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A Randomized, Double-Blind, Parallel-Group, Placebo-Controlled, Multiple-Dose
Study to Evaluate AMG 557 in Patients With Systemic Lupus Erythematosus and
Active Lupus Arthritis

Laurence E. Cheng,1 Zahir Amoura,2 Benjamin Cheah,3 Falk Hiepe,4 Barbara A. Sullivan,1 Lei Zhou,1

Gregory E. Arnold,1 Wayne H. Tsuji,1 Joan T. Merrill,5 and James B. Chung1

Objective. To evaluate the safety and potential effi-
cacy of AMG 557, a fully human antibody directed against
the inducible Tcell costimulator ligand (ICOSL) in patients
with systemic lupus erythematosus (SLE) with arthritis.

Methods. In this phase Ib, randomized, double-
blind, placebo-controlled study, patients received AMG 557
210 mg (n = 10) or placebo (n = 10) weekly for 3 weeks, then
every other week for 10 additional doses. The corticosteroid
dosage was tapered to ≤7.5 mg/day by day 85, and immuno-
suppressants were discontinued by day 29. Primary end
points on day 169 were safety, immunogenicity, the Lupus
Arthritis Response Index (LARI; defined by a reduction in
the tender and swollen joint counts), ≥1-letter improvement
in the musculoskeletal domain of the British Isles Lupus
Assessment Group (BILAG) index, and medication discon-
tinuation. The secondary/exploratory end points were
changes in the tender and swollen joint counts, BILAG
index scores (musculoskeletal, global), and the Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI).

Results. The incidence of adverse events, most of
which were mild, was similar between groups. LARI
responses occurred in 3 of 10 patients receiving AMG 557
and 1 of 10 patients receiving placebo (P = 0.58). More
patients in the AMG 557 group achieved a ≥4-point
improvement in the SLEDAI score on day 169 (7 of 10

patients) compared with the placebo group (2 of 10
patients) (P = 0.07). Patients treated with AMG 557 (ver-
sus placebo) had greater improvements from baseline in
the global BILAG index scores (–36.3% versus –24.7%)
and the SLEDAI score (–47.8% versus –10.7%) and in ten-
der (–22.8% versus –13.5%) and swollen (–62.1% versus
–7.8%) joint counts on day 169.

Conclusion. AMG 557 showed safety and poten-
tial efficacy, supporting further evaluation of the clinical
efficacy of ICOSL blockade in patients with SLE.

Systemic lupus erythematosus (SLE) is a complex
autoimmune disease characterized by unpredictable flares
of potentially destructive inflammation that can affect the
skin, musculoskeletal, nervous, pulmonary, and renal sys-
tems (1). Joint involvement is a common manifestation of
SLE; it has been estimated that 69–95% of patients have
lupus arthritis (2). Currently available treatments are
inadequate; hence, more effective therapies with fewer
short-term and long-term toxicities are needed (1).

Deposits of autoantibody–antigen immune com-
plexes are a hallmark of SLE and can be found in various
organs, triggering complement and other inflammatory
pathways (3). Autoantibodies are a key pathogenic marker
of the disease and implicate immune dysregulation as a
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driving force for disease pathogenesis (1,3). Production of
antibodies from autoreactive B cells typically requires
direct interaction with CD4+ T helper cells (4). Normal
interactions between T cells and B cells are concentrated
in specific anatomic areas of secondary lymphoid organs.
A specialized CD4+ T helper cell subset, the follicular
helper T (Tfh) cell, localizes there and is primarily respon-
sible for promoting the B cell response leading to antibody
production (5). Tfh cells express a specific pattern of cell
surface receptors, including CXCR5, programmed cell
death 1 (PD-1), and inducible T cell costimulator (ICOS)
(5). ICOS is a member of the CD28 superfamily that is
induced on T cells upon activation (6). ICOS has a sole
ligand (ICOSL; also known as B7RP-1), which is a member
of the immune system B7 family of costimulatory molecule
ligands and is present primarily on the surface of antigen-
presenting cells (6). Primary immunodeficiencies in patients
lacking ICOS activity further support the requirements for
these molecules in humoral immune responses in humans
(7,8). Thus, inhibition of ICOS/ICOSL activity could inter-
fere with Tfh cell–B cell interactions and modulate autoan-
tibody production in autoimmune diseases such as SLE.

AMG 557 is a fully human IgG2 monoclonal
antibody that binds with high specificity and affinity to
human ICOSL to inhibit its function (9). Two phase I
studies characterized the safety, tolerability, pharma-
cokinetics, immunogenicity, and pharmacodynamics of
AMG 557 in patients with SLE after either single- or
multiple-dose administration (9). Multiple-dose admin-
istration of AMG 557 was shown to selectively inhibit
neoantigen-specific IgG production following keyhole
limpet hemocyanin immunization (9).

The goal of the current study was to assess the safety
and potential efficacy of ICOSL blockade in patients with
active lupus arthritis. Historically, clinical studies in patients
with SLE have been difficult to interpret because of the
heterogeneity of immune pathology, clinical symptoms, and
background medications (10). To overcome such difficulties,
recent trials have used more discriminatory end points (11)
and have enrolled large patient populations (12,13). For
smaller studies, alternative approaches may be necessary,
such as the use of lupus organ–specific end points and with-
drawal/tapering of background medications (14). In the cur-
rent study, using a small number of patients, a treatment
withdrawal design and a focus on single-organ assessment
(arthritis) were used to improve the detection of the clinical
effects of AMG 557 relative to placebo.

PATIENTS AND METHODS

This was a phase Ib, randomized, double-blind, parallel-
group, placebo-controlled, multiple-dose study in patients with

active lupus arthritis. The study was performed at 8 centers in
the US, Europe, and Malaysia. All patients provided written
informed consent.

Key eligibility criteria. Patients were adults ages 18–65
years with a diagnosis of SLE for ≥6 months as defined by the
American College of Rheumatology criteria (15,16), including
positivity for antinuclear antibodies (ANAs) at screening or as
previously documented.A positive ANA test was defined as a titer
≥1:80. Patients had inflammatory lupus arthritis with ≥4 tender
joints and ≥4 swollen joints (28 joints assessed) and an SLE Dis-
ease Activity Index (SLEDAI) (17) score of ≥6 at screening. A
requirement to be receiving immunosuppressants (methotrexate,
azathioprine, or mycophenolate mofetil) for ≥12 weeks before
study entry was subsequently removed to improve enrollment.
Prednisone treatment was permitted if patients received a stable
dosage of ≤20 mg/day (or comparable dose of another cortico-
steroid) for ≥4 weeks before screening. Antimalarial therapy was
permitted, provided the dose had been stable for ≥4 weeks before
the start of the trial.

Study design. Patients were randomized to receive
210 mg AMG 557 or equivalent placebo subcutaneously once
weekly for 3 weeks, followed by 10 additional doses of AMG 557
or placebo every other week. The study initially required
patients to be receiving an immunosuppressant agent at base-
line, to be ≤55 years of age, and to have been immunized with
H1N1 vaccine; the corticosteroid dosage permitted was ≤10 mg/
day. Because of low enrollment, these criteria were later
changed to remove the requirement for prestudy immuno-
suppressant treatment, increase the maximum age at enrollment
to 65 years, require only relevant influenza vaccines during flu
season, and increase the maximum corticosteroid dosage at entry
to 20 mg/day. Withdrawal of immunosuppressants and cortico-
steroids was carried out according to a prespecified schedule (see
Supplementary Figure 1, available on the Arthritis & Rheumato-
logy web site at http://onlinelibrary.wiley.com/doi/10.1002/art.
40479/abstract).

Immunosuppressant therapy was discontinued by day 29
in patients treated with an immunosuppressant agent at baseline.
Prednisone at a dosage of ≤20 mg/day was permitted at the start
of the trial, and the dosage was not to exceed 20 mg/day through
day 29, not to exceed 15 mg/day through day 57, and not to
exceed 7.5 mg/day by day 85. Patients received AMG 557 or pla-
cebo until the end of the study unless it was discontinued by the
investigator because of adverse events (AEs), clinical laboratory
abnormalities, physical examination findings, the inability to
withdraw immunosuppressants by day 29, or the need to resume
immunosuppressant treatment after day 29.

Assessments. The SLEDAI and British Isles Lupus
Assessment Group (BILAG) index (18) were assessed at screening
and on a monthly basis thereafter. Tender and swollen joint counts
(68 joints and 66 joints, respectively) were assessed at screening
and on days 1, 8, 15, and 29 and then monthly thereafter. Treat-
ment response based on the Lupus Arthritis Responder Index
(LARI) was used as a primary end point and was defined as fol-
lows: ≥50% decrease in the combined tender and swollen joint
counts on day 169 compared with baseline, ≥1-letter improvement
in the BILAG musculoskeletal system score on day 169 compared
with baseline, and a reduction in andmaintenance of the dosage of
prednisone (or its equivalent) to ≤50% of baseline or ≤7.5 mg/day,
whichever is lower, from day 85 to day 169 in patients not treated
with immunosuppressants at baseline and ≤7.5 mg/day from day 85
to day 169 and discontinuation of immunosuppressants by day 29

1072 CHENG ET AL

http://onlinelibrary.wiley.com/doi/10.1002/art.40479/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40479/abstract


in patients treated with immunosuppressants at baseline. AEs were
monitored at each visit, graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE), version 4.0, and
coded using Medical Dictionary for Regulatory Activities version
19.0 (or a later version).

Biomarker analysis. Serum and whole blood samples
were collected and sent to central (ICON plc) locations in the
US, Ireland, and Singapore, for autoantibody, complement, and
lymphocyte cell population measurements. Anti–AMG 557 anti-
bodies were measured using a bridging assay that used AMG 557
to capture serum anti-drug antibodies. Any binding antibody–
positive samples were subsequently tested for the presence of
neutralizing antibodies (9). Lymphocyte populations were mea-
sured in whole blood, using a validated flow cytometry panel (see
Supplementary Table 1, available on the Arthritis & Rheumatology
web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40479/
abstract). Flow Cytometry Standard file data were analyzed cen-
trally using a prespecified analysis template. All analytes were
measured as a percentage of parent and as cells/ll (if TruCount)
or as relative absolute counts (using the TBNK TruCount values
as a denominator).

Statistical analysis. The primary end points were as fol-
lows: 1) safety, tolerability, and immunogenicity to day 309, and
2) response according to the LARI on day 169. Key secondary
end points included the proportion of patients achieving a
response according to the BILAG index musculoskeletal system
score (≥1-letter improvement and a score of C or better) on day
169 and changes in tender and swollen joint counts on day 169.
Exploratory end points included but were not limited to changes
in the BILAG index score and the SLEDAI score by day 169
compared with placebo, proportion of patients achieving a ≥4-
point decrease in the SLEDAI relative to baseline, and changes
in biomarker end points including complement, autoantibodies,
and lymphocyte subsets.

Descriptive statistics were reported for each end point,
with no formal hypothesis testing. The LARI and other categori-
cal end points were summarized using proportions and the asso-
ciated 90% confidence intervals by treatment group. An analysis
of covariance model was used to compare AMG 557 with pla-
cebo for joint counts, BILAG index, and SLEDAI on day 169
after adjusting for the baseline difference. A baseline-adjusted
mixed-effects repeated measures regression model, with time
and treatment as fixed factors, baseline as a covariate, patient as
a random factor, and a time-by-treatment interaction term was
used to compare AMG 557 with placebo for blood analyte
levels. Values below the assay lower limit of quantitation (LoQ)
were set to one-half the LoQ. P values were reported for
descriptive purposes.

RESULTS

Patients. Twenty SLE patients with active lupus
arthritis enrolled and received AMG 557 or placebo.
The baseline demographics and disease characteristics of
the enrolled patients are shown in Table 1. Most patients
(95%) were women, the median age was 43 years in the
AMG 557 group and 46 years in the placebo group, and
the median duration of SLE was 7.8 years and 3.0 years,
respectively. The mean baseline SLEDAI score was 10.4
in the AMG 557 group and 7.5 in the placebo group.

Baseline use of immunosuppressants and antimalarials
was similar between the 2 groups. Four patients discon-
tinued the investigational product: 2 because of AEs
(both in the placebo group) and 2 because of increasing
disease activity (1 each in the AMG 557 and placebo
groups). Nineteen of 20 patients completed the study; 1
patient was lost to follow-up.

Safety. The most common events were headache
and upper respiratory tract infection (see Supplementary
Table 2, available on the Arthritis & Rheumatology web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.40479/
abstract). The majority of AEs were CTCAE grade 1 or
grade 2; 7 grade 3 events occurred in 4 patients. In the
AMG 557 group, 3 grade 3 events occurred in 3 patients:
depression, upper respiratory tract infection (neither con-
sidered treatment related), and myalgia (considered treat-
ment related). In the placebo group, 1 patient experienced
grade 3 headache, pyrexia, inflammation, and rash (not
considered treatment related). No grade 4 events or deaths
occurred during the study. Serious AEs were reported in 1
patient in the AMG 557 group (depression) and in 3
patients in the placebo group (lymphadenopathy, deafness,
and pulmonary hypertension); none of these AEs was

Table 1. Baseline patient demographics and disease characteristics*

Placebo
(n = 10)

AMG 557
(n = 10)

Women 10 (100) 9 (90)
Race
White 6 (60) 7 (70)
Asian 3 (30) 3 (30)
Black 1 (10) 0

Age, median years 46.0 43.0
SLE duration, mean years 3.0 7.8
ANA positive 10 (100) 8 (80)
Anti-dsDNA ≥30 IU/ml 4 (40) 6 (60)
BILAG global score, mean � SD 5.3 � 2.4 6.6 � 3.9
SLEDAI score, mean � SD 7.5 � 2.0 10.4 � 3.9
No. of tender joints (68 assessed),
mean � SD

22.9 � 17.3 19.2 � 12.5

No. of swollen joints (66
assessed), mean � SD

15.5 � 18.7 12.6 � 13.1

Complement
C3 <0.9 gm/liter 3 (30) 6 (60)
C4 <100 mg/liter 0 4 (40)

Treatment with prednisone
>7.5 mg/day or equivalent

2 (20) 4 (40)

Immunosuppressant treatment 8 (80) 8 (80)
Methotrexate 6 (60) 7 (70)
Azathioprine 2 (20) 1 (10)
Etanercept† 0 1 (10)

Treatment with antimalarial agents 6 (60) 7 (70)

* Except where indicated otherwise, values are the number (%).
ANA = antinuclear antibody; anti-dsDNA = anti–double-stranded
DNA; BILAG = British Isles Lupus Assessment Group; SLEDAI =
Systemic Lupus Erythematosus Disease Activity Index.
† One patient received azathioprine and etanercept; etanercept was
started after AMG 557 therapy was completed, because of a disease flare.
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considered treatment related. No anti–AMG 557 antibod-
ies were detected at screening or at any time during the
study.

Efficacy. The primary efficacy end point was the
LARI, a composite measure incorporating improvements
in the joint count and the musculoskeletal system compo-
nent of the BILAG, discontinuation of immunosuppres-
sants, when applicable, and the successful reduction of
prednisone according to protocol. The numbers of LARI
responders in both groups were relatively small. Three of
10 patients in the AMG 557 group met the criteria for a
LARI response compared with 1 of 10 patients in the pla-
cebo group (P = 0.58) (Table 2).

Analysis of the impact of AMG 557 administration
on the SLEDAI and BILAG index scores showed evi-
dence of improvement. A greater number of patients in
the AMG 557 group achieved a ≥4-point improvement in
SLEDAI on day 169 (7 of 10 patients) compared with the
placebo group (2 of 10 patients) (P = 0.07) (Table 2).
The mean percent changes (improvement) in SLEDAI
scores from baseline were –47.8% in patients in the
AMG 557 group and –10.7% in the placebo group (P =
0.14). Global BILAG index scores improved by –36.3%
and –24.7%, respectively, from baseline (P = 0.89)
(Table 2). There was no discernible difference associated
with AMG 557 treatment compared with placebo in the
BILAG index musculoskeletal system score.

Table 2. Efficacy and change from baseline in the SLEDAI,
BILAG, and tender/swollen joint scores on day 169*

Variable

Treatment

Placebo AMG 557

Efficacy end points
LARI responders 1 (10) [2.3–34.8] 3 (30) [12.7–55.8]
Patients achieving
a ≥4-point
decrease in
the SLEDAI

2 (20) [7.6–49.6] 7 (70) [44.2–87.3]

Index scores
SLEDAI �1.0 (�10.7) �5.0 (�47.8)
BILAG global �1.8 (�24.7) �2.7 (�36.3)
No. of tender joints
(28 assessed)

1.2 (�13.5) �9.4 (�22.8)

No. of swollen joints
(28 assessed)

2.0 (�7.8) �8.9 (�62.1)

* Values for efficacy end points are the number (%) [90% confidence
interval]. Values for index scores are the mean (% change from base-
line). The mean change from baseline was calculated as the mean of
individual changes from baseline. SLEDAI = Systemic Lupus Erythe-
matosus Disease Activity Index; BILAG = British Isles Lupus Assess-
ment Group; LARI = Lupus Arthritis Response Index.

Figure 1. Biomarker analyses showing postdose changes in complement and double-stranded DNA. The dotted lines show the estimated pretreat-
ment (baseline) mean analyte level in the study population (n = 20). The shaded bands represent the 95% confidence intervals (95% CIs) for the
baseline means. The x-axis indicates the nominal time points in days. The y1-axis (left) is the analyte level, and the y2-axis (right) is the estimated
study population mean analyte level as a percentage of baseline. All available clinical study samples were analyzed, typically resulting in 10 obser-
vations per time point per dose. For some time points, there are as few as 8 observations.
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Evidence of improvement was observed with
AMG 557 administration as reflected by changes in the
tender and swollen joint counts from baseline (Table 2).
The mean percent change in the tender joint count on day
169 was –22.8% in the AMG 557 group and –13.5% in
the placebo group (P = 0.11), and the mean percent
changes in the swollen joint count were –62.1% and –7.8%,
respectively (P = 0.03).

Biomarkers. Although the current study was limited
by a small sample size and high variability, there appeared
to be differences between the treatment and placebo
groups in the lupus-related biomarker end points C3, C4,
total hemolytic complement, and anti-dsDNA antibodies
(Figure 1), which is consistent with a beneficial treatment
effect. Other autoantibodies were also measured at base-
line and assessed over the course of treatment with AMG
557 or placebo (see Supplementary Figure 2, available on
the Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40479/abstract). No differences
in the relative percentages of CD4+ T cells, Tfh cells, B
cells, and plasma cells/plasmablasts were detected between
day 29 and the end of the study.

DISCUSSION

The interaction between ICOS and ICOSL is
important in Tcell function, including cytokine production
and differentiation to Tfh cells (6). Tfh cells play an inte-
gral role in selecting B cells for clonal expansion; hyperac-
tivity of the ICOS pathway may lead to an imbalance in
antibody-producing B cells (5). Dysregulation of T cells
and B cells contributes to autoimmunity in SLE patients
(3). The observed trends toward improvement in the levels
of complement and anti-dsDNA in our study, and prior
results demonstrating inhibition of antibody responses (9),
support the hypothesis that AMG 557 blocks ICOSL and
its biologic effects in an autoimmune setting.

Many biologics that target pathways supported by
strong scientific rationale have failed to prove efficacy in
SLE (10); trial design is suspected to play a role in these
disappointing results. Because of the heterogeneous dis-
ease manifestations of lupus, multiple aggressive back-
ground medications have been allowed in trials that are
suitable for patients with the most serious disease, which
may yield high placebo response rates. This in turn results
in the requirement for a large trial population to identify
a significant treatment effect.

Here, two approaches were used to examine proof
of concept in a small trial. Tender and swollen joint counts
have been used successfully as an exploratory, organ-
specific end point in smaller trials of SLE (19). In addi-
tion, withdrawal of background therapy has been

performed safely in SLE populations with non–organ-
threatening disease. This approach in a stable population
has a number of advantages, as follows: supporting less-
noisy immunologic profiling, exploring the pharmacody-
namic effects of new agents, and lessening the high rates
of placebo response to allow a small trial (14).

This study was designed as a pilot project to identify
a clinical signal. The limited size of the patient population
contributed to imbalances in demographics; therefore, lim-
ited conclusions can be made regarding the efficacy of
AMG 557 in patients with SLE. However, changes in the
LARI and SLEDAI, tender and swollen joint counts, and
the proportion of responders who exhibited a 4-point drop
in the SLEDAI score suggest that AMG 557 may be effica-
cious. Double-stranded DNA and complement measures
also showed trends consistent with clinical benefit and the
mechanism of action of AMG 557. AMG 557 was well tol-
erated, and no anti-drug antibodies were observed.

Previous phase I trials showed that AMG 557
inhibited the IgG anti–keyhole limpet hemocyanin
response and had an acceptable safety profile in patients
with mild, stable SLE (9). Our study extends these find-
ings by examining patients with more significant disease
over a longer period of time, providing additional data to
suggest a promising safety profile as well as indicators of
biologic activity and potential efficacy.

In conclusion, the safety, efficacy, and pharmaco-
dynamic biomarker results from this small study support
further evaluation of ICOSL blockade with AMG 557 as
a potential therapeutic option for patients with SLE.
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