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ABSTRACT. Objective. To assess the efficacy and safety of JNJ-40346527, a selective inhibitor of colony-stimulating factor-1 (CSF-1) receptor kinase that acts to inhibit macrophage survival, proliferation, and
differentiation in patients with active rheumatoid arthritis (RA) despite disease-modifying antirheumatic drug (DMARD) therapy.
Methods. In this randomized, double-blind, placebo-controlled, parallel group study, adults were
randomized (2:1) to receive oral JNJ-40346527 100 mg or placebo twice daily through Week 12.
Patients with RA had disease activity [≥ 6 swollen/≥ 6 tender joints, C-reactive protein (CRP) ≥ 0.8
mg/dl] despite DMARD therapy for ≥ 6 months. The primary endpoint was change from baseline at
Week 12 in the 28-joint Disease Activity Score with CRP (DAS28-CRP). Pharmacokinetic/pharmacodynamic analyses were also performed, and safety was assessed through Week 16.
Results. Ninety-five patients were treated (63 JNJ-40346527, 32 placebo); 8 patients discontinued
treatment (6 JNJ-40346527, 2 placebo) through Week 12. Mean improvements in DAS28-CRP from
baseline to Week 12 were 1.15 for the JNJ-40346527 group and 1.42 for the placebo group (p = 0.30);
thus, a statistically significant difference was not observed for the primary endpoint. Pharmacokinetic
exposure to JNJ-40346527 and its active metabolites was above the projected concentration needed
for pharmacologic activity, and effective target engagement and proof of activity were demonstrated
by increased levels of CSF-1 and decreased CD16+ monocytes in JNJ-40346527–treated, but not
placebo-treated, patients. Thirty-seven (58.7%) JNJ-40346527–treated and 16 (50.0%) placebo-treated
patients reported ≥ 1 adverse event (AE); 1 (1.6%) JNJ-40346527–treated and 3 (9.4%) placebo-treated
patients reported ≥ 1 serious AE.
Conclusion. Although adequate exposure and effective peripheral target engagement were evident,
JNJ-40346527 efficacy was not observed in patients with DMARD-refractory active RA.
ClinicalTrials.gov identifier: NCT01597739. EudraCT Number: 2011-004529-28. (First Release
August 1 2015; J Rheumatol 2015;42:1752–60; doi:10.3899/jrheum.141580)
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COLONY-STIMULATING FACTOR-1

Rheumatoid arthritis (RA) is a systemic, chronic autoimmune
disease that, if not adequately treated, leads to progressive
joint destruction with consequent disability, loss of function,
work incapacity, decreased quality of life, and decreased life
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expectancy1. Patients with an inadequate response to
treatment with traditional disease-modifying antirheumatic
drugs (DMARD) such as methotrexate (MTX) may be
treated with biologic DMARD [e.g., tumor necrosis factor
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(TNF) inhibitors, abatacept, rituximab, tocilizumab] or newer
generation kinase inhibitors (e.g., tofacitinib), which have
demonstrated significant efficacy in controlling joint damage
and improving physical function and quality of life2,3,4.
Despite this, substantial proportions of patients discontinue
biologic treatment because of inadequate efficacy or adverse
events (AE)5. Thus, new therapeutic strategies with different
mechanisms of action in RA are needed.
Evidence supports the role of colony-stimulating factors
(CSF) in the pathogenesis of RA6. In particular, the CSF-1
receptor (CSF-1R), which modulates monocyte differentiation, survival, and proliferation and osteoclast and dendritic
cell differentiation, has been implicated in RA pathogenesis.
CSF-1R expression in humans has been shown to be increased
in the synovium of patients with RA compared with patients
with osteoarthritis and healthy controls7. CSF-1R is a receptor
tyrosine kinase, and CSF-1R kinase inhibition in a rodent
model of collagen-induced arthritis has been shown to halt
cartilage damage, bone erosion, and systemic bone loss7.
Based on the current understanding of their mechanisms
of action, JNJ-40346527, a selective CSF-1R kinase inhibitor,
and traditional DMARD may have complementary effects in
reducing RA inflammation. Thus, our phase II study was
conducted after completion of a phase I study that showed
excellent inhibition of CSF-1 along with no treatment-limiting toxicities, to assess the safety, tolerability, and
efficacy of JNJ-40346527 administered for 12 weeks to
patients with active RA despite DMARD therapy.
MATERIALS AND METHODS

Ethics. Our study (NCT01597739; EudraCT Number: 2011-004529-28) was
conducted according to the principles of the Declaration of Helsinki and
Good Clinical Practices. The study protocol was approved by the ethical
bodies at each participating site, and all patients provided written informed
consent prior to the conduct of any study-specific procedures.

Patients. Eligible adults (aged 18–80 yrs) included those with RA according
to the revised 1987 American Rheumatism Association criteria8 for ≥ 6
months, and who had active disease despite MTX, sulfasalazine (SSZ),
and/or hydroxychloroquine (HCQ) therapy at the time of screening. Active
RA was defined as persistent disease activity with ≥ 6 swollen and ≥ 6 tender
joints at screening and baseline, and a screening C-reactive protein (CRP)
level ≥ 0.8 mg/dl [upper limit of normal (ULN) 1.0 mg/dl]. Patients had to
have been treated with MTX, SSZ, HCQ, or any combination thereof for ≥
6 months prior to screening, with a stable dose for ≥ 8 weeks prior to
screening. Previous receipt of an approved or investigational biologic
antirheumatic agent excluded patient participation. Eligible patients also had
to demonstrate serum positivity for either anticyclic citrullinated peptide
antibody or rheumatoid factor. In addition, patients were required to meet
criteria for concomitant medications, screening clinical laboratory testing,
and tuberculosis history/screening results.

Study design. In this randomized, double-blind, placebo-controlled, parallel
group study, about 90 patients with RA despite DMARD therapy were
randomly assigned in a 2:1 ratio to receive JNJ-40346527 100 mg twice
daily (200 mg/day) or placebo twice daily, respectively. The sponsor-generated randomization scheme was stratified by baseline MTX usage
(yes/no) and country/study site. Patients received study treatment for 12
weeks while also continuing to receive stable DMARD therapy (MTX,
SSZ, HCQ, or any combination thereof). Patients were followed through
Week 16.

Study evaluations. Efficacy assessments included joint assessments
(swollen/tender joint counts), patient’s global assessment of disease activity,
physician’s global assessment of disease activity, Health Assessment
Questionnaire Disability Index9, patient’s assessment of pain, serum CRP,
and erythrocyte sedimentation rate. Safety assessments included documentation of AE and clinical laboratory findings.
Blood samples were collected from all patients for pharmacokinetic
analysis prior to the next administration of study agent at weeks 1, 2, 4, 6,
8, and 12, and 4 weeks after the last dose. An intensive pharmacokinetic
substudy was conducted with 25 patients at Week 8. Plasma samples were
collected prior to and at 1, 2, 3, and 4 h following the Week 8 dose. All
pharmacokinetic samples were analyzed to determine concentrations of
JNJ-40346527 and its active metabolites M2 and M7 (Supplementary Figure
1, available online at jrheum.org). The pharmacokinetic variables determined
included minimum and maximum plasma concentrations and time to
maximum concentration at steady state (Cmin, Cmax, and Tmax, respectively).
Blood samples were also collected for measurement of variables related to
the JNJ-40346527 mechanism of action, e.g., endogenous CSF levels in the
blood and circulating CD16+ monocyte counts (Supplementary data for
methodological details available online at jrheum.org).
Specific to the use of serum CSF-1 levels to measure target engagement,
undiluted sera were analyzed in duplicate using a Human M-CSF Quantikine
ELISA Kit (DMC00B, R&D Systems) according to the manufacturer’s
instructions. Duplicate values were averaged, and group averages were
computed at each timepoint (Supplementary data available online at
jrheum.org).

Statistical methodology. Efficacy analyses were conducted for the modified
intent-to-treat population, defined as all randomized patients who received
≥ 1 study agent administration and had baseline and ≥ 1 postbaseline data
points. Missing postbaseline noncomposite endpoint data or missing components of composite endpoints were to be imputed using a last observation
carried forward approach. All hypothesis testing was 2-sided (α = 0.05).
The primary endpoint was mean change from baseline to Week 12 in
28-joint Disease Activity Score incorporating CRP (DAS28-CRP), and the
major secondary endpoints were ≥ 20% improvement in the American
College of Rheumatology response criteria (ACR20)10 and DAS28-CRP
response (good/moderate response)11,12, both at Week 12. Treatment group
differences in efficacy endpoints were assessed using an ANCOVA model
with treatment as a fixed factor and baseline DAS28-CRP as a covariate for
continuous variables, while those related to dichotomous endpoints,
including ACR20 and DAS28-CRP response rates, were assessed using
Fisher’s exact test.
Pharmacokinetic data were evaluated in patients without missing or
deviated pharmacokinetic data that would not have allowed accurate pharmacokinetic assessments. Pharmacokinetic variables at Week 8 were summarized using descriptive statistics. Changes in the concentration of
individual biomarkers from baseline to the selected posttreatment timepoints
were also to be summarized using descriptive statistics. Regression analysis
was performed of CSF-1 levels and the sum of plasma JNJ-40346527 and
metabolites concentrations using locally weighted scatterplot smoothing.
Increased CSF-1 levels were to provide evidence that the compound was
hitting its target, CSF-1R, resulting in reduced clearance of circulating CSF-1
ligand. All patients who received ≥ 1 dose of the study drug were included
in the safety analysis set. AE were summarized using the Medical Dictionary
for Regulatory Activities, version 15.0, system organ class/preferred term.
Assuming a mean (SD) treatment difference of 0.8 (1.25) for the primary
endpoint, i.e., change in DAS28-CRP from baseline to Week 12, a sample
size of 90 patients (30 and 60 in the placebo and JNJ-40346527 groups,
respectively) was estimated to provide about 80% power to detect the
difference between the 2 treatment groups (2-sided Student t test, α = 0.05).

RESULTS
JNJ-40346527. JNJ-40346527, 4-cyano-N-[2-(4,4-dimethylcyclohex-1-en-1-yl) -6-(2,2,6,6-tetramethyl-tetrahydro-2H-py-
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Figure 1. Patient disposition through Week 12.

ran-4-yl)pyridin-3-yl]-1H-imidazole-2-carboxamide13, is an
investigational agent that selectively inhibits the CSF-1R
kinase [concentration required to produce 50% inhibition
(IC50) = 3.2 nM] and inhibits monocyte/macrophage

responses to CSF-1 at concentrations < 10 nM (Supplementary Tables 1–3 available online at jrheum.org). Based
on phase I testing, in which no dose-limiting toxicities were
observed, and results of a model-based approach used to

Table 1. Summary of baseline demographic and disease characteristics. Values are mean ± SD or n (%) unless
otherwise specified.
Characteristics

Patients randomized, n
Age, yrs
Female
Race
White
Asian
Disease duration, yrs
TJC, 0–68
SJC, 0–66
DAS28-CRP
HAQ-DI, 0–3
CRP, mg/dl
Use at baseline
Methotrexate
Dose, mg/wk
Hydroxychloroquine
Dose, mg/day
Sulfasalazine
Dose, mg/day
Combination DMARD use*
Prednisone
Dose, mg/day

Placebo

33
54.7 ± 10.6
29 (87.9)

30 (90.9)
3 (9.1)
6.6 ± 4.1
22.9 ± 21.0
14.7 ± 12.0
5.9 ± 0.9
1.7 ± 1.8
2.3 ± 1.3

29 (87.9)
14.5 ± 5.3
2 (6.0)
350.0 ± 70.7
6 (18.2)
1916.7 ± 664.6
1 (3.0)
17 (51.5)
6.5 ± 2.6

JNJ-40346527 100 mg
Twice Daily

All Patients

56 (88.9)
7 (11.1)
7.7 ± 5.5
24.6 ± 22.0
14.8 ± 14.0
6.0 ± 0.8
1.7 ± 1.8
2.2 ± 1.6

86 (89.6)
10 (10.4)
7.3 ± 5.0
24.0 ± 21.5
14.8 ± 13.0
5.9 ± 0.8
1.7 ± 1.8
2.2 ± 1.5

63
54.2 ± 11.1
55 (87.3)

59 (93.7)
16.1 ± 4.9
9 (13.8)
283.3 ± 93.5
9 (13.8)
1500.0 ± 559.0
2 (3.2)
39 (61.9)
6.2 ± 2.6

96
54.3 ± 10.8
84 (87.5)

88 (91.7)
15.6 ± 5.1
11 (11.5)
295.5 ± 90.7
15 (15.6)
1666.7 ± 617.2
3 (3.1)
56 (58.3)
6.3 ± 2.6

* Patients received hydroxychloroquine (200–400 mg/day) plus sulfasalazine (1000–1500 mg/day). TJC: tender
joint count; SJC: swollen joint count; DAS28: 28-joint Disease Activity Score; CRP: C-reactive protein; HAQ-DI:
Health Assessment Questionnaire–Disability Index; DMARD: disease-modifying antirheumatic drug.
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Table 2. Summary of efficacy and safety. Values are n or n (%) unless otherwise specified.

Variables

Placebo

Efficacy endpoints among patients in the mITT population*
Improvement from baseline in DAS28-CRP
at Week 12, primary endpoint
31
Mean (SD)
1.42 (1.187)
Median (IQR)
1.32 (0.50–2.29)
Major secondary endpoints
ACR20 response at Week 12
13/31 (41.9%)
DAS28-CRP response at Week 12
20/31 (64.5%)
Additional efficacy endpoints
Proportion of patients with HAQ-DI
improvement ≥ 0.25 at Week 12
17/32 (53.1%)
HAQ-DI improvement at Week 12
32
Mean (SD)
0.27 (0.466)
Median (IQR)
0.25 (–0.13–0.56)
CRP % improvement at Week 12
32
Mean (SD)
–60.22 (339.171)
Median (IQR)
23.07 (–20.71–72.68)
Summary of AE among treated patients
Patients treated, n
32
Patients with AE‡
16 (50.0)
Common AE, > 5% of patients
Blood lactate dehydrogenase increased 1 (3.1)
Abdominal pain upper
3 (9.4)
Urinary tract infection
2 (6.3)
Patients with serious AE‡
3 (9.4)
Serious AE
Gastroesophageal reflux disease
0
Femur fracture
1 (3.1)
Myositis
1 (3.1)
Calculus ureteric
1 (3.1)
Thrombophlebitis
1 (3.1)

JNJ-40346527 100 mg
Twice Daily
61
1.15 (1.186)
0.99 (0.38–1.76)

p

0.30**

30/61 (49.2%)
34/61 (55.7%)

0.66***
0.50***

39/63 (61.9%)
63
0.39 (0.579)
0.38 (0.13–0.63)
63
–19.67 (117.571)
22.87 (–63.48–58.35)

0.51***

63
37 (58.7)
9 (14.3)
1 (1.6)
1 (1.6)
1 (1.6)
1 (1.6)
0
0
0
0

0.21†
0.35†

—

—

* All randomized patients who had received ≥ 1 study agent administration and who had baseline and ≥ 1
postbaseline values. ** P value derived using ANCOVA model with treatment as a fixed factor and baseline
DAS28-CRP as a covariate. *** P values derived using Fisher’s exact test. † P values derived using rank ANCOVA
with treatment as fixed effect and baseline score as a covariate. ‡ Percentages calculated with the number of patients
in each treatment group as denominator, n is the number of patients experiencing ≥ 1 AE, not the number of events,
and AE were coded using Medical Dictionary for Regulatory Activities 15.0. mITT: modified intent-to-treat;
DAS28: 28-joint Disease Activity Score; CRP: C-reactive protein; IQR: interquartile range; ACR20: ≥ 20%
improvement in the American College of Rheumatology response criteria; HAQ-DI: Health Assessment
Questionnaire–Disability Index; AE: adverse events.

Table 3. Summary of plasma JNJ-40346527 and metabolite pharmacokinetic variables at Week 8.

Variables
n
Mean
SD

Parent, JNJ-40346527
Cmax, ng/ml
Tmax*, h
Cmin, ng/ml
25
347
109

25
2.0
(0.0-4.0)

25
167
89.1

M7
Cmin, ng/ml
25
229
116

M2
Cmin, ng/ml
25
71.1
53.7

M7:P
Cmin Ratio
24†
1.41
0.374

M2:P
Cmin Ratio
24†
0.407
0.285

P + M7 + M2
Cmin**, ng/ml
25
468
231

* Median and range reported instead of mean and SD. ** Total Cmin is calculated as the sum of the Cmin concentrations of parent
(JNJ-40346527) and its metabolites (M7 and M2). † As the Cmin value for 1 patient was below the limit of quantitation for the denominator, the ratio could not
be calculated. P: parent (JNJ-40346527); C: concentration; M: metabolite; Cmax: maximum plasma JNJ-40346527 and metabolite concentration during a dosing
interval at steady state; Cmin: minimum plasma JNJ-40346527 concentration during a dosing interval at steady state (may or may not be the trough concentration);
Tmax: time to reach the maximum plasma JNJ-40346527 concentration.
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2015. All rights reserved.

Genovese, et al: CSF-1 receptor inhibitor in RA

Downloaded on January 9, 2023 from www.jrheum.org

1755

simulate varying exposures, the dose of JNJ-40346527
selected for initial phase II testing was 100 mg twice daily.
This dose of JNJ-40346527 was predicted to provide > 90%
inhibition of downstream CSF-1R activity based on the
previous phase I testing, thus providing adequate target
engagement.
Patient disposition and baseline characteristics. Our study
was conducted between May 30, 2012, and April 30, 2013,
at 35 sites in 9 countries: Argentina, Bulgaria, Chile, Czech
Republic, Hungary, Korea, Poland, Russia, and Ukraine.
Among the 96 patients enrolled, 63 and 33 were randomized
to receive JNJ-40346527 and placebo, respectively (Figure
1). Because of randomization error (the patient was
randomized before knowledge of joint counts, which did not
meet the study entrance criteria), 1 placebo patient did not
receive the study drug. Among the 95 treated patients, 8
discontinued the study drug through Week 12, including 2
placebo-treated patients (1 patient each because of AE and
lack of efficacy) and 6 JNJ-40346527–treated patients (3
patients each because of AE and lack of efficacy). Most
enrolled patients were women (87.5%) and white (89.6%).
Demographic characteristics were generally similar between
the randomized treatment groups (Table 1).
Efficacy findings. Mean improvements in DAS28-CRP from
baseline to Week 12 were 1.15 for the JNJ-40346527 group
and 1.42 for the placebo group (p = 0.30). Significant
treatment group differences were not observed for either the
primary or major secondary efficacy endpoints (Table 2)

because of high placebo response rates. Changes in the
DAS28-CRP over time are shown in Figure 2. Although the
numbers of patients in geographic regions/countries were too
small to allow for meaningful formal comparisons, there were
no consistent or obvious differences in efficacy by site
location (data not shown).
Pharmacokinetic and pharmacodynamic findings. JNJ-40346527
reached steady-state by Week 4 in all patients based on
plasma trough levels. Twenty-five patients had plasma
samples obtained and evaluable for pharmacokinetic testing
at Week 8 (Table 3). Among these patients, the mean
maximum JNJ-40346527 concentration (Cmax) of 347 ng/ml
was observed within 4-h postdose (median time of 2-h
postdose). Mean Cmin for JNJ-40346527 and the sum of
JNJ-40346527 plus metabolites were 167 ng/ml and 468
ng/ml, respectively.
Mean steady-state (average of weeks 4, 6, and 12) CSF-1
levels for each patient directly correlated with the sum of
mean (average of weeks 4, 6, and 12) plasma trough levels
for JNJ-40346527 and its 2 active metabolites (Supplementary Figure 2, available online at jrheum.org). Effective
target engagement and proof of activity was demonstrated by
increased levels of CSF-1 (Figure 3A) and decreased CD16+
monocytes (Figure 3B) in JNJ-40346527–treated, but not
placebo-treated, patients.
Safety findings. Overall, 16 of 32 (50.0%) placebo-treated
and 37 of 63 (58.7%) JNJ-40346527–treated patients reported
≥ 1 AE. The most common AE included increased blood

Figure 2. Improvement from baseline in DAS28-CRP score over time, mITT population. P
values derived using an ANCOVA model with treatment as a fixed factor and baseline
DAS28-CRP as a covariate; Week 12 p value is the primary analysis, and all other p values are
nominal. DAS28: 28-joint Disease Activity Score; CRP: C-reactive protein; mITT: modified
intent-to-treat, defined as all randomized patients who had received ≥ 1 study agent administration and who had baseline and ≥ 1 postbaseline values.
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Figure 3. (A) Levels of CSF-1 and (B) CD16+ monocytes over time by treatment group. In Panel B, whiskers
represent the 10th and 90th percentiles of levels. CSF-1: colony-stimulating factor-1.

lactate dehydrogenase (LDH) level (3.1% placebo, 14.3%
JNJ-40346527), upper abdominal pain (9.4% placebo, 1.6%
JNJ-40346527), and urinary tract infection (6.3% placebo,
1.6% JNJ-40346527; Table 2). Four patients discontinued
study agent as a result of AE, including 1 (3.1%)
placebo-treated (muscular weakness) and 3 (4.8%)
JNJ-40346527–treated patients (dyspnea, RA, and red blood
cell sedimentation rate increased). All events that led to

discontinuation were mild in severity. Serious AE were
reported by 3 placebo-treated patients (9.4%) and 1
JNJ-40346527–treated patient (1.6%; Table 2). All serious
AE were mild or moderate in intensity. Because periorbital
edema has been suggested as a potential side effect of CSF-1
blockade14, it is worth noting that periorbital edema was not
reported as an AE in our study.
As expected, based on the mechanism of action (potential
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inhibition of Kupffer cell activity in the liver that serve to
clear these enzymes), JNJ-40346527–treated patients experienced mean increases in creatine kinase (138%), LDH (48%),
aspartate aminotransferase (AST; 33%), and alanine aminotransferase (ALT; 24%) compared with minimal changes in
placebo-treated patients across all 4 variables.
Four patients receiving JNJ-40346527 experienced
ALT elevations to > 3× the ULN compared with no
placebo-treated patient. No patients experienced elevated
bilirubin. Mild decreases in neutrophils and total monocytes
were observed that also may be related to the mechanism of
action, i.e., effects of JNJ-40346527 on CSF-1R antagonism
on precursor cells in the bone marrow.

DISCUSSION
Macrophages are believed to be important in RA pathology,
and CSF-1 and its cellular receptor CSF-1R are key
macrophage regulators. Therefore, inhibition of
CSF-1/CSF-1R by JNJ-40346527, an orally available
inhibitor of CSF-1R receptor tyrosine kinase, was selected
for study as a potential disease-modifying treatment for RA.
The dose of 100 mg twice daily was selected based on
modeling that predicted the dose would provide trough levels
that would be above the level predicted from animal studies
to yield efficacy, be sufficient for > 90% inhibition of
CSF-1R activity, and provide at least a 1-fold margin below
the no-adverse-effect levels observed in toxicology studies.
The most common AE among JNJ-40346527–treated
patients were related to clinical laboratory evaluations. The
mean increases in liver function enzymes, including creatine
kinase, LDH, AST, and ALT, observed more commonly in
JNJ-40346527–treated than placebo-treated patients, are
expected given that the active agent can potentially inhibit
Kupffer cell activity in the liver that serves to clear these
enzymes15. Similar side effects have been observed in healthy
subjects receiving a monoclonal antibody directed against
CSF-1 (PD-0360324)14. Thus, no new or unexpected safety
findings emerged during our study, and the observed
laboratory abnormalities would not have prevented drug
development had efficacy of the study agent been more
robust.
In these patients with RA, no clinical evidence of efficacy
was observed in the JNJ-40346527 group compared with the
placebo group. Target engagement was confirmed in a
previous phase I JNJ-40346527 trial, wherein direct
measurement of the inhibition of ex vivo CSF-1R phosphorylation by the compound was performed, resulting in a correlation between the reduction of phosphorylation and the
increase in drug concentration. In our current multicenter
phase II study, however, using such a labor-intensive analysis
was not practical. Therefore, we used an indirect measure of
CSF-1R inhibition. When the CSF-1R is inhibited, levels of
CSF-1 ligand are increased in the periphery because of the
lack of internalization by the receptor. The levels of CSF-1
1758

were highly elevated in JNJ-40346527–treated patients while
those in placebo-treated patients remained at baseline levels
(Figure 3A), indicating that the drug was engaging the
receptor, resulting in inhibition of receptor function. These
elevated levels of CSF-1 also correlated with the levels of
parent compound and metabolites (Supplementary Figure 2,
available online at jrheum.org). A second measure of the
compound’s activity was achieved by measuring proinflammatory monocytes (CD14dim, CD16bright) by flow cytometry.
These proinflammatory monocytes are elevated in the
periphery of patients with RA compared with normal
individuals (normal levels 9.5 ± 2.2%, RA levels 11.7 ±
5.6%)16 and have been shown to be dependent on CSF-117.
Significant lower absolute numbers of proinflammatory
monocytes were observed at all postdosing timepoints for
JNJ-40346527– versus placebo-treated patients in the current
trial provide proof of mechanism for JNJ-40346527 (Figure
3B).
Thus, despite evidence that inhibition of CSF-1R was
achieved, no efficacy was observed in the MTX-refractory
patients with RA of longstanding duration (mean of 7.3 yrs),
suggesting that the receptor does not play a major role in the
disease pathology. One caveat, however, is the high placebo
response rate seen in our study. For comparison, in a phase
IIB trial of tofacitinib, an orally administered Janus kinase
inhibitor, the mean improvement in the DAS28-CRP from
baseline to Week 12 in the placebo group (0.84) was lower
than that observed in our trial (1.15), while the mean
improvements were similar for tofacitinib 1 mg twice daily
(1.42) and JNJ-40346527 (1.42)18. In addition, patients with
RA enrolled in more recently conducted MTX-experienced
trials have had lower disease activity than in previous eras of
patient care19, potentially impairing a trial’s ability to discern
a treatment effect, especially in a smaller proof-of-concept
trial of DMARD-experienced patients such as ours.
Numbers of CD68+ macrophages within rheumatoid
synovial sublining tissue have demonstrated a positive correlation with clinical symptoms20, and macrophages are a
source of key mediators [e.g., TNF, interleukin (IL) 6, IL-23].
Collectively, this led to the hypothesis that targeting
macrophages may result in successful new therapeutics.
Prominent among the several mediators of macrophage
lineage development are granulocyte-macrophage (GM)-CSF
and CSF-1R ligands, CSF-1, and IL-34. Inhibition of
GM-CSFRα and CSF-1R has now been tested for clinical
efficacy in RA. In the phase II trial of mavrilimumab
(anti-GM-CSFRα), all doses combined of mavrilimumab
(n = 158) were associated with a significantly higher
proportion of patients achieving a ≥ 1.2-point reduction in
DAS28-CRP than placebo (n = 75) at Week 12 (55.7% vs
34.7%, p = 0.003)21. It is tempting to conclude that the
efficacy of mavrilimumab may partly validate the targeting
of macrophages, although the cellular pharmacology of
GM-CSF antagonism may be complex because of the effect
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of this cytokine not only on macrophages but also on
neutrophils, eosinophils, and perhaps other cell lineages.
Setting these differences aside, distinct roles of GM-CSF and
CSF-1R ligands as macrophage growth factors may also help
explain the apparent lack of efficacy of JNJ-40346527.
During inflammation, generally and in RA synovium
specifically, both GM-CSF and the CSF-1R ligands are
increased and preclinical studies indicate that both contribute,
albeit through different mechanisms, to the recruitment of
exudative macrophages during acute inflammation. Studies
in GM-CSF–deficient mice suggested a systemic role (e.g.,
bone marrow) for GM-CSF in maintaining an available pool
of immature monocytes for extravasation22, whereas neutralization of CSF-1 was shown to reduce macrophage numbers
by a 3-prong mechanism, i.e., by inhibiting the proliferation
and maturation of inflammatory monocyte-derived macrophages and also by blocking the resident macrophage proliferative response to inflammation23. Further, in vitro studies
have highlighted differences in macrophages caused to differentiate under the influence of GM-CSF versus CSF-124.
GM-CSF–derived macrophages have been described as
M1-like because of a higher capacity for lipopolysaccharide
(LPS)-induced IL-23 expression24. In contrast, CSF-1-derived
macrophages have a higher capacity for LPS-induced IL-10
expression, a characteristic that is consistent with the role of
CSF-1 in maintaining resident macrophages. Overall,
because resident macrophages may have pro-resolving
activity, we speculate that in RA the effect of CSF-1R
inhibition on inflammatory macrophages may have been
counterbalanced with inhibition of resident-type macrophages, while GM-CSF inhibition may more selectively
block the inflammatory macrophage population. While this
could explain our results in RA, inhibition of CSF-1R may
nonetheless lead to improvement in other inflammatory
disorders where macrophages exhibit an aberrant CSF-1
response, as described25.
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