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Objective. To assess the efficacy and safety of siru-
kumab, an anti–interleukin-6 monoclonal antibody, for the
treatment of patients with active lupus nephritis (LN).

Methods. Patients with class III or class IV LN (as
determined by renal biopsy within 14 months of randomi-
zation) who had persistent proteinuria (>0.5 gm/day)
despite receiving immunosuppressive therapy and who
were being treated with stable doses of a renin-angiotensin
system blocker were randomized (5:1) to receive treat-
ment with sirukumab at a dose of 10 mg/kg intravenously

(n 5 21) or placebo (n 5 4) every 4 weeks through week
24. The primary end point was the percent reduction
in proteinuria (measured as the protein-to-creatinine
[P:C] ratio in a 12-hour urine collection) from baseline
to week 24.

Results. Twenty-five patients were enrolled, of
whom 19 (76.0%) completed treatment through week 24
and 6 (24.0%) discontinued the study agent early, with
5 of the 6 discontinuing due to adverse events. At week
24, the median percent change in proteinuria from
baseline to week 24 in sirukumab-treated patients was
0.0% (95% confidence interval 261.8, 39.6). In contrast,
the 4 placebo-treated patients showed an increase in
proteinuria (median percent reduction 243.3%) at
week 24. Of note, a subset of 5 sirukumab-treated
patients had ‡50% improvement in their P:C ratio
through week 28. In the sirukumab group, 47.6% of
patients experienced ‡1 serious adverse event through
week 40; most were infection-related. No deaths or
malignancies occurred. No serious adverse events were
observed in the 4 placebo-treated patients.

Conclusion. This proof-of-concept study did not
demonstrate the anticipated efficacy nor did it demon-
strate an acceptable safety profile for sirukumab treat-
ment in this population of patients with active LN
receiving concomitant immunosuppressive treatment.

Clinically important kidney involvement occurs in
up to 60% of patients with systemic lupus erythematosus
(SLE) (1). The presence of lupus nephritis (LN), espe-
cially the proliferative classes III and IV, is a predictor of
worsened patient survival (2,3). Treatment regimens,
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including intravenous (IV) cyclophosphamide (CYC)
and mycophenolate mofetil (MMF), both being widely
considered the standard-of-care for patients with LN,
are characterized by slow and/or incomplete responses
and are associated with serious adverse effects (4). To
address the unmet need of improving kidney outcomes
in patients with LN while decreasing therapeutic toxicity,
several biologic therapies targeting specific pathways
important in the pathogenesis of LN have been exam-
ined in recent clinical trials (5–8). However, to date,
none of these therapies have been approved to treat LN.

The pleiotropic cytokine interleukin-6 (IL-6) has
been implicated in the pathogenesis of LN (9,10). In
murine models, inhibition of IL-6 activity resulted in
improved outcomes related to renal disease, including
delayed onset of LN, reduced proteinuria and serum
creatinine levels, improved survival, reduced anti–
double-stranded DNA (anti-dsDNA) antibody levels,
and preservation of glomerular function and structure
(11–13). There is also indirect evidence to indicate that
IL-6 is involved in the pathogenesis of SLE and LN. In
an exploratory analysis of 29 patients with active LN,
urine IL-6 levels were ;9-fold greater in patients with
class IV LN relative to those with class II or class V LN.
IL-6 was not detected in the urine of healthy controls
(14). Importantly, no correlation between urine and
serum IL-6 levels was observed, and serum IL-6 levels
did not vary with LN class (14). In a separate analysis of
56 patients with SLE, urine IL-6 levels correlated with
disease activity as measured by the Systemic Lupus
Activity Measure (SLAM) (15) and the SLAM index for
active renal disease (16). Other studies have also found
higher serum IL-6 levels in patients with LN when
compared with healthy controls; however, findings of an
association of urine and serum IL-6 levels with LN
disease activity have been inconsistent (16,17).

Taken together, these data provide a strong ratio-
nale for therapeutic targeting of the IL-6 pathway in LN.
Thus, the high-affinity human anti–IL-6 monoclonal anti-
body sirukumab (CNTO 136; Janssen Research &
Development, LLC) was evaluated in this proof-of-
concept study in patients with SLE and active LN. Results
from a phase I study indicated that the pharmacokinetic
profile of sirukumab was linear in healthy subjects and that
multiple doses were generally well tolerated in patients
with SLE, some of whom also had mild cutaneous lupus
(18). Thus, the current study was undertaken to evaluate
the effects of short-term (6 months) treatment with
sirukumab in patients with active LN (class III and class IV
LN according to the International Society of Nephrology/
Renal Pathology Society [ISN/RPS] classification criteria
[19]) who were receiving concomitant immunosuppressive
treatment and other standard-of-care medications for LN.

PATIENTS AND METHODS

Ethics. This study was conducted in accordance with
the ethics principles of the Declaration of Helsinki, the
Guidelines for Good Clinical Practice, and applicable regula-
tory requirements. The protocol was approved at each clinical
site by an Institutional Review Board or Independent Ethics
Committee, and all patients provided written informed con-
sent prior to the conduct of any study-related procedures.

Patients. Adults (ages 18–70 years) were eligible for
the study if they met the disease classification criteria for SLE
from the American College of Rheumatology (20) or the
Systemic Lupus International Collaborating Clinics (21), which
include seropositivity for antinuclear antibodies and/or anti-
dsDNA autoantibodies, presence of biopsy-proven (within
14 months of randomization) ISN/RPS class III or class IV
LN (19), and presence of persistently active disease despite
standard-of-care induction and maintenance immunosuppres-
sive treatment. Persistently active disease was defined as pro-
teinuria of .0.5 gm/day plus class III or class IV LN as
determined by kidney biopsy (conducted within 14 months of
randomization) or at least 1 of the following criteria: hematuria
($5 red blood cells/high-power field), positive test result for
anti-dsDNA autoantibodies, or C3 or C4 complement levels
below the lower limit of normal. Stable concomitant treatment
with MMF at a dosage of 1–3 gm/day (or equivalent dosages of
mycophenolic acid/mycophenolate sodium) or azathioprine at
1–3 mg/kg/day, with or without oral corticosteroids (#20 mg/day
prednisone or equivalent), was permitted. Patients could not
have received CYC within 3 months of randomization. Unless
there was a history of treatment intolerance, patients were
required to be taking a stable dose of an angiotensin-converting
enzyme inhibitor and/or an angiotensin II receptor blocker.
Patients with poorly controlled hypertension (mean systolic
pressure .150 mm Hg) or a pattern of worsening or unstable
renal disease during the 8-week screening period were not
eligible.

Study design. This trial was designed as a multicen-
ter, randomized, double-blind, placebo-controlled, parallel-
group proof-of-concept study. The study included an 8-week
screening period to establish the stability of each patient’s
baseline renal parameters. After meeting the study inclusion
criteria, 25 patients were randomized (5:1) to receive either
sirukumab at a dose of 10 mg/kg IV or placebo every 4 weeks
through week 24. In a previous phase I trial, a limited
sirukumab dosing regimen of 10 mg/kg IV infusions at weeks
0, 2, 4, and 6 was generally well tolerated in patients with SLE,
although the use of concomitant medications was more limited
than that in the current trial (22). It was therefore decided to
use a less frequent dosing regimen of 10 mg/kg every 4 weeks
in the current trial, as patients would also be receiving signifi-
cant concomitant immunosuppression. This dosing frequency
was expected to result in ;50% lower exposure compared
with the every-2-week dosing. Patients were followed through
week 40 for assessment of the safety and potential efficacy of
sirukumab, as well as its pharmacokinetics, immunogenicity,
and pharmacodynamics.

Clinical response evaluations and patient-reported out-
comes included proteinuria defined as the protein-to-creatinine
(P:C) ratio in a 12-hour urine collection (23), serum creatinine
levels, estimated glomerular filtration rate (eGFR) using the
serum creatinine levels (calculated using the Modification of
Diet in Renal Disease study equation [24]), and patient’s and
physician’s global assessments of disease activity (25) (both
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evaluated via a 0–10-cm visual analog scale). Disease activity
was also assessed using the SLE Disease Activity Index 2000
(SLEDAI-2K) (26), with scores assessed as either a ,50%
improvement or a $50% improvement in each of the
SLEDAI-2K descriptors (referred to as the SLEDAI-2K
Responder Index 50 [RI-50] response) (27). A post hoc analysis
was performed to evaluate serum IL-6 levels and the ratio of
urine IL-6 to creatinine in responders and nonresponders. In
this analysis, response was defined as having a $50% reduction
in proteinuria from baseline at 2 or more consecutive visits
through week 28.

Adverse events (AEs) and clinical laboratory assessments
were monitored through week 40. Serum and urine samples were
collected to evaluate sirukumab concentrations and pharmacoki-
netic parameters over time using noncompartmental analyses. To
assess immunogenicity, serum samples were obtained at weeks 0,
4, 12, 28, and 40 and screened for the presence of antibodies to
sirukumab using an electrochemiluminescence immunoassay.
Confirmed antibody-positive samples were further tested for titer
and the presence of sirukumab-neutralizing antibodies. Clinical
pharmacodynamic markers were analyzed at a central laboratory
(Covance). The markers evaluated included levels of complement
components C3 and C4, anti-dsDNA autoantibodies, and serum
biomarkers of inflammation such as C-reactive protein (CRP)
and serum amyloid A (SAA). Serum IL-6 levels were assessed
using a human multianalyte profiling (MAP) technology platform
(version 2.0; Myriad Rules Based Medicine). The lower limit of
quantitation (LLOQ) of this method was 4.4 pg/ml; values below
the LLOQ were assigned the value of one-half the LLOQ (2.2
pg/ml). Urine IL-6 levels were analyzed using a Meso Scale
Discovery assay; the LLOQ of this assay was 1 pg/ml.

Statistical analysis. This trial was a proof-of-concept
study to assess safety and changes in proteinuria following
treatment with sirukumab. Results were summarized using
descriptive statistics. Efficacy data were summarized by treat-
ment group. Due to the small sample size, between-group
comparisons were not performed. Efficacy was evaluated in a
modified intent-to-treat population, and included all patients
who had received $1 dose of study agent and had $1 post-
baseline efficacy outcome measurement. The last observation
carried forward method was used to impute missing values for
continuous end points if a patient had data for $1 post-
baseline evaluation. Patients with missing values for dichoto-
mous end points were classified as nonresponders.

The primary end point was the percent reduction in
proteinuria from baseline to week 24, determined according to
the P:C ratio in a 12-hour urine collection. A meaningful
reduction in proteinuria was defined on the basis of the
amount of proteinuria measured at baseline (i.e., patients with
a P:C ratio of #3.0 at baseline achieving a posttreatment P:C
ratio of ,0.5, or patients with a P:C ratio of .3.0 at baseline
achieving a reduction in proteinuria of $50% as well as a post-
treatment P:C ratio of ,3.0). Major secondary end points
included the following: 1) the proportion of patients with a
$50% reduction in proteinuria from baseline at any time
through week 24; 2) the proportion of patients with a mean-
ingful reduction in proteinuria (as defined above) at any time
through week 24; 3) the proportion of patients with no
decrease in the eGFR at any time through week 24; and 4) the
absolute and percent change from baseline in the patient’s and
physician’s global assessments of disease activity at week 24.
The 95% confidence intervals (95% CIs) around median
changes were calculated based on nonparametric methods.

Continuous end points (change and percent change) were
summarized using 95% CIs that were calculated by nonpara-
metric methods, due to data variability. For the percentage of
patients, exact 95% CIs were constructed, based on a binary
distribution.

Safety analyses were summarized by treatment group
and included all randomized patients who received $1 dose of
study agent. AEs and serious AEs (SAEs) were also captured
for all screened patients during the 8-week screening period
and are summarized separately.

Pharmacokinetic, pharmacodynamic, and immunoge-
nicity analyses included data from all patients who received
$1 dose of sirukumab and had $1 sample obtained following
the first dose of sirukumab.

RESULTS

Disposition and baseline characteristics of the
patients. Sixty-two patients from 18 sites in 6 countries
were screened, and of these, 25 were randomized to
receive either placebo (n 5 4) or sirukumab (n 5 21).
Among all randomized patients, 6 (24.0%, all in the
sirukumab group) discontinued the study agent before
week 24 (5 due to AEs, while 1 patient withdrew con-
sent on day 2 before any efficacy data or serum samples
were collected); thus, 19 patients (76.0%) completed
treatment through week 24. In total, 20 (80.0%) of the
25 randomized patients continued study participation
through week 40, including the 16-week follow-up. The
majority of the study population were female (84.0%),
with a mean age of 32 years. The demographic
characteristics of the patients were generally similar
between the 2 treatment groups, except that all 4
placebo-treated patients were female, 3 (75.0%) of the 4
placebo-treated patients were Asian, and patients in the
placebo group were slightly older than those in the
sirukumab group (mean age 37.8 years versus 30.6
years) (Table 1).

Baseline features of disease were comparable
between the 2 treatment groups, with the exception of
duration of SLE (mean 8.1 years in the sirukumab
group and 6.5 years in the placebo group) (Table 1).
Mean SLEDAI-2K scores at baseline were consistent,
showing moderately high disease activity in both groups,
which could be attributed to the weighting of active
renal disease in the SLEDAI-2K score. In this trial pop-
ulation, SLEDAI-2K scores were mainly driven by the
components measuring proteinuria, urinary casts, hema-
turia, low levels of complement, and rash (data not
shown).

Pharmacokinetics. Serum concentrations of
sirukumab reached steady state by week 12. The mean
trough serum sirukumab concentration at week 12 (20.6
mg/ml) was maintained through week 24 (22.7 mg/ml)
(Figure 1). The fact that drug accumulation was
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minimal in the patients’ serum was reflected by the
mean accumulation ratios of 1.1 for maximum concentra-
tion (Cmax) and 1.2 for area under the 28-day concentration
curve (AUC0–28d). The mean half-life was ;16 days. The
mean Cmax and AUC0–28d values for sirukumab were
239.7 mg/ml and 1,421.3 mg/day/ml, respectively, after the
first administration, and were 259.5 mg/ml and 1,864.9
mg/day/ml, respectively, following the last administration.
Low, but measurable, sirukumab concentrations were
detected in 12-hour urine samples from 7 of 20 patients
following the first administration and in 5 of 15 patients
after the administration at week 24.

Immunogenicity. Through week 40, 1 (5.0%) of
the 20 sirukumab-treated patients who had serum samples
available for testing was positive for antibodies to
sirukumab. This patient had a low antibody titer (1:20),
and tested negative for neutralizing antibodies.

Clinical pharmacodynamics. Total IL-6 levels in
the patients’ sera were determined using a Luminex-
based analysis on a human MAP platform. Samples col-
lected at 8, 4, and 2 weeks before randomization

revealed that only 6 of the 21 patients in the sirukumab
group had detectable baseline levels of serum IL-6.
These 6 patients had a mean IL-6 level of 9.5 pg/ml

Table 1. Baseline characteristics of the study patients*

Placebo
(n 5 4)

Sirukumab 10 mg/kg
(n 5 21)

Sex
Male 0 4 (19.0)
Female 4 (100.0) 17 (81.0)

Age, mean 6 SD years 37.8 6 11.4 30.6 6 7.7
Race

White 1 (25.0) 7 (33.3)
Asian 3 (75.0) 4 (19.0)
Black 0 1 (4.8)
Pacific Islander 0 1 (4.8)
Other 0 8 (38.1)

Renal biopsy class
Class III 2 (50.0) 7 (33.3)
Class IV 2 (50.0) 14 (66.7)

eGFR
$90 ml/minute/1.73 m2 1 (25.0) 10 (47.6)
$60 to ,90 ml/minute/1.73 m2 1 (25.0) 9 (42.9)
$30 to ,60 ml/minute/1.73 m2 2 (50.0) 2 (9.5)

Duration of SLE, mean 6 SD years 6.5 6 7.2 8.1 6 4.4†
Duration of LN, mean 6 SD years 3.8 6 2.8 5.2 6 4.8
Proteinuria, mean 6 SD 2.7 6 1.7 3.1 6 2.4
SLEDAI-2K, mean 6 SD score (scale 0–105) 18.0 6 6.5 15.7 6 5.3
Patient’s global assessment, mean 6 SD VAS (scale 0–10 cm) 3.5 6 1.2 4.1 6 2.5
Physician’s global assessment, mean 6 SD VAS (scale 0–10 cm) 4.5 6 2.3 4.2 6 2.6
Concomitant medications

Mycophenolate mofetil 3 (75.0) 15 (71.4)
Dosage, mean 6 SD gm/day 1.3 6 0.6 1.8 6 0.6

Azathioprine 1 (25.0) 6 (28.6)
Dosage, mean 6 SD mg/day 100 104.2 6 33.2

Prednisone or equivalent 4 (100) 20 (95.2)
Dosage, mean 6 SD mg/day 12.5 6 2.9 11.1 6 4.3

* Except where indicated otherwise, values are the number (%) of patients. eGFR 5 estimated glomer-
ular filtration rate; SLE 5 systemic lupus erythematosus; LN 5 lupus nephritis; SLEDAI-2K 5 SLE
Disease Activity Index 2000; VAS 5 visual analog scale.
† n 5 19.
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Figure 1. Serum concentrations of sirukumab over time in patients
with active lupus nephritis, following the intravenous administration
of 10 mg/kg sirukumab every 4 weeks. LLOQ 5 lower limit of
quantification.
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(range 4.5–17 pg/ml). After sirukumab administration,
serum IL-6 levels increased rapidly in all sirukumab-
treated patients, including those who did not have detect-
able IL-6 at baseline. Thereafter, the serum IL-6 levels
plateaued at week 20, and remained elevated through
week 40. In contrast, IL-6 levels were not elevated above
the LLOQ at any time in the placebo-treated patients.

A pronounced reduction in the levels of acute-
phase reactants (CRP and SAA) was observed following
sirukumab treatment, and reductions in both C3 and C4

complement levels were also observed after administra-
tion of sirukumab. Two patients in the placebo group
and 12 patients in the sirukumab group had positive or
equivocal findings for anti-dsDNA autoantibodies at
baseline. Of these, both of the placebo-treated patients
and 8 of the sirukumab-treated patients became anti-
dsDNA negative by week 24. The patients who were anti-
dsDNA negative at baseline (n 5 2 in the placebo group
and n 5 8 in the sirukumab group) remained negative
through week 24.
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Figure 2. Secondary end points through week 24 in patients receiving 10 mg/kg sirukumab compared with those receiving placebo, assessing the pro-
portion of patients who experienced a decrease in proteinuria of $50% (A), a meaningful decrease in proteinuria (B), and no worsening of the esti-
mated glomerular filtration rate (eGFR) (C).

T2

Table 2. Summary of efficacy at week 24

Placebo
(n 5 4)

Sirukumab 10 mg/kg
(n 5 20)

Percentage reduction in proteinuria from baseline to
week 24 (primary end point)*

Mean 6 SD 273.6 6 131.4 237.1 6 131.2
Median (95% CI)† 243.3 0.0 (261.8, 39.6)

Major secondary end points at week 24
Decrease in proteinuria of $50% from baseline

No. (%) of patients 0 4 (20.0)
95% CI – 5.7, 43.7

Meaningful reduction in proteinuria from baseline‡
No. (%) of patients 0 3 (15.0)

95% CI – 3.2, 37.9
No worsening of eGFR§

No. (%) of patients 3 (75.0) 9 (45.0)
95% CI – 23.1, 68.5

* A negative reduction in proteinuria indicates an increase in proteinuria.
† The 95% confidence interval (95% CI) was not calculated for the placebo group due to the small
sample size and lack of statistical powering.
‡ Meaningful reduction in proteinuria was defined as patients with a protein-to-creatinine (P:C) ratio
of #3.0 at baseline achieving a posttreatment P:C ratio of ,0.5, or patients with a P:C ratio of .3.0 at
baseline achieving a reduction in proteinuria of $50% as well as a posttreatment P:C ratio of ,3.0.
§ No worsening of the estimated glomerular filtration rate (eGFR) was defined as a #15% decrease
from baseline, assessed using the serum creatinine levels.
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Efficacy. Treatment with sirukumab did not
result in an overall change in proteinuria from baseline
to week 24. Specifically, the median percent reduction
in proteinuria from baseline to week 24 was 0.0% in the
sirukumab group and 243.3% (a negative reduction
indicates an increase in proteinuria) in the placebo
group (Table 2), and these changes were generally
maintained through week 36 (data not shown). At week
24, 3 (15.0%) of the 20 patients in the sirukumab group
had a meaningful reduction in proteinuria (defined as
achieving a P:C ratio of ,0.5 in those with nonnephrotic
levels of proteinuria at baseline, or achieving a reduc-
tion in proteinuria of $50% together with a P:C ratio of
,3.0 in those with nephrotic-range proteinuria at base-
line), and 4 patients (20.0%) in the sirukumab group
had a reduction in proteinuria of $50% by week 24.
The proportions of patients with either a reduction in
proteinuria of $50% or a meaningful reduction in pro-
teinuria at any time through week 24 are shown in
Figures 2A and B. No patient in the placebo group had
a meaningful reduction in proteinuria or a decrease in
proteinuria of $50% at any time through week 24.

Moreover, at week 24, 9 patients (45.0%) in the
sirukumab group and 3 (75.0%) in the placebo group
had no worsening of their eGFR (i.e., patients experi-
enced a #15% decrease in the eGFR from baseline,
which was calculated from serum creatinine levels)
(Table 2). The proportion of patients with no worsening
of the eGFR at any time through week 24 is shown in
Figure 2C. In contrast to the eGFR results reported at
week 24, when the eGFR was assessed as the median
percent change from baseline, the change in the eGFR
was comparable between the 2 treatment groups at
several posttreatment time points (data not shown). In
addition, no discernable relationship was observed
between the eGFR and the amount of proteinuria at
baseline or between changes in the eGFR and the
amount of proteinuria at week 24 (data not shown).

Neither the patient’s nor the physician’s global
assessment scores of disease activity showed notable
improvement over time in either treatment group (data
not shown). Eighteen patients (14 in the sirukumab
group and 4 in the placebo group) had a SLEDAI-2K
RI-50 response at any time through week 24; of these, 3
(21.4%) and 1 (25.0%), respectively, had sustained
response through week 36. There was a trend toward
modest improvement through week 24 in the following
SLEDAI-2K components: proteinuria, arthritis severity,
urinary casts, hematuria, and rash (data not shown).
The subscore for complement levels showed an increase
from baseline, consistent with the expected posttreat-
ment decrease in complement levels. As expected for
the effects of an anti–IL-6 agent on acute-phase
reactants, complement levels decreased as a result of
treatment with sirukumab.

An exploratory post hoc analysis was performed to
examine baseline demographic and disease characteristics

Table 3. Baseline and posttreatment serum interleukin-6 (IL-6)
levels and ratios of urine IL-6 to creatinine in sirukumab responders
and nonresponders

Responders* Nonresponders

No. of patients 5 15
Serum IL-6 level, no. (%)

,4 pg/ml during screening 3 (60.0) 12 (80.0)
,1,000 pg/ml at week 24 3 (60.0) 10 (66.7)

Urine IL-6:creatinine ratio, no. (%)
,1 during screening 4 (80.0) 6 (40.0)
$50% decrease through week 24 4 (80.0) 10 (66.7)

* Response was defined as having a $50% reduction in proteinuria
from baseline at 2 or more visits through week 28.

Table 4. Summary of adverse events through week 40

Placebo
(n 5 4)

Sirukumab 10 mg/kg
(n 5 21)

Duration of follow-up, mean weeks 40.1 36.1
Patients with $1 adverse event, no. (%) 4 (100.0) 21 (100.0)
Common adverse events (reported by .2 patients), no. (%)

Upper respiratory infection 1 (25.0) 7 (33.3)
Headache 0 4 (19.0)
Lupus nephritis 0 4 (19.0)
Diarrhea 0 3 (14.3)
Hypertension 0 3 (14.3)
Pneumonia 0 3 (14.3)
Sinusitis 0 3 (14.3)

Patients with $1 serious adverse event, no. (%) 0 10 (47.6)
Common serious adverse events (reported by .1 patient), no. (%)

Lupus nephritis 0 4 (19.0)
Pneumonia 0 4 (19.0)
Cellulitis 0 2 (9.5)
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in responders and nonresponders in the sirukumab group,
with response defined as a reduction in proteinuria of
$50% from baseline at 2 or more visits through week 28.
Of the 20 patients in the sirukumab group, 5 were
classified as responders and 15 as nonresponders (see
Supplementary Table 1, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.39722/abstract). Of these 5 responders, 3
were men (only 4 male patients were enrolled in the
active treatment group), and 4 had class IV renal disease.
In addition, 4 of the 5 responders had nonnephrotic levels
of proteinuria (P:C ratio ,3) at baseline, and 3 were anti-
dsDNA negative at baseline. Although these parameters
appear to be enriched in this subset of responding patients,
some of these features (nonnephrotic proteinuria levels,
anti-dsDNA–negative status, and class IV renal disease)
were also present in a number of nonresponders.

A retrospective analysis of serum IL-6 levels and
the urine IL-6:creatinine ratios at screening (through
week 0) and at week 24 was performed in sirukumab-
treated responders compared with nonresponders. No
trends were observed with regard to differences in serum
IL-6 levels during screening or at week 24 between the
responding and nonresponding patients (Table 3). At
screening, serum IL-6 was undetectable in 15 of the 20
patients who received sirukumab. Serum IL-6 levels
increased by week 24 in most of the sirukumab-treated
patients, reflecting the binding of sirukumab to IL-6 and
the complex remaining in the circulation. Interestingly, 4
(80%) of the 5 responders had very low urine IL-6 levels
at screening, compared with only 40% of the non-
responders. Furthermore, 4 (80%) of the 5 responders
showed a .50% decrease in urine IL-6 levels at 1 or
more visits through week 24, compared with only 66.7%
of nonresponders. Three responders had both a low
urine IL-6 level during screening and a decrease of
.50% in urine IL-6 levels through week 24.

Safety. All patients who had been randomized
to receive sirukumab and who had been administered
$1 dose of sirukumab during the trial were included in
the safety analysis. There was a mean follow-up time of
36 weeks in the sirukumab group and 40 weeks in the
placebo group (Table 4). There were no deaths or
malignancies during the study. All patients had $1 AE
following study randomization. The most frequently
reported AEs were infections and gastrointestinal
disorders (primarily diarrhea). Through week 40, 10
patients (47.6%) in the sirukumab group had $1 SAE;
no SAEs occurred in those receiving placebo. The most
common SAEs were infections and worsening of LN
(AE term provided by the investigator). Five patients,
all in the sirukumab treatment group, discontinued the

study treatment due to AEs, which included Haemophilus
pneumonia, increased hepatic enzyme levels, anaphylac-
tic reaction (observed following the first administration
of sirukumab), neutropenia, and worsening of LN.
Infections were reported in 18 patients (85.7%) in the
sirukumab group and 2 patients (50.0%) in the placebo
group. Eight sirukumab-treated patients (38.1%) had
serious infections. The most common serious infections
were pneumonia (n 5 4) and cellulitis (n 5 2).

In the sirukumab group, levels of fasting lipids
(high-density lipoprotein, low-density lipoprotein, triglycer-
ides, and apolipoproteins A and B) increased by 11–46%
at week 8 as compared to baseline. However, by week 36,
these levels had decreased and were close to the values
at baseline for most analytes, with the exception of
triglycerides (mean increase in triglyceride levels 39%).

Of note, SAEs were also reported during the
8-week screening period in patients who did not meet
the criteria for randomization. Among the 37 screen-
failed patients, 4 (10.8%) had $1 SAE. These SAEs
were serious infection events of infectious diarrhea, her-
pes zoster, pneumonia, septic shock, and urinary tract
infection.

DISCUSSION

This proof-of-concept study was designed to
evaluate, in a small number of patients, whether inhibi-
tion of IL-6 with sirukumab would provide improvement
in proteinuria and other features of active LN. This
study population included patients with class III or class
IV LN who completed induction therapy with either
MMF or IV CYC and continued to have significant pro-
teinuria despite concomitant therapy with MMF or aza-
thioprine. The addition of the anti–IL-6 monoclonal
antibody sirukumab to the treatment regimen did not
result in an overall improvement in proteinuria at week
24, and a comparison of the major secondary and
exploratory end points, including the patient’s and phy-
sician’s global assessments of disease activity, did not
provide compelling evidence of a treatment benefit in
this patient population.

Only 4 patients received placebo, which limits the
interpretation of the safety and efficacy of sirukumab in
this study population. All randomized patients had $1
AE during the trial; the most frequently reported AE was
upper respiratory tract infection, which is consistent with
the safety results observed in previous sirukumab trials
(18,28). Ten sirukumab-treated patients experienced an
SAE, the most common being infection. Of note, among
the 37 patients who were screened but not randomized,
4 patients experienced a total of 5 SAEs during the 8-week
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screening period. Although no SAEs occurred among
the 4 patients in the placebo group, the number of SAEs
observed during the study screening period suggests that
all patients were at increased risk for AEs. No deaths or
malignancies occurred during the trial.

Patients receiving sirukumab at a dose of 10 mg/kg
every 4 weeks achieved steady-state serum concentrations
of sirukumab by week 12, with a median trough concen-
tration of 20.6 mg/ml, which indicates that there was ade-
quate sustained exposure to the drug to support a clinical
response. Sirukumab was detected in the urine of approx-
imately one-third of the sirukumab-treated patients, con-
firming that this monoclonal antibody can be excreted in
patients with renal impairment. Low-titer (1:20) anti-
bodies to sirukumab were detected in 1 patient who had
received the active study agent.

Treatment with sirukumab resulted in a pronounced
reduction in the levels of acute-phase reactants (CRP
and SAA), as well as reductions in the C3 and C4 com-
plement levels. Although a decrease in complement
levels is usually an indicator of worsening disease in LN,
the reduction in acute-phase reactant levels, including
the complement proteins, was an expected pharmaco-
logic effect of the neutralization of IL-6 with sirukumab.
Measurement of complement split products could have
distinguished whether the reductions in complement
levels resulted from a worsening of LN or were simply an
effect of sirukumab on acute-phase reactants.

IL-6 was also measured in the serum and urine
of all patients, before and after randomization, using a
commercial assay that was not designed to distinguish
free IL-6 from sirukumab-bound IL-6. Sirukumab binds
to IL-6 with high affinity and specificity (29), and there-
fore the observation that serum IL-6 levels increased
in all sirukumab-treated patients after the initiation of
study treatment is consistent with a state of IL-6 bound to
sirukumab. The serum IL-6 profile over time was typical
for a cytokine bound to a therapeutic monoclonal anti-
body, with a gradual elimination of both the cytokine and
the antibody together in an immune complex (30,31).

Despite the overall lack of clinical benefit, there
was an intriguing improvement of $50% in the P:C ratio
in a small subset of 5 patients identified as responders.
This exploratory analysis further examined the demo-
graphic and disease characteristics in this subset of
responders to assess whether it might be possible to iden-
tify patients with LN who would be more likely to benefit
from IL-6–targeted therapy. There were certain baseline
patient characteristics that were enriched in this retro-
spectively defined subset of responders, including a pre-
ponderance of men, negative anti-dsDNA status, class IV
disease, and nonnephrotic levels of proteinuria, although

these characteristics were not unique to the responding
patients. The data indicate that it would be difficult to
identify potential responders based on their clinical
characteristics alone.

In addition, the screening and posttreatment
levels of serum and urine IL-6 were retrospectively eval-
uated for a possible relationship to clinical response.
There was no notable difference between the proportion
of responders and proportion of nonresponders who
had relatively low serum IL-6 levels at baseline (screen-
ing through week 0) or posttreatment. With regard to
urine IL-6:creatinine ratios, it was interesting that 4
(80%) of 5 responders had a .50% reduction in their
urine IL-6:creatinine ratios at all posttreatment visits
through week 24; however, ;70% of nonresponders
showed a similar trend. The urine IL-6:creatinine ratios
at screening allowed for somewhat greater differentiation
between responders (80% had a ratio ,1) compared
with nonresponders (40% had a ratio ,1). Patients with
lower urine IL-6 levels at baseline generally had greater
responses to sirukumab.

Although this study did not indicate that sirukumab
would benefit most patients with this disease profile, sev-
eral important lessons regarding trial design and targeted
anticytokine therapies can be taken from these results.
Conceptually, adding a therapy to resolve persistently
active LN is important and relevant because most
patients do not achieve a complete clinical renal response
with currently available treatments, at least within the
first year of standard treatment. However, it is difficult to
identify patients with persistent disease activity using clin-
ical measurements alone because there is considerable
discordance between renal histopathologic features and
measurements of disease activity in LN (32). In the cur-
rent study, renal biopsy samples from up to 14 months
before enrollment were used to qualify patients for study
entry. During that time, patients may have experienced
changes in renal histologic features due to disease pro-
gression or to ongoing immunosuppressive therapy. It
may be useful, in future studies, to consider collecting the
kidney biopsy samples closer to the time of study enroll-
ment to verify more recent histologic LN activity.

Beyond treatment-induced changes in renal histo-
logic features, it is possible that the exposure to immuno-
suppressive agents prior to trial enrollment may have
affected or minimized the role of IL-6 as a mediator of
ongoing kidney injury. For example, the levels of urine
IL-6 have been shown to decrease after therapy with cor-
ticosteroids and cytotoxic drugs, and urine IL-6 levels
appear to reflect intrarenal IL-6 expression (14,16).
Thus, after induction and maintenance therapy, IL-6
may contribute to persistent LN in only a subset of
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patients. To address this possibility, screening patients
for the level of the therapeutic target (IL-6) might have
been useful in differentiating patients who would be
more likely to benefit from anti–IL-6 therapy. As in
other studies (14,16,33,34), the serum IL-6 levels at base-
line were very low in this study population, and the clini-
cal response to sirukumab was not associated with
detectable changes in serum IL-6 levels. However, urine
levels of IL-6 at baseline might help to differentiate
potential responders and nonresponders or to guide
drug dosing, although further research would be needed
to evaluate this hypothesis.

Although global antagonism of the IL-6 pathway,
which has been achieved through genetic deletion of IL-6
or by using an antibody to IL-6 or the IL-6 receptor, has
been successful in ameliorating murine lupus (11–13),
therapeutic targeting of IL-6 in humans appears to be
more complex. Despite IL-6 being characterized as a pro-
inflammatory cytokine, it may also have antiinflammatory
activity, perhaps by modulating the levels of other proin-
flammatory cytokines such as tumor necrosis factor (35).
These findings may be explained by emerging concepts,
such as the finding that the actions of IL-6 are transduced
either by the IL-6 receptor found in cell membranes
(classic, cis-signaling) or by soluble IL-6 receptor shed
from cell membranes (trans-signaling) (9,36). It is possi-
ble that specifically blocking the trans-signaling pathway
might be more effective in LN than blocking all of the
IL-6 pathways through a neutralizing IL-6 antibody.

In conclusion, this trial was a proof-of-concept
study conducted in a small number of patients, and was
not powered to definitively compare the efficacy and
safety of sirukumab treatment relative to placebo. In
addition, the use of potent concomitant medications
such as corticosteroids, azathioprine, and MMF further
challenges the interpretation of these study results. In
this study, adding treatment with the anti–IL-6 mono-
clonal antibody sirukumab did not reduce proteinuria in
the majority of patients with persistently active LN who
were also receiving maintenance immunosuppression
for their disease. When designing future trials evaluat-
ing the efficacy and safety of anticytokine therapies in
patients with LN, it may be crucial to have the current
renal histopathologic findings and urine or tissue cyto-
kine levels to better assess which patients could benefit
from the therapy. Finally, many cytokines have both
pro- and antiinflammatory activities, and therapies that
inhibit the proinflammatory effects, while leaving the
antiinflammatory effects intact, may be more effective
than global cytokine suppression, and may therefore
have fewer adverse effects.
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