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Objective. To evaluate fenebrutinib, an oral and highly selective noncovalent inhibitor of Bruton’s tyrosine kinase 
(BTK), in patients with active rheumatoid arthritis (RA).

Methods. Patients with RA and an inadequate response to methotrexate (MTX) (cohort 1; n = 480) were randomized 
to receive fenebrutinib (50 mg once daily, 150 mg once daily, or 200 mg twice daily), adalimumab (40 mg every other 
week), or placebo. Patients with RA and an inadequate response to tumor necrosis factor inhibitors (cohort 2; n = 98) 
received fenebrutinib (200 mg twice daily) or placebo. Both cohorts continued MTX therapy.

Results. In cohort 1, the percentages of patients in whom American College of Rheumatology 50% improvement 
criteria (ACR50) was achieved at week 12 were similar in the fenebrutinib 50 mg once daily and placebo groups, 
and were higher in the fenebrutinib 150 mg once daily group (28%) and 200 mg twice daily group (35%) than in the 
placebo group (15%) (P = 0.016 and P = 0.0003, respectively). Fenebrutinib 200 mg twice daily and adalimumab 
(36%) were comparable (P = 0.81). In cohort 2, ACR50 was achieved in more patients receiving fenebrutinib 200 
mg twice daily (25%) than placebo (12%) (P = 0.072). The most common adverse events in the fenebrutinib groups 
included nausea, headache, anemia, and upper respiratory tract infections. Fenebrutinib had significant effects on 
myeloid and B cell biomarkers (CCL4 and rheumatoid factor). Fenebrutinib and adalimumab caused overlapping as 
well as distinct changes in B cell and myeloid biomarkers.

Conclusion. Fenebrutinib demonstrates efficacy comparable to adalimumab in patients with an inadequate 
response to MTX, and safety consistent with existing immunomodulatory therapies for RA. These data support 
targeting both B and myeloid cells via this novel mechanism for potential efficacy in the treatment of RA.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disorder char-
acterized by persistent synovitis and systemic inflammation 

that can lead to severe disability and premature mortality (1–3). 
Great progress has been made over the last 20 years with the 
introduction of biologics, and subsequently, targeted synthetic 
disease- modifying antirheumatic drugs (DMARDs) such as the 
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JAK inhibitors, that have dramatically improved quality of life (4). 
However, sustained disease remission or low disease activity are 
seldom achieved, leading to patients cycling through therapies 
(5,6). Hence, a need exists for new therapies with novel mech-
anisms of action. One potential target in RA is Bruton’s tyrosine 
kinase (BTK) (7–9), a member of the TEC family of nonreceptor 
tyrosine kinases (10). BTK is highly expressed in hematopoietic 
cells and plays a critical role in B cell receptor signaling to control 
B cell function, survival, and proliferation (11). In addition, BTK is a 
component of the Fc receptor signaling pathway in myeloid cells 
such as monocytes, macrophages, and mast cells. BTK inhibitors 
have demonstrated clinical utility for the treatment of B cell malig-
nancies and multiple sclerosis (12), whereas to date there exists 
limited clinical evidence of efficacy for RA patients (13,14).

Fenebrutinib is a highly selective, orally administered, and 
reversible BTK inhibitor that has demonstrated dose- dependent 
activity in an in vivo rat model of inflammatory arthritis (15). Fene-
brutinib appears unique due to its high selectivity (for BTK ver-
sus nontarget kinases) relative to other BTK inhibitors as well as 
its noncovalent binding mode (15). Phase I clinical studies have 
shown fenebrutinib to be well- tolerated with no safety signals pre-
cluding further clinical development (16,17).

The ANDES trial was a global, randomized, double- blind, 
placebo-  and active- controlled study in patients with moderate- 
to- severe RA. This is the first large phase II dose- ranging study to 
evaluate a highly selective BTK inhibitor therapy in 2 patient pop-
ulations with RA. We report the efficacy and safety of fenebrutinib 
compared to placebo and the tumor necrosis factor (TNF) inhibitor 
adalimumab in patients continuing to receive background meth-
otrexate (MTX) therapy but with an inadequate response, as well 
as in patients with disease that had failed to respond to prior TNF 
inhibitor therapy.

PATIENTS AND METHODS

Patients. Patients ages 18–75 years with RA according 
to the 2010 American College of Rheumatology (ACR)/Euro-
pean League Against Rheumatism classification criteria (18) 
were eligible for inclusion in cohort 1 (patients with an inade-
quate response to MTX) or cohort 2 (patients with an inadequate 
response to TNF inhibitors). Other criteria included active dis-
ease (≥6 tender joints in a 68- joint count and ≥6 swollen joints 
in a 66- joint count at screening and randomization), C- reactive 
protein (CRP) level ≥0.400 mg/dl (cohort 1) or ≥0.650 mg/dl 

(cohort 2) at screening, and rheumatoid factor (RF) and/or anti– 
citrullinated protein antibody (ACPA) positivity at screening or doc-
umented evidence of RF and/or ACPA positivity after diagnosis. 
Eligible patients had received MTX for ≥12 weeks prior to trial 
entry, with a stable dose of 7.5–25 mg/week during the last 8 
weeks that was continued during the study, and had discontinued 
all other DMARDs at least 4 weeks prior to randomization. Pred-
nisone (≤10 mg/day or equivalent), nonsteroidal antiinflammatory 
drugs, and folic acid ≥5 mg/week were permitted at stable doses 
throughout the study. Patients in cohort 1 were naive for biologic 
DMARDs while those in cohort 2 had experienced an inadequate 
response or intolerance to previous treatment with 1 or 2 TNF 
inhibitors, and may also have been exposed to 1 non- TNF bio-
logic inhibitor. Exclusion criteria included a history of or current 
inflammatory or autoimmune disorder other than RA, and previ-
ous treatment with any BTK inhibitor, B cell–depleting therapy, or 
JAK inhibitor.

Study design. This multicenter, randomized, double- 
blind, double- dummy, active-  and placebo- controlled phase II 
study was conducted at 103 centers in 10 countries in Europe, 
Latin America, and North America (ClinicalTrials.gov identifier: 
NCT02833350). All investigators are listed in Appendix  A. The 
study was conducted in accordance with the ethical principles of 
the Declaration of Helsinki and Good Clinical Practice guidelines, 
and was approved by the appropriate institutional review boards. 
All patients provided written informed consent. Adalimumab was 
purchased through commercial sources (AbbVie).

Randomization, masking, and dose rationale. Patients 
in cohort 1 were randomized in a 1:1:1:1:1 ratio to oral fenebrutinib 
(at 50 mg once daily, 150 mg once daily, or 200 mg twice daily), 
40 mg adalimumab by subcutaneous injection every other week, or 
placebo (Supplementary Figure 1, available on the Arthritis & Rheu-
matology website at http://onlin elibr ary.wiley.com/doi/10.1002/
art.41275/ abstract). Once 40 patients had been allocated to each 
of the 5 treatment groups, randomization to the fenebrutinib 50 mg 
once daily group was closed as it was considered unlikely that this 
would be an effective dose; randomization then became 1:1:1:1 
to the remaining treatment groups. Patients in the fenebrutinib 
and placebo groups received placebo injections (mimicking adal-
imumab). Patients randomized to receive adalimumab, placebo, 
fenebrutinib 150 mg once daily, or fenebrutinib 50 mg once daily 
received placebo tablets (mimicking fenebrutinib) so that all patients 
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took 8 tablets per day (to match the fenebrutinib 200 mg twice daily 
dosing).

Patients in cohort 2 were randomized in a 1:1 ratio to receive 
placebo or fenebrutinib 200 mg twice daily, the highest dose 
 evaluated in cohort 1, since patients in cohort 2 were expected 
to have more refractory disease than those in cohort 1. The study 
was 12 weeks in duration and patients who completed the study 
were eligible to enter a long- term open- label extension study in 
which all patients received fenebrutinib 200 mg twice daily.

The dosing regimens of fenebrutinib were selected based on 
pharmacokinetic/pharmacodynamic modeling of BTK inhibition 
based on results from ascending dose studies in healthy subjects 
(16) with the goal of achieving plasma concentrations reaching at 
least IC70, as this extent of inhibition was correlated with efficacy in 
a rat collagen- induced arthritis model (15).

Efficacy assessments. The primary efficacy analysis 
evaluated response at week 12 according to the proportion of 
patients in cohort 1 in whom 50% improvement in ACR criteria 
(ACR50) was achieved (19), and compared fenebrutinib (50 mg 
once daily, 150 mg once daily, and 200 mg twice daily) to placebo 
(Supplementary Table 1, available on the Arthritis & Rheumatology 
website at http://onlin elibr ary.wiley.com/doi/10.1002/art.41275/ 
abstract). Key secondary efficacy analyses assessed the propor-
tions of patients in whom an ACR50 response was achieved at 
week 12 for the comparison of each fenebrutinib regimen (150 mg 
once daily and 200 mg twice daily) versus adalimumab in cohort 
1, and fenebrutinib 200 mg twice daily versus placebo in cohort 

2. Other secondary end points (Supplementary Table 1) were 
assessed over time (weeks 1, 2, 4, 8, and 12).

Safety assessments. The incidence, severity, and timing 
of adverse events and laboratory abnormalities were assessed 
in the safety population (all randomized patients who received at 
least 1 dose of fenebrutinib, adalimumab, or placebo). Laboratory 
tests, assessment of vital signs, and other safety assessments 
were performed at scheduled visits. The National Institutes of 
Health Common Terminology Criteria for Adverse Events version 
4.0 was used to describe the severity (grade) of adverse events 
and laboratory abnormalities. Unblinded safety data were evalu-
ated on a bimonthly basis by an Internal Monitoring Committee 
that included employees of the sponsor who were not involved in 
study oversight and did not interact with sites.

Biomarker assessments. Biomarkers were evaluated in 
serum or plasma samples at baseline and weeks 1, 4, and 12 
in patients with available samples (n = 438 in cohort 1; n = 86 
in cohort 2). BTK- dependent myeloid biomarkers were identi-
fied using peripheral blood CD14+ monocytes stimulated with 
immune complexes in the presence or absence of a BTK inhib-
itor; the biomarkers were CCL4, interleukin- 6 (IL- 6), and TNF- 
like molecule 1A (TL1A). Total IgM and IgG (Siemens; Covance), 
IgM- RF autoantibody (Siemens), CCL4 (Singulex; EMD Millipore), 
TL1A (R&D Systems; Genentech), IL- 6 (Simoa assay; Myriad 
RBM), and anti–cyclic citrullinated peptide autoantibody (IgG 
ACPA)  (Euro- Diagnostica; Genentech) levels were analyzed using 

Figure 1. Disposition of the study patients. A total of 1,248 patients with rheumatoid arthritis were screened, and 578 patients were randomized 
into cohort 1 (patients with an inadequate response to methotrexate [MTX- IR]) and cohort 2 (patients with an inadequate response to tumor 
necrosis factor inhibitors [TNF- IR]). In cohort 2, the intent- to- treat population included 50 patients in the placebo arm and 48 patients in the 
fenebrutinib arm. One patient in the placebo arm received fenebrutinib in error; thus, the safety population included 49 patients in each arm.
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 immunoassays. CD19+ B cells and CD3+ T cells were measured 
by flow cytometric analysis (Covance). The proportion of patients 
in whom an ACR50 response was achieved at week 12 and the 
change in Disease Activity Score in 28 joints (DAS28) by week 12 
were assessed relative to baseline levels of RF in both cohorts.

Statistical analysis. The purpose of both cohorts was to 
estimate the treatment effect of fenebrutinib as assessed by ACR 
response, and evaluate the underlying mechanistic effects of BTK 
inhibition. Further details are provided in the Supplementary Meth-
ods, available on the Arthritis & Rheumatology website at http://
onlin elibr ary.wiley.com/doi/10.1002/art.41275/ abstract.

RESULTS

Patient characteristics. Between June 2016 and 
 February 2018, 1,248 patients were screened and 578 patients 
were randomized into the study (Figure 1). The main reasons for 
screen failure included CRP level; evidence of tuberculosis, hep-
atitis B, or hepatitis C; and RF and ACPA negativity at screen-
ing. Patients were stratified by geographic region (both cohorts) 
and prior exposure to a non- TNF biologic inhibitor (cohort 2). 
The geographic distribution of cohorts 1 and 2 were similar, and 
baseline demographic and clinical characteristics were similar 
across groups (Table 1 and Supplementary Table 2, available on 
the Arthritis & Rheumatology website at http://onlin elibr ary.wiley.
com/doi/10.1002/art.41275/ abstract). The median disease dura-
tion was shorter for cohort 1 (5.3 years) than cohort 2 (8.5 years), 

and mean baseline MTX doses were balanced across groups 
(16.1 mg/week for cohort 1 and 16.2 mg/week for cohort 2). In 
cohort 2, 83 patients had received 1 prior TNF inhibitor and 10 
patients had received 2, while 14 had received an additional non- 

TNF biologic inhibitor.

Primary and key secondary outcomes. In cohort 
1 at week 12, ACR50 response rates were achieved in 18% 
of the patients receiving fenebrutinib 50 mg once daily, 28% 
of the patients receiving fenebrutinib 150 mg once daily, and 
35% of the patients receiving fenebrutinib 200 mg twice daily, 
compared to 15% of the patients receiving placebo (primary 
outcome) (P = 0.25, P = 0.016, and P = 0.0003, respectively). 
The ACR50 response rate of 35% achieved in the fenebrutinib 
200 mg twice daily group at week 12 was numerically similar 
to the 36% response rate achieved in the adalimumab group, 
while the ACR50 response rate for the fenebrutinib 150 mg once 
daily group was 28% (key secondary outcome) (P = 0.81 and 
P = 0.17, respectively) (Table 2). In cohort 2 at week 12, ACR50 
response was achieved in 25% of the patients in the fenebruti-
nib 200 mg twice daily group versus 12% of the patients in the 
placebo group (key secondary outcome) (P = 0.072).

Secondary outcomes. ACR20 and ACR70 responses 
were achieved in higher proportions of patients in the majority 
of the fenebrutinib groups compared to the placebo group at 
week 12 in both cohorts (Table 2). Longitudinal evaluation indi-
cated greater improvements in efficacy at earlier time points 

Table 1. Demographic and baseline clinical characteristics of the patients*

Cohort 1 
(MTX- IR)

Cohort 2 
(TNF- IR)

Placebo 
(n = 110)

Fenebrutinib 
50 mg  

once daily 
(n = 40)

Fenebrutinib 
150 mg  

once daily 
(n = 109)

Fenebrutinib 
200 mg  

twice daily 
(n = 110)

Adalimumab 
40 mg every 
other week 

(n = 111)
Placebo 
(n = 50)

Fenebrutinib 
200 mg 

twice daily 
(n = 48)

Age, years 50 ± 12 52 ± 12 50 ± 11 50 ± 12 50 ± 12 55 ± 12† 51 ± 13†
Sex, no. (%) female 90 (82) 35 (88) 92 (84) 85 (77) 87 (78) 37 (76)† 37 (76)†
Race, no. (%) white 95 (86) 36 (90) 96 (88) 96 (87) 99 (89) 42 (86)† 42 (86)†
BMI, kg/m2 28 ± 6 27 ± 6 27 ± 5 28 ± 6 27 ± 5 27 ± 5† 26 ± 5†
RA duration, median (range) years 5 (0.3–25) 8 (0.3–32) 5 (0.3–31) 5 (0.3–38) 5 (0.3–30) 9 (1.2–29)† 7 (2.0–36)†
Antibody positive, no. (%)

ACPA 102 (93) 39 (98) 100 (91) 105 (95) 103 (92) 42 (84) 46 (96)
RF 98 (89) 38 (95) 108 (99) 103 (94) 104 (93) 49 (98) 46 (96)

No. of swollen joints (66- joint count) 16 ± 10 13 ± 8 14 ± 8 14 ± 8 14 ± 8 15 ± 8 15 ± 8
No. of tender joints (68- joint count) 24 ± 13 24 ± 13 24 ± 13 22 ± 12 24 ± 13 27 ± 16 24 ± 12
HAQ DI 1.6 ± 0.6 1.8 ± 0.5 1.7 ± 0.5 1.7 ± 0.6 1.8 ± 0.7 1.8 ± 0.5 1.5 ± 0.6
DAS28-CRP 5.9 ± 0.8 5.7 ± 0.9 5.9 ± 0.8 5.8 ± 1.0 5.8 ± 0.9 6.0 ± 1.0 5.9 ± 0.9
CRP, mg/dl 2.0 ± 1.9 1.6 ± 1.4 2.0 ± 2.0 2.5 ± 3.1 2.1 ± 2.6 3.1 ± 4.1 2.5 ± 2.8
ESR, mm/hour 45 ± 21 45 ± 20 43 ± 21 45 ± 23 41 ± 22 61 ± 32 52 ± 29
IgM, gm/liter 1.58 ± 0.81 1.43 ± 0.52 1.64 ± 1.02 1.38 ± 0.60 1.45 ± 0.60 1.72 ± 0.84 1.56 ± 0.72
IgG, gm/liter 12.91 ± 3.00 12.50 ± 2.99 12.45 ± 3.68 13.17 ± 4.71 12.71 ± 3.55 13.23 ± 3.81 13.33 ± 4.95

* Except where indicated otherwise, values are the mean ± SD. RA = rheumatoid arthritis; MTX- IR = inadequate response to methotrexate; TNF- IR 
= inadequate response to tumor necrosis factor inhibitors; BMI = body mass index; ACPA = anti–citrullinated protein antibody; RF = rheumatoid 
factor; HAQ DI = Health Assessment Questionnaire disability index; DAS28- CRP = Disease Activity Score in 28 joints using the C- reactive protein 
level; ESR = erythrocyte sedimentation rate. 
† n = 49. 
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with adalimumab compared to fenebrutinib 200 mg twice daily, 
as indicated by ACR50 response and change from baseline 
in DAS28 using the CRP level and Health Assessment Ques-
tionnaire disability index, but the responses were comparable 
by week 12 (Figure  2). Clinically meaningful improvements 
with fenebrutinib versus placebo were seen for other sec-
ondary outcomes in both cohorts, including DAS28 using the 
ESR (DAS28- ESR), Clinical Disease Activity Index, Simplified 
Disease Activity Index, and low disease activity as defined by 
the DAS at week 12 (Supplementary Table 3, available on the 
Arthritis & Rheumatology website at http://onlin elibr ary.wiley.
com/doi/10.1002/art.41275/ abstract).

Systemic markers of inflammation were reduced in the 
fenebrutinib 200 mg twice daily group compared to the placebo 

group at week 12, with a difference in CRP level of −0.43 mg/dl 
and a difference in ESR of −5.50 mm/hour. The mean reduction 
in markers of inflammation in the fenebrutinib groups was less 
than that observed in the adalimumab group at earlier postbase-
line visits but was similar at week 12. Results of the comparison 
of fenebrutinib with placebo and adalimumab, for other second-
ary and exploratory outcomes, showed comparable benefit for 
fenebrutinib 200 mg twice daily and adalimumab by week 12 
 (Supplementary Table 3 and Supplementary Figures 2–4, avail-
able on the Arthritis & Rheumatology website at http://onlin e 
libr ary.wiley.com/doi/10.1002/art.41275/ abstract); these outcomes 
included ACR20, ACR70, DAS28- ESR, Boolean remission, qual-
ity of life assessments, and individual components of the ACR 
response rate.

Table 2. Primary, key secondary, and major secondary efficacy end points at week 12*

Cohort 1 
(MTX- IR)

Cohort 2 
(TNF- IR)

Placebo 
(n = 110)

Fenebrutinib 
50 mg  

once daily 
(n = 40)

Fenebrutinib 
150 mg  

once daily 
(n = 109)

Fenebrutinib 
200 mg  

twice daily 
(n = 110)

Adalimumab 
40 mg every 
other week 

(n = 111)
Placebo 
(n = 50)

Fenebrutinib 
200 mg 

twice daily 
(n = 48)

ACR50†
Responders, no. (%) 16 (15) 7 (18) 30 (28) 38 (35) 40 (36) 6 (12) 12 (25)
95% CI, % (8–21) (6–29) (19–36) (26–43) (27–45) (3–21) (13–37)
P‡ – 0.2503 0.0164 0.0003 0.0001 – 0.0717

ACR20†
Responders, no. (%) 40 (36) 24 (60) 61 (56) 65 (59) 80 (72) 12 (24) 28 (58)
95% CI, % (27–45) (45–75) (47–65) (50–68) (64–80) (12–36) (44–72)
P‡ – 0.0003 0.0020 0.0003 <0.0001 – 0.0001

ACR70†
Responders, no. (%) 8 (7) 2 (5) 10 (9) 14 (13) 20 (18) 2 (4) 7 (15)
95% CI, % (2–12) (0–12) (4–15) (7–19) (11–25) (0–9) (5–25)
P‡ – 1.0000 0.6200 0.1901 0.0155 – 0.0983

DAS28-CRP§
No. of patients 99 36 95 95 104 43 47
Mean change from baseline −1.34 −1.74 −1.96 −1.96 −2.11 −1.43 −2.26
Difference from placebo – −0.41 −0.63 −0.62 −0.78 – −0.83
P‡ – 0.1696 0.0002 0.0003 <0.0001 – 0.0001

CRP (mg/dl)§
No. of patients 102 37 97 97 106 44 47
Adjusted mean 1.63 1.28 1.28 1.20 1.12 1.62 0.59
Difference from placebo – −0.35 −0.35 −0.43 −0.51 – −1.02
P‡ – 0.4860 0.2205 0.0850 0.0254 – 0.0003

ESR (mm/hour)§
No. of patients 102 37 98 97 108 45 47
Adjusted mean 36.50 31.83 33.84 31.00 31.24 45.48 32.55
Difference from placebo – −4.67 −2.66 −5.50 −5.26 – −12.9
P‡ – 0.3739 0.6006 0.0528 0.0600 – 0.0018

HAQ DI score§
No. of patients 101 36 102 103 108 45 47
Adjusted mean 1.30 1.19 1.13 1.03 1.08 1.22 0.88
Difference from placebo – −0.11 −0.16 −0.26 −0.22 – −0.34
P‡ – 0.7339 0.1245 0.0030 0.0198 – 0.0084

* RA = rheumatoid arthritis; MTX- IR = inadequate response to methotrexate; TNF- IR = inadequate response to tumor necrosis factor inhibitors; 
ACR50 = American College of Rheumatology 50% improvement criteria; 95% CI = 95% confidence interval; DAS28- CRP = Disease Activity Score 
in 28 joints using the C- reactive protein level; ESR = erythrocyte sedimentation rate; HAQ DI = Health Assessment Questionnaire disability index. 
† Adjusted for region in cohort 1; adjusted for region and non-TNF biologic status in cohort 2. 
‡ Versus placebo. 
§ Adjusted for region, treatment, and baseline value in cohort 1; adjusted for region, treatment, baseline value, and non- TNF biologic status in 
cohort 2. 
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Safety. A majority of patients completed the 12- week 
study, with a completion rate of ≥90% per group (Figure  1). 
One death due to myocardial infarction was reported in the 
fenebrutinib 200 mg twice daily group in cohort 1. Rates of 
adverse events for all 3 fenebrutinib doses were compa-

rable to those for adalimumab (Table  3). The most common 
adverse events in the fenebrutinib groups included nausea, 
headache, anemia, and upper respiratory tract infections. 
Serious adverse events were infrequent and occurred in 1%, 
3%, and 2% of patients in the fenebrutinib 150 mg once daily, 

Figure 2. Secondary end point efficacy data over time up to week 12. A and B, American College of Rheumatology 50% improvement criteria 
(ACR50) response at the indicated time points in each treatment group in the cohort of rheumatoid arthritis (RA) patients with an inadequate 
response to methotrexate (cohort 1) (A) and the cohort of RA patients with an inadequate response to tumor necrosis factor inhibitors (cohort 2) 
(B). C and D, Change from baseline in the 4- variable Disease Activity Score using the C- reactive protein level (DAS28-CRP) at the indicated time 
points in each treatment group in cohort 1 (C) and cohort 2 (D). E and F, Change from baseline in the Health Assessment Questionnaire (HAQ) 
disability index score at the indicated time points in each treatment group in cohort 1 (E) and cohort 2 (F). In A and B, values are the proportion 
of ACR50 responders and 95% confidence interval (95% CI); in C–F, values are the mean change from baseline and 95% CI. In C–F, change 
from baseline was not adjusted for the randomization stratification factor, “geographic region.”
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fenebrutinib 200 mg twice daily, and adalimumab groups in 
cohort 1, respectively (Supplementary Table 4, available on the 
 Arthritis &  Rheumatology website at http://onlin elibr ary.wiley.
com/doi/10.1002/art.41275/ abstract). There were no serious 
adverse events reported in cohort 2. Four patients experienced 
a serious infection: 1 patient with pneumonia in the fenebruti-
nib 150 mg once daily group, 1 patient each with cellulitis and 
pyelonephritis in the fenebrutinib 200 mg twice daily group, and 
1 patient with pneumonia in the placebo group. One patient 
in cohort 1 (in the fenebrutinib 200 mg twice daily group) had 
 herpes zoster, and 2 patients in cohort 2 (1 each in the placebo 
and fenebrutinib 200 mg twice daily groups) had herpes zoster. 
No tuberculosis cases were reported (Table 3).

Infrequent and reversible grade 3 transaminase elevations 
were observed in the fenebrutinib 150 mg once daily group 
(1%), fenebrutinib 200 mg twice daily group (3%), and adali-
mumab group (1%); these elevations were asymptomatic and 
did not coincide with elevations in bilirubin levels. A review of 
concomitant medications also indicated no obvious association 
between MTX dose and the cases of transaminase elevations 
(20). There was a small dose- dependent increase from baseline 
to week 12 in serum creatinine levels in the fenebrutinib groups 
(mean ± SD −0.4 ± 9.5, 3.9 ± 9.8, and 8.6 ± 38.7 μmoles/liter for 
the 3 ascending doses, respectively), which was not considered 
clinically meaningful (Supplementary Tables 5 and 6, available 
on the Arthritis & Rheumatology website at http://onlin elibr ary.
wiley.com/doi/10.1002/art.41275/ abstract). No patients in any 

of the fenebrutinib arms developed adverse events of acute 
kidney injury. No clinically relevant changes were observed in 
hematology parameters (hemoglobin/hematocrit, white blood 
cells, platelets, neutrophils, lymphocytes, or monocytes) (Sup-
plementary Table 6).

Biomarkers. Total IgM, IgG, and IgM- RF levels were reduced 
in the fenebrutinib 150 mg once daily and 200 mg twice daily 
groups relative to placebo by week 12 in cohort 1 (Figures 3A–C). 
Total IgM levels were also decreased in the patients treated with 
fenebrutinib 50 mg once daily compared to those treated with 
placebo in cohort 1 (Figure 3A). The largest reductions in total IgM, 
IgG, and IgM- RF levels were observed in the fenebrutinib 200 mg 
twice daily groups in cohorts 1 and 2. In cohort 1, treatment with 
fenebrutinib 200 mg twice daily resulted in a median reduction in 
IgM- RF of −29% relative to placebo by week 12. Median absolute 
reductions in immunoglobulin levels were −22 mg/dl for total IgM 
and −115 mg/dl for total IgG in the fenebrutinib 200 mg twice daily 
group compared to placebo by week 12 in cohort 1. By week 12, 
patients treated with fenebrutinib 200 mg twice daily in cohort 2 
had similar median reductions in total IgM and IgG levels (−17 mg/dl  
and −101 mg/dl, respectively, relative to placebo).

Two patients with normal baseline levels of IgG had reduc-
tions to below the lower limit of normal (LLN) following randomiza-
tion: 1 patient in the fenebrutinib 50 mg once daily group in cohort 
1 and 1 patient in the fenebrutinib 200 mg twice daily group in 
cohort 2. One patient in the adalimumab arm of cohort 1 had 

Table 3. Adverse events and laboratory parameters from baseline to week 12*

Cohort 1 
(MTX- IR)

Cohort 2 
(TNF- IR)

Placebo 
(n = 110)

Fenebrutinib 
50 mg once 

daily 
(n = 40)

Fenebrutinib 
150 mg 

once daily 
(n = 109)

Fenebrutinib 
200 mg 

twice daily 
(n = 110)

Adalimumab 
40 mg every 
other week 
(n = 111)

Placebo 
(n = 49)†

Fenebrutinib 
200 mg 

twice daily 
(n = 49)†

Adverse events‡ 50 (46) 15 (38) 46 (42) 56 (51) 50 (45) 22 (45) 11 (22)
Serious adverse events‡ 1 (1) 0 (0) 1 (1) 3 (3) 2 (2) 0 (0) 0 (0)
Adverse events grade 3 or higher‡ 2 (2) 0 (0) 2 (2) 9 (8) 4 (4) 0 (0) 0 (0)
ALT adverse events grade 3 or higher‡ 0 (0) 0 (0) 1 (1) 3 (3) 1 (1) 0 (0) 0 (0)
AST adverse events grade 3 or higher‡ 1 (1) 0 (0) 0 (0) 2 (2) 2 (2) 0 (0) 0 (0)
Infection adverse events‡ 16 (15) 3 (8) 16 (15) 12 (11)§ 25 (23) 7 (14)§ 3 (6)§
Serious infections‡ 1 (1) 0 (0) 1 (1) 2 (2) 0 (0) 0 (0) 0 (0)
Deaths 0 (0) 0 (0) 0 (0) 1 (1)¶ 0 (0) 0 (0) 0 (0)
Events occurring in ≥5% of patients

Increased ALT 1 (1) 2 (5) 5 (5) 4 (4) 1 (1) 1 (2) 0 (0)
Increased AST 1 (1) 2 (5) 4 (4) 3 (3) 1 (1) 0 (0) 0 (0)
Headache 5 (5) 2 (5) 4 (4) 5 (5) 0 (0) 0 (0) 1 (2)
Nausea 5 (5) 2 (5) 5 (5) 3 (3) 1 (1) 1 (2) 3 (6)
Upper respiratory tract infection 2 (2) 1 (3) 3 (3) 3 (3) 6 (5) 0 (0) 0 (0)
Urinary tract infection 2 (2) 2 (5) 2 (2) 0 (0) 8 (7) 3 (6) 0 (0)

* Values are the number (%). RA = rheumatoid arthritis; MTX- IR = inadequate response to methotrexate; TNF- IR = inadequate response to tumor 
necrosis factor inhibitors; ALT = alanine transaminase; AST = aspartate aminotransferase. 
† In cohort 2, the intent- to- treat population included 50 patients in the placebo arm and 48 patients in the fenebrutinib arm. One patient in the 
placebo group received fenebrutinib in error; thus, the safety population included 49 patients in each arm. 
‡ Patients with ≥1 event. 
§ Includes 1 herpes zoster event. 
¶ Due to myocardial infarction. 
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a baseline IgG level below the LLN and a decline from baseline 
following treatment. Eight patients (4 in the fenebrutinib 150 mg 
once daily arm, 2 in the fenebrutinib 200 mg arm, and 1 in the 
placebo arm of cohort 1; and 1 in the fenebrutinib 200 mg arm of 
cohort 2) had reductions in IgM from normal levels to below the 
LLN. Three additional patients (1 each in the fenebrutinib 150 mg 
once daily, fenebrutinib 200 mg twice daily, and placebo arms in 
cohort 1) had baseline levels of IgM below the LLN and a further 
reduction in IgM levels during the study. Adalimumab treatment 
(cohort 1) reduced median IgM- RF levels −20% relative to placebo 
by week 12 (Figure 3C), but, in contrast to fenebrutinib, did not 
reduce total IgM or IgG levels (Figures 3A and B). IgG ACPA lev-
els trended downward with fenebrutinib treatment, but were not 
significantly changed relative to placebo in cohort 1 (Figure 3D). 
In contrast, by week 12, median IgG ACPA levels were reduced 
−24% in the fenebrutinib 200 mg twice daily group compared to 
+15% in the placebo group in cohort 2 (Supplementary Figure 5, 

available on the Arthritis & Rheumatology website at http://onlin e 
libr ary.wiley.com/doi/10.1002/art.41275/ abstract).

Elevated levels of CCL4, IL- 6, and TL1A can reflect Fcγ 
receptor (FcγR) activation in myeloid cells (21–23). We found 
immune complex–stimulated expression of these biomarkers to 
be BTK- dependent in monocytes assayed in vitro (Supplemen-
tary Figure 6, available on the Arthritis & Rheumatology website 
at http://onlin elibr ary.wiley.com/doi/10.1002/art.41275/ abstract).

All doses of fenebrutinib reduced CCL4 levels compared to 
placebo by week 1 in cohort 1 (Supplementary Figure 7, avail able 
on the Arthritis & Rheumatology website at http://onlin elibr ary.
wiley.com/doi/10.1002/art.41275/ abstract) and cohort 2 (Supple-
mentary Figure 8, Arthritis & Rheumatology website at http://onlin e 
libr ary.wiley.com/doi/10.1002/art.41275/ abstract); the fenebruti-
nib 200 mg twice daily group in cohort 1 had the largest median 
reduction, of −28% relative to placebo. Similar to fenebrutinib, 
adalimumab treatment reduced CCL4 levels in cohort 1 (median 

Figure  3. Changes in immunoglobulin and autoantibody levels in patients with rheumatoid arthritis with an inadequate response to 
methotrexate treated with placebo (PBO), fenebrutinib (FEN) 50 mg once daily (QD), fenebrutinib 150 mg once daily, fenebrutinib 200 mg twice 
daily (BID), or adalimumab (ADA) (cohort 1). A and B, Absolute change from baseline to week 12 in levels of total IgM (A) and IgG (B). C and 
D, Percent change from baseline to week 12 in levels of rheumatoid factor (RF) (C) and anti–citrullinated protein antibody (ACPA) (D). RF and 
ACPA analyses included patients who were positive at screening. Values are the median and interquartile range. * = P < 0.05 versus placebo.
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−36% relative to placebo). In addition, median reductions in CCL4 
were greater in the adalimumab group than in the fenebrutinib 
treatment groups at weeks 4 and 12. Although IL- 6 levels trended 
downward over 12 weeks, none of the 3 dose levels of fenebruti-
nib affected IL- 6 levels relative to placebo in cohort 1 (Supplemen-
tary Figure 7). However, fenebrutinib 200 mg twice daily reduced 
IL- 6 levels relative to placebo (median –50%) by week 12 in cohort 
2 (Supplementary Figure 8). Adalimumab treatment resulted in a 
reduction in IL- 6 levels relative to placebo (median −28%) at week 
12 in cohort 1 (Supplementary Figure 7). TL1A was not detectable 
in the patient samples tested (n = 33).

By week 1, a transient increase in peripheral CD19+ B cells 
occurred in the fenebrutinib- treated groups (median 45–79% rela-
tive to placebo) in cohort 1 (Supplementary Figure 7) and cohort 2 
(Supplementary Figure 8), with levels returning toward pretreatment 
ranges by week 12 (median −4% to 13% relative to placebo) (Sup-
plementary Figure 7). Although CD3+ T cell numbers were higher at 
week 1 following fenebrutinib treatment (median +10–15% relative 
to placebo) in cohort 1 (Supplementary Figure 7) and cohort 2 (Sup-
plementary Figure 8), these elevations were not significant. Adali-
mumab treatment was also accompanied by an increase in CD19+ 
B cells (median +44%) and CD3+ T cells (median +22%) relative to 
placebo by week 1 in cohort 1 (Supplementary Figure 7); levels also 
appeared elevated relative to  placebo after 12 weeks of treatment in 
cohort 1 (median +42% for B cells and +13% for T cells).

Since this study primarily enrolled autoantibody- positive 
patients, the question of whether fenebrutinib has differential effi-
cacy in autoantibody- positive versus antibody- negative patients 
could not be robustly assessed. However, higher baseline levels 
of RF were associated with a small increase in the proportion of 
ACR50 responders in the fenebrutinib 200 mg twice daily group 
in both cohorts (Supplementary Figure 9, available on the Arthri-
tis & Rheumatology website at http://onlin elibr ary.wiley.com/
doi/10.1002/art.41275/ abstract).

DISCUSSION

Patients with RA who develop an inadequate response to their 
current therapy may benefit from the addition of or replacement 
with another therapy. Clinical studies have shown that switching 
to a therapy with a different mechanism of action is more effec-
tive than cycling through therapies within the same mechanism- 
of- action group. BTK is a cytoplasmic tyrosine kinase largely 
restricted to the hematopoietic system that may be exploited as 
a potential drug target due to its expression and role in B cells 
and myeloid cells, which are implicated in the pathogenesis of 
RA. Fenebrutinib is a highly selective and reversible BTK inhibitor 
previously shown to suppress B cell– and myeloid cell–mediated 
components of the disease and with dose- dependent activity in 
an in vivo rat model of inflammatory arthritis.

This phase II placebo-  and active- controlled study of fenebru-
tinib was designed as a proof- of- concept and signal- generating 

trial to inform the utility of BTK inhibition with fenebrutinib in 
patients with active RA. Comparing fenebrutinib to a standard 
therapy, such as adalimumab, provided important efficacy data 
to inform future potential studies of fenebrutinib. This phase II trial 
represents the first study to demonstrate the treatment benefits of 
inhibiting BTK, a novel therapeutic target for RA, including efficacy 
in patients with refractory disease that has failed to respond to 
TNF therapy. Meaningful improvements in clinical responses were 
observed in patients with MTX- refractory RA who received fene-
brutinib compared to those who received placebo, as reflected 
by ACR50 scores at week 12. Fenebrutinib was also more effica-
cious than placebo in the patients with more treatment- refractory 
disease that had previously failed to respond to prior TNF inhib-
itor therapies. The dosing regimens evaluated in this study were 
selected based on pharmacokinetic/pharmacodynamic results 
from phase I studies, and the highest dose of fenebrutinib 200 mg 
twice daily is expected to achieve maximal target inhibition in the 
periphery. Dose-  and exposure- response analyses of ACR50 at 
week 12 indicated that fenebrutinib 200 mg twice daily was asso-
ciated with maximal efficacy (24). Thus, the fenebrutinib doses 
assessed in this study support the hypothesis that BTK inhibition 
contributes to efficacy in the treatment of RA.

Adalimumab was used as an active comparator to fur-
ther contextualize the efficacy and safety of fenebrutinib; results 
showed fenebrutinib to have efficacy comparable to that of adali-
mumab at week 12. However, a relatively slower onset of response 
was observed for fenebrutinib at time points earlier than 12 weeks 
across several end points. This may be due to a delayed effect 
of BTK inhibition on systemic inflammation. Consistent with this 
hypothesis, fenebrutinib reduced the ESR, CRP level, and IL- 6 
level relative to placebo, but this effect was only apparent after 
8–12 weeks of treatment, whereas adalimumab reduced all 
3 markers of inflammation by week 1.

The safety profiles of adalimumab and fenebrutinib were sim-
ilar in this study. Four serious infections were observed, including 
3 in the fenebrutinib groups and 1 in the placebo group. While 
events in the fenebrutinib groups may reflect the immunomodu-
latory effect of BTK inhibition, the number of infections was small 
and the numbers of patients with infections were similar across 
treatment groups. More grade 3 transaminase elevations were 
observed in the fenebrutinib 200 mg twice daily group in cohort 
1, suggesting a dose- response relationship. However, there was 
a low rate of alanine aminotransferase elevations overall, and the 
analysis is limited by the small number of events.

Fenebrutinib elicited changes in B cell and myeloid cell bio-
markers, consistent with the proposed dual mechanism of action 
of a BTK inhibitor capable of inhibiting B cell and FcγR signal-
ing in B cells and myeloid cells, respectively (25). The inhibition 
of FcγR signaling–regulated myeloid biomarkers also indicates 
that activation of myeloid cells via crosslinking of these recep-
tors may be a feature of RA pathophysiology. It will be inform-
ative to assess changes in these biomarkers in other disease 
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 indications where BTK inhibitors are utilized. Both fenebrutinib 
and adalimumab affected myeloid cell biomarkers (CCL4 and IL- 
6) and B cell biomarkers (RF). However, the effects of fenebrutinib 
on myeloid markers were similar to or weaker than those of adali-
mumab. In contrast, fenebrutinib treatment elicited effects on IgM 
and IgG that were not observed with adalimumab. These data 
highlight mechanistic changes that, while different between fene-
brutinib and adalimumab, may contribute to their clinical activity.

Despite reductions in IgM and IgG levels, levels in most 
patients treated with fenebrutinib remained above the LLN. There 
were no notable differences in the safety and efficacy profiles of 
patients found to have IgG levels below the LLN. More patients in 
the fenebrutinib 150 mg once daily and 200 mg twice daily arms 
developed treatment- related reductions in IgM to levels below 
the LLN. However, none of these patients developed serious or 
opportunistic infections. It is unknown whether longer exposure 
to fenebrutinib would lead to a greater reduction in immunoglob-
ulin levels or a higher incidence of hypogammaglobulinemia, and 
whether this would increase the risk of infections. The reductions 
in autoantibody levels indicate that fenebrutinib can affect auto-
reactive B cells, similar to rituximab (26). However, in contrast to 
rituximab, the effects of fenebrutinib on autoreactive B cells were 
not accompanied by reductions in B cell numbers. The initial 
effect of fenebrutinib on peripheral B cells results in a transient 
increase in peripheral B cell numbers, followed by an inhibitory 
effect on B cells as supported by subsequent decreases in the 
level of autoantibodies. Interestingly, the early transient increase 
in B cell numbers in fenebrutinib- treated patients appears similar 
to the increase in peripheral B cell numbers observed in patients 
with mantle cell lymphoma (MCL) treated with the covalent BTK 
inhibitor ibrutinib (27,28). In MCL patients, the increase in periph-
eral B cell numbers is thought to reflect a redistribution of B cells 
from tissue to the periphery due to the role of BTK in B cell hom-
ing/retention (29).

Previous studies have shown a correlation between autoan-
tibody production and BTK protein expression in patients with 
systemic autoimmune disease (30). The efficacy results may 
reflect the direct effect of BTK inhibition on the development 
and proliferation of autoreactive B cells, a reduction in the 
underlying inflammatory pathology in RA mediated through the 
effect of BTK inhibition on myeloid cells, or a combination of 
both mechanisms (31).

Limitations of the study include the requirement that patients 
have evidence of seropositivity upon study entry, which could 
have excluded patients with otherwise active RA. Given the trial 
was 3 months in duration, the efficacy of fenebrutinib beyond this 
time point is not known, nor has the safety profile with longer- 
term treatment been established. Specifically, longer trials will be 
required to determine whether the reduction in immunoglobulin 
levels may become more severe with prolonged BTK inhibition 
and whether that may be accompanied by a risk for infections. 
Patients were not evaluated radiographically; thus, the utility of 

fenebrutinib for inhibition of joint damage progression is unknown. 
There is also the potential for regional bias in results since a large 
proportion of patients were recruited from Eastern Europe (32); 
regional subgroup analysis was not feasible due to limited sample 
size in some regions.

In this randomized, phase II trial in patients with MTX- 
refractory RA, greater efficacy was observed with fenebrutinib 
150 mg once daily or 200 mg twice daily compared to placebo, 
and response rates with fenebrutinib were numerically similar to 
those observed with adalimumab. Moreover, fenebrutinib showed 
activity in patients who had disease that was refractory to ther-
apies beyond MTX. The results of this proof- of- concept study 
provide clinical evidence supporting the rationale of targeting of 
BTK by fenebrutinib in 2 different patient populations with active 
RA. Additional evaluation of fenebrutinib in patients with biologic 
DMARD–refractory RA, who represent a population with signifi-
cant unmet need, will be useful to further characterize the safety 
and efficacy profile of fenebrutinib.
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