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Objective. To evaluate the efficacy and safety of E6011, a humanized IgG2 monoclonal antibody against human
fractalkine (FKN), in a phase Il, double-blind, placebo-controlled study in rheumatoid arthritis (RA) patients.

Methods. Patients with moderate-to-severe RA who had an inadequate response to methotrexate were randomly
assigned to a placebo group or to E6011 100-mg, 200-mg, or 400/200-mg groups at a 2:1:2:2 ratio. During the 24-week
period, patients received the study drug subcutaneously at weeks 0, 1, and 2 and then once every 2 weeks. The primary
end point was the American College of Rheumatology 20% improvement criteria (ACR20) response rate at week 12.

Results. Study drugs were administered to 190 patients (placebo, n = 54; E6011 100 mg, n =28; E6011 200 mg, n =
54; E6011 400/200 mg, n = 54), and 169 patients completed treatment. A significant difference from placebo was not
found in ACR20 response rates at week 12 (37.0% [placebo], 39.3% [100 mg], 48.1% [200 mg], and 46.3% [400/200 mg],
using nonresponder imputation). As a secondary end point, ACR20 response rate in the 200-mg and 400/200-mg
groups attained statistical significance at week 24 (35.2% [placebo], 39.3% [100 mg], 53.7% [200 mg], and 57.4%
[400/200 mg]). Subsequent exploratory subgroup analysis revealed greater efficacy of E6011, particularly in patients
with a higher baseline proportion of CD16+ monocytes; ACR20 response rates in this patient subgroup at week 24
were 30.0% (placebo), 46.7% (100 mg), 57.7% (200 mg), and 69.6% (400/200 mg). E6011 administered for 24 weeks
was well tolerated.

Conclusion. This is the first evidence that E6011, a novel cell trafficking inhibitor targeting the FKN-CX,CR1
interaction, is modestly effective with 24 weeks of treatment in RA patients, although the primary end point was not met.

Clinicaltrials.gov identifier: NCT02960438.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease char-
acterized by persistent synovitis and systemic inflammation,
ultimately resulting in joint damage, disability, decreased quality
of life, and other comorbidities, when insufficiently treated. Dis-
ease-modifying antirheumatic drugs (DMARDs) are key thera-
peutic agents. They include conventional synthetic DMARDs, of
which methotrexate (MTX) is the anchor drug, as well as biologic
and targeted synthetic DMARDs targeting tumor necrosis factor
(TNF), interleukin-6 (IL-6) receptor, T cell costimulation, B cells
(CD20), and JAKs. Recent guidelines for the management of RA
recommend rapid attainment of sustained remission or low dis-
ease activity in each patient (1-4). However, ~50-70% of patients
fail to achieve remission or maintain low disease activity, even
when they initially respond well to current therapies (5,6).

Fractalkine (FKN) is a membrane-bound CX,C chemokine
that possesses a chemokine/mucin hybrid structure and trans-
membrane domain (7,8). FKN is expressed on vascular endothe-
lial cells (ECs), and its unique structure gives it 2 functional forms:
an adhesion molecule when present in its membrane-bound form
and a chemoattractant in its soluble form after shedding by met-
alloproteases (9). Expression of FKN is up-regulated on vascu-
lar ECs at inflamed lesions, such as RA synovia (10,11). Notably,
both forms of FKN are recognized by its receptor, CX,CR1, which
is expressed on monocyte/macrophages and cytotoxic effec-
tor lymphocytes, including natural killer cells and cytotoxic T
cells (7,12,13). Among monocytes, CX;CR1 is highly expressed
on CD16+ monocytes, which are known to be increased in RA
(14,15). CD16+ monocytes adhere to vascular endothelium via
FKN-CX,CR1 interactions, where they produce large amounts
of proinflammatory cytokines (e.g., TNF and IL-6) and chemok-
ines that recruit other types of immune cells to areas where
CD16+ monocytes are located (16,17). This results in augmented
inflammatory reactions in affected synovia (18). CX,CR1 is also
expressed on terminally differentiated CD4+ and CD8+ T cells,
which are increased in the peripheral blood of RA patients. These
cells preferentially produce interferon-y, TNF, granzyme A, and per-
forin (11), ultimately contributing to tissue damage, which is indica-
tive of the role the FKN-CX,CR1 axis plays in RA pathophysiology.

Previously, we investigated the safety and efficacy of EGO11,
a humanized IgG2 monoclonal antibody against human FKN, in a
phase I/ll, open-label, multiple-ascending-dose study in patients with
active RA. E6011 was found to be safe and showed efficacy sig-
nals in these patients (19). We further evaluated E6011 in a phase
Il, double-blind, placebo-controlled study to confirm its efficacy,
safety, and dose-response relationship in patients with moderately to
severely active RA who had an inadequate response to MTX. Herein,
we present the results of the 24-week treatment phase (double-blind
portion) of this clinical trial. This is the first study to reveal the clinical
benefit of blocking the FKN-CX,CR1 axis for treatment of RA.

PATIENTS AND METHODS

Study design. This multicenter, randomized, double-blind,
placebo-controlled, parallel-group comparison study was performed
to evaluate the efficacy and safety of 3 dosages of E6G011, compared
with placebo, in RA patients in Japan (ClinicalTrials.gov identifier:
NCT02960438). The following 4 treatment groups were selected
for the study: E6011 100-mg group, E6011 200-mg group, E6011
400/200-mg group, and placebo group. The study consisted of
screening, observation, treatment (double-blind), extension (open-
label), and follow-up phases. Screening assessments were per-
formed within 42 days prior to treatment initiation. The protocol was
approved by the institutional review board of each study institution.
This study was conducted in accordance with the standard operating
procedures of the sponsor, which were designed to ensure adher-
ence with the Declaration of Helsinki and Good Clinical Practice.

Patients. Japanese patients with active RA (ages 18-74
years) who were diagnosed according to the 1987 American
College of Rheumatology (ACR) classification criteria (20) or
the 2010 ACR/European League Against Rheumatism criteria
(21) were screened for eligibility. Inclusion criteria included the
following: tender joint count of >6 (of 68 joints), swollen joint
count of >6 (of 66 joints), and C-reactive protein (CRP) level
of >0.6 mg/dl, or erythrocyte sedimentation rate of >28 mm/
hour after receiving MTX (6-16 mg/week) for >12 weeks before
trial entry. Patients were excluded if they had previously been
treated with biologics and discontinued treatment due to inad-
equate response or had a history of biologic treatment for RA
within 12 weeks prior to the study. All participants provided
written informed consent before participation.

Randomization and blinding. Patients who met the
eligibility criteria during the screening and observation phase
were randomly allocated to the placebo, 100-mg, 200-mg, and
400/200-mg groups at a 2:1:2:2 ratio. This dynamic allocation
(minimization method) was performed using the following factors:
CRP level at the screening phase, disease duration, and history
of biologic treatment. Randomization was performed centrally
using an interactive web response system (IWRS). The individ-
ual responsible for randomization generated the list of rand-
omized drug numbers. At screening, the investigator or designee
accessed the IWRS to register patient information. The inde-
pendent enrollment center confirmed the eligibility of the patient,
assigned each patient to a treatment group using a dynamic allo-
cation algorithm, and provided the drug number to the investiga-
tor via email. Upon completing all planned assessments at the
observation phase, the investigator prescribed the study drug for
the eligible patient based on the drug number specified by the
independent enroliment center. Therefore, in a double-blind man-
ner, patients received either E6011 or placebo at weeks 0, 1, and
2, and then once every 2 weeks until week 22.
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Procedures. During the treatment phase (24 weeks),
patients were subcutaneously injected with either E6011 or pla-
cebo at weeks O, 1, and 2, and then once every 2 weeks until
week 22 in a double-blind manner. In the E6011 100-mg, E6011
200-mg, and placebo groups, patients received the study drug
(100 mg, 200 mg, or placebo, respectively) at weeks 0, 1, and
2, and then once every 2 weeks. In the E6011 400/200-mg
group, patients received 400 mg at weeks 0, 1, 2, 4, 6, 8, and 10
and then 200 mg once every 2 weeks. In our previous phase I/lI
study (19), 400 mg of E6011 sufficiently improved clinical symp-
toms. However, in the present study, administration of the 400-mg
dose required subcutaneous injection at 4 sites with 100 mg/ml
of study drug. Therefore, 400-mg administrations were limited to
10 weeks (for the primary end point) to reduce the burden on
patients, and from week 12, patients received 200-mg subcuta-
neous administrations (injection at 2 sites).

Patients who completed evaluations at week 24 of the treat-
ment phase entered the extension phase. The extension phase
lasted until 104 weeks after the start of study treatment, and patients
received open-label E6011 200 mg every 2 weeks until week 102. If
patients completed or discontinued the study, a follow-up visit was
conducted 28 days after completion or discontinuation of the study,
and a follow-up visit or telephone interview was conducted 70 days
after the last dosing. Here, we present the results of the 24-week
treatment phase (double-blind portion) of this clinical trial.

Assessments. Efficacy. The primary end point was ACR
20% improvement criteria (ACR20) response rate at week 12.
Major secondary end points were rates of ACR20 response
at week 24, rates of ACR50 and ACR70 responses at weeks
12 and 24, and improvements in individual ACR compo-
nents (number of tender joints, number of swollen joints,
patient’s and physician’s global assessments, Health Assess-
ment Questionnaire (22), and CRP level) over 24 weeks. Other
secondary end points included change in Disease Activity
Score in 28 joints using the CRP level (DAS28-CRP) (23) and
the Clinical Disease Activity Index (CDAI) (24) over 24 weeks.

Biomarker. Peripheral blood samples were used to measure
CD16+ monocytes at baseline and at weeks 2, 4, 8, 12, and 24.
Whole blood was lysed with BD Pharm Lyse (BD Biosciences)
and then incubated with Fc Receptor Blocking Reagent (Miltenyi
Biotec). Blocked samples were incubated with Alexa Fluor 647—
conjugated anti-human CD14 (BiolL.egend) and fluorescein isothio-
cyanate—conjugated anti-human CD16 (Abcam) for 30 minutes on
ice and analyzed using a FACSCanto Il apparatus (BD Biosciences).
The percentage of CD16+ cells in total monocytes was calculated
with a sequential gating strategy using FlowJo (BD Biosciences).

Safety. Safety was evaluated based on adverse events
(AEs), clinical laboratory parameters, vital signs, standard 12-lead
electrocardiogram (ECG) results, chest radiographs, neurologic
findings, and CD4+ blood cell counts. AEs were coded using
the Medical Dictionary for Regulatory Activities, version 20.1.

Severity of AEs was graded on a 5-point scale according to
the Common Terminology Criteria for Adverse Events (CTCAE;
version 4.0).

Statistical analysis. The primary end point was ana-
lyzed using a logistic regression model with CRP level at base-
line, RA disease duration, and history of treatment with biologics
as covariates for comparison between the placebo group and
either the E6011 200-mg or E6011 400/200-mg group. The
overall significance level was defined as a = 0.025 (1-sided). The
Benjamini-Hochberg method was used to control the overall Type
| error rate.

Sample size was conservatively calculated at a 1-sided sig-
nificance level of a = 0.0125 (a = 0.025/2) considering multiplic-
ity. The ACR20 response rate at week 12 was expected to be
30% in the placebo group and >60% in both the E6011 200-mg
and 400/200-mg groups. Sample sizes of 50 for the 200-mg,
400/200-mg, and placebo groups had 91% power to detect a
difference in response rate of 35% between the placebo group
and each E6011 group and 79% power to detect a difference in
response rate of 30% based on a chi-square test.

Multiplicity adjustment was not considered for secondary
efficacy analyses. For ACR20 (excluding week 12), ACR50, and
ACR70 response rates, analyses similar to those for the primary
end point were conducted. Each component of the ACR response
criteria, DAS28-CRP, and CDAI, and any changes from baseline,
were summarized at each visit, according to treatment group.
Changes from baseline were also analyzed using analysis of
covariance with baseline value, CRP level at baseline, RA disease
duration, and prior biologic treatment as covariates. The signifi-
cance level for comparisons between the placebo group and each
E6011 treatment group (100-mg, 200-mg, or 400/200-mg) was
defined as a = 0.05 (2-sided). The ACR20 and ACR50 response
rates at week 24 were also analyzed in subgroups according to
the baseline proportion of CD16+ monocytes.

The efficacy analysis set was the group of randomized
patients who received the study drug and had >1 evaluable post-
dose primary efficacy data set available. The safety analysis set
was the group of patients who received >1 dose of the study
drug and had >1 evaluable postdose safety data set available.
For efficacy analyses, the approach used to handle missing data
for the ACR response criteria was the nonresponder imputation
(NRI) method, and for continuous variables, the last observation
carried forward method was used. For safety analysis, AEs that
emerged during the 24-week treatment phase were evaluated.

RESULTS

Patient disposition and baseline characteristics.
Between November 10, 2016 and September 7, 2017, 194
patients were randomly allocated to each treatment group. After
randomization, 4 of 194 patients discontinued the study before
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starting treatment with the study drug, because they failed to meet
entry criteria. All treated patients (n = 190) were included in the
efficacy and safety analyses. Of the 190 patients who received
>1 dose of the study drug (placebo, n = 54; E6011 100 mg,
n = 28; E6011 200 mg, n = 54; 400/200 mg, n = 54), 169 com-
pleted the planned treatment regimen, while 21 prematurely dis-
continued treatment within the 24-week double-blind period. All
patients were included in each analysis. The number of patients
who discontinued treatment was similar between the placebo and
E6011 treatment groups (Figure 1).

Baseline demographic characteristics were similar among
the 4 treatment groups (Table 1). Most patients (78.9%) were
female, and the median age was 56.0 years. The mean + disease
duration was 7.1 + 6.85 years. Approximately 23% of patients (43
of 190) had previously received biologic. The mean + SD dose
of MTX was 9.9 + 2.84 mg/week, the mean + SD baseline CRP
level was 1.30 + 1.49 mg/dl, and the mean + SD baseline tender
joint count (of 68 joints) and swollen joint count (of 66 joints) were
15.3 + 7.90 and 12.6 + 5.98, respectively. The proportion of oral
glucocorticoid use in the E6011 400/200-mg treatment group
was numerically higher, although the difference was not signifi-
cant, compared with the other groups. Mean baseline scores for
clinical measures were comparable across treatment groups.

ACR20 response rates at week 12 (using NRI) were 37.0%
(placebo), 39.3% (100 mg), 48.1% (200 mg), and 46.3%
(400/200 mg). Although the rates were higher in the 200-mg and

400/200-mg groups compared with the placebo group, statisti-
cal significance was not reached (P = 0.188 for the 200-mg and
400/200-mg groups, using the logistic regression model with the
Benjamini-Hochberg method) (Figure 2A). Therefore, although
this study did not meet the primary end point, it met multiple
secondary end points. At week 24, ACR20 response rates were
35.2% (placebo), 39.3% (100 mg), 53.7% (200 mg), and 57.4%
(400/200 mg), and the response rates in the E6011 200-mg and
400/200-mg groups were significantly higher than in the placebo
group (P = 0.023 for the 200-mg group and P = 0.010 for the
400/200-mg group, using the logistic regression model with the
Benjamini-Hochberg method) (Figure 2B). ACR50 response rates
at weeks 12 and 24 (using NRI) were 14.8% and 16.7% (placebo),
10.7% and 17.9% (100 mg), 25.9% and 25.9% (200 mg), and
18.5% and 27.8% (400/200 mg), respectively. ACR70 response
rates at weeks 12 and 24 (using NRI) were 3.7% and 5.6% (pla-
cebo), 3.6% and 14.3% (100 mg), 9.3% and 11.1% (200 mg), and
7.4% and 13.0% (400/200 mg), respectively (Figures 2A and B).

The DAS28-CRP and CDAI decreased sequentially from
baseline after treatment with E6011. Decreases in the DAS28-
CRP and CDAI were statistically significant between the placebo
group and the 200-mg or 400/200-mg group as early as week 8
(for DAS28-CRP; Figure 2C) or week 4 (for CDAI; Figure 2D). In
contrast, any apparent reduction in CRP level was not observed
to be associated with E6011 treatment within the double-blind
period (Figure 2E).

273 subjects assessed for eligibility

79 ineligible

194 subjects

randomized

|

4 subjects untreated

190 subjects treated

| l

l }

54 assigned to Placebo 28 assigned to E6011 100-mg

54 assigned to E6011200-mg 54 assigned to E6011 400/200-mg

7 discontinued 2 discontinued

2 inadequate therapeutic effect
2 adverse event

2 progression of disease

1 subject choice

1 inadequate therapeutic effect:
1 adverse event

i
¥

4 discontinued 8 discontinued

2 inadequate therapeutic effect
1 subject choice
1 other

5 inadequate therapeutic effect
3 adverse event

i
¥

47 completed the treatment phase 26 completed the treatment phase

50 completed the treatment phase 46 completed the treatment phase

All of the treated subjects were included in the efficacy and safety analysis

Figure 1.

Patient disposition during the 24-week double-blind period.
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Table 1. Patient baseline demographics and laboratory data*
E6011 E6011 E6011
Placebo group 100-mg group 200-mg group 400/200-mg group
(n=54) (n=28) (n=54) (n=54)

Age, years 57.6 £9.86 56.5+10.4 56.5+10.4 552+9.13
Sex, no. (%)

Male 9(16.7) 6(21.4) 10 (18.5) 15 (27.8)

Female 45 (83.3) 22 (78.6) 44(81.5) 39(72.2)
Weight, kg 547 +11.3 554 +11.0 579+ 144 557+ 11.2
RA duration, years 6.9+735 6.4 +5.46 71 +6.58 7.6+738
Prior biologic use, no. (%) 12(22.2) 7 (25.0) 12(22.2) 12(22.2)
MTX dose, mg/week 9.6£2.20 99+3.22 101 £2.97 10.1 £3.10
Oral glucocorticoids

Yes, no. (%) 23(42.6) 11(39.3) 24 (44.4) 31(574)

Dose, mg/dayt 3.65+217 4.82+233 415+2.34 3.54+213
RF-positive, no. (%)% 45(83.3) 23(82.1) 46 (85.2) 44(81.5)
Anti-CCP-positive, no. (%)8 51(94.4) 26(92.9) 46 (85.2) 45(83.3)
TJC (of 68 joints) 13.7 +£6.81 141 +7.24 16.3+ 715 16.6 £ 9.61
SJC (of 66 joints) 12.7 £ 6.81 11.3+£5.27 12.4+4.89 13.5+6.41
CRP at screening, mg/dl 1.25+£1.04 1.38 £ 1.60 1.60 £3.33 1.34+£1.53
CRP at baseline, mg/d| 1.50+1.63 144 +£1.87 1.08£0.84 1.24+1.63
DAS28-CRP 5.04+0.88 4.99 +1.01 5.08 +£0.73 5.20+£0.93

* Except where indicated otherwise, values are the mean + SD. RA = rheumatoid arthritis; MTX = methotrexate; RF = rheumatoid factor; anti-
CCP = anti-cyclic citrullinated peptide; TJC = tender joint count; SJC = swollen joint count; DAS28-CRP = Disease Activity Score in 28 joints using

C-reactive protein.

t Concomitant dose at baseline is shown in prednisolone equivalent.
¥ Positivity defined as >15 1U/ml.

§ Positivity defined as >4.5 units/ml.

Levels of CD16+ monocytes, which highly express CX,CR1,
in whole monocytes were sequentially measured. Baseline lev-
els ranged broadly from 1.60% to 42.1%, and the median value
derived from all patients was 10.35% (data not shown). Median
values in each group at baseline were comparable (9.43%

[placebo], 12.80% [100 mg], 11.15% [200 mg], and 10.80%
[400/200 mg]). For further exploratory analyses, patients were
divided into 2 groups by taking the baseline median yielded from
all patients (10.35%) and applying it to CD16+ monocyte—low
and CD16+ monocyte—high populations. In the population with

ACR Response Rate at Week 24 (NRI)

* P<0.025

537 574

OPlacebo (N=54)
0100-mg (N=28)
8200-mg (N=54)
#400/200-mg (N=54)

A ACR Response Rate at Week 12 (NRI) B
100 100
;\? OPlacebo (N=54) e\?
‘3’ 80 0100-mg (N=28) 5 80
a8 8200-mg (N=54) E
s 60 »400/200-mg (N=54) o 60
= =
g 40 2 40
g 14.8 é
& 20 § e 20
Q 5 93 74 o
m 37 36
< 0 < 0
ACR70
C DAS28-CRP (LOCF) D CDAI (LOCF)
0 4 8 12 16 20 24 0 4 8 12 16 20 24
2 weeks
-4
-6

Change from baseline
Change from baseline

*
—0— Placebo (N=54)
——100-mg (N=28)
—0—200-mg (N=54)

—O—Placebo (N=54)

2 4 —a—100-mg (N=28)
—0—200-mg (N=54)
—e—400/200-mg (N=54)

—e—400/200-mg (N=54)

Change from baseline

CRP (LOCF)

0 4 8

12

16 20 24

~O—Placebo (N=54)
——100-mg (N=28)
—0—200-mg (N=54)
—o—400/200-mg (N=54)

Figure 2. A and B, American College of Rheumatology 20% improvement criteria (ACR20), ACR50, and ACR70 response rate at weeks
12 (A) and 24 (B) (using nonresponder imputation [NRI]). C-E, Mean change from baseline in the Disease Activity Score in 28 joints using the
C-reactive protein level (DAS28-CRP) (C), the Clinical Disease Activity Index (CDAI) (D), and the CRP level (E), according to E6011 dose (using
the last observation carried forward [LOCF] approach). * = P < 0.05, versus placebo, in C and D.
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A ACR 20 Response Rate at Week 24 (NRI)

CD16* monocyte-low population

%) 70
60
50 43.3
40
% 20.0
20
10
0
Placebo 100-mg 200-mg 400/200-mg
(N=30) (N=10) (N=22) (N=22)

B ACR 50 Response Rate at Week 24 (NRI)

() 70 CD16"* monocyte-low population
50
40
09 200
Zg 10.0
0

Placebo 100-mg 200-
(N=30) (N=10) (N=22) (N=22)

g 400/200-mg

CD16"* monocyte-high population
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50 46.7
01 300
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0
Placebo 100-mg 200-mg 400/200-mg
(N=20) (N=15) (N=26) (N=23)
(%) 70 CD16* monocyte-high population
60
50
40
30 26.7
20 15.0
10
0
Placebo 100-mg 200-mg 400/200-mg
(N=20) (N=15) (N=26) (N=23)

Figure 3. Subgroup analysis by baseline proportion of CD16+ monocytes. ACR20 response rates (A) and ACR50 response rates (B) at week
24 in populations with a low or high proportion of CD16+ monocytes are shown. See Figure 2 for definitions.

low CD16+ monocytes, there was no trend in terms of ACR20
response at week 24 (43.3% [placebo], 20.0% [100 mg], 54.5%
[200 mg], and 45.5% [400/200 mg]) (Figure 3). The response in
the CD16+ monocyte-high population showed a marked dose-
dependent increase in ACR20 response rate (30.0% [placebo],
46.7% [100 mg], 57.7% [200 mg], and 69.6% [400/200 mg]).
These results were also confirmed in the ACR50 responses at
week 24 (20.0% [placebo], 10.0% [100 mg], 13.6% [200 mg], and
13.6% [400/200 mg] in the CD16 monocyte—low population, and
15.0% [placebo], 26.7% [100 mg], 34.6% [200 mg], and 39.1%
[400/200 mg] in the CD16+ monocyte—high population) (Figure 3).

After initiation of treatment, CD16+ monocyte levels in
total monocytes decreased significantly at week 2 in all E6011
groups, and reductions were sustained throughout the treat-
ment period without dose dependency (Figure 4). AEs and
treatment-related AEs occurred more frequently in the E6011
treatment groups than in the placebo group (AEs, 63.0% in
the placebo group and 73.5% in the E6011 groups; treatment-
related AEs, 22.2% in the placebo group and 39.7% in the E6011
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Figure 4. Changes in the proportion of CD16+ monocytes after
E6011 treatment. Symbols and lines show the mean + SD. * =P <
0.001 versus placebo.

groups) (Table 2). A dose response was found in the incidence
of AEs (63.0% [placebo], 67.9% [100 mg], 70.4% [200 mg], and
79.6% [400/200 mg]), but not in the incidence of treatment-
related AEs (22.2% [placebo], 46.4% [100 mg], 33.3% [200 mg],
and 42.6% [400/200 mg])).

The incidence of grade 3 CTCAEs and grade 4 AEs and
serious AEs that led to treatment discontinuation or dose inter-
ruptions was similar between the placebo group and E6011
treatment groups, and no apparent dose response was obser-
ved. AEs that occurred in >5% of patients in any E6011 treat-
ment group included nasopharyngitis, upper respiratory tract
infection, stomatitis, bronchitis, back pain, pharyngitis, and den-
tal caries. Among the AEs that occurred in >5% of patients in
any E6011 group, the following AEs occurred at a rate of >2-fold
that observed in patients in the placebo group: stomatitis (1.9%
in the placebo group versus 5.1% in E6011 groups), bronchitis
(1.9% versus 4.4%), back pain (1.9% versus 4.4%), and dental
caries (0% versus 2.2%). No clinically meaningful changes were
observed in laboratory data or other safety assessments, such
as standard 12-lead ECG results, chest radiographs, neurologic
findings, or CD4+ blood cell counts.

DISCUSSION

E6011 is a novel investigational drug used to neutralize FKN,
which is highly expressed in inflamed lesions and suppresses
immune cell accumulation at affected lesions. This is the first mul-
ticenter, randomized, double-blind, placebo-controlled study to
evaluate the efficacy and safety of E6011 for up to 24 weeks in
patients with active RA who had an inadequate response to MTX.

With E6011, there was a trend toward increasing ACR20
response rate at week 12, the primary end point, although this
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Table 2. AEs and laboratory data*
E6011 E6011 E6011
Placebo group  100-mg group  200-mg group  400/200-mg group ~ E6011 total
(n=54) (n=28) (n=54) (n=54) (n=136)
All AEs 34 (63.0) 19 (67.9) 38(70.4) 43(79.6) 100 (73.5)
Treatment-related AEs 12 (22.2) 13 (46.4) 18 (33.3) 23(42.6) 54(39.7)
AE maximum grade
Grade 1 7(13.0) 4(14.3) 10(18.5) 9(16.7) 23(16.9)
Grade 2 25(46.3) 13 (46.4) 25(46.3) 32(59.3) 70(51.5
Grade 3 2(3.7) 1(3.6) 3(5.6) 0 4(2.9)
Grade 4 0 1(3.6) 0 2(3.7) 3(2.2)
Grade 5 0 0 0 0 0
Serious AEs 2(3.7) 1(3.6) 2(3.7) 3(5.6) 6 (4.4)
Death 0 0 0 0 0
AEs leading to withdrawal 2(3.7) 1(3.6) 0 2(3.7) 3(2.2)
AEs that occurred in >5% of patients
in any group
Nasopharyngitis 16 (29.6) 7(25.0) 10(18.5) 18(33.3) 35(25.7)
URI 2(3.7) 2(77) 4(7.4) 2(3.7) 8(5.9)
Stomatitis 1(1.9) 0 2(3.7) 5(9.3) 7(5.7)
Bronchitis 1(1.9) 2(77) 1(1.9) 3(5.6) 6 (4.4)
Back pain 1(1.9) 1(3.6) 3(5.6) 2(3.7) 6 (4.4)
Pharyngitis 2(3.7) 0 3(5.6) 2(3.7) 5(3.7)
Dental caries 0 0 0 3(5.6) 3(2.2)
Headache 3(5.6) 0 0 1(1.9) 1(0.7)
Laboratory data
Hemoglobin, gm/liter 2097 =1.6£7.2 05+10.3 =33 & 104 =14:98
Lymphocytes, 10%/liter -0.05+0.61 0.08 £0.38 -0.01+0.34 -0.06+0.57 -0.01 £ 0.45
Neutrophils, 10%/liter -0.09+2.02 -0.40£1.42 -0.34+1.49 -0.39+222 -0.37+1.79
ALT, units/liter 0.6+12.0 3.9+26.5 34+12.8 0.3+14.1 23+16.9
Creatinine, pmoles/liter 0.7+57 1.9+6.1 0.7+52 20+213 1.4+14.0
HDL cholesterol, mmoles/liter -0.04+0.28 0.05+0.28 0.02+0.24 0.05+0.28 0.04 £ 0.26
LDL cholesterol, mmoles/liter 0.01+0.44 -0.05+0.40 -0.03+£0.55 0.03+0.44 -0.01 £0.48
Creatine kinase, |U/liter 54+ 253 72+264 21+348 18.4+74.0 9.6 + 53.1

* Adverse event (AE) values are the number (%) of patients. Laboratory data are the mean + SD change from baseline at week 24 (using last
observation carried forward). AEs emerged until week 24. However, for patients who discontinued the study drug during the treatment phase,
AEs emerged until 70 days after the last intended dose. A patient with >2 AEs in the same preferred term was counted only once for that
preferred term. MedDRA version 20.1 was used. URI = upper respiratory tract infection; ALT = alanine aminotransferase; HDL = high-density

lipoprotein; LDL = low-density lipoprotein.

was not statistically significant (Figure 2A). Statistical significance
was attained at week 24, which was the secondary end point,
even though the response rate was lower than we expected and
lower than that of existing marketed biologics for RA (Figure 2B).
Regarding other secondary end points, ACR50 response rates
were numerically higher in the E6011 groups than in the placebo
group at week 24 (Figure 2B), although this was not statistically
significant. CRP level was not reduced in correlation with symp-
tomatic improvement during the 24 weeks (Figure 2E). The CDA|,
which does not include CRP level, reached statistical significance
earlier, at week 4, in the 400/200-mg group (Figure 2D). Such dis-
crepancy in the clinical measures used may support the notion of
a distinct mode of action of E6011, which suppresses cell migra-
tion from the circulation and accumulation in inflamed tissue but
does not directly neutralize cytokines. The ACR response rate that
is widely utilized as an end point in clinical studies may not accom-
modate evaluation of the cell trafficking inhibitor, E6011. Further
studies are required to investigate the end point that sufficiently
reflects the local effect of EGO11.

For biomarker analysis, we focused on CD16+ monocytes
because of their importance in RA pathophysiology and high
expression of the FKN receptor, CX,CR1. Although there was no
relationship between background features of the disease and the
proportion of CD16+ monocytes (data not shown), we conducted
a subsequent exploratory analysis as to whether baseline levels of
these cells were related to the response to E6011. As shown in
Figure 3, CD16+ monocyte-high populations tended to respond
better than CD16+ monocyte—low populations, while there were
some variations in data on ACR20 response. While a more obvi-
ous dose-response tendency for ACR50 response was observed
in CD16+ monocyte-high populations, these results should be
interpreted carefully, as this subgroup analysis was ad hoc and
exploratory and was immature for providing statistically convincing
data because of its small sample size. Although this subsequent
exploratory analysis had limitations, it provided some indication
that E6011 may represent a potential treatment option for RA
patients, especially with a precision medicine approach consider-
ing the baseline proportion of CD16+ monocytes.
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After initiation of E6011 treatment, CD16+ monocyte levels
were found to decrease quickly by week 2, without any dose
response (Figure 4). No relationship was found between the mag-
nitude of CD16+ monocyte level reduction and clinical response
(data not shown). The FKN-CX,CR1 interaction is known to elicit
signals to promote the survival of human monocytes through
activation of phosphoinositide 3-kinase (25). It is believed that
E6011 may inhibit monocyte survival, although FKN-CX,CR1 may
not be a central or unique axis for monocyte survival or main-
tenance because of the lack of dose dependency observed.
Decreased magnitude of CD16+ monocytes cannot pharmaco-
dynamically reflect the dose of E6011 administered. Therefore,
the importance of CD16+ monocytes in predicting response or
as a pharmacodynamic biomarker for E6011 remains elusive and
should be further explored.

Regarding the safety profile of E6011, the incidence of
AEs showed modest dose dependency. Notably, nasophar-
yngitis, stomatitis, bronchitis, back pain, and dental caries
occurred more frequently with higher doses of E6011, although
these AEs were either mild or moderate (grade 1 or 2). Moreover,
given that these AEs were the most common ones reported in
other clinical trials, and that some of them represent potential
adverse reactions to MTX, E6011 was found to generally be safe
and well tolerated at any dose for 24 weeks. However, further
accumulation of safety information is necessary through addi-
tional clinical studies.

Regarding laboratory data, an increased mean change in
creatine kinase levels was observed in the 400/200-mg group
(18.4 IU/liter). This was due to included data on 1 patient in the
400/200-mg group. Without this data point, the mean creatine
kinase change from baseline in the 400/200-mg group (9.0%) was
consistent with that in other groups. Additionally, this patient’s high
level of creatine kinase (240 |U/liter at 24 weeks) was subsequently
improved to within normal range, despite continuation of the study
drug.

Considering the mode of action of E6011, which primarily
ameliorates local inflammation by regulating cell trafficking without
direct suppression of the systemic inflammatory reaction (i.e., no
change in CRP level), its safety profile may be preferable to that
of other biologic agents. Anemic hemoglobin levels are generally
expected to normalize with improvement in systemic inflamma-
tion, although E6011 did not confer an increase in hemoglobin
level in this study. This may also suggest that E6011 exerts its bio-
logic effect locally rather than systemically. In contrast, hemoglobin
level increased slightly in responders to E6011, while it decreased
in nonresponders (data not shown). However, such differences
were not sufficient to affect the mean value in the cohort. It is
therefore unlikely that E6011 reduced hemoglobin level in any of
the patients. These results indicate that safety signals were similar
among 100-mg, 200-mg, and 400-mg doses of E6011. However,
a longer and more detailed evaluation is required to fully establish
the safety profile of E6011.

In conclusion, although the primary end point in this study
was not met, our data suggest that E6011 may have modest
efficacy for patients with active RA who had an inadequate
response to MTX, especially if they showed a higher proportion
of CD16+ monocytes at baseline. The effect of E6011 may pri-
marily emerge at locally inflamed lesions rather than systemically,
which may be due to its mode of action, and conventional meas-
ures for clinical evaluation may not be appropriate for evaluating
this treatment. The proportion of CD16+ monocytes in periph-
eral blood at baseline may indicate which patients will respond
well to E6011. Although further evidence is necessary, this may
help determine who should be treated with E6011. Because only
preliminary evidence was obtained in this study, and our work
cannot be translated to real-world clinical practice at present,
further evaluation in future clinical trials is warranted to confirm
the therapeutic benefit of E6011.
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