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Introduction: Idiopathic focal segmental glomerulosclerosis (FSGS) is a leading cause of nephrotic

syndrome and end-stage renal disease. In preclinical models and biopsies of human FSGS kidneys,

p38 mitogen-activated protein kinase (MAPK) has demonstrated enhanced activity; and p38 MAPK

inhibition has improved disease markers. This proof-of-concept trial aimed to assess efficacy,

safety, tolerability, and pharmacokinetics of losmapimod, an oral p38 MAPK inhibitor, in humans with

FSGS.

Methods: A single-arm, multicenter, open-label, Phase II trial (NCT02000440) was conducted in adults with

FSGS; proteinuria $2.0 g/d; estimated glomerular filtration rate (eGFR) $45 ml/min per 1.73 m2; blood

pressure <140/90 mm Hg. Collapsing and genetic forms of FSGS were excluded. The primary endpoint

was number of patients with $50% proteinuria reduction and eGFR $70% of baseline after receiving

losmapimod twice-daily for 16 to 24 weeks.

Results: Seventeen patients received $1 losmapimod dose. No patients achieved the primary endpoint;

therefore, the study was terminated following a prespecified interim analysis. At week 24, proteinuria

reductions between 20% and <50% were observed in 4 patients and proteinuria increases >20% in 3

patients. One patient achieved a proteinuria response ($50% reduction) at week 2 but subsequently

relapsed. Losmapimod pharmacokinetics were consistent with prior studies. No serious adverse events

(AEs) were reported.

Conclusion: p38 MAPK inhibition with losmapimod did not result in $50% reduction of proteinuria in

patients with FSGS. However, study population heterogeneity may have contributed to our negative

findings and therefore this does not eliminate the potential to demonstrate benefit in a population more

sensitive to p38 MAPK inhibition if identifiable in the future by precision-medicine methods.
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Figure 1. Study design. BID, twice daily; V, visit; w, week.
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SGS is a leading cause of kidney disease worldwide,1

accounting for approximately 40% of idiopathic
nephrotic syndrome and approximately 4% of end-stage
renal disease in adults in the United States.2–4 FSGS is
characterized by proteinuria, which commonly presents
with hypoalbuminemia, hypercholesterolemia, and pe-
ripheral edema,3 in addition to patient-reported fatigue,
and reduced emotional and social functioning.5 In more
than half of patients who have proteinuria exceeding 3.5
g daily, FSGS results in end-stage renal disease within 5
to 10 years of diagnosis.6 Proteinuria remission is pre-
dictive of reducing the decline in kidney function and
incidence of end-stage renal disease, but current thera-
peutic regimens only normalize or improve proteinuria
in a minority of patients.7–10

Losmapimod (GW856553) is an oral, p38 MAPK in-
hibitor that potently inhibits the production of in-
flammatory cytokines such as tumor necrosis factor
alpha, interleukin-1b, interleukin-6, and interleukin-
8.11–13 It also inhibits the fibrosis-inducing pathway of
transforming growth factor-beta14 and decreases
plasma fibrinogen levels.15 p38 MAPK activation has
been observed in kidney biopsies, including those from
patients with idiopathic FSGS.16,17 Normally quiescent,
p38 MAPK is activated in podocytes, with the magni-
tude of activation correlating with the severity of
glomerulosclerosis and the degree of proteinuria in
both patients with FSGS and animal models.16,17 In
animal models, p38 MAPK inhibition, including with
losmapimod, leads to diminished podocyte foot process
effacement, and a reduction in glomerulosclerosis and
proteinuria.12,16,17 This is consistent with the obser-
vation that p38 MAPK inhibition preserves podocyte
survival and prevents podocyte actin reorganization
in vitro after stress stimuli in immortalized mouse cell
lines and kidney biopsies.14,17,18 p38 MAPK inhibition
may improve podocyte function in patients with FSGS,
manifesting clinically as a reduction in proteinuria and
fibrosis development, with preservation of kidney
function. This proof-of-concept study examined these
effects in adults with idiopathic FSGS.
Kidney International Reports (2020) 5, 1228–1239
METHODS

Study Design

This was a single-arm, multicenter, open-label, Phase II
study (NCT02000440; registered December 4, 2013) to
evaluate efficacy, safety, tolerability, and pharmacoki-
netics of twice-daily (BID) oral losmapimod for 24
weeks in patients with idiopathic FSGS (Figure 1).
Following informed consent, eligibility was confirmed
during the screening period. Eligible patients were
treated with losmapimod 7.5 mg BID for 2 weeks.
Following review of vital signs, electrocardiogram
(ECG), AEs, and symptoms, the dose was increased to
15 mg BID for a further 22 weeks.

The study protocol was approved by the institu-
tional review boards at participating centers
(Supplementary Table S1), and the study was con-
ducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonization
Good Clinical Practice guidelines. There were 3
amendments to the original protocol, all in response to
recruitment challenges (Supplementary Table S2). One
amendment was made after recruitment had started, in
response to site feedback to broaden eligibility criteria;
this included a decrease in the proteinuria eligibility
level to 24-hour urine total protein $2.0 g/d or spot
urine protein-to-creatinine ratio (uPCR) $2.0 g/g from
the original 3.0 g/d or 3.0 g/g.
Dose Selection

Losmapimod dose selection was based on data from
previous trials, including the SOLSTICE study
(NCT00910962) in patients with acute coronary syn-
drome (ACS) (losmapimod 7.5 or 15 mg loading dose
followed by 7.5 mg BID for 12 weeks),19 and a study in
patients with chronic obstructive pulmonary disease
(COPD; NCT01218126) (losmapimod 2.5, 7.5, or 15 mg
BID for 24 weeks).15 The 7.5-mg BID dose was used in
most prior trials in various patient populations (N ¼
996), with no observed safety signals, and has shown
pharmacodynamic activity on inflammatory
1229
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markers.11,19–21 The 15-mg BID dose showed enhanced
p38 inhibitory activity in healthy volunteers22 and a
similar safety profile to 7.5 mg BID in the 24-week
COPD study.15 Evaluation of the higher 15-mg BID
dose in this study was warranted because losmapimod
is highly protein-bound (95%) in the circulation,
suggesting potential for enhanced kidney clearance in
patients with severe proteinuria.
Patients

Patients aged 18 to 70 years with idiopathic FSGS were
recruited. Qualifying biopsy diagnosis was confirmed
by the study’s central pathologist (JCJ) based on a past
kidney biopsy pathology report within 6 years of
study start, describing light, immunofluorescence, and
electron microscopy observations, and review of glass
slides and electron micrographs provided by the study
sites. Eligibility criteria also included the following:
proteinuria of 24-hour urine protein $2.0 g/d or a spot
uPCR $2.0 g/g; eGFR $45 ml/min per 1.73 m2 (4-
variable modification of diet in renal disease for-
mula23); and blood pressure <140/90 mm Hg.

Patients with collapsing FSGS lesions, secondary
forms of FSGS, or a previously identified genetic eti-
ology were excluded. Patients with major systemic
disorders (e.g., heart failure, diabetes mellitus, malig-
nancy), chronic or active infections, or with positive
serology for HIV or hepatitis were also excluded, as
were those with baseline aspartate aminotransferase or
alanine aminotransferase $2 times, or alkaline phos-
phatase or bilirubin >1.5 times, the upper limit of
normal.

To ensure any treatment effect was not confounded
by concomitant medications, patients were limited to
treatment with conventional background therapy
(including angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, statins, and diuretics).
Patients were required to be on stable doses of back-
ground therapy for $30 days before screening,
continuing for the duration of the trial. Patients were
not permitted to receive immunosuppressive FSGS
treatments (ISTs) beyond a low-dose corticosteroid
(#10 mg/d prednisone or equivalent) within 30 days of
losmapimod initiation. Post hoc retrospective data
collection was conducted to assess IST withdrawal (yes/
no) within 30 day before this IST-free 30-day window.
All available information is reported herein.
Endpoints and Assessments

The primary endpoint was the number of patients with
proteinuria response, defined as $50% reduction in
proteinuria (24-hour total protein) from baseline with
preserved kidney function (maintaining $70% of
1230
baseline eGFR), assessed at the end of treatment in
patients who received $16 weeks of treatment.

Secondary endpoints included the following: num-
ber of patients with proteinuria (24-hour total protein)
reduction $50% with preserved kidney function at
any time during treatment; continuous uPCR change
from baseline; incidence of complete remission (defined
as 24-hour total protein <0.3 g/d with preserved kid-
ney function); safety; and pharmacokinetics (plasma
exposure, area under the concentration-time curve
[AUC0-t], area under the concentration-time curve over
the dosing interval [AUC0-s], and maximum observed
concentration [Cmax] post-first 7.5-mg dose and AUC0-s
post-first 15-mg dose, as data permit). Samples were
taken for pharmacokinetic assessments at baseline (pre-
dose, 1, 2, 4, and 6 hours post-dose), week 2 (pre-dose
and 2 hours post-dose), and at weeks 4, 8, 16, and 24 (at
one of the following post-dose intervals: 0–2, 2–4, 4–6,
or 6–8 hours).

Exploratory endpoints included the effect of los-
mapimod on pharmacodynamic markers: serum high-
sensitivity C-reactive protein (hsCRP), fibrinogen and
soluble urokinase-type plasminogen activator receptor
(suPAR), a potential, putative FSGS-related circulating
factor.24 Blood samples to assess these parameters were
taken at each study visit (pre-dose at baseline and
week 2, with convenience sampling at subsequent
visits).

For each patient, 24-hour urine protein and 24-hour
uPCR were determined from a single urine sample
(collected from the second morning void on the day
before each study visit through to first morning void
on the day of the study visit); spot uPCR was assessed
with a second independent “spot” urine sample
collected on-site during the study visit. Serum creati-
nine was measured by spectrophotometry and used to
calculate eGFR, and suPAR was measured by enzyme-
linked immunosorbent assay. Patients were followed
for 12 weeks after losmapimod discontinuation.

Losmapimod plasma concentrations in patients with
FSGS were compared with a population pharmacoki-
netic model built using historical data obtained in a
Phase II trial in patients with ACS (NCT00910962).19

The model was used to simulate concentration-time
profiles (median, and 5th and 95th percentiles) at the
same doses administered to patients with FSGS.

Losmapimod safety and tolerability were assessed
based on the occurrence of AEs, serious AEs, and
changes in clinical laboratory values. Patients ceased
losmapimod if they met protocol-defined stopping
criteria for lack of efficacy (eGFR #50% of baseline
and/or a doubling of proteinuria compared with base-
line, confirmed by 2 and 3 repeat measurements,
respectively).
Kidney International Reports (2020) 5, 1228–1239



Figure 2. Patient disposition. aTotal of 27 patients, as 2 of 29 patients were rescreened.
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Statistical Analysis

Safety was assessed in all patients who received $1
dose of losmapimod. Pharmacokinetics and pharmaco-
dynamics were assessed in all patients who
received $1 dose of losmapimod and provided $1
sample for the respective assessments. The primary
endpoint was analyzed in patients who completed $16
weeks of treatment. Values from baseline and week 24
were defined as the 2 assay points for percent change
comparisons. Patients who withdrew before week 16
were deemed to have not met the defined proteinuria
response. Sample size and stopping rules were based on
the methodology of Lee and Liu.25 Target enrollment
was 24 patients, assuming a 10% drop-out rate. An
interim analysis was planned to start when 14 patients
had completed 16 weeks of treatment or had with-
drawn. A Bayesian predictive probability approach
was used for the primary endpoint to determine
whether to continue the study or stop for futility. The
design was under the hypothesis-testing framework,
assuming an 8% untreated versus 35% intervention-
arm probability of achieving the primary endpoint
and had a type I error rate of 2.7% and 91% overall
power.
Kidney International Reports (2020) 5, 1228–1239
Data Sharing

Anonymized individual participant data and study
documents can be requested for further research from
www.clinicalstudydatarequest.com.
RESULTS

Study Population

Twelve sites (in Canada and the United States) partic-
ipated in the study, and 17 patients from 8 of those
sites were enrolled from July 31, 2014 (first patient,
first visit), to May 11, 2016 (last patient, last visit), and
received$1 dose of losmapimod (Figure 2). The median
number of patients enrolled was 2 (ranging from 1 to 5)
per enrolling site. The study was terminated on July
25, 2016, following the planned interim analysis.
Following the initial 2-week treatment phase in which
patients received oral losmapimod 7.5 mg BID, all pa-
tients received losmapimod 15 mg BID, and 13 patients
(76%) completed treatment through to week 16; these
13 patients are hereafter referred to as “treatment
completers.” Demographics and baseline disease char-
acteristics are shown in Table 1, and renal histopa-
thology information is summarized in Supplementary
1231
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Table 1. Demographics and baseline disease characteristics
Characteristic Losmapimod (N [ 17)

Age, mean (SD), yr 40.4 (13.7)

Male, n (%) 9 (53)

Race, n (%)

African American 1 (6)

Asian 5 (29)

White 11 (65)

BMI, mean (SD), kg/m2 28.7 (6.2)

FSGS classification,a n (%)

Tip 4 (24)

Perihilar 2 (12)

Not otherwise specified (variant) 11 (65)

Interstitial fibrosis, n (%)

#10% 12 (71)

11%–20% 1 (6)

21%–30% 1 (6)

31%–45% 3 (18)

Concurrent medical conditions, n (%)

Hyperlipidemia 13 (76)

Hypertension 11 (65)

Prior immunosuppressive therapy, n (%)

Cyclosporine 7 (41)

Mycophenolic acid 4 (24)

Prednisone 9 (53)

Rituximab 1 (6)

Steroids, not specified 1 (6)

Tacrolimus 2 (12)

Proteinuria

24-h urine protein, median (min, max) g/d 6.5 (1.6, 16.3)

Serum albumin, median (min, max), g/l 30.0 (15.0, 42.0)

eGFR, median (min, max), ml/min per 1.73 m2 72 (36.0, 155.0)

Fibrinogen,b median (min, max), mg/dl 417.5 (162.0, 657.0)

suPAR, median (min, max), pg/ml 2871.3 (1625.0, 4753.0)

hsCRP, median (min, max), mg/l 1.8 (0.3, 8.2)

Time since biopsy diagnosis of FSGS

Median (min, max), mo 10.1 (3.2, 69.2)

BMI, body mass index; eGFR, estimated glomerular filtration rate; FSGS, focal segmental
glomerulosclerosis; hsCRP, high-sensitivity C-reactive protein; suPAR, soluble
urokinase-type plasminogen activator receptor.
aColumbia FSGS Classification System.26
bn ¼ 14.

CLINICAL RESEARCH DS Gipson et al.: Losmapimod in FSGS
Table S3.26 The median (range) duration of exposure to
losmapimod was 24.0 (3.7–25.0) weeks.

Efficacy Outcomes

None of the enrolled patients, and none of the 13
treatment completers, met the primary endpoint
of $50% proteinuria reduction with preserved kidney
function. One patient had a transient proteinuria
response ($50% reduction in proteinuria) after 2
weeks of treatment but relapsed within the treatment
period. No patients achieved complete proteinuria
remission at any timepoint. In treatment completers,
median (min, max) change in spot urine uPCR from
baseline to week 16 was –27.7% (–47.7, 83.7) and to
week 24, was –2.6% (�31.6, 121.7). Four patients had
>20% decrease in 24-hour proteinuria (i.e., by 22%,
1232
23%, 40%, and 47%) and 3 had a >20% increase (i.e.,
56%, 68%, and 74%) at week 24. Of these 7 subjects,
only 2 had reproducible proteinuria changes when
measured by uPCR on independent spot urine samples
at week 24 (Table 2).26

Estimated GFR at week 24 (Table 2) remained within
10% of baseline in 8 of the 13 treatment completers; 3
patients experienced a decrease (�14%, �15%,
and �19%) versus baseline and 2 patients experienced
an increase (þ42% and þ91%). Compared with base-
line, serum albumin increased in 8 and decreased in 4
of the treatment completers.
Pharmacokinetics and Pharmacodynamics

Exposure in patients with FSGS was similar to the
modeled exposure levels over the 24-week treatment
period (Figure 3). Fibrinogen, suPAR, and hsCRP were
measured for pharmacodynamic analysis (Table 3). At
baseline, median (min, max) fibrinogen (417.5 [162.0,
657.0] mg/dl; n ¼ 14) and suPAR (2871.3 [1625.0,
4753.0] pg/ml; n ¼ 17) levels were elevated, and hsCRP
values were generally in the normal range (Table 1). No
clinically significant changes in these markers were
noted over 24 weeks of treatment.
Safety

There were no serious AEs among the 17 patients who
received $1 dose of losmapimod. Most patients (16 of
17; 94%) experienced $1 AE. Twelve (71%) patients
had AEs considered related to study treatment. The
most common AEs reported by >10% of patients were
headache (5 of 17; 29%) and fatigue (4 of 17; 24%)
(Table 4). Almost all AEs (97%), including all
treatment-related AEs, were mild or moderate in in-
tensity. Three AEs (abdominal pain, nausea, and
vomiting) experienced by 1 patient were reported as
severe, although none were considered treatment-
related. There were no significant electrocardiogram
abnormalities and no clinically significant changes in
vital signs.

Reflecting a progressive decline in kidney function,
4 patients withdrew from the study: 3 due to AEs and 1
due to reaching protocol-defined stopping criteria. Two
of the 3 patients who withdrew due to AEs had ele-
vations in blood creatinine; these were not reported as
severe or serious and were not considered treatment-
related. The third patient who withdrew due to an
AE had joint stiffness, considered treatment-related by
the investigator. The patient who withdrew due to
reaching protocol-defined stopping criteria (treatment-
related toxicity/treatment not tolerated) experienced an
AE of blood creatinine increase not considered
treatment-related.
Kidney International Reports (2020) 5, 1228–1239



Table 2. Patient-level outcomes for primary and secondary endpoints over time (listed by lowest to highest serum albumin at week 0), with week 24 change (%) from baseline

Patient ID no. Age/sex/race
FSGS

classificationa

Serum albumin (g/l) 24-h urine protein (g/24 h)b
24-h urine protein/creatinine ratio

(g/g)b
Spot urine protein/creatinine ratio

(g/g)b eGFR

IST distc (Y/N)

Wk 0
Ranked lowest to

highest
Wk 24
%CFBd Wk 0 Wk 16

Wk 24
%CFBe Wk 36 Wk 0 Wk 16

Wk 24
%CFBe Wk 36 Wk 0 Wk 16

Wk 24
%CFBe Wk 36 Wk 0 Wk 16

Wk 24
%CFBd Wk 36

1f 60/M/W Tip lesion 15 N/A 14.8 N/A N/A 17.1 6.3 N/A N/A 10.2 6.7 N/A N/A 11.8 39 N/A N/A 18 N

2 34/F/W NOS 17 21
23.5%

11.1 11.1 13.1
18.0%

7.8 7.7 5.6 6.4
�17.9%

4.8 9.5 8.1 7.5
�21.0%

7.4 94 88 91
�3.2%

89 Y

3g 42/F/A Tip lesion 18 20
11.1%

2.7 2.3 2.9
8.3%

1.8 3.2 3.8 3.4
5.0%

1.9 2.2 3.8 4.8
121.7%

2.1 72 100 102
41.7%

119 N

4h 18/M/W NOS 18 22
22.2%

16.2 14 12.5
�22.9%

7.9 10.9 6.5 6.5
�39.9%

5.4 9.9 7.6 6.7
�31.6%

4.5 43 59 82
90.7%

101 Y

5f 63/F/W NOS 23 N/A 12.1 N/A N/A 1.8 9.4 N/A N/A 1.7 10.8 N/A N/A 1.2 45 N/A N/A 51 Y

6h 35/F/A Tip lesion 26 33
26.9%

6.5 3.8 3.5
�46.7%

3.2 4.4 2.3 2.1
�52.1%

2.0 4.7 2.8 3.2
�31.4%

2.6 128 118 118
�7.8%

120 N

7f 39/M/W NOS 29 N/A 7.5 N/A N/A N/A 5.7 N/A N/A 5.1 4.4 N/A N/A 5.5 72 N/A N/A 75 N

8 56/F/W NOS 30 30
0%

4.7 5.6 7.9
68.0%

5.8 5.2 5.6 6.0
15.8%

5.3 5.5 6.9 6.5
16.7%

5.6 101 86 86
�14.9%

88 N

9h 47/F/W Tip lesion 30 27
�10.0%

3.1 2.1 1.9
�40.1%

2.3 2.7 1.8 1.6
�41.5%

1.9 2.1 1.7 2.2
5.6%

3.0 126 105 113
�10.3%

141 N

10 27/F/W NOS 31 37
19.4%

1.6 1.8 1.7
9.9%

1.1 1.1 1.2 1.3
18.5%

1.0 1.3 1.3 1.3
�2.9%

0.4 155 124 134
�13.6%

147 N

11f 51/M/W NOS 31 N/A 16.3 N/A N/A 11 7.8 N/A N/A 7.0 9.2 N/A N/A 7.2 46 N/A N/A 54 Y

12h 32/M/AA NOS 35 37
5.7%

4.4 3.7 3.7
�16.9%

3.5 1.5 0.8 1.6
3.5%

1.4 1.5 1.1 1.7
8.3%

1.6 69 67 66
�4.4%

70 Y

13i 60/M/W NOS 38 37
�2.6%

4.1 3.2 3.7
�10.0%

3.4 2.1 1.5 2.2
4.7%

1.7 2.3 1.8 2.3
�2.3%

2.1 56 52 55
�1.8%

60 N

14 38/M/W NOS 38 43
13.2%

9.1 6.3 15.8
73.9%

11.8 3.8 3.1 5.3
39.5%

6.6 4.6 5.4 5.1
10.4%

7.3 36 38 34
�5.6%

35 N

15 26/F/A NOS 39 35
�10.3%

7.2 8.9 11.2
56.4%

9.8 4.7 5.4 6.4
35.5%

6.0 5.2 5.3 N/A 6.7 83 75 67
�19.3%

71 N

16 32/M/A Perihilar 40 43
7.5%

4.5 3.8 4.7
4.2%

6.5 2.5 1.6 2.4
�5.2%

3.2 3.4 2.1 2.8
�16.0%

3.5 104 108 110
5.8%

111 N

17 26/M/A Perihilar 42 41
�2.4%

3.6 4.1 2.8
�22.4%

5.0 1.2 2.2 1.5
26.4%

1.8 1.6 2.5 1.5
�8.7%

2.0 81 89 85
4.9%

72 N

Group (median) %CFB 7.5% 4.2% 4.7% �2.6% �4.3%h

AA, African American/African Heritage; A, Asian; CFB, change from baseline; eGFR, estimated glomerular filtration rate using MDRD equation; F, female; FSGS, focal segmental glomerulosclerosis; IST, immunosuppression therapy; M, male; MDRD, 4-
variable Modification of Diet in Renal Disease; N/A, not available; NOS, not otherwise specified (variant); W, White; Wk, week.
aIdiopathic FSGS was diagnosed by medical history and histology on renal biopsy using the Columbia FSGS Classification System.26
bFor each patient, 24-h urine protein and 24-h urine protein-to-creatinine ratios were determined from a single urine sample (collected from the second morning void on the day before each study visit through to first morning void on the day of the
study visit); spot urine protein-to-creatinine ratio was assessed with a second independent “spot” urine sample collected on-site during the study visit.
cIST, such as prednisone, cyclosporine, tacrolimus, and mycophenolate, discontinued (dist.) within 30 d of screening.
dData shown rounded to whole number; percentage changes based on full reported data.
eData shown rounded to 1 decimal place; percentage changes based on full reported data.
fPatient discontinued therapy (corresponding rows also shown in bold); where available, wk 36 is follow-up visit 3 mo after last dose received.
gTwenty-four-hour urine protein level decreased from baseline at wk 16 but increased from baseline at wk 24.
hTwenty-four-hour urine protein level decreased from baseline.
iTwenty-four-hour urine protein level decreased from baseline at wk 16 and then increased at wk 24 but not above baseline value.
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Figure 3. Predicted losmapimod exposures based on a pharmacokinetic model built using historic data from patients with acute coronary
syndrome (black line represents median, shaded areas highlight 5th and 95th percentiles), overlaid with actual losmapimod concentrations
measured from patients with focal segmental glomerulosclerosis in the current study (represented by individual colored shapes). Panel
headings show dose and visit number relevant to focal segmental glomerulosclerosis study patients.
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DISCUSSION

In this open-label, single-arm, proof-of-concept study,
losmapimod, a p38 MAPK inhibitor, was evaluated in
17 patients with idiopathic FSGS, proteinuria, and
preserved kidney function. None of the patients met
the primary endpoint ($50% proteinuria reduction
with preserved kidney function) after $16 weeks of
1234
treatment. Safety assessments showed that losmapimod
was generally well tolerated, with no unexpected
safety signals and no serious AEs. Due to the primary
endpoint not being met, the study was terminated after
the prespecified interim analysis.

The rationale for the single-arm study design was
based on the improbability of spontaneous
improvement in patients with active FSGS. This
Kidney International Reports (2020) 5, 1228–1239



Table 3. Patient pharmacodynamic outcomes for exploratory biomarkers over time (listed by lowest to highest serum albumin at week 0), with
week 24 change (%) from baseline

Patient ID no. Age/sex/race

Serum albumin (g/l) Fibrinogen (mg/dl) suPAR (pg/ml) hsCRP (mg/l)

Wk 0 ranked lowest to highest Wk 0
Wk 24
%CFB Wk 0

Wk 24
%CFB Wk 0

Wk 24
%CFB

1a 60/M/W 15 439 N/A 4198 N/A 2.7 N/A

2 34/F/W 17 642 694
8.1%

4753 3846
�19.1%

4.3 6.4
48.8%

3 42/F/A 18 441 551
24.9%

3637 3907
7.4%

0.3 0.4
33.3%

4 18/M/W 18 N/A 669 3047 3802
24.8%

1.2 7.1
491.7%

5a 63/F/W 23 657 N/A 4240 N/A 0.4 N/A

6 35/F/A 26 278 299
7.6%

1638 2375
45.0%

5.3 12.8
141.5%

7a 39/M/W 29 529 N/A 4463 N/A 2.6 N/A

8 56/F/W 30 573 415
�27.6%

2580 1965
�23.8%

1.4 0.5
�64.3%

9 47/F/W 30 303 165
�45.5%

4637 3477
�25.0%

0.3 0.3
0%

10 27/F/W 31 N/A 412 1824 1683
�7.7%

0.5 0.4
�20.0%

11a 51/M/W 31 481 N/A 3646 N/A 8.1 N/A

12 32/M/AA 35 343 331
�3.5%

1625 1508
�7.2%

1.7 5.2
205.9%

13 60/M/W 38 396 274
�30.8%

2871 3000
4.5%

2.5 4
60.0%

14 38/M/W 38 N/A 324 1891 2118
12.0%

2.9 2.3
�20.7%

15 26/F/A 39 376 342
�9.0%

2352 2156
�8.3%

1.7 0.6
�64.7%

16 32/M/A 40 162 201
24.1%

2193 N/A 1.8 0.4
�77.8%

17 26/M/A 42 373 335
�10.2%

2035 2185
7.4%

3.7 3.6
�2.7%

Group (median) %CFB — �6.3% �1.4% 48.8%

Patients with paired biomarker results
(wk 0 and wk 24), n

13 10 12 13

AA, African American/African Heritage; A, Asian; CFB, change from baseline; F, female; hsCRP, serum high-sensitivity C-reactive protein; M, male; N/A, not available; suPAR, soluble
urokinase-type plasminogen activator receptor; W, White; Wk, week.
aPatient discontinued therapy (corresponding rows also shown in bold).
Data shown rounded to whole number; percentage changes based on full reported data.
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anticipated persistence of proteinuria, together with
the relative safety of losmapimod observed in other
patient populations,15,19,20 negated the need for pla-
cebo. This approach is consistent with early
exploratory studies performed previously in FSGS
with other agents.27–29 A potential added value of
single-arm designs is to improve recruitment based
on the preference of patients and their care givers to
enroll into open-label versus randomized controlled
trials.30

Pharmacokinetic assessments showed that losmapi-
mod exposure in this trialwas similar to that predicted by
a losmapimod trial in patients with ACS,19 despite the
potential for increased losmapimod excretion in the urine
of patients with proteinuria, as observed previously with
the primary metabolite for rosiglitazone.27,31 Therefore,
the lack of efficacy, as assessed by a reduction in pro-
teinuria, in this trial is not related to a substantive
Kidney International Reports (2020) 5, 1228–1239
decrease in the expected losmapimod exposures at the 15-
mg BID dose. The current study dosing paradigm was
selected based on experience with losmapimod and the
perceived balance of potential efficacy and tolerability.
Whether a higher losmapimod dose and/or more sus-
tained exposure (>24 weeks) would have benefited
clinical efficacy in these patients remains unknown. Prior
losmapimod studies in both patients with ACS and pa-
tients with COPD also have failed to provide efficacy
based on primary endpoints but have yielded positive
findings for the inflammatory biomarkers of hsCRP32 and
plasma fibrinogen,20 respectively (both with the 7.5-mg
BID dose).

This study required patients to participate in the
absence of concurrent IST. Although the disease in
patients with FSGS commonly fails to fully respond to
IST, discontinuation of partially effective therapy
could destabilize a patient, increase the likelihood of
1235



Table 4. Adverse events reported in >10% of patientsa

Event (MedDRA preferred term) Patients, n (%) (N [ 17)

Any event 16 (94)

Headache 5 (29)

Fatigue 4 (24)

Blood creatinine increased 3 (18)

Dizziness 3 (18)

Muscle spasms 3 (18)

Nausea 3 (18)

Oropharyngeal pain 3 (18)

Rash 3 (18)

Vomiting 3 (18)

Abdominal pain 2 (12)

Blood pressure increased 2 (12)

Dyspepsia 2 (12)

Edema peripheral 2 (12)

Upper respiratory tract infection 2 (12)

MedDRA, Medical Dictionary for Regulatory Activities.
aNo serious adverse events were reported during the study. Patients may have had
more than 1 event.
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rising proteinuria levels and declining eGFR, and
contribute to heterogeneity between patient outcomes
that is difficult to overcome in small trials. In this
study, retrospective chart review conducted by
enrolling sites found 5 of 17 patients stopped prior ISTs
within 30 days of screening, of whom 1 was recorded
as having worsening proteinuria, which may have
confounded the results. Furthermore, the requirement
to be off other ISTs in the presence of persistent pro-
teinuria for trial eligibility may have impeded trial
recruitment. Future trials of novel therapies may
benefit from an add-on approach and from the collec-
tion of a longer (e.g., 3 months) prior history of pro-
teinuria, eGFR measures, and medications to enable a
more informed interpretation of results.

Furthermore, although lack of response to losmapi-
mod may call into question the relevance of p38 MAPK
activity inhibition in FSGS, it may be speculated that
the population was too heterogeneous, or that sec-
ondary counterregulatory activation of a non-p38
MAPK pathway, such as Jun amino-terminal kinase,
may have occurred. In clinical trials, changes in in-
flammatory markers, including reduced hsCRP in pa-
tients with hypercholesterolemia and myocardial
infarction,11,19 and lower levels of fibrinogen in pa-
tients with COPD,20 have been demonstrated with p38
MAPK inhibition. The current trial also assessed the
effect of losmapimod on hsCRP and fibrinogen, as well
as suPAR, as exploratory endpoints. At baseline,
fibrinogen and suPAR levels were elevated, and hsCRP
values were generally in the normal range, without
change at end of study. This disconnect with previous
observations in patients with ACS and patients with
COPD may reflect differences in the nature of the in-
flammatory response in different patient populations.
1236
hsCRP levels may be nuanced or difficult to interpret in
nephrotic syndrome; for example, previous research
has shown a discordance between erythrocyte sedi-
mentation rate and CRP in patients with nephrotic
syndrome.33 Unlike in patients with FSGS, hsCRP was
elevated in patients with ACS and patients with COPD
and was associated with acute events (i.e., angioplasty
and exacerbations, respectively). This may suggest a
more efficacious effect of losmapimod on inflammatory
biomarkers in acute settings versus low-level chronic
inflammation and may reflect counterregulatory
mechanisms highlighted previously. Alternatively, the
lower number of enrolled patients in the current study
may have contributed to the lack of detected signals for
these inflammatory biomarkers.

Furthermore, the definition of proteinuria response used
in this study was $50% reduction in proteinuria from
baseline with preserved kidney function ($70% of base-
line eGFR); since the time this study was conducted, a
novel, data-derived definition of partial proteinuria remis-
sion (40% proteinuria reduction and proteinuria<1.5 g/g)
has been suggested, with the potential to more accurately
predict clinically meaningful outcomes.9

This trial may have benefited from a precision-
medicine patient enrichment strategy, determining the
p38 MAPK biology of individual patients at enrollment,
via a biomarker, biopsy immunostaining, genetic, or
gene expression-profiling approach. However, patients
were recruited based on kidney biopsy report, pro-
teinuria, and eGFR, which do not specifically identify
patients most sensitive to p38 MAPK targeting. In
addition, the collapsing variant of FSGS was excluded
due to disease severity, potentially making treatment
benefit even less attainable. Although assessment of p38
MAPK expression in kidney biopsy is possible, this
study did not include a new kidney biopsy as part of
screening or eligibility assessment. At the time of the
study, no biomarkers were available to allow noninva-
sive patient selection strategies for p38 MAPK status;
these methods are emerging in glomerular disease
translational investigations34,35 and are expected to
improve drug development initiatives for FSGS and
other glomerular diseases involving the p38 MAPK
pathway, such as diabetic nephropathy.36,37

Patients with a known secondary cause of FSGS and
established genetic forms of the disease were excluded;
however, genetic testing was not performed. During the
time of the study, few commercial tests were available,
and comprehensive genetic assessment was not feasible
given the continued identification of new gene associa-
tions and limited data on genotype-phenotype correla-
tions.38 Although cohort studies have documented
reduced responsiveness to cyclosporine therapy in
children with congenital and steroid-resistant nephrotic
Kidney International Reports (2020) 5, 1228–1239
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syndrome, varying responsiveness to p38 MAPK in-
hibitors by genetic variant status is not available,39,40

although there are no clear data showing an impact of
genetic status on response to nonsteroid IST.

As genetic testing was not performed, patients with
monogenetic forms of FSGS or with high-risk APOL1
genotypes may have been included. It is unlikely that
this factor would have had a significant impact on the
results, as adults in North America had a very low
likelihood of FSGS-causing monogenic disorders.38

Also, APOL1 risk alleles for renal disease are common
in populations of African descent41–45 but there was
only 1 African American patient in this study. In
addition, most FSGS variants present with disease in
childhood,38,40 whereas patients in the current study
were $18 years of age.

In summary, in adult patients with FSGS, p38 MAPK
inhibition with losmapimod for $16 weeks did not
result in $50% reduction of proteinuria compared
with baseline. A lesser reduction in proteinuria (be-
tween 20% and <50%) was demonstrated in 4 patients
and a >20% worsening of proteinuria was seen in 3
patients. However, it remains possible that the level of
p38 MAPK inhibition was too low for this patient
population or that benefit could potentially be
demonstrated with an alternative dosing paradigm, an
alternate concomitant-drug usage design, or if
precision-medicine methods are established to select
patients more sensitive to p38 MAPK inhibition.
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