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Abstract: Bruton’s tyrosine kinase (BTK) inhibitors are an emerging class of drugs that 
inhibit B cell receptor activation, FC-γ receptor signaling, and osteoclast proliferation. 
Following on approval for treatment of hematologic malignancies, BTK inhibitors are now 
under investigation to treat a number of different autoimmune diseases, including rheumatoid 
arthritis (RA). While the results of BTK inhibitors in RA animal models have been promis-
ing, the ensuing human clinical trial outcomes have been rather equivocal. This review will 
outline the mechanisms of BTK inhibition and its potential impact on immune mediated 
disease, the types of BTK inhibitors being studied for RA, the findings from both preclinical 
and clinical trials of BTK inhibitors in RA, and directions for future research. 
Keywords: evobrutinib, spebrutinib, acalabrutinib, fenebrutinib, rheumatoid arthritis, 
Bruton’s tyrosine kinase

Introduction
Kinase inhibition has become a promising therapeutic target in many diseases, 
including rheumatoid arthritis. Kinase inhibitors, which disrupt the intracellular 
signaling leading to cell activation, have been shown to be effective in treating 
several diseases for which this signaling cascade drives pathogenesis. Bruton’s 
tyrosine kinase (BTK), a member of the Tec family of nonreceptor tyrosine kinases, 
is a cytoplasmic protein found in cells of myeloid lineage, including neutrophils, 
macrophages, monocytes, and mast cells, and in B cells, but not in T cells, plasma 
cells, or natural killer cells.1–4 BTK plays an important role in B cell regulation, 
making it a strong candidate for targeting inhibition of B cells in a number of 
inflammatory diseases, including rheumatoid arthritis (RA). In this manuscript, we 
will review the mechanisms of BTK inhibition, the results seen with BTK inhibitors 
for RA in both preclinical and clinical studies to date, and the potential future role of 
BTK inhibitors in the management of RA and other systemic rheumatic diseases.

Methodology
A review of the literature on BTK inhibitors for the treatment of RA was conducted 
through April 1st 2021. PubMed was searched using the terms “‘BTK inhibitor’ AND 
‘rheumatoid arthritis,’” yielding 31 papers, and “‘Bruton’s tyrosine kinase inhibitor’ 
AND ‘rheumatoid arthritis,’” yielding 9 additional papers. All 40 papers were reviewed. 
Clinicaltrials.gov was also searched using the same terms, yielding five studies, for which 
the publicly available results were reviewed. A synthesis of the reviewed literature and 
trials is presented herein.
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Mechanisms of BTK Inhibition
Mechanistically, BTK plays a role in three independent 
pathways. These pathways include 1) B cell activation via 
the B cell receptor (BCR) signaling pathway, 2) immune 
complex-driven monocyte and macrophage activation via 
the Fc-γ receptor signaling pathway, ultimately driving the 
production of inflammatory cytokines (namely interleukin 
(IL)-1β, IL-6, and tumor necrosis factor α), and 3) osteogen-
esis via osteoclast proliferation.5–7 BTK’s distinct role in 
B cell proliferation has been well studied. Upon antigen 
binding to the BCR, BTK becomes activated downstream 
of Src family kinases, leading to phospholipase-Cγ (PLC-γ) 
signaling that activates the NFκ-B and MAP kinase path-
ways, thereby driving transcriptional alterations that pro-
mote B cell activation, proliferation, and expression of 
CD40, CD69 and CD86 (Figure 1).5,6,8,9 There is also evi-
dence that BTK signaling may act in synergy with Toll-like 
receptor pathways in driving autoimmune disease.10 

Additionally, BTK contributes to B cell differentiation and 
chemotaxis.11 Accordingly, inhibition of BTK has been 
found to hinder B cell proliferation and decrease the 

formation of inflammatory cytokines.2,7 IL-21 plays a key 
role in B cell differentiation and class-switch DNA recom-
bination, and BTK appears to mediate IL-21 signaling by 
facilitating STAT1 phosphorylation and translocation to the 
nucleus.12

Potential Benefits of BTK Inhibition in RA
RA is a systemic autoimmune disease that involves dysre-
gulated T and B lymphocyte proliferation. Specifically, 
B cell dysregulation via BCR signaling, as previously 
detailed, drives the production of autoantibodies and 
inflammatory cytokines, contributing to the development 
and progression of RA (Figure 1).11,13 Myeloid cells can 
invade the synovium in RA, thus providing another target, 
given BTK’s expression in these cells.13 Additionally, 
BTK mediates bone resorption by activating the receptor 
activator of nuclear factor kappa B (RANK), which in turn 
stimulates osteoclast proliferation and differentiation, 
a key contributor to RA pathophysiology.13,14 Higher 
levels of phosphorylated BTK have been demonstrated in 
peripheral B cells from RA patients, compared to healthy 

Figure 1 Simplified schematic of the proposed mechanism of BTK inhibition in RA. (Figure modified and used with permission from American Laboratory Products 
Company. BTK Inhibitors as Cancer Drug Treatments. Available from: https://www.alpco.com/btk-inhibitors-as-cancer-drug-treatments).44
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control patients. Among rheumatoid factor (RF)-positive 
RA patients, phosphorylated BTK levels correlate with RF 
titers, though not with other measures of disease activity 
(ESR, CRP, MMP-3, or Simple Disease Activity Index).12

While multiple disease-modifying anti-rheumatic drugs 
(DMARDs) and biologics are available for the treatment 
of RA, many patients still do not achieve disease remission 
with available agents. At least one currently available 
biologic, rituximab, can achieve some degree of disease 
control by targeting B cell-dependent pathways. This sug-
gests that additional agents targeting B cell pathways, 
including BTK inhibitors, might play a role as independent 
therapies or adjuncts to current treatment paradigms.

BTK Inhibitors in Development
Molecular Characteristics
At present, there are several orally administered BTK 
inhibitors in development, including both reversible and 
irreversible inhibitors, many of which have been studied in 
RA (Tables 1 and 2).15,16 The irreversible inhibitors cova-
lently bind with cysteine-481 in the active site of the 
kinase protein.17 Ibrutinib (PCI-32765) is a first-generation 
irreversible BTK inhibitor that is FDA approved for treat-
ment of certain forms of leukemia and lymphoma. Its 
irreversible binding to cysteine leads to off-target effects 
on kinases with similarly positioned cysteine residues, 
including EGFR, ITK, and TEC,15 while its promiscuous 
hinge-binding moiety can interact with kinases, such as 
Lck, Lyn, Fyn, Src, and Abl.18 Prominent and more 
selective second-generation irreversible inhibitors of 
BTK include tirabrutinib (ONO/GS-4059), a dual BTK 
and Tec inhibitor currently in Phase I clinical trials for 
RA, as well as spebrutinib (CC-292, AVL-292), acalabru-
tinib (ACP-196), and evobrutinib (M-2951), all of which 
are actively undergoing Phase II RA trials.15,19,20 

Evobrutinib is notable for its high potency in inhibiting 
both BCR and Fc receptor signaling, strongly favoring 
BTK as a target over similar kinases in the Tec 
family.21–23 Poseltinib (previously LY3337641/ 
HM71224) is a selective irreversible BTK inhibitor that 
completed a phase I trial in RA, leading to a phase II trial 
that was aborted due to low likelihood of achieving ade-
quate clinical response in interim analysis.24 Recent drug 
development has yielded a group of irreversible BTK 
inhibitors with tricyclic structures, which have shown effi-
cacy in preclinical RA models. These include SOMCL-17- 
016, formed by modifying the side chain of ibrutinib,25 

and compounds with pyranochromenone scaffolds that 
occupy the adenine rather than cysteine-binding site of 
BTK.26

Reversible inhibitors, while potentially requiring more 
frequent and sustained dosing, raise less concern for long- 
lasting off-target effects on other kinases. Fenebrutinib 
(GDC-0853) is a reversible inhibitor that binds to BTK 
with a precise orientation, ensuring high potency and 
selectivity.16 Other reversible inhibitors, including CGI- 
1746 and RN-486, are currently being studied in preclinical 
models.15,27 RN-486 has demonstrated in vitro selectivity 
for B-cell inhibition without affecting T-cell, endothelial, 
fibroblast, myeloid, or epithelial cell function.27 GDC-0834 
is a highly potent and selective reversible BTK inhibitor 
that initially showed promise but was clinically suspended 
upon demonstrating metabolic instability in a phase 
I trial.15,28

Preclinical Data
Several of the aforementioned reversible BTK inhibitors, 
including fenebrutinib and GDC-0834, have shown favor-
able pharmacokinetics, pharmacodynamics, and safety 
outcomes in preclinical testing (Table 1).6,16 GDC-0834 
demonstrated exceptional oral bioavailability in preclinical 
studies in various species, including rodents, dogs, and 
monkeys, without clinically significant metabolism of the 
drug.29 Spebrutinib continued to occupy BTK in vivo 
despite undetectable plasma levels of the drug with 
a prolonged recovery, reaching only 50% of baseline 
BTK protein levels within 1–2 days post administration 
of a single dose.8 BTK itself has a considerably long half- 
life, documented to extend past 12 hours in human 
B lymphocytes, thus permitting prolonged biologic activ-
ity even with reversible inhibitors of the protein.8,30

Recent preclinical data also highlight the potential role 
of BTK in RA therapy. The collagen-induced arthritis (CIA) 
rodent model is a well-established animal model for RA in 
humans.6 Clinical polyarthritis in CIA rodents presents as 
cartilage breakdown, resorption of bone, and pronounced 
synovitis and joint inflammation, identified by increases in 
paw diameter.6,22 Interestingly, mice with deletions or point 
mutations of BTK exhibit an X-linked immunodeficiency 
(Xid), resulting in a reduced B lymphocyte population with 
overall lower immunoglobulin levels. Mice with Xid appear 
to harbor resistance to CIA.17 Numerous studies using the 
CIA model demonstrate the potential multifaceted role of 
BTK inhibitors in RA, notably inhibition of B cell activa-
tion, formation of myeloid immune complexes and 
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inflammatory cytokines, and osteoclastogenesis as pre-
viously described.11,13,25,31 Evobrutinib and spebrutinib 
have both demonstrated significant dose-dependent reduc-
tion in the development of arthritis in CIA mouse 
models.8,22 While MTX alone reduced arthritis by only 
13%, evobrutinib accounted for a 69% to 92% reduction 
in disease activity with 1 mg/kg or 3 mg/kg dosing, 
respectively.22 The reversible BTK inhibitor GDC-0834 
exhibited a marked decrease in arthritis severity in a CIA 
rat model following drug administration, but was compar-
able to a methotrexate (MTX)-treated control group. This 
study also demonstrated that 73% of BTK inhibition equa-
ted to “half-maximal activity,” or 50% of the achievable 
disease reduction, suggesting that a significant proportion of 
BTK needs to be inhibited to achieve maximal therapeutic 
benefit in the rodent model.6 Of note, trials of GDC-0834 
have since been discontinued due to rapid metabolism when 
tested in humans.28 The irreversible tricyclic BTK inhibitor 
SOMCL-17-016 demonstrated dose-dependent decreases in 
progression of arthritis severity and bone damage in CIA 
mice, with greater effect than equivalent doses of ibrutinib 
or acalabrutinib.25 Finally, CGI-1746 prophylaxis produced 
96% inhibition of clinical arthritis in CIA mice, compared 
to 56% in the positive control animals administered 
steroids.31

Clinical Data
BTK inhibitors currently being studied in the clinical set-
ting for RA include spebrutinib, acalabrutinib, fenebruti-
nib, evobrutinib, and tirabrutinib. Evans et al performed 
a preliminary phase I double-blinded randomized control 
trial (RCT) of spebrutinib in 2013, including 6 subjects at 
a single center. This trial demonstrated sustained BTK 

occupancy by inhibitor in all subjects for 8–24 hours 
following drug administration, despite low, even undetect-
able plasma levels of the drug, thereby largely mirroring 
data seen in the preclinical setting.8 Unfortunately, speb-
rutinib did not produce a significant clinical response in 
a phase IIa randomized, double-blinded, placebo-con-
trolled study of 47 RA patients at 12 United States aca-
demic centers. While there was a numerical trend toward 
clinical improvement in active RA symptoms with speb-
rutinib treatment, the effect was not statistically 
significant.11 Acalabrutinib was studied in a phase IIa 
trial with 31 RA patients on background MTX, assessed 
with a composite index of active rheumatoid arthritis, 
known as disease activity score 28-C-reactive protein 
(DAS28-CRP). After four weeks of treatment, DAS28- 
CRP scores were comparable between the acalabrutinib 
and placebo arms, suggesting a lack of meaningful clinical 
response.32

Fenebrutinib was studied in the phase II ANDES trial, 
an international multicenter double-blinded RCT involving 
two separate cohorts of patients. All patients continued 
MTX therapy in addition to their randomized drug. The 
primary outcome was the percentage of patients fulfilling 
the American College of Rheumatology criteria for 50% 
clinical improvement (ACR50) in rheumatoid arthritis 
symptoms at 12 weeks of treatment. Cohort I compared 
fenebrutinib, adalimumab, and placebo in 480 patients 
with previous suboptimal response to MTX. Lower dose 
fenebrutinib (50 mg daily) performed similarly to placebo, 
but higher doses of fenebrutinib (150–200 mg twice daily) 
demonstrated statistically significant improvement in 
ACR50 compared to placebo. The highest dose of feneb-
rutinib (200 mg twice daily) was noninferior to adalimu-
mab. Cohort II consisted of 98 patients taking MTX, with 
previous TNF inhibitor inadequate response, who were 
randomized to fenebrutinib or placebo. In this cohort, 
there was a trend toward improved ACR50 with the high-
est dose of fenebrutinib (200 twice daily) compared to 
placebo, but this difference was not statistically significant 
(p = 0.072).33

In the spebrutinib and fenebrutinib phase II trials 
above, favorable changes in biomarkers were noted 
beyond clinical outcomes. In the ANDES trial, both feneb-
rutinib and adalimumab treatment resulted in statistically 
significant reductions in RF and Myeloid/FcγR biomarkers 
(CCL4, IL-6) compared to placebo, but only the fenebru-
tinib group showed a statistically significant decrease in 
total IgG and IgM.33 In the phase II spebrutinib trial, 

Table 2 Mechanisms of BTK Inhibitors Studied for Rheumatoid 
Arthritis

BTK Inhibitor Mechanism

Ibrutinib First-generation Irreversible

Acalabrutinib (ACP-196) Second-generation Irreversible

Evobrutinib (M-2951) Second-generation Irreversible
Spebrutinib (CC-292, AVL-292) Second-generation Irreversible

SOMCL-17-016 Second-generation Irreversible

Tirabrutinib (ONO/GS-4059) Second-generation Irreversible
Poseltinib (LY3337641/HM71224) Second-generation Irreversible

CGI-1746 Reversible
Fenebrutinib (GDC-0853) Reversible

GDC-0834 Reversible

RN-486 Reversible

https://doi.org/10.2147/ITT.S288550                                                                                                                                                                                                                                    

DovePress                                                                                                                                                        

ImmunoTargets and Therapy 2021:10 338

Arneson et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


despite the lack of significant clinical response, patients 
treated with spebrutinib (compared to placebo) showed 
statistically significant reductions in serum CTX-I (a mea-
sure of osteoclastic activity) and chemokines CXCL13 and 
MIP-1β (implicated in B-cell trafficking).11

The clinical roles of tirabrutinib and evobrutinib in RA 
are also under investigation, pending the publication of 
finalized results from phase I and phase II clinical trials, 
respectively. Tirabrutinib entered a randomized phase 
I clinical trial in 2016. Part A of the trial explored the 
pharmacokinetics, pharmacodynamics, and safety profile of 
tirabrutinib in healthy subjects, given at doses of either 
20 mg daily or 10 mg twice daily. Of note, 38% of patients 
(n=16) in the treatment arm administered tirabrutinib 20 mg 
daily for four total weeks experienced a treatment emergent 
adverse event (TEAE), compared to 40% of placebo parti-
cipants (n=5). Part B of the trial assessed the tolerability, 
safety profile, and resultant inflammatory marker response 
with tirabrutinib administration in participants with RA. The 
treatment arm given tirabrutinib 20 mg daily for four weeks 
achieved an ACR 20% improvement response (ACR20) in 
6% of participants at 2 weeks, 19% at 4 weeks, and 13% at 4 
weeks post-treatment, compared to 20%, 0% and 0%, 
respectively, for the placebo cohort. Only one participant 
in treatment arm (6%), however, achieved an ACR 70% 
improvement response (ACR70).34 Further synthesis of pro-
spective results and future higher-powered studies, notably 
phase II trials, are thereby needed to determine the clinical 
efficacy of tirabrutinib.

Evobrutinib was studied in a placebo-controlled, rando-
mized, double-blinded phase IIa clinical trial (2016–2017) 
that analyzed the safety profile and effectiveness of the drug 
in participants with RA who were already on a stable dose of 
MTX. Enrollment included 65 participants who were rando-
mized into two groups and administered either evobrutinib 
50 mg twice daily or placebo for a total of 12 weeks. The 
primary outcome of ACR20 was achieved by 52% (n=33) of 
the evobrutinib group and 42% (n=31) of the placebo group. 
The difference in responder proportion (0.10), however, did 
not reach statistical significance (80% CI −0.07 to 0.25). In 
terms of safety profile, 67% (n=22) of the evobrutinib group 
experienced TEAEs, compared to 50% (n=16) of the pla-
cebo group. One serious adverse event (SAE) occurred in 
the evobrutinib group (vestibular disorder/vertigo), com-
pared to none in the placebo group.35 Evobrutinib subse-
quently entered a phase IIb clinical trial (2017–2019), which 
assessed its efficacy and safety specifically in RA patients 
non-responsive to MTX. The study enrolled 390 participants 

who were uniformly randomized into four groups: one con-
trol group and three treatment arms that were administered 
evobrutinib at 25 mg daily, 75 mg daily, or 50 mg twice 
daily. The primary outcome was again ACR20 response 
within the 12-week study period. None of the three treat-
ment groups demonstrated statistically significant improve-
ments in ACR20 when compared to placebo (p =0.17, 
p=0.83, and p=0.13, respectively, for escalating doses of 
evobrutinib), nor in secondary outcomes ACR50 or 
ACR70. An additional secondary outcome analyzed in this 
study was a change in Disease Activity Score (DAS). 
Interestingly, discordant with the composite DAS28-CRP 
results of the previously mentioned acalabrutinib phase IIa 
trial, each of the three treatment arms demonstrated greater 
achievement of low DAS and remission DAS after 12 weeks 
of evobrutinib as compared to the placebo group. This 
finding suggests the potential for evobrutinib as RA therapy 
for MTX non-responders in clinical practice, despite the 
lack of statistical significance in the primary outcome. The 
three treatment groups and placebo group demonstrated 
comparable safety profiles in terms of TEAEs and SAEs. 
No participants in any group experienced clinically signifi-
cant electrocardiogram, laboratory, or vital sign changes 
from baseline, and all-cause mortality remained at 0% for 
all groups, highlighting the overall high tolerability of evo-
brutinib without overt short-term toxicity concerns.36

The remaining BTK inhibitors in clinical trials to date 
have corroborated the favorable side effect profile of evo-
brutinib. For example, only one serious adverse event 
(stomatitis) was documented in the spebrutinib multicenter 
phase IIa trial.11 A Phase I trial of fenebrutinib in 111 
healthy volunteers showed no serious or dose-limiting 
adverse events, so a maximum tolerated dose (MTD) was 
not delineated.37 The phase II trial of fenebrutinib noted 
three serious infections in the cohort I fenebrutinib groups, 
compared to one in the placebo group, and rare, reversible, 
asymptomatic grade 3 transaminase elevations in the 
fenebrutinib and adalimumab groups.33 The most com-
monly observed side effects in both phase I and phase II 
trials with fenebrutinib were nausea and headaches.11,33,37

Limitations and Future Directions
Overall, the promising preclinical data on BTK inhibitors in 
RA have not been fully replicated in the clinical trials to date. 
Several factors could account for this discrepancy. These 
include limitations of the clinical studies, as well as the CIA 
rodent models themselves, which both pose significant barriers 
to bridging the gap between underlying biologic mechanisms 
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and clinical implementation. The phase I and II clinical studies 
to date have had relatively small sample sizes, limiting their 
power to identify positive effects, and short durations, which 
may underestimate potential delayed treatment effects.11,33 In 
addition, the rodent CIA model does not account for certain 
metabolic differences between rodents and humans, such as 
significant amide hydrolysis detected when GDC-0834 transi-
tioned from animal to human trials, which prompted abandon-
ment of that drug and re-design of alternate compounds.28,29,38

Additionally, covalent binding by irreversible inhibi-
tors to the cysteine-481 residue in the ATP binding site of 
BTK poses a safety concern, as many other human kinases 
have a similar cysteine residue at their active binding site, 
increasing the risk of off-target effects.16 Murine models 
simply cannot replicate the complexity of these enzyme 
interactions. Thus, the specific mechanism of a drug’s 
BTK inhibition likely plays a role in the challenges seen 
in the transition from pre-clinical to clinical studies. For 
example, the poseltinib (irreversible) phase II trial was 
terminated given lack of efficacy, while the fenebrutinib 
(reversible) phase II trial showed some benefit.33

The existing preclinical and clinical data on BTK inhibitors 
in RA reveal several nuances that could be pursued to optimize 
therapeutic benefit. The timing of BTK inhibitor therapy 
within a patient’s RA disease course may be a key factor 
influencing clinical efficacy. In a study of peripheral B cells 
from RA patients, phosphorylated BTK levels correlated with 
RF titers among rheumatoid factor (RF)-positive patients, but 
did not correlate with measures of disease activity including 
ESR, CRP, MMP-3, or Simple Disease Activity Index.12 As 
BTK is known to play a role in B cell differentiation and DNA 
class-switching pathways, this finding suggests that BTK inhi-
bition may be most relevant in the early stages of disease when 
autoantibodies are first developing, rather than in the later 
stages of arthritis.12 Supporting this hypothesis, successful 
preclinical studies of BTK inhibitors have administered treat-
ment either prophylactically or within a few days of disease 
induction.8,14,31 Therefore, the limited efficacy of BTK inhibi-
tors seen in clinical trials may relate to the timing of therapy 
and the duration of the RA diagnosis. Moreover, the correlation 
between phosphorylated BTK and RF titers suggests that BTK 
inhibitors may be specifically beneficial in RF-positive 
patients, such as those in the positive fenebrutinib phase II 
trial, which enrolled only seropositive patients.33 Other bio-
markers appeared to correlate with enhanced response in the 
phase II trial of spebrutinib, including high total plasma CD19 
+ B lymphocytes and low serum CTX-I levels at baseline.11 

Finally, the optimal dosing of BTK inhibitors in humans could 

be further clarified. For example, the spebrutinib phase II trial, 
which displayed a non-significant trend toward efficacy, admi-
nistered doses lower than the amounts shown to be safe in 
a phase I study of spebrutinib for chronic lymphocytic 
leukemia.11 Meanwhile, the positive fenebrutinib phase II 
trial demonstrated greater efficacy at higher doses, and benefits 
manifested after 8–12 weeks of treatment, in contrast to the 
4-week treatment period in the spebrutinib trial.33 Clinical 
trials of BTK inhibitors in RA may still have the potential to 
mirror the efficacy shown in preclinical trials, if treatment is 
started earlier in the disease course, at the optimal dose and 
duration, and with patients of the right phenotype.

Further studies should also focus on potential combination 
therapies that function synergistically. Fenebrutinib’s phase II 
efficacy in combination with MTX (ANDES cohort I) high-
lights one potential synergy.33 Another possible synergy might 
be the combination of BTK inhibitors with TNF inhibitors. In 
one study, RA patients with a “lymphoid” phenotype (synovial 
histology with B cell and plasmablast predominance) 
responded less well to TNF inhibitor therapy than those with 
a “myeloid” phenotype.13 Combining a BTK inhibitor with 
TNF inhibitor therapy in such patients could address B cell 
pathogenetic pathways in pathogenesis that may be of impor-
tance. Fenebrutinib has shown a trend toward clinical benefit 
among patients with previous sub-optimal TNF inhibitor 
response (ANDES cohort II).33

BTK inhibitors are also being studied for other auto-
immune diseases, most notably systemic lupus erythema-
tosus (SLE). In mouse models of SLE, the BTK inhibitors 
PF-06250112, M7583, BI-BTK-1, RN-486, ibrutinib, 
poseltinib, and evobrutinib have demonstrated prevention 
or amelioration of lupus nephritis, M7583 has shown pre-
vention of arthritis, and BI-BTK-1 and poseltinib have 
shown reductions in skin inflammation.22,39–42 These clin-
ical benefits were associated with reduced IgG anti- 
dsDNA antibody levels.22,40–42 A phase II randomized, 
placebo-controlled trial of fenebrutinib in 260 patients 
with SLE demonstrated significant reductions in CD19+ 
B cells and anti-dsDNA autoantibodies, though no signifi-
cant clinical response.43

Conclusion
Considering its essential role in B cell function and other 
immune pathways, Bruton’s tyrosine kinase represents an 
attractive target in the treatment of RA. Pre-clinical data, 
particularly in murine models, appear to confirm this 
potential and have prompted a number of clinical RA 
trials focused on BTK inhibitors. Unfortunately, despite 
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a reassuring safety profile, the efficacy of these BTK 
inhibitors in clinical trials was not as strong as antici-
pated. Whether this lack of clinical response stems from 
unique issues inherent to the individual molecules, or 
suggests a gap in our current understanding of the impli-
cated signaling pathways in RA, remains unclear. 
Additional trials may help determine whether BTK inhi-
bition can be helpful in a subset of patients with RA, or 
perhaps effective in combination with other therapies. 
There is also continued interest in exploring the efficacy 
of BTK inhibition in other rheumatic diseases. For the 
moment, however, the promise of this particular pathway 
remains unrealized.
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