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Objective. JAK inhibitors have shown efficacy in
rheumatoid arthritis (RA). We undertook this study to
test our hypothesis that selective inhibition of JAK-1
would combine good efficacy with a better safety profile
compared with less selective JAK inhibitors.

Methods. In two 4-week exploratory, double-blind,
placebo-controlled phase IIa trials, 127 RA patients with
an insufficient response to methotrexate (MTX) received
filgotinib (GLPG0634, GS-6034) oral capsules (100 mg
twice daily or 30, 75, 150, 200, or 300 mg once daily) or
placebo, added onto a stable regimen of MTX, to evalu-
ate safety, efficacy, pharmacokinetics (PK), and pharma-
codynamics (PD) of filgotinib. The primary efficacy end
point was the number and percentage of patients in
each treatment group meeting the American College of
Rheumatology 20% improvement criteria (achieving an
ACR20 response) at week 4.

Results. Treatment with filgotinib at 75–300 mg
met the primary end point and showed early onset of
efficacy. ACR20 response rates progressively increased
to week 4, and the Disease Activity Score in 28 joints
using the C-reactive protein (CRP) level decreased.
Marked and sustained improvements were observed in
serum CRP level and other PD markers. The PK of
filgotinib and its major metabolite was dose propor-
tional over the 30–300 mg range. Early side effects seen
with other less selective JAK inhibitors were not
observed (e.g., there was no worsening of anemia [JAK-
2 inhibition related], no effects on liver transaminases,
and no increase in low-density lipoprotein or total cho-
lesterol). A limited decrease in neutrophils without neu-
tropenia was consistent with immunomodulatory effects
through JAK-1 inhibition. There were no infections.
Overall, filgotinib was well tolerated. Events related to
study drug were mild or moderate and transient during
therapy, and the most common such event was nausea.

Conclusion. Selective inhibition of JAK-1 with
filgotinib shows initial efficacy in RA with an encourag-
ing safety profile in these exploratory studies.

Rheumatoid arthritis (RA) is a chronic autoim-
mune inflammatory and degenerative joint disease that
affects almost 1% of the adult population worldwide,
with onset classically between ages 30 and 50 years and
a higher prevalence in women (1,2). Current therapeutic
approaches rely on disease-modifying antirheumatic
drugs (DMARDs), such as methotrexate (MTX), as
well as on biologic therapeutics that target tumor
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necrosis factor, interleukin-6 (IL-6), and T cell activa-
tion (abatacept, a CTLA-4Ig fusion protein) or that
eliminate CD201 B cells (rituximab) (3). Limitations
with these treatments, such as waning efficacy over time,
are observed in a proportion of patients and are associ-
ated with side effects (e.g., with MTX or steroids) and
dosing inconvenience (injected biologic therapeutics).
This has led to the exploration of alternative oral
treatments. In the past decade, small-molecule inhibi-
tors targeting kinases involved in disease-relevant signal
transduction pathways such as p38 MAPK, Syk, and
JAK have been evaluated in RA patients (4). In 2012,
tofacitinib became the first JAK inhibitor approved by
the US Food and Drug Administration for the treat-
ment of RA.

JAKs are intracellular cytoplasmic tyrosine
kinases, which signal in pairs and transduce cytokine sig-
naling from membrane receptors via the STAT factors
to the cell nucleus (5). JAK inhibitors block the signal-
ing of various cytokines, growth factors, and hormones,
including IL-6. Four different types of JAKs are known:
JAK-1, JAK-2, JAK-3, and Tyk-2. JAK-1 is a novel tar-
get for inflammatory diseases, transducing cytokine-
driven proinflammatory signaling, and for other diseases
driven by JAK-mediated signal transduction. JAK-2 sig-
nals for a range of cytokines, often pairing with JAK-1,
but only JAK-2 is downstream of a number of growth
factors involved in hematopoiesis, such as erythropoie-
tin (EPO) and thrombopoietin (TPO). JAK-3 is consid-
ered a prime target for immunosuppression, being
downstream of proinflammatory cytokines, and also for
immunoinflammatory diseases. While JAK-1, JAK-2,
and Tyk-2 are expressed in many cell types and tissues,
JAK-3 expression is restricted to the lymphoid lineage.

The first marketed JAK inhibitor, tofacitinib,
inhibits JAK-3, JAK-1, and JAK-2 in descending order of
potency. It is efficacious in treating the signs and
symptoms of RA with a rapid onset of action. The most
common adverse events (AEs) are infections and
infestations, increases in serum creatinine, and a decrease
in neutrophil counts (6,7). Tofacitinib also increases total
cholesterol levels, with low-density lipoprotein (LDL)
increases typically exceeding those for high-density
lipoprotein (HDL). At doses exceeding the approved
regimen of 5 mg twice daily, tofacitinib treatment was
associated with anemia, which is thought to be linked to
inhibition of JAK-2. Several other JAK inhibitors with
varying selectivity profiles are in development for RA,
including baricitinib (JAK-1/JAK-2 inhibitor), peficitinib
(JAK-3/JAK-1/JAK-2 inhibitor), and ABT-494 (JAK-1
inhibitor) (8).

It has been hypothesized that inhibition of JAK-
1 in particular is beneficial in RA treatment. While inhi-
bition of JAK-2 and b-chain receptor–interacting family
cytokines may contribute to the efficacy, it could also
cause anemia, thrombocytopenia, and neutropenia
by interfering with EPO signaling and with colony-
stimulating factors (9,10).

We present the first data in RA patients for
filgotinib (GLPG0634, GS-6034), a highly selective
orally available JAK-1 inhibitor with ;30-fold selectivity
for inhibition of JAK-1 relative to JAK-2 in human
whole blood assays (11). Filgotinib is metabolized to
form one major metabolite, which also exhibits selective
JAK-1 inhibition, although with ;10-fold lower
potency. As the overall exposure of this metabolite in
humans is ;15-fold higher than that of filgotinib, the
clinical activity likely results from the combination of
the parent molecule and the major metabolite (12).

Filgotinib treatment of healthy volunteers for up
to 10 days with doses up to 450 mg once daily was well
tolerated and safe (13). Significant inhibition of JAK-1
pathways but not JAK-2 was found in pharmacodynamic
(PD) assays at daily doses of $100 mg. In healthy volun-
teers, the exposure of filgotinib was well in excess of
that showing efficacy in animal models of RA.

We present data obtained in two 4-week trials
with filgotinib, one proof-of-concept study and one
dose-ranging study. The observed safety and efficacy in
RA patients provide initial evidence that selective inhi-
bition of JAK-1 may represent a future way to treat RA.

PATIENTS AND METHODS

Study design and treatments. Two 4-week explor-
atory, randomized, double-blind, placebo-controlled studies
were performed in RA patients who had an inadequate
response to MTX. Both studies aimed to evaluate the prelimi-
nary safety, efficacy, pharmacokinetics (PK), and PD of
filgotinib added onto a stable regimen of MTX. Study 1
(GLPG0634-CL-201; NCT01384422) was a phase IIa proof-
of-concept study enrolling 36 patients and evaluating daily
doses of 200 mg of filgotinib, given at 200 mg once daily or
100 mg twice daily, versus placebo. The study was conducted
at a single site in the Republic of Moldova. Study 2
(GLPG0634-CL-202; NCT01668641) was a phase IIa dose-
ranging study in which 91 patients were enrolled to receive
filgotinib once daily at 30 mg, 75 mg, 150 mg, or 300 mg versus
placebo. The study was conducted at 19 sites in 4 countries
(Republic of Moldova, Ukraine, Russia, and Hungary). Eligi-
ble patients were randomly assigned to receive filgotinib or
matching placebo as capsules for 4 weeks, with a 7–10-day
follow-up period. For both studies, local ethics committees
approved the protocol. All patients gave informed consent,
and the studies were conducted in accordance with the Decla-
ration of Helsinki.
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Patients. Eligible patients fulfilled the American Col-
lege of Rheumatology (ACR) 1987 revised criteria for the clas-
sification of RA (14), were ages 18–70 years, had $5 swollen
joints and $5 tender joints, and had a serum C-reactive pro-
tein (CRP) level of $10 mg/liter at screening. Prior to screen-
ing, patients had to have received MTX for at least 12 weeks
(study 2) or at least 6 months (study 1) and had to have been
receiving a stable dose of 7.5–25 mg/week for at least 4 weeks.
Oral steroids at a stable dose (#10 mg once daily) for at least
4 weeks prior to screening and nonsteroidal antiinflammatory
drugs at a stable dose for at least 2 weeks prior to screening
were allowed. Major exclusion criteria were having received
DMARDs other than MTX within the 8 weeks prior to screen-
ing or having received treatment with a biologic agent, with
the exception of a biologic agent administered in a single clini-
cal study setting .6 months prior to screening (.12 months
prior to screening for rituximab or other cell-depleting
agents).

Efficacy assessments. In both studies, the primary
efficacy end point was the number and percentage of patients
in each treatment group meeting the ACR 20% improvement
criteria (achieving an ACR20 response) (15) at week 4. Sec-
ondary efficacy end points included the number and percent-
age of patients achieving an ACR20/ACR50/ACR70 response
in each treatment group at weeks 1 and 2, and at week 4 for an
ACR50/ACR70 response; the Disease Activity Score in 28
joints (16) using the CRP level (DAS28-CRP) at weeks 1, 2,
and 4 and change from baseline in the DAS28-CRP at weeks
1, 2, and 4; and change from baseline and percentage of
change from baseline at each visit in the individual compo-
nents of the ACR core set of disease activity measures (17)
(swollen joint count in 66 joints [SJC66], tender joint count in
68 joints [TJC68], physician’s and patient’s global assessments
of disease activity and patient’s assessment of pain on a visual
analog scale, Health Assessment Questionnaire disability
index [HAQ DI] score [18], and serum CRP level).

Safety assessments. AEs, vital signs, concomitant
medications, routine hematology, serum biochemistry, coagu-
lation, urinalysis, and other clinical laboratory test results were
collected at each visit. A 12-lead electrocardiogram (EKG)
was carried out at baseline and follow-up, and also at week 4
for study 1. A physical examination was performed at screen-
ing and follow-up. Data were summarized in a descriptive
manner. No formal statistical comparisons of safety data were
performed.

PK. Plasma concentrations of filgotinib and its major
metabolite were measured in samples collected from a subset
of patients in both studies (12 patients in study 1 and 15
patients in study 2) to assess individual steady-state PK of
filgotinib and its major metabolite. Blood samples were col-
lected before the morning dose and 1, 2, 3, 5, and 8 hours after
the morning dose at either the week 2 or week 4 visit.

PD. In plasma samples collected at the baseline and
week 4 visits from all participants in study 2, levels of various
marker proteins were assessed using 2 different technologies.
The measurement of the concentration of the YKL-40 factor
(chitinase 3–like protein 1) was performed using an enzyme-
linked immunosorbent assay from R&D Systems. The other
markers (vascular cell adhesion molecule 1 [VCAM-1], inter-
cellular adhesion molecule 1 [ICAM-1], matrix metallopro-
teinase 3 [MMP-3], haptoglobin, IL-18) were quantified at
Myriad RBM. Data were normalized to the baseline value for

each patient and plotted as the percentage of change from
baseline.

Statistical analysis. No formal statistical power calcu-
lation was used to determine sample sizes, as the studies were
purely exploratory. All randomized patients who received at
least one dose of study drug and had at least one postbaseline
efficacy assessment (intent-to-treat population) were included
in the efficacy analyses. Descriptive statistics were calculated
by dose for each of the PK parameters for filgotinib and its
major metabolite. Exploratory between-group comparisons
were also performed.

Safety data were summarized for all randomized patients
who received at least one dose of study drug (safety population).
Descriptive statistics were calculated for each parameter at every
time point and in each treatment group. A treatment-emergent
AE analysis was performed.

PD data are expressed as the mean 6 SEM. Compari-
sons of PD marker levels among the groups were made using a
nonparametric Kruskal-Wallis test followed by Dunn’s post
hoc test.

RESULTS

Patient disposition and baseline demographics.
A total of 127 RA patients, 36 in study 1 and 91 in study
2, were randomly assigned to receive the study treat-
ment. All randomized patients completed the studies,
except for 1 patient in the placebo group of study 2 who
discontinued for safety reasons (sponsor request) due to
initial positive HIV test results and before negative con-
firmatory test results became available.

Of the 98 patients screened for study 1, 36 met
the inclusion/exclusion criteria and were randomly
assigned in a 1:1:1 ratio to receive 100 mg GLPG0634
twice daily, 200 mg GLPG0634 once daily, or placebo.
All randomized subjects completed the study. While
some differences in various parameters were apparent
among the 3 treatment groups at baseline, DAS28-CRP
scores reflecting overall RA activity status were very
similar (see Supplementary Table 1, available on the
Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40186/abstract).

For study 2, 214 patients were screened, 91 of
whom were randomly assigned in a 1:1:1:1:1 allocation
ratio to receive treatment during 4 weeks with 30 mg
GLPG0634, 75 mg GLPG0634, 150 mg GLPG0634,
300 mg GLPG0634, or placebo. The patients in the pla-
cebo group in study 2 were comparatively younger and
had shorter disease duration than those in the filgotinib
treatment groups; the group receiving 150 mg filgotinib
showed more severe disease at baseline, with consis-
tently higher values in DAS28-CRP, SJC66, TJC68,
HAQ DI score, and CRP level (see Supplementary
Table 1, http://onlinelibrary.wiley.com/doi/10.1002/art.
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40186/abstract). In both studies, all participants were
Caucasian and the majority were women.

Efficacy findings. In study 1 at the end of 4
weeks of treatment, .83% of the filgotinib-treated
patients achieved an ACR20 response, which was statis-
tically significantly different compared to placebo. In
study 2 at week 4 of treatment, the majority of patients
receiving 300 mg filgotinib (65%) achieved an ACR20
response, but the difference from the placebo group was
not statistically significant (Table 1). In all treatment
groups for both studies, the ACR20 response rate
tended to increase progressively from week 1 to week 4,
although in the 300 mg group the peak response was
already reached at week 2, and it was maintained at
week 4 (Figure 1). Within the filgotinib treatment

groups, an increasing ACR20 response rate with
increasing dose was observed with the exception of the
150 mg dose.

The antiinflammatory effect of filgotinib was
confirmed by changes in secondary efficacy parameters
by week 4 (Table 1). In both studies, within 1 week of
treatment, mean serum CRP levels progressively and
consistently decreased from baseline in all filgotinib
dose groups, and these lower CRP levels were sustained
throughout the remaining study treatment period. In
both studies, dose-dependent decreases in DAS28-CRP
scores were apparent within 1 week and became more
pronounced from week 1 to week 4 for the filgotinib-
treated groups. Within the 4-week treatment duration, a
proportion of patients (up to 25% in the 300 mg group)

Table 1. Efficacy parameters at week 4*

Study 1 Study 2

Placebo
(n 5 12)

Filgotinib
200 mg once
daily (n 5 12)

Filgotinib
100 mg twice
daily (n 5 12)

Placebo
(n 5 17)

Filgotinib
30 mg once

daily (n 5 17)

Filgotinib
75 mg once

daily (n 5 22)

Filgotinib
150 mg once
daily (n 5 15)

Filgotinib
300 mg once
daily (n 5 20)

ACR responders, no. (%)†
ACR20 4 (33.3) 9 (75.0) 11 (91.7) 7 (41.2) 6 (35.3) 12 (54.5) 6 (40.0) 13 (65.0)

P vs. placebo – 0.0995 0.0094 – 0.736 0.456 0.834 0.111
ACR50 1 (8.3) 2 (16.7) 4 (33.3) 1 (5.9) 2 (11.8) 6 (27.3) 0 9 (45.0)

P vs. placebo – .0.9999 0.3168 – 0.386 0.072 0.414 0.010
Secondary efficacy

parameters, mean
change from baseline

Serum CRP, mg/liter 21.87 235.05 213.84 25.74 213.28 215.09 220.50 220.98
P vs. placebo – ,0.0001 ,0.0001 – 0.121 0.006 0.012 ,0.001

DAS28-CRP 20.30 22.23 22.81 21.20 21.08 21.72 21.80 22.25
P vs. placebo – ,0.0001 ,0.0001 – 0.893 0.119 0.278 0.005

SJC66 24.6 212.8 215.4 27.76 26.24 28.42 210.52 28.48
P vs. placebo – 0.0365 0.0920 – 0.749 0.427 0.558 0.496

TJC68 213.7 223.1 236.3 29.71 210.18 213.72 214.85 214.68
P vs. placebo – 0.2031 0.0080 – 0.886 0.161 0.492 0.225

Physician’s global
assessment of disease
activity, 0–10-cm VAS

25.8 226.7 235.0 219.65 29.76 227.09 224.87 229.20

P vs. placebo – 0.0043 0.0004 – 0.463 0.089 0.431 0.057
Patient’s global

assessment of disease
activity, 0–10-cm VAS

213.6 223.8 225.8 217.82 211.88 221.00 212.33 225.85

P vs. placebo – 0.1176 0.0918 – 0.563 0.364 0.681 0.122
Patient’s assessment

of pain, 0–10-cm VAS
28.8 224.3 229.8 211.65 27.41 221.27 214.07 229.85

P vs. placebo – 0.0458 0.0167 – 0.596 0.089 0.727 0.015
HAQ DI score 20.11 20.57 20.52 20.31 20.15 20.47 20.26 20.68

P vs. placebo – 0.0283 0.0272 – 0.540 0.065 0.596 0.014
EULAR cumulative score,

good/moderate, %
NA NA NA 58.8 58.8 68.2 66.7 80.0

Remission rate, no. (%)‡ 0 2 (16.7) 3 (25.0) 1 (5.9) 2 (11.8) 3 (13.6) 0 5 (25.0)

* Percentages are calculated based on the number of patients in the intent-to-treat population in each treatment group. SJC66 5 swollen joint
count in 66 joints; TJC68 5 tender joint count in 68 joints; VAS 5 visual analog scale; HAQ DI 5 Health Assessment Questionnaire disability
index; EULAR 5 European League Against Rheumatism; NA 5 not available.
† The last observation carried forward rule is applied to each component variable used to calculate the number and percentage of patients in
each treatment group meeting the American College of Rheumatology 20% or 50% improvement criteria (achieving an ACR20 or ACR50
response).
‡ A Disease Activity Score in 28 joints using the C-reactive protein level (DAS28-CRP) of ,2.6.
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achieved remission (DAS28-CRP ,2.6). In the 150 mg
filgotinib group, which had the highest level of disease
activity at baseline, relevant improvements in patient’s
global assessment of disease activity, patient’s assess-
ment of pain, and HAQ DI score were not achieved
after 4 weeks of treatment, while numerical improve-
ments were found in serum CRP levels, physician’s
global assessment of disease activity, TJC68, and SJC66.

Safety findings. Filgotinib was generally well
tolerated. All reported treatment-emergent AEs were
mild or moderate and transient during therapy. No
study participant permanently discontinued treatment
due to treatment-emergent AEs. One patient in the

300 mg group (study 2) had a 1-day treatment interrup-
tion because of nausea, and 1 patient receiving placebo
in study 1 was reported as having an insect bite (serious
AE), resulting in a temporary treatment interruption.

Of the patients in study 1, 16 (44.4%) had at least
1 treatment-emergent AE, while in study 2, 30 patients
(33.0%) experienced at least 1 treatment-emergent AE
(see Supplementary Table 2, http://onlinelibrary.wiley.
com/doi/10.1002/art.40186/abstract). Although no nota-
ble dose relationship trends were observed in the
incidences of treatment-emergent AEs, the highest
incidence of treatment-emergent AEs in study 2 was
observed at a dose of 300 mg (45.0%). In study 1,
treatment-emergent AEs considered by the investigator
to be at least possibly related to study drug were reported
in 9 patients (25.0%) (Table 2). All drug-related
treatment-emergent AEs were reported in 1 patient at
most, except for nausea (n 5 4) and asthenia (n 5 2). In
study 2, treatment-emergent AEs considered to be at
least possibly related to study drug were reported in
11 patients (12.1%) (Table 2). The only drug-related
treatment-emergent AE reported by .1 patient was
nausea (n 5 2). One case of cystitis, which resolved
during the study, was reported in the 300 mg group.

Hematologic evaluation during filgotinib treat-
ment showed a mild mean decrease in platelets and in
neutrophils but no neutropenia (Table 3). Lymphocytes
and lymphocyte subpopulations were unaffected. Mean
hemoglobin levels increased slightly with filgotinib
treatment.

No relevant abnormalities in serum biochemistry
were reported, and there were no trends indicating a
difference between placebo and filgotinib treatment.
Importantly, this included a lack of changes on liver
function tests (transaminases). Slight variations were
observed in total cholesterol and LDL levels (Table 3).
Increases in LDL or total cholesterol observed at week
4 were generally similar for placebo and filgotinib treat-
ment groups. An apparent dose response was observed
for increase in HDL levels. HDL tended to increase
more in filgotinib-treated patients than in placebo-
treated patients (2% on average at week 4 versus base-
line), with an ;15% increase at 200 mg and a .30%
increase at 300 mg.

Incidental laboratory abnormalities were reported
as treatment-emergent AEs without apparent relation-
ship to dose, including a single case of anemia at 75 mg
and a single case of increased aspartate aminotransferase
at 30 mg; the latter normalized during treatment. Hyper-
cholesterolemia was reported once in the 75 mg group
and once in the placebo group.

Figure 1. Percentage of patients in each treatment group in study 1
(top) and study 2 (bottom) meeting the American College of Rheu-
matology 20% improvement criteria (achieving an ACR20 response)
at each visit. bid 5 twice daily; qd 5 once daily.
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No clinically relevant trends or changes were
observed over time in vital signs values and EKG
parameters. Both angina pectoris and hypertension
were reported once. These were reported as not being
drug related. No clinically relevant treatment-emergent
urinalysis abnormalities or clinically significant physical
examination findings were observed during the treat-
ment phase.

PK findings. Steady-state PK of filgotinib and its
major metabolite was investigated in a subset of 27
patients included in study 1 or study 2 (Table 4). Exposure
to filgotinib and its major metabolite increased essentially
in proportion to the dose within the 30–300 mg dose
range. Given the low number of patients per treatment

group (n 5 2 to n 5 6) and the variability observed in
filgotinib PK parameters, these results should be inter-
preted with caution. At steady state, attained within 2
days and 4 days of dosing for filgotinib and its metabo-
lite, respectively, exposure to the major metabolite was
13-fold higher than exposure to the parent filgotinib
within the 75–300 mg dose range.

PD findings. The concentration of several
known markers of RA and of inflammation was mea-
sured in plasma from participants in study 2 treated
with filgotinib at 75, 150, or 300 mg or treated with pla-
cebo. Data presented in Figure 2 demonstrate a dose-
dependent effect of filgotinib on levels of these circulat-
ing markers after 4 weeks of treatment.

Table 2. Incidence of treatment-related treatment-emergent AEs by system organ class and preferred term (regardless of intensity)*

Study 1 Study 2

System organ class, preferred term
Placebo
(n 5 12)

Filgotinib
200 mg

once daily
(n 5 12)

Filgotinib
100 mg

twice daily
(n 5 12)

Placebo
(n 5 17)

Filgotinib
30 mg

once daily
(n 5 17)

Filgotinib
75 mg

once daily
(n 5 22)

Filgotinib
150 mg

once daily
(n 5 15)

Filgotinib
300 mg

once daily
(n 5 20)

Any AE 4 (33.3) 2 (16.7) 3 (25.0) 1 (5.9) 3 (17.6) 3 (13.6) 1 (6.7) 3 (15.0)
Blood and lymphatic system disorders 1 (8.3) 0 0 0 0 1 (4.5) 0 0

Thrombocytopenia 1 (8.3) 0 0 0 0 0 0 0
Anemia 0 0 0 0 0 1 (4.5) 0 0

Ear and labyrinth disorders 1 (8.3) 0 0 0 0 0 0 0
Vertigo 1 (8.3) 0 0 0 0 0 0 0

Gastrointestinal disorders 0 2 (16.7) 2 (16.7) 1 (5.9) 1 (5.9) 2 (9.1) 1 (6.7) 2 (10.0)
Nausea 0 2 (16.7) 2 (16.7) 0 0 0 1 (6.7) 1 (5.0)
Abdominal pain, upper 0 1 (8.3) 0 1 (5.9) 0 0 0 0
Abdominal discomfort 0 0 1 (8.3) 0 0 0 0 0
Duodenogastric reflux 0 0 0 0 0 1 (4.5) 0 0
Gastritis 0 0 0 0 1 (5.9) 0 0 0
Gastrointestinal pain 0 0 0 0 0 0 0 1 (5.0)
Gingival bleeding 0 0 0 0 0 1 (4.5) 0 0

General disorders and administration site
reactions

2 (16.7) 0 0 0 0 0 0 0

Asthenia 2 (16.7) 0 0 0 0 0 0 0
Infections and infestations 0 0 0 0 0 0 0 1 (5.0)

Cystitis 0 0 0 0 0 0 0 1 (5.0)
Laboratory findings 2 (16.7) 0 1 (8.3) 0 2 (11.8) 0 0 0

Lipase increased 1 (8.3) 0 1 (8.3) 0 0 0 0 0
Aspartate aminotransferase increased 0 0 0 0 1 (5.9) 0 0 0
Blood amylase increased 1 (8.3) 0 0 0 0 0 0 0
Blood triglycerides increased 0 0 0 0 1 (5.9) 0 0 0

Musculoskeletal and connective
tissue disorders

1 (8.3) 0 0 0 0 0 0 0

Arthralgia 1 (8.3) 0 0 0 0 0 0 0
Nervous system disorders 1 (8.3) 1 (8.3) 1 (8.3) 0 0 0 0 0

Headache 1 (8.3) 1 (8.3) 0 0 0 0 0 0
Dysgeusia 0 0 1 (8.3) 0 0 0 0 0
Somnolence 0 0 1 (8.3) 0 0 0 0 0

Renal and urinary disorders 0 0 0 0 0 0 0 1 (5.0)
Cystitis, noninfectious 0 0 0 0 0 0 0 1 (5.0)

* Adverse events (AEs) were classified as treatment-emergent if they started on or after the date of the first dose of study treatment. AEs with
partial or missing start dates were classified as treatment-emergent unless the nonmissing components of the start date confirmed otherwise. A
patient with .1 treatment-emergent AE with the same preferred term was counted once for that term. A patient with .1 treatment-emergent
AE under a system organ class was counted once for that class. Values are the number (%) of patients.
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DISCUSSION

Less selective JAK inhibitors like tofacitinib have
shown an early onset of action and long-term efficacy in
RA; however, dose levels were limited by side effects.
We have targeted JAK-1 with selective inhibition based
on the hypothesis that JAK-1 is the predominant JAK
family member in inflammatory pathways and autoim-
mune pathology, while a cleaner safety profile may be
achieved by avoiding inhibition of other JAK types.

We have described a 4-week proof-of-concept
study testing the hypothesis of the efficacy of selective
JAK-1 inhibition in the treatment of RA, followed by a
study further exploring the preliminary efficacy, safety,

PK, and PD of the compound over a 30–300 mg dose
range. Both phase IIa trials were exploratory, random-
ized, double-blind, placebo-controlled studies in
patients with active RA with an inadequate response to
MTX who continued their stable dose of MTX for the
duration of the study. As the same population has been
studied in initial explorations of other JAK inhibitors in
RA, a global comparison of results after 4 weeks of
treatment was possible.

While we recognized that the small number of
patients treated for a short period of time was insuffi-
cient to reach maximal efficacy levels or to obtain a
full safety picture, we envisioned that the rapid onset
of action of JAK inhibitors would enable a rapid

Table 3. Selected laboratory safety and hematologic findings during 4 weeks of filgotinib treatment*

Placebo
(n 5 28)†

Filgotinib 30 mg
once daily
(n 5 17)

Filgotinib 75 mg
once daily
(n 5 21)

Filgotinib 150 mg
once daily
(n 5 14)

Filgotinib 200 mg
once daily
(n 5 12)

Filgotinib 100 mg
twice daily

(n 5 12)

Filgotinib 300 mg
once daily
(n 5 20)

Hemoglobin, gm/liter
Baseline 114 124 122 125 113 112 125
Change, day 28 20.6 20.3 2.0 21.0 7.8 3.0 4.4

Neutrophils, 3109/liter
Baseline 5.42 4.85 5.41 5.59 5.10 4.94 5.00
Change, day 28 0.17 20.65 20.74 21.37 21.21 21.45 21.13

Platelets, 3109/liter
Baseline 307 279 294 289 295 287 304
Change, day 28 219 218 235 232 233 235 258

Creatinine, mmoles/liter
Baseline 58.1 65.1 64.4 61.3 68.7 70.8 60.1
Change, day 28 22.32 1.47 5.18 4.50 5.47 26.98 6.90

LDL cholesterol, mmoles/liter
Baseline 2.70 3.39 3.22 3.01 3.06 2.77 2.82
Change, day 28 0.05 0.25 0.14 0.01 20.25 0.07 0.37

HDL cholesterol, mmoles/liter
Baseline 1.41 1.40 1.46 1.46 1.54 1.52 1.36
Change, day 28 0.01 0.03 0.11 0.07 0.16 0.20 0.48

* Values are the mean. LDL 5 low-density lipoprotein; HDL 5 high-density lipoprotein.
† Pooled placebo-treated patients from study 1 and study 2.

Table 4. Steady-state pharmacokinetic parameters of filgotinib and its major metabolite after once-daily and twice-daily dosing with filgotinib*

Filgotinib 30 mg
once daily
(study 2)
(n 5 3)

Filgotinib 75 mg
once daily
(study 2)
(n 5 2)

Filgotinib 100 mg
twice daily
(study 1)
(n 5 6)

Filgotinib 150 mg
once daily
(study 2)
(n 5 5)

Filgotinib 200 mg
once daily
(study 1)
(n 5 6)

Filgotinib 300 mg
once daily
(study 2)
(n 5 5)

Filgotinib parameters
Cmax, mg/ml 0.0716 (112) 0.492 0.730 (43.2) 1.16 (29.8) 1.43 (54.4) 1.34 (38.2)
Tmax, median (range) hours 1 (0–5) 1.5 (1–2) 2.0 (1–3) 1 (1–2) 2 (1–3) 1.5 (1–2)
AUCtau, mg.hour/ml 1.34 (155) 2.12 2.47 (23.4) 6.44 (60.4)† 5.38 (34.6) 7.71 (73.8)

Major metabolite parameters
Cmax, mg/ml 0.582 (48.5) 1.46 3.18 (25.0) 3.79 (26.5) 3.77 (23.6) 4.62 (9.98)
Tmax, median (range) hours 5 (1–8) 5.5 (3–8) 2 (0–5) 3 (2–5) 3 (1–5) 3 (3–8)
AUCtau, mg.hour/ml 11.2 (52.2) 26.0 33.1 (26.3) 75.9 (31.0) 71.8 (31.3) 93.9 (20.4)

* Except where indicated otherwise, values are the arithmetic mean (coefficient of variation). Cmax 5 maximum plasma concentration;
Tmax 5 time to Cmax; AUCtau 5 area under the plasma drug concentration–time curve of a dosing interval.
† One outlier with higher exposure (AUCtau 13.3 mg.hour/ml) compared to the other 4 patients (AUCtau 4.79–5.29 mg.hour/ml).
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evaluation of JAK-1 inhibition with a minimal burden to
patients. For previously studied JAK inhibitors, achiev-
ing maximal ACR20 response rates took 12 weeks, but
roughly 70–80% of the achievable rates were reached
within the first 4 weeks (19,20). However, a 4-week
treatment period is deemed insufficient to make an esti-
mate of the ACR50 response rate and, even more so, of
the ACR70 response rate, as these were only stable after
6–9 months. For short-term treatment, inflammation
markers such as serum CRP level or continuous patient
efficacy scores (e.g., the DAS28-CRP) are clearly more
helpful than the binary ACR scores.

In the current studies, filgotinib treatment
showed signs of early efficacy, while the duration of
treatment and limited group size did not allow clear dif-
ferentiation among daily oral doses from 75 mg to
300 mg. In all treatment groups, the ACR20 response
rate increased and the DAS28-CRP decreased progres-
sively from week 1 to week 4 at doses of $75 mg, while
the 30 mg dose was suboptimal. However, even at this
low dose, filgotinib induced a marked and maintained
improvement in serum CRP level. The results achieved
at 300 mg were similar to those at 200 mg in the initial
proof-of-concept study.

Figure 2. Plasma levels of biomarkers for rheumatoid arthritis and inflammation after 4 weeks of filgotinib or placebo treatment, assessed in
plasma from patients in study 2. Values are the mean 6 SEM. * 5 P , 0.05; ** 5 P , 0.01; *** 5 P , 0.001 versus placebo. VCAM-1 5 vascular
cell adhesion molecule 1; ICAM-1 5 intercellular adhesion molecule 1; MMP-3 5 matrix metalloproteinase 3; IL-18 5 interleukin-18.
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It was remarkable that in the absence of a main-
tained effect on CRP level, the clinical response in
the placebo group of the dose-ranging study exceeded
that in the 30 mg filgotinib group. The relatively
high response in this placebo group may have been
influenced by some imbalance in baseline patient char-
acteristics (i.e., a lower disease activity at baseline).
Somewhat unexpected and apparently contradictory
results were also observed in the 150 mg group, which
had more pronounced disease activity at baseline than
did other groups. The results suggest that for this dose
group, 4 weeks of treatment was too short to obtain
good patient-reported outcomes, probably because the
measured improvements in physician’s global assess-
ment of disease activity, serum CRP level, TJC68, and
SJC66 were not large enough to translate into relevant
patient-reported improvements in pain, global disease
activity, and HAQ DI score.

Filgotinib had a PK half-life of ;7 hours, and it
was metabolized to form a major active metabolite with
a half-life of ;1 day (13). Therefore, the proof-of-
concept study was designed to evaluate both once- and
twice-daily dosing, with an equal daily dose of 200 mg,
thus comparing 200 mg once daily and 100 mg twice
daily. Both regimens showed encouraging early efficacy
rates, with normalization of serum CRP level within 1
week and similar safety; therefore, only once-daily
regimens were selected for evaluation in the subsequent
dose-ranging study.

The PK of filgotinib and its major metabolite
was essentially dose proportional over the 30–300 mg
range, with ;13-fold higher plasma concentrations of
the major metabolite compared to those of its parent
filgotinib. These results were highly similar to previous
results in healthy volunteers (13), indicating that neither
the disease status nor the coadministered drugs, in partic-
ular MTX, had a relevant impact on the PK of filgotinib.

While the treatment duration of 4 weeks limits
the safety assessment of filgotinib, several of the safety
observations with other JAK inhibitors relate to events
occurring early in treatment. Reduced hemoglobin and
induction of anemia have been observed within 2 weeks
and are thought to be linked to inhibition of JAK-2
(21). Similarly, effects on liver transaminases and cho-
lesterol appear early on with other JAK inhibitors.

A dose-dependent increase in HDL was found
relative to placebo, without a corresponding increase in
LDL or total cholesterol. This was an unexpected find-
ing, as it has been suggested that interference with the
IL-6 pathway may be associated with generalized
changes in blood lipids (22). Increases in LDL and total
cholesterol were reported with anti–IL-6 monoclonal

antibodies as well as with JAK inhibitors (19,23). Since
JAK-1 is dominant in signaling for IL-6 (24), the limited
effects on LDL with more clear effects on HDL follow-
ing filgotinib treatment cannot readily be explained.
Larger and longer-term studies are needed to determine
if these are transient or long-term effects of filgotinib on
HDL and LDL levels.

Similarly, the very low incidence of filgotinib-
related infections is encouraging, but the short treat-
ment duration in a limited number of patients does not
allow assessment of a potential benefit of selective JAK-
1 inhibition as related to immunomodulatory effects. It
has been suggested that avoiding inhibition of JAK-3
may lead to less immunosuppression through a differen-
tial effect of JAK inhibition (24). This hypothesis needs
further clinical substantiation in larger, longer clinical
studies.

Hematologic evaluations in filgotinib-treated
patients showed a limited decrease in neutrophils (an
;14–24% decrease from baseline for doses of $75 mg),
consistent with immunomodulatory effects through inhi-
bition of JAK-1, but it did not lead to neutropenia.
Based on experience with other RA therapies, a decline
in the first month with stabilization of neutrophils there-
after is typically observed and has been suggested to be
an early sign of efficacy (25). In addition, the decrease
observed in some plasma biomarkers such as ICAM-1
or VCAM-1 (chemoattractant molecules for leukocytes
like neutrophils) may further explain this decrease in
circulating neutrophils (25). Similarly, the slight
decrease in platelets is deemed indicative of the antiin-
flammatory effects of the compound.

In contrast to observations with inhibitors of
JAK-2 that interfere with signaling for EPO and TPO,
no anemia or decline in hemoglobin was observed, but
instead a modest increase in hemoglobin was induced.
The absence of effects on reticulocytes also supports the
conclusion that filgotinib does not cause a clinically rele-
vant inhibition of JAK-2.

Genovese et al recently reported results from a
phase IIb study with the selective JAK-1 inhibitor ABT-
494 combined with MTX in patients with RA who had
had an insufficient response to MTX (26). Within 4
weeks, the middle and higher doses of ABT-494 led to a
decline in hemoglobin. Natural killer (NK) cells also
decreased. Both observations are not consistent with
what was observed in filgotinib-treated patients, up to
the highest doses. The authors suggest that less selec-
tiveness of ABT-494 for JAK at higher doses may
explain the findings. Reductions in hemoglobin and NK
cells have also been reported with tofacitinib, and these
are deemed to be associated with inhibition of JAK-2
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and JAK-3, respectively. Tofacitinib potently inhibits
JAK-3 and has a functional selectivity for JAK-1 over
JAK-2; consequently, JAK-1, JAK-2, and JAK-3 are
inhibited at high doses (5). Clinical findings with ABT-
494 suggest a similar dose dependency for signs of JAK-
2 and JAK-3 inhibition and are consistent with patent
data for ABT-494 showing a similar JAK inhibition pro-
file as tofacitinib, with hematologic findings in ABT-494
animal studies resembling those observed in clinical
studies.

Filgotinib was generally well tolerated. No AEs
were considered to be related to treatment in the major-
ity of RA patients treated in both phase IIa studies (107
of 127 patients [84.3%]) (98 patients received filgotinib).
All events reported as potentially related to study drug
were mild or moderate and transient during therapy.
The most commonly reported event was nausea (in 9
patients [7%]).

Several plasma proteins proposed as markers of
inflammation or RA were evaluated in study 2. ICAM-1
and VCAM-1 are involved in adhesion of immune cells
facilitating their invasion into inflamed tissue (27).
MMP-3 is a protease involved in arthritis pathology that
has been shown to be increased in the plasma of RA
patients (28). Gene expression of the acute-phase pro-
teins CRP and haptoglobin, as well as YKL-40, which
plays a role in inflammation and tissue remodeling (29),
is under the control of the JAK/STAT pathway (30,31).
IL-18 is well known as a proinflammatory cytokine (32).
The observed decrease of the levels of these 7 proteins
in the plasma of RA patients after 4 weeks of filgotinib
treatment was paralleled by the improvement in their
disease status. Several of these proteins have been
reported to be affected by treatments used in RA
patients (33–36). Declines in plasma levels of VCAM-1,
MMP-3, and YKL-40 are similar to those reported for
the JAK inhibitor tofacitinib (37) and the anti–IL-6
monoclonal antibody tocilizumab (38).

From these two 4-week phase IIa studies of
filgotinib in RA patients with an insufficient response to
MTX, we conclude that selective inhibition of JAK-1
demonstrated early efficacy. With a mild increase in
hemoglobin and no change in reticulocytes, treatment
with filgotinib did not show signs of inhibition of JAK-2.
Four-week treatment had an encouraging safety profile.
These promising results warrant further development of
filgotinib in larger studies of longer duration.
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