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Abstract: While continuous global efforts are directed towards finding a conclusive medication for cancer treatment, any gold 
standard drug product or process is yet to be achieved. Although, many promising compounds were identified over the years 
to fight cancer progression, most of them still remain restricted within clinical trial phases. Among several identified pathways 
for modulating cancer progression, Bruton’s tyrosine kinase (BTK) pathway inhibition has shown a greater potential. BTK 
regulates various aspects of B-cell lineages including proliferation, activation, differentiation, and survival. BTK is also 
responsible for multiple cellular signaling pathways, of which, FcR signaling cascade and B- cell receptor signaling are notable. 
Interestingly, BTK expression was reported to be excessively high in all the areas where B-cell mediated malignancies occur.  
Vivid involvement of BTK in several autoimmune diseases also rationally support the realization that BTK inhibition could be 
a conclusive therapeutic approach for cancer. In this short communication, we discuss the potential of BTK inhibitors in cancer 
therapeutics, considering the most recent literature. 
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INTRODUCTION 

Protein kinases refers to all the enzymes which are 
responsible for phosphorylating proteins using high-
energy phosphate donors like Adenosine Triphosphate 
(ATP) and as such altering the structure and 
functionality of proteins [1]. Most of the kinase mediated 
covalent alterations are reversable, which has been 
evident from post-translational modification(s) of 
proteins and thereby effects protein functions [2]. Many 
studies have reported abnormal activation of protein 
kinases leading to malignancies. Such anomalies are 
also reported for alterations in cellular proliferation; 
metabolism; motility and survival along with 
angiogenesis and anti-tumor immune response evasion 
[3]. BTK mediated oncogenic signaling pathways also 
involve abnormal kinase activity, where BTK is essential 
for the survival of leukemia cells in B-cell mediated 
malignancies [4]. BTK is named after pediatrician, 
Ogdon Bruton who, in 1952, characterized the enzyme 
function in X-linked agammaglobulinemia (XLA). As per 
Bruton’s description, the BTK is a non-receptor tyrosine 
kinase which is placed in the down-stream signal 
transaction pathway of B-cell receptor [5]. BTK’s 
function has also been found to be essential for 
regulation of chemokine receptor, toll like receptor (TLR) 
and Fc- receptor signaling and it has been found 
abundantly expressing in myeloid linage cells as well, as 
reviewed by Pal Singh et al. 2018 [6]. BTK is responsible 
for modulation of osteoclasts cells via receptor activator 
of nuclear factor- κB. It also shows similar activity is 
CD32 signaling and NLRP3 inflammasome formation in 
blood cells [7,8,9]. Together, BTK plays a critical role in 
the regulation of tumor microenvironment, and hence, 
BTK inhibition could be a promising anticancer therapy 
for a broad-spectrum of oncogenic pathologies. 

BTK EXPRESSION AND 
ACTIVITY 

In line with its key role in B-cell differentiation, 
survival, and proliferation, proper BTK activity is also  
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crucial for B cell homeostasis [10]. BTK recruitment to 
the cell membrane and subsequent downstream 
signaling is under tight control by various phosphate 
mediated mechanism. For example, a B-cell exclusive 
inhibitory receptor called FcγRIIB contains immune 
tyrosine inhibitory motifs (ITIMs), which when 
phosphorylated, recruits SH-2 domain containing 
protein phosphatases (e.g., SHIP1) that 
dephosphorylates PIP3, which, in turn, inhibits the 
recruitment of BTK to the cell membrane, ultimately 
resulting in diminished BCR signalling [11, 12, 13]. 
Furthermore, several examples of negative regulation of 
BTK have been reported. For example, Protein Kinase 
C-ß or PKCß phosphorylates S180 residue on BTK 
thereby altering its membrane localization [14]. Another 
protein called the iBTK directly inhibits BTK activity via 
binding to its PH domain [15]. Research also indicated 
that microRNA-185 downregulates BTK expression via 
reducing BTK mRNA levels. Similarly, other microRNAs, 
such as miR-210 and miR-425, also significantly reduce 
BTK expression [16]. The same study reported that 
these miRNAs show higher expression in primary 
Chronic Lymphocytic Leukemia (CLL) samples when 
treated with histone deacetylase (HDAC) inhibitors and 
consequently downregulates the BTK activity [16]. Apart 
from indirect regulatory pathways, BTK was found to 
show autoregulation via proteasome dependent positive 
feedback-loop whereby it stimulates self-transcription 
via NF-кB-dependent pathway resulting in increased 
BTK activity [17]. 

BTK-INHIBITORS AND THEIR 
EFFICACY 

Ibrutinib 

Ibrutinib (PCI-32765) is an oral BTK inhibitor and 
imparts its action via binding to the cysteine-481 (C481) 
residue at BTK kinase domain thereby causing 
irreversible kinase activity inhibition [18]. Ibrutinib was 
first approved in 2013 by FDA as a BTK inhibitor to be 
used in cancers and its in vivo effect was first  
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demonstrated using an autoimmune disease mouse 
model and in dogs with spontaneous B-cell non-Hodgkin 
lymphoma, where it induced objective clinical responses 
[19, 20]. Ibrutinib's efficacy was first reported in a clinical 
study in patients with various relapsed/refractory B-cell 
malignancies, demonstrating clinical safety and 
promising long-term response, particularly in CLL and 
Mantle Cell Lymphoma (MCL). Patients responding to 
the therapy experienced a sustained reduction in 
lymphadenopathy, along with a transient increase in 
absolute lymphocyte count (i.e., lymphocytosis) [21]. 
The follow-up multicenter phase Ib/II trial, on 
relapsed/refractory CLL patients, consisting of a 
continuous ibrutinib regimen did show lymphocytosis in 
the initial weeks of treatment, however, after extended 
treatment, the lymphocyte counts were found to be 
normalized or even below baseline levels. However, 
treatment response rate, irrespective of clinical or 
genomic hazard factor, was about 71% [22]. In a Phase 
II clinical trial, ibrutinib was shown to be 68% effective in 
patients with refractory/relapsed MCL [23]. Ibrutinib has 
also been found to be effective in 38% of patients with 
recurrent/refractory Follicular Lymphoma (FL) [21] and 
its efficacy has been also demonstrated in Primary 
Central Nervous System Lymphoma (PCNSL), where 
77% of patients showed response to the therapy [24]. 
Recent follow-up results from Phase III RESONATE-2 
trial showed efficiency of ibrutinib in significantly 
increasing progressive free survival (PFS) rate of CLL 
patients [25]. With all the positive data at hand, it has 
been of interest to explain ibrutinib's method of 
therapeutic action. Ibrutinib was found to reduce survival 
of CLL cells (having CD40 or BCR) through repealing 
the ERK, PI3K and NF-кB signaling network [26]. 
Chemokine mediated CLL cell migration was also found 
to be impeded by ibrutinib, a mechanism advocating 
prevention of homing and retention of tumors in their 
niche of survival [27]. Ibrutinib shows its therapeutic 
effect also by modulating cell adhesion and consequent 
tumor microenvironment destabilization, for which one 
example being the ibrutinib induced impairment of CLL-
cell attachment, to both fibronectin and VCAM1, 
mediated via integrin α4β1 [28]. The examples cited 
here, put forward a dual action mechanism of ibrutinib, 
where on one hand, it disrupts B cell signaling pathways 
to jeopardize cancer cell proliferation and survival, and 
on the other hand, it interrupts the tumor cell 
stabilization via impairing their ability to interact with 
tumor microenvironment. Interestingly, all these positive 
effects of ibrutinib are available as a chemotherapy-free 
treatment regimen where the level of side-effects are 
also much more manageable, reviewed in Wen et al. 
2021 [29].  

Due to its chemotherapy-free nature, ibrutinib has 
not been associated with tumor lysis syndrome, a 
common complication in cancer due to cytotoxic 
chemotherapy resulting in metabolic irregularities due to 
rapidly dying tumor cells. In this context, ibrutinib’s 
hinderance of B-cells from nourishing affected tissue 
niches, via inhibition of integrin-mediated leukemia cell 
retention, comes out as a more plausible anti-tumor 
mechanism rather than active hindrance towards 

survival of only malignant B-cells [30]. Ibrutinib was 
recently shown to be effective in improving the 
functionality as well as yield of Chimeric Antigen 
receptor (CAR) T cells from CLL patients [31]. 

While ibrutinib does enjoy a massive clinical success 
as a BTK inhibitor, its curative potential in B-cell 
malignancies is still to be demonstrated, majorly owing 
to the fact that ibrutinib mostly gets prescribed as a 
lifelong therapy. This situation has given rise to selection 
and growth of therapy resistant cancer cell clones and 
so far, few mechanisms of resistance have already been 
described, as reviewed in Pal Singh et al. 2018 [6]. 
Thus, the promising mode of action of ibrutinib needs to 
be utilized to its full potential via utilizing this with other 
combinatorial treatment regimens, solely to minimize 
the prolonged treatment associated cancer cell 
resistance. 

Acalabrutinib 

Another second-generation selective BTK inhibitor 
(also called ACP-196) with irreversible targeting and 
much lower off-target kinase activity, as shown in two 
mouse models of CLL [32]. It imparts this action via 
irreversible binding to C481 residue of BTK kinase 
domain but, avoids similar targeting in case of other 
kinases like EGFR, ITK, TXK, SRC family kinases, and 
JAK3. A canine model of Non-Hodgkin B-cell lymphoma 
was used for the first preclinical trial which 
demonstrated that acalabrutinib is more potent than 
ibrutinib in-vivo [20]. With a median follow-up of 14 
months, the overall response rate in a phase I/II clinical 
trial in patients with relapsed/refractory CLL was found 
to be approximately 95% [33]. Notably, A phase III 
clinical trial (NCT02477696) with relapsed/refractory 
CLL patient participants is still underway (estimated 
completion June 2022) which aims to directly compare 
the PFS for acalabrutinib and ibrutinib. Talking about 
MCL patients, acalabrutinib was found to show about 
81% response rate (with around 40% showing complete 
response) and hence got a fat-track approval by FDA for 
use in MCL patients [34, 35]. 

BGB-3111 

The BTK inhibitor BGB-311 has been shown to 
inhibit the proliferation of several MCL and Diffuse Large 
B-cell Lymphoma (DLBCL) cell lines, while having better 
selectivity against target and also better oral 
bioavailability compared to ibrutinib. A phase I/II clinical 
trial treated 45 CLL patients with BGB-3111 and 
reported it to be well tolerated by patients. Moreover, a 
follow-up after 7.5 months showed that 90% patients 
showed a response rate while there was no case of 
Richter Transformation as well [36]. 

Ono/GS-4059 

The compound was first used in a xenograft model 
of activated-B-cell-like (ABC)-DLBCL where the in-vivo 
efficacy was demonstrated. The anti-proliferative 
properties of this compound were demonstrated in-vitro 
using cell lines from DLBCL, FL, MCL and CLL [37]. In  



 
Bruton’s Tyrosine Kinase (BTK)-Inhibitors in Cancer Therapeutics                                     Global Journal of Oncologists, 2021, Vol. 5             3 
 
 

patients with diverse B cell malignancies, early-phase 
clinical trial data shows varied response in relation to 
patient genetics, which has been reviewed in detail by 
Pal Singh et al., 2018 [6]. 

BTK inhibition and Future 
Therapeutics 

BTK mediated oncogenesis in solid tumors like 
ovarian, colorectal, prostate and brain has gained much 
pre-clinical evidence, and as such many phases I/II 
clinical trials have since been started for BTK inhibition 
in Solid Tumors [38, 39, 40]. The role of BTK inhibitor in 
modulating tumor microenvironment has made it 
promising even in BTK-negative solid tumors. While 
monotherapy with BTK-inhibitors shows only limited 
survival improvement in breast and pancreatic cancer, 
its combination with chemotherapy and immunotherapy 
showed significant increase in survival rate [41, 42]. As 
ibrutinib exhibited off-target inhibitory effect on JAK3, 
ITK and EGFR [19, 32], it may be employed as a 
supplement with immunotherapy in T-cell modulatory 
tumors without BTK as target [43]. The approach 
showed that combining ibrutinib in such cases of CLL or 
MCL enhances persistence of cells while decreasing co-
inhibitors in the surface of CART Cells [31, 43, 44]. 
While ITK inhibition in T-cells, somewhat contradictorily, 
may benefit certain cancer therapeutic outcome, via 
enhanced immune memory formation through Th1 
mediated CD4+ T cells, ultimately enhancing the CD8+ 
T cell mediated immunity against tumor [45]. While this 
remains a paradoxical good side of the non-specific 
targeting by BTK inhibitor, new approaches aimed 
towards more specific BTK targeting may, unfortunately 
forfeit these secondary good effects of off-targeting. 
However, as the knowledgebase evolves, a balance 

needs to be stricken towards specific BTK inhibition and 
other forms of combination with them to eliminate the 
risk of tumor survival based on non-BTK mediated 
kinase activities. 

CONCLUSION 

BTK targeting has shown to be an impressive 
therapeutic area in clinical trials for various B cell 
malignancies, particularly owing to its central role in 
several B-cell mediated signaling pathways, especially 
the BCR. In recent years, many advances have been 
made towards defining the complex BTK inhibition 
mechanisms. These include intrinsic signalosome 
pathways which being disrupted interferes with tumor 
cell survival, proliferation as well as migration [46]. BTK 
inhibition also interferes with tumor microenvironment 
retention via modulating crucial immune cells in that 
microenvironment. While Ibrutinib has been an excellent 
candidate as BTK inhibitor to treat malignancies, poor 
availability of the inhibitor treated myeloid cells makes it 
difficult to ascertain that such anti-cancer effects are 
specifically due to BTK inhibition or certain off-target 
effects of the compound on CD4+/CD8+ cells. It has 
been found that Ibrutinib represses the 
immunosuppressive properties of malignant cells in CLL 
via both BTK-dependent and independent pathways 
(e.g., via T-cell modulation) [47] and thus it becomes 
more crucial to identify that whether similar levels of 
anti-tumor efficacy can be seen with only BTK inhibition 
alone (without any off-target effects). However, it will be 
very interesting to see the use of BTK-inhibitors having 
additional specificity for associated kinases against 
certain malignancies. While BTK inhibition remains a 
very   effective   single   agent   therapy, there  has  been  

 

 

Table 1: Important BTK Inhibitors against different cancer types with Patient Survival Rate. 

 

BTK Inhibitor Disease used for Survival References 

Ibrutinib 

Relapsed/Refractory CLL 
At 12 months: 90% 

At 30 months: 87% 
[48] [49] 

Treatment naïve CLL 
At 24 months: 98% 

At 30 months: 96% 
[49] [50] 

Relapsed/Refractory MCL At 18 Months: 58% [23] 

Acalabrutinib 

(ACP-196) 

Relapsed/Refractory CLL At 16 Months: ~90% [33] 

Relapsed/Refractory MCL At 12 Months: 87% [34] 

Rituximab and Ibrutinib 
Combination 

Waldenström 
macroglobulinemia (WM) 

At 30 months: 94% [51] 

Venetoclax and Ibrutinib 
Combination 

Treatment naïve CLL Still not reported [52] 

Zanubrutinib 

(BGB-3111) 

Relapsed/refractory B-cell 
malignancies 

At 12 Months: 100% (PFS) [53] 

GS-4059 

(ONO-4059) 
Mature B cell malignancies 

Only PFS: 

CLL: 874 days, MCL: 341 days, 
DLBCL: 54 days 

[37] 
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evidences of development of resistance against it. Thus, 
a range of research studies have now been conducted 
to develop effective combination therapies to improve 
the clinical response in BTK-inhibitor resistant 
malignancy. There is still a gap of direct comparison 
between the efficacy and toxicity of available BTK 
inhibitors. Taking this situation into account, the 
therapeutic strategies using BTK inhibitors, at this point 
in time, needs to be designed based on the particular 
malignancy and patient subgroups, by using extensive 
analysis of clinical responses, development of 
resistance, their toxicity and of course, the quality of life 
for the patient being treated. 
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