR 100 mg q2w
(n=51)
N (%)

SAR 150 mg q2w
(n=52)
N (%)

SAR 100 mg qw
(n=50)
N (%)

SAR 200 mg q2w
(n=51)
N (%)

SAR 150 mg qw
(n=50)
N (%)

22 (43.1)
3 (5.9)
4 (7.8)

28 (53.8)
0
2 (3.8)

36 (72.0)
3 (6.0)
13 (26.0)

33 (64.7)
0
4 (7.8)

27 (54.0)
0
3 (6.0)

1

0

0

0

0

0
1 (2.0)
0
0
0
1 (2.0)
1 (2.0)
0
0
1 (2.0)

0
0
0
0
0
0
0
0
0
0

0
0
0
1 (2.0)
1 (2.0)
0
0
1 (2.0)
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

6 (11.8)
2 (3.9)
0
1 (2.0)
1 (2.0)
0
5 (9.8)
2 (3.9)
0
0
1 (2.0)

12 (23.1)
2 (3.8)
2 (3.8)
1 (1.9)
1 (1.9)
1 (1.9)
1 (1.9)
0
4 (7.7)
3 (5.8)
5 (9.6)

1 (2.0)

3 (5.8)

13
2
1
3
9
7
1
0
3
2
2

(26.0)
(4.0)
(2.0)
(6.0)
(18.0)
(14.0)
(2.0)
(6.0)
(4.0)
(4.0)

2 (4.0)

12
2
3
1
11
10
2
0
3
2
6

(23.5)
(3.9)
(5.9)
(2.0)
(21.6)
(19.6)
(3.9)
(5.9)
(3.9)
(11.8)

2 (3.9)

10
1
2
0
6
5
5
3
2
2
3

(20.0)
(2.0)
(4.0)
(12.0)
(10.0)
(10.0)
(6.0)
(4.0)
(4.0)
(6.0)

3 (6.0)

All patients received methotrexate 10–25 mg/week.
*Accidental overdose was defined as the administration of at least twice the treatment dose during an interval of less than 6 days (qw regimen) or less than 11 days (q2w regimen).
There were no adverse events associated with these protocol-defined overdoses.
ALT, alanine aminotransferase; q2w, every 2 weeks; qw, every week; RA, rheumatoid arthritis; SAE, serious adverse event; SAR, sarilumab; TEAE, treatment-emergent adverse event.

respectively in the 150 mg q2w, 100 mg qw, 200 mg q2w and
150 mg qw groups, compared with 4.9% in the placebo group.

Pharmacokinetic and pharmacodynamic assessments
Prior Phase I studies have demonstrated that the clearance of
sarilumab is biphasic, consistent with target mediated clearance
that is revealed at low drug concentrations.30 In this study,
trough levels of functional sarilumab in serum increased in a
dose-related manner. At Week 12, the geometric mean and
median concentrations were above zero at the end of the dosing
interval for all doses except for 100 mg q2w. Geometric mean
and median concentrations for q2w dosing were 0.78 and
2995 ng/mL for 150 mg and 995.12 and 12 960 ng/mL for
200 mg. Geometric mean and median concentrations for qw
dosing were 5794.19 and 15 100 ng/mL for 100 mg and
3205.14 and 36 900 ng/mL for 150 mg. Functional and bound
sarilumab trough levels are shown in online supplementary
ﬁgure S2.
Sarilumab doses of 100 mg qw, 200 mg q2w and 150 mg qw
were associated with rapid suppression of CRP (ﬁgure 3).
Sarilumab 150 mg q2w also suppressed CRP but more slowly
than higher doses. The effect of 100 mg q2w was modest.

Sarilumab doses of 150 mg q2w or higher continued to suppress
CRP throughout the dosing interval regardless of whether the
drug was administered weekly or every other week (ﬁgure 3).
Concentrations of IL-6 increased as has been reported for
other IL-6 blockers (see online supplementary ﬁgure 2C).

DISCUSSION
This study investigated the efﬁcacy and safety of subcutaneous
sarilumab, a fully human anti-IL-6Rα mAb, for the treatment of
moderate-to-severe RA. Of the ﬁve sarilumab doses and regimens
investigated, the lowest cumulative monthly dose (100 mg q2w)
was ineffective; all primary and secondary efﬁcacy endpoints in
this group, as well as safety and PK and PD assessments were
similar to placebo. Among the four remaining sarilumab doses
and regimens, ACR20 responses ranged from 62% to 72%. Of
note, the overall efﬁcacy of 150 mg and 200 mg q2w dosing was
similar to that observed with 100 mg and 150 mg qw dosing. For
example, all four of these groups had statistically signiﬁcant
improvements in DAS28(CRP) reduction. In addition, secondary
endpoints showed that responses achieved with 200 mg q2w
were numerically similar to and, in some cases, greater than
the highest sarilumab dose (150 mg qw).31 Furthermore, the
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Figure 4 Change in laboratory values over time. Total neutrophil count (A), alanine aminotransferase (ALT) (B), high density lipoprotein (HDL) (C)
and low density lipoprotein (LDL) (D). MTX, methotrexate 10 to 25 mg/week; q2w, every 2 weeks; qw, every week; SAR, sarilumab.
exploratory results for CDAI support the efﬁcacy of sarilumab at
Week 12. Because this Phase II dose ranging study (MOBILITY
part A) was limited in its scope, duration and sample size, results
of secondary or exploratory efﬁcacy endpoints (eg, ACR50,
ACR70 and CDAI) and subgroup analyses will require conﬁrmation in the larger Phase III portion of the operationally seamless
MOBILITY study ( part B).
Acute phase reactants as well as IL-6 levels are typically elevated in patients with RA.13 As expected, based on its inhibition
of IL-6 signalling, the effective sarilumab doses reduced the CRP
concentration by more than 90% relative to baseline throughout
the dosing interval with qw and q2w dosing.
In the current study, the four effective doses (those above
100 mg q2w) had trough levels of functional sarilumab above
zero throughout the tested time points. Although these levels
were higher in the qw dosing regimens compared with the q2w
regimens, the q2w regimens had similar effects on suppressing
acute phase reactants such as CRP throughout the dosing interval and on clinical endpoints such as ACR20, 50, 70 and
DAS28(CRP) reduction.
The transient increase in circulating IL-6 concentrations early
in the treatment period was smaller in the q2w doses compared
with the qw doses. A similar relationship between drug exposure levels and elevation in serum IL-6 has been reported for
tocilizumab, and may be due to receptor blockade.32 The relationship among sarilumab dose regimens, sarilumab trough
levels, and changes in CRP in MOBILITY Part A is consistent
with data reported in a Phase I study in patients with RA.30
Those results show that sarilumab PK is characterised as nonlinear, consistent with an initial absorption phase, followed by a
saturating β phase and a subsequent terminal target-mediated
elimination phase. Patients in the higher dose groups had higher
1632

functional sarilumab concentrations. In addition, preclinical
studies comparing sarilumab with tocilizumab demonstrated
that sarilumab had a higher relative binding afﬁnity for IL-6Rα,
and blocked IL-6Rα activation, and inhibited IL-6-induced cellular responses such as cell proliferation at lower concentrations
than tocilizumab.23 Overall, sarilumab PK characteristics and its
high binding afﬁnity support q2w dosing as conﬁrmed by the
efﬁcacy observed in the present Phase II study with the 150 mg
and 200 mg q2w regimens.
Of note is the high ACR20 placebo response rate of 46%,
which is consistent with the placebo response rate reported in a
tocilizumab dose ranging study.33 The underlying cause of the
high placebo response rate is unclear. In this study, patients were
required to have received MTX for a minimum of 3 months
and stable for at least 6 weeks prior to the screening visit, and
then continued MTX according to the study dosing schedule
for the duration of the study. As suggested by the investigators
in the Chugai Humanized Anti-Human Recombinant
Interleukin-6 Monoclonal Antibody (CHARISMA) study,
extending the time period during which patients received stable
MTX prior to trial entry may reduce the high placebo rate.33
Conﬁrmation of the efﬁcacy of sarilumab relative to placebo will
be sought in larger studies of longer duration currently being
conducted in sarilumab’s global Phase III program.
In this study, sarilumab exhibited a safety proﬁle consistent
with that observed previously with other anti-IL-6 therapies.14–18 34 Laboratory changes were primarily neutropenia and
increases in liver function tests and serum lipids. As observed
with other biologicals, non-serious infections were the most
commonly reported AEs. There were no serious infections
observed in this 12 week study. Also, consistent with results for
other IL-6 inhibitors,35 in patients treated with sarilumab,
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there was no clear association between rates of infection and
decreases in neutrophil counts. This suggests that the observed
effect on peripheral neutrophil counts may not have overt clinical or functional consequences. Further studies are required to
determine the mechanism of this change in peripheral neutrophil counts associated with blockade of IL-6 signalling. An
increase in transaminases (ALT and AST) was associated with
sarilumab treatment. In this study, no cases of Hy’s law (elevation of ALT/AST ≥3× ULN plus total bilirubin >2× ULN)
were observed. Similar effects on transaminases were also
observed in the studies with tocilizumab.14 15 18 The aetiology
of these changes is not understood. LDL and HDL cholesterol
increases were observed with sarilumab doses higher than
100 mg q2w. As had been previously described, inﬂammation
in RA has been associated with decreases in cholesterol,36 and
control of inﬂammation results in subsequent increases in cholesterol levels.37 Systemic inﬂammation and elevation of cholesterol have also been linked to increased risk of cardiovascular
events and death in the general population and patients with
RA.38 The lipid ﬁndings in the current study may not be surprising based on the known mechanism of actions of
anti-IL-6Rα therapies,14–18 but the exact clinical consequences
remain to be fully elucidated.
Although 150 mg and 200 mg q2w were reasonably similar in
efﬁcacy, suppression of neutrophil counts and some safety parameters were less marked in the 150 mg q2w group. These data,
taken together with the more convenient dosing interval,
support q2w dosing as optimal for sarilumab when dosed at
150 mg and 200 mg.
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SUPPLEMENT SECTION
METHODS
Patient inclusion and exclusion criteria
Patients included in the study had active disease at baseline, defined by at least
8 of 68 tender joints and 6 of 66 swollen joints, and with CRP >10 mg/L. All patients
received stable MTX dose (allowed range 10 to 25 mg/week) for a minimum of 6 weeks
prior to the screening visit; patients within the Asia-Pacific Region (Taiwan, South
Korea, Malaysia, Philippines, Thailand, and India) were allowed a minimum dose of 6
mg/week. Patients must have continued the stable dose of MTX for the duration of the
study. No MTX dose increase was allowed in the study from 6 weeks prior to screening
to EOT visit. All patients received folic acid according to country regulations to prevent
MTX toxicity.

1

Patients below age 18 or above age 75 were excluded from the study. Patients
were also excluded if they had autoimmune disease other than RA, or systemic
involvement of significance (such as vasculitis, pulmonary fibrosis, Felty’s syndrome),
received treatment with DMARDs other than MTX within 4 weeks or 12 weeks
(depending on the DMARD half-life) prior to screening. Use of parenteral glucocorticoids
or intraarticular prednisone within 4 weeks prior to screening was excluded, as was use
of oral glucocorticoid greater than 10 mg/day or equivalent/day, or a change in dosage
within 4 weeks prior to the baseline visit. Patients with past history of nonresponse to
anti TNF therapy, and those with a past history of non-response to treatment with
biologic agents for RA or being treated with biologic agents within 3 months of
screening were also excluded.

2

Patient assessments
At the randomisation/baseline visit (week 0) and at weeks 2, 4, 8, and 12, safety, vital
sign and efficacy assessments (that included a complete joint examination for tender
joint count and swollen joint count) were performed. Adverse events and SAEs were
assessed weekly until end of treatment (EOT). Patients who discontinued treatment
before week 12 were assessed at the EOT visit with complete clinical and laboratory
evaluation. Only patients who completed the study period and chose not to enroll in the
open-label, long-term extension study had a post-treatment safety follow-up clinic visit
on day 127 (week 18), 6 weeks after the EOT visit.
Assessment of TJC and SJC were performed by an assessor independent from
the investigator and blinded from the patient’s data. Laboratory tests were performed at
baseline and throughout the study. Throughout the study, the investigator, sponsor, and
patient were blinded to CRP and serum IL-6 levels. All data were collected during
scheduled clinic and home visits.
Study treatment
Treatment was administered as a single 2 ml SC injection in the abdomen on day 1
(Week 0) at the investigational site; patients were trained to self-administer treatment on
non-clinic visit days. Clinic visits occurred every other week to day 85 (Week 12). Home
visits were carried out on days 43 (Week 6) and 71 (Week 10).
Statistical analysis
Analysis of primary efficacy endpoint:
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Correction for the multiplicity that arose from testing multiple doses of sarilumab
against placebo was addressed using the Hommel procedure with the Hommel adjusted
p<0.05 considered statistically significant.41,42
Patients who discontinued treatment due to lack of efficacy or used rescue
medication were considered as non-responders for all time points beyond the time they
discontinued or started rescue medication. For patients who discontinued due to
reasons other than lack of efficacy, a last observation carried forward (LOCF) procedure
was applied to missing data for all 7 ACR components from the point of treatment
discontinuation or rescue.
To demonstrate the robustness of the conclusions, a statistical sensitivity
analysis was performed for the ACR20 response. The sensitivity analysis used the
LOCF approach to impute missing tender and swollen joint counts (TJC, SJC), and
considered all patients ‘non-responders’ for all subsequent analysis time points after
treatment discontinuation (for any reason) or rescue medication use. The remaining 5
ACR components were not imputed.
Analysis of secondary efficacy endpoint
Descriptive statistics including number of subjects, mean, standard error and
least-square means (LS means) were provided. In addition, difference in LS means, the
corresponding 95% CI and the p-value were provided for comparisons of each
sarilumab dose against placebo. An ANOVA model, including terms for treatment, prior
biologic use and region, was used to assess treatment differences in ACR (defined as
the lowest percentage improvement from baseline of three measures: TJC, SJC, and
median improved score of the five remaining ACR components) at Week 12. Descriptive
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statistics including number of subjects, mean, standard error and LS means were
provided. In addition, difference in LS means, the corresponding 95% CI and the pvalue were provided for comparisons of each sarilumab dose against placebo. The
multiplicity in the secondary efficacy endpoints of ACR50 and ACR70 was corrected
post hoc using simple Bonferroni adjustment with the unadjusted p<0.01 considered
statistically significant.
RESULTS
Safety
Autoimmune or lupus-like syndrome, gastrointestinal ulceration or confirmed
diverticulitis, hypersensitivity reactions or anaphylaxis, as well as neurological disorders
and opportunistic infections were either absent or occurred with low frequency (between
2% and 4%) across all treatment groups.
Drug-induced liver injury, defined as ALT >3 x ULN and total bilirubin >2 x ULN
(with no evidence of biliary obstruction), was not reported in any patient with an
elevated ALT. Changes from baseline in other liver function parameters, glucose,
haemoglobin A1c, triglycerides and creatine phosphokinase were infrequent and did not
require medical intervention.
Overall, changes in haematologic parameters from baseline at week 12 were not
considered to be clinically significant and did not require medical intervention. There
were no abnormalities noted in physical presentation, vital signs, urine pH, electrolyte
and renal function parameters. The proportion of patients experiencing altered ECG
parameters was low and similar across all groups; no dose response was noted with
respect to QT prolongation by either the Bazett or the Fridericia calculation.43,44
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a

Supplement figure 1 Study design. Patients could enter a long-term open-label extension; 6 weeks of
follow up for those who did not enter the extension.
SAR=sarilumab, MTX=methotrexate 10 to 25 mg/week, q2w=every 2 weeks, qw=every week,
SC=subcutaneous, R=randomization, n=number of patients enrolled.
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Supplement figure 2 SAR pharmacokinetic and pharmacodynamic properties over time. A) Mean serum functional SAR PK trough
concentrations, B) mean serum bound SAR PK trough concentrations, and C) mean serum IL-6 concentrations. SAR=sarilumab,
MTX=methotrexate, q2w=every 2 weeks, qw=every week, IL-6=Interleukin 6, sIL-6Rα=soluble interleukin-6 receptor-alpha.
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Supplement Table 1 CDAI scores at baseline, week 12, and change from baseline

ITT population

Placebo

SAR 100 mg q2w

SAR 150 mg q2w

SAR 100 mg qw

SAR 200 mg q2w

SAR 150 mg qw

(N=52)

(N=51)

(N=51)

(N=50)

(N=52)

(N=50)

51

51

51

50

51

50

40.63 (12.85)

44.74 (13.53)

41.41 (13.31)

40.32 (10.82)

40.37 (12.32)

40.48 (10.22)

52

51

51

49

50

50

25.99 (16.09)

26.94 (17.03)

18.79 (13.17)

18.38 (11.82)

16.90 (11.78)

19.85 (15.34)

0.2494

0.0056

0.0122

0.0025

0.0361

CDAI

Baseline
Number
Mean (SD)
Week 12
Number
Mean (SD)
P value for change from
baseline*
CDAI=clinical disease activity index
*Using ANOVA (type 3) with factors: Planned Arm Number. Records with missing values for factors or responses were excluded from statistical
analyses.
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Supplement Table 2 Incidence of ACR20 response at week 12
population

treatment-by-subgroup interaction testing

Subgroup

P-value for interaction*

Gender (male vs female)

0.5402

Race (Caucasian/white vs all other races)

0.9524
†

Region (Western countries, South America, rest of the world)

0.2262

Age group (<65, ≥65 and <75, ≥75 years)

0.4174

Baseline weight (<50, ≥50 and <100, ≥100 kg)

0.9202

2

BMI (<25, ≥25 and < 30, ≥30 kg/m )
‡

0.3428

Prior biological use (yes, no)

0.6949

Rheumatoid factor (positive, negative)

0.5486

Anti-CCP antibody

0.9022

Baseline CRP (≤1.5 mg/dL, >1.5 mg/dL)

0.2666

Duration of RA (≤ median, > median in years)

0.8895

Number of prior DMARDs (none, 1, 2, ≥3)

1.000

Smoking history (yes, no)

0.4746

*Logistic regression model with terms of treatment, prior biologic use, region, subgroup, treatment-by-subgroup
†
Logistic regression model with terms of treatment, prior biologic use, region, treatment-by-region
‡
Logistic regression model with terms of treatment, prior biologic use, region, treatment-by-prior biologic use
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ITT

Supplement Table 3 Incidence of ACR20 response at week 12 – patients with and without prior biologic use
Placebo

SAR 100 mg q2w

SAR 150 mg q2w

SAR 100 mg qw

SAR 200 mg q2w

SAR 150 mg qw

(N=52)

(N=51)

(N=51)

(N=50)

(N=52)

(N=50)

12

13

12

12

14

12

Responders

4 (33.3)

7 (53.8)

8 (66.7)

5 (41.7)

9 (64.3)

7 (58.3)

Non-responders

8 (66.7)

6 (46.2)

4 (33.3)

7 (58.3)

5 (35.7)

5 (41.7)

3.14 (0.54, 18.40)

3.69 (0.71, 19.08)

1.45 (0.27, 7.98)

3.96 (0.74, 21.23)

2.67 (0.54, 13.28)

40

38

39

38

38

38

Responders

20 (50.0)

18 (47.4)

26 (66.7)

26 (68.4)

25 (65.8)

29 (76.3)

Non-responders

20 (50.0)

20 (52.6)

13 (33.3)

12 (31.6)

13 (34.2)

9 (23.7)

0.88 (0.35, 2.21)

2.08 (0.82, 5.27)

2.20 (0.83, 5.88)

1.98 (0.77, 5.06)

4.52 (1.46, 14.03)

ACR20 at Week 12
n (%)
Prior biologic use
Number

OR (95% CI) vs
placebo*
No prior biologic use
Number

OR (95% CI) vs
placebo*

Reason for discontinuation of a prior biologic were: costs (n=8), lack of efficacy (n=2), other (n= 65). Per protocol exclusion criteria, patients could
not enter the trial if they had experienced an inadequate response to a prior biologic.
*Mantel-Haenszel estimate: model stratified by region.
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