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ABSTRACT

Bruton’s tyrosine kinase (BTK)  inhibitor Ibrutinib (PCI-32765) is a novel targeted-therapeutic agent modulating BCR, which serves as a 
covalent irreversible inhibitor of BTK. Ibrutinib significantly alters the composition of the tumor microenvironment in CLL, affecting soluble 
as well as cellular molecular elements without myelosupression. Ibrutinib is clinically developed as an orally administered anti-cancer agent 
with lead indications in relapse/refractory and in treatment-naïve patients with B-cell malignancies as a single agent. The clinical activities of 
Ibrutinib as a drug were shown in the B-cell malignancies, especially in patients with CLL, mantle cell lymphoma (MCL), and Waldenstrom’s 
macroglobulinemia (WM). Ibrutinib has generated the most extensive results so far in patients with CLL, predominately refractory or re-
lapsed CLL where durable disease control as well as improved progression-free survival (PFS) and overall survival (OS) has been observed. 
The aim of this review is to outline the pharmacophysiological basis of Ibrutinib treatment as well as the current clinical experience based 
on the trials. The treatment algorithms of B-lymphoproliferative diseases will continue to be revised to a more personalized approach to 
treat with improved efficacy devoid of unnecessary toxicity.
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ÖZET
İbrutinib: Molekülden İlaca
Bruton tirozin kinaz (BTK) inhibitörü Ibrutinib (PCI-32765), BTK üzerine irreversibl kovalan bağlanarak BCR aktivitesini yönlendiren yeni 
bir hedeflenmiş tedavi ajanıdır. Ibrutinib, kronik enfositik lösemi (KLL)’de tümör mikroçevresini hücresel moleküler elemanlar üzerinden 
myelosupresyona yol açmaksızın etkiler. Oral ibrutinib relaps/refrakter veya yeni tanı B-hücre malinitelerinde değişik klinik çalışmalarda test 
edilmektedir. KLL, mantle hücreli lenfoma (MCL) ve Waldenstrom makroglobulinemi (WM) hastalıklarında ibrutinib klinik çalışmaları devam 
etmektedir. Ibrutinib, klinik deneyimi özellikle relaps/refrakter KLL alanında  progresyonsuz yaşam süresi (PFS) ve genel yaşam süresi (OS) 
iyileşmeleri ile birlikte hastalık kontrolü sağlamak amaçlı şekillenmiştir. Bu yazının amacı, ibrutinib tedavisinin farmakofizyolojik temelle-
rine değinmek ve konu ile ilgili klinik çalışma deneyimlerini aktarmaktır. B-lenfoproliferatif hastalıkların tedavi şemaları, etkinliği artırmak ve 
hastaları gereksiz toksisiteden korumak üzerine odaklı olarak güncellenmeye devam edecektir.
Anahtar Kelimeler: İbrutinib, KLL, BCR, BTK
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INTRODUCTION
Pathobiological expression of the B-cell receptor 
(BCR) signaling can cause disease progression in the 
malignant B-cell neoplastic diseases.1 Bruton’s tyros-
ine kinase (BTK) has a pivotal role in the BCR sign-
aling. Normal B lymphocytes receive signals from 
BCR that are triggered by binding of the BCR to an 
external antigen. Tonic signaling through the BCR 
provides growth and signals to chronic lymphocytic 
leukemia (CLL) cells, and plays an important role 
in the pathogenesis and progression of the disease.2 
BTK is a cytoplasmic tyrosine kinase transmitting 
neoplastic signals from the BCR and tissue homing 
receptors.3 BTK inhibitor Ibrutinib (PCI-32765) is 
a novel targeted-therapeutic agent which serves as a 
covalent irreversible inhibitor of BTK.4 The clinical 
activities of Ibrutinib as a drug were shown in the B-
cell malignancies5,6, especially in patients with CLL, 
mantle cell lymphoma (MCL), and Waldenstrom’s 
macroglobulinemia (WM).3,7 Ibrutinib has generated 
the most extensive results so far in patients with CLL, 
predominately refractory or relapsed CLL where du-
rable disease control as well as improved PFS and 
OS has been observed.8-14 BTK is a critical kinase 
for CLL development and expansion and thus an im-
portant target of ibrutinib.15 Ibrutinib causes an early 
redistribution of tissue-resident malignant B-cells, in-
cluding CLL cells, into the blood, with rapid resolu-
tion of enlarged lymph nodes, along with a surge in 
lymphocytosis. After weeks to months of continuous 
ibrutinib therapy, the growth- and survival-inhibitory 
activities of ibrutinib result in the normalization of 
lymphocyte counts and remissions in a majority of 
patients with CLL.16

Ibrutinib can induce the redistribution of malignant 
B cells from tissue sites into the peripheral blood 
together with the rapid resolution of enlarged neo-
plastic lymph nodes.3 Ibrutinib significantly alters 
the composition of the tumor microenvironment in 
CLL, affecting soluble as well as cellular molecular 
elements.17 Ibrutinib does not cause myelosuppres-
sion.4 With continuous ibrutinib therapy, growth- and 
survival-inhibitory activities of ibrutinib could result 
in the normalization of lymphocyte counts and remis-
sions in the patients with B-cell neoplastic diseases. 
Ibrutinib is the first BTK inhibitor that is being used 
and approved in the clinical practice with the most 
mature clinical data.18 The drug was designed as a se-
lective and irreversible inhibitor of the BTK protein, 

and it inhibits signal transduction from the BCR and 
blocks activation of B cells.19 The aim of this review 
is to outline this kind of BTK inhibitor therapy as 
well as its pathophysiological ways. 

Pharmacobiological Basis of Ibrutinib
BCR is essential for normal B-cell development and 
maturation. On the other hand, BCR signaling is im-
plicated as a pivotal pathway in tumorigenesis.20 BTK 
signaling pathways in the cellular microenvironment 
is depicted in Figure 1. 
CLL cells in the lymph node and bone marrow mi-
croenvironments demonstrate higher levels of BCR 
and NF-κB signaling.21 Mechanisms of BCR activa-
tion may include chronic antigenic drive by microbial 
or viral antigens, auto-stimulation of B-cells by self-
antigens, and activating mutations in the intracellular 
components of the BCR pathway.20 B-lymphocytes 
have critical functions in the immune response, in-
cluding antigen presentation, antibody production, 
and cytokine release. BCR, which is activated by 
binding to antigen, can induce receptor aggregation to-
gether with the activation of multiple tyrosine kinases 
and downstream signaling pathways.20 The activating 
mutations in signal transduction components of the 
BCR pathway have been identified In B-cell malig-
nancies. Likewise B-lymphoproliferative diseases are 
sensitive to kinase inhibitors that disrupt BCR signal-
ing. Thus, targeted therapy through inhibition of BCR 
signaling is emerging as a new treatment paradigm 
for many B-cell neoplastic disorders.20 Given the cen-
tral role of BTK in BCR signaling and the importance 
of BCR signaling in lymphoproliferative diseases, the 
inhibition of BTK by ibrutinib could be an effective 
therapeutic strategy in B-cell malignancies.
BTK is a Tec family cytoplasmic tyrosine kinase that 
is a key component of BCR signaling pathway and 
is critical for normal B cell development, differentia-
tion, proliferation and survival. BTK is a 659-amino-
acid protein that contains five signaling domains and 
has diverse partner molecules.22 BTK transmits, di-
versifies, and amplifies signals from a wide variety 
of surface molecules that cells use to communicate 
with their microenvironment. BTK is a central sign-
aling node mediating the nourishing and protective 
effects of the tumor microenvironment.23 BTK is also 
essential for the homing of MCL cells into lymphoid 
tissues, and its inhibition results in an egress of ma-
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lignant cells into peripheral blood.24 The absence of 
BTK predominantly affects B cell function. In the 
absence of BTK, BCR signaling is insufficient to in-
duce late transitional B cells to differentiate into ma-
ture peripheral B cells. BCR signaling pathway genes 
are constitutively increased in B cell tumors, manage-
able via the therapeutics targeting BTK.19,22 BTK in-
hibition using the BTK inhibitor ibrutinib decreased 
DNA synthesis and prosurvival signal from stromal 
cells and cytokines. 
Ibrutinib can effectively inhibit neoplastic pathways 
that promote tumor cell activation and proliferation. 
The anti-neoplastic effect of Ibrutinib is depicted in 
Figure 2. Herman and coworkers23 evaluated the in 
vivo effects of ibrutinib, the BTK inhibitor on tu-
mor cell activation and proliferation in the peripheral 
blood, lymph nodes, and bone marrow of the patients 
with CLL.23 They detected a rapid and sustained 
down-regulation of BCR and NF-kappaB signaling 
in CLL cells from both the peripheral blood and tis-
sue compartments during ibrutinib treatment. In their 

study, ibrutinib significantly decreased tumor prolif-
eration and expression of surface activation markers 
CD69 and CD86 independent of the well-known CLL 
prognostic factors such as IGHV mutational status, 
chromosome 17p deletion, or prior chemotherapy.23

 
Anti-neoplastic Molecular Activities of Ibrutinib
Ibrutinib inhibits both BCR and NF-kB signaling in 
lymph node and bone marrow resident CLL cells.25 In 
a number of B-cell malignancies such as diffuse large 
B-cell lymphomas (DLBCL), activating mutations 
in signal transduction components of the BCR path-
way have been identified; prominent examples are 
activated B-cell-like that carry mutations in CD79B 
and display chronic active BCR signaling resulting in 
constitutive activation of the NF-kappa B pathway.20 

The effects of Ibrutinib on BCR and NF-kB are de-
picted in Figure 3. 

Ibrutinib inhibits activation and proliferation of CLL 

Figure 1. Bruton’s tyrosine kinase (BTK) has a pivotal role in the BCR signaling. BTK is a cytoplasmic tyrosine kinase transmitting 
neoplastic signals from the BCR and tissue homing receptors
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cells in vivo. On-target effects of BTK inhibition in 
tissue-resident CLL cells were shown. Blocking cell 
proliferation via inhibition of BTK-mediated signal-
ing may contribute to clinical responses in ibrutinib-
treated patients.26 Binding site between Ibrutinib and 
BTK is well described (Figure 4). 
 The chemokines in tumor cell-microenvironment in-
teractions represent a target for treatment of CLL.27 
Chemokine receptors expressed on CLL cells regu-
late the migration of the leukemia cells within the 
bone marrow, lymphoid organs in collaboration with 
chemokines. Furthermore, chemokines produced 
in distinct tissue microenvironments sustain migra-
tion of mature lymphocytes in lymphoglandula. 
Chemokines form a pro-survival circuitry by regulat-
ing leukocyte trafficking, maintaining extended lym-
phocyte survival.27 A potentially dangerous subpopu-
lation of CLL cells equipped to migrate to tissue and 
receive a proliferative stimulus.28 Ibrutinib inhibits 
the migration of CLL cells in chemokine gradients.29 

Chemokine signaling is blocked by ibrutinib so that 
the neoplastic migration of the B-cells is impaired 

(Figure 5).
Treatment with Bruton’s tyrosine kinase inhibitor 
could enhance Fas-mediated apoptosis in lymphopro-
liferative diseases.30 The reduction of tissue disease 
burden by ibrutinib is due more to CLL cell death and 
less to egress from nodal compartments.31 Moreover, 
rapid and sustained reduction of the cellular activa-
tion and tumor proliferation has been shown to be 
achieved by ibrutinib in all of the anatomic compart-
ments related to the neoplastic development of CLL 
disease course.25 Ibrutinib may alter the composition 
of the bone marrow microenvironment.29 ibrutinib 
leads to a transient increase in circulating CLL cells 
consistent with the efflux of activated cells from the 
tissue compartments leading to the reduction in lym-
phadenopathy.13 Ibrutinib-induced early-onset lym-
phocytosis32 develops within hours due to the release 
of previously activated resident cells from the tissue 
microenvironments. The rapid onset of the lympho-
cytosis and the dramatic defect in the adhesion pro-
cess suggested that ibrutinib directly interferes with 
an intracellular signaling network required for cell 

Figure 2. Anti-neoplastic effects of Ibrutinib via acting on BTK in the BCR signaling, which is central in the B-lymphoproliferative 
diseases
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adhesion.33 Upon initiation of treatment with ibru-
tinib, the transient phase of increase in lymphocyte 
counts (ie, ≥50% increase from baseline and above 
absolute count 5.000 µL) often associated with re-
duction of lymphadenopathy was observed in most 
subjects with relapsed/refractory CLL. This effect has 
also been observed in some subjects with relapsed/
refractory MCL treated with ibrutinib monotherapy. 
This observed transient lymphocytosis is usually not 
associated with an adverse event and should not be 
considered progressive disease in the absence of oth-
er clinical findings. Lymphocytosis in subjects with 
CLL on ibrutinib therapy typically occurs during the 
first few weeks of ibrutinib therapy and typically re-
solves within weeks to months, while on treatment. 
The kinetics and degree of the treatment-induced 
lymphocytosis could be variable. CLL patients with a 
high baseline absolute lymphocyte count, the relative 
increase may be more indolent. No adverse events 
were attributed to the Ibrutinib-induced early-onset 

lymphocytosis in clinical trials.34 No cases of ibru-
tinib-induced leukostasis were reported in subjects 
with CLL/SLL receiving ibrutinib, although subjects 
with a high number of circulating malignant cells 
(>400,000 k/uL) should be closely monitored. In 
subjects with CLL receiving ibrutinib in combination 
with chemoimmunotherapy or immunotherapy, lym-
phocytosis appeared to occur in lower incidence and 
at lesser magnitude.

Clinical Trials of Ibrutinib in CLL and other B-
Malignant Diseases
The diagnosis of early-stage and the treatment of ad-
vanced-stage CLL may sometimes be challenging.35,36 
Ibrutinib is clinically developed as an orally admin-
istered anti-cancer agent with lead indications in re-
lapse/refractory and in treatment-naïve patients with 
B-cell malignancies as a single agent.37 In addition, 
combination studies with chemoimmunotherapy and 
immunotherapy have also been performed.38-44 The 

Figure 3. Anti-neoplastic effects of Ibrutinib via acting on on BCR signaling and NF-kappaB in relation to the Bruton’s tyrosine kinase 
(BTK) inhibition and CD79b
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Phase 1b/2, multicenter, open-label, parallel-group 
safety study of the BTK inhibitor PCI-32765 (ibru-
tinib) in combination with chemotherapy in subjects 
with CLL disclosed the safety of the drug.45 That was 
a multicenter Phase 1b/2 study in patients with CLL 
receiving concurrent conventional chemoimmuno-
therapy. The patients were enrolled into one of two 
cohorts defined by the chemotherapy regimen select-
ed by the investigator; the FCR cohort (fludarabine, 
cyclophosphamide and rituximab) or the BR (benda-
mustin and rituximab) cohort. CLL patients receive 
up to 6 cycles of chemoimmunotherapy with a con-
tinuous fixed ibrutinib dose of 420 mg/day; ibrutinib 
dosing continued past 6 cycles until disease progres-
sion or other reason for discontinuation. The objec-
tives of the study included studying the safety profile 
of ibrutinib in combination with these therapeutic 
agents, and an assessment of the efficacy as measured 
by response rate, time to response, and duration of 
response. The study enrolled 33 subjects. Thirty sub-

jects were enrolled in the BR cohort and 3 subjects in 
the FCR cohort. Enrollment into the FCR cohort was 
difficult due to shifts in clinical practice, leading to 
few fludarabine-naive subjects in the relapsed setting. 
Enrollment in the BR cohort was deemed adequate 
for assessing the trial’s objectives. Twenty-one (70%) 
subjects in the BR Cohort and 3 (100%) subjects in 
the FCR Cohort who were still receiving ibrutinib 
monotherapy treatment after completion of BR or 
FCR rolled over to continue treatment with ibrutinib. 
At the study closure, the most frequently reported 
treatment-emergent, adverse events among the 30 
BR subjects were diarrhea (70%), nausea (66.7%), 
fatigue (46.7%), neutropenia (40%) and upper res-
piratory tract infection (36.7%). The most frequently 
reported treatment-emergent adverse events of Grade 
3 or higher in severity were neutropenia (40.0%), 
macula-papular rash and fatigue (10.0% each), and 
thrombocytopenia, febrile neutropenia, and cellulitis 
(6.7% each). During the study conduct, 9 of the BR 

Figure 4. The binding site between Ibrutinib and Bruton’s tyrosine kinase (BTK). Ibrutinib (PCI-32765), a potent inhibitor of BTK 
induces impressive responses in B-cell malignancies through a covalent bond with cysteine-481 in the active site of BTK (TH/SH1 
domain) and inhibits BTK phosphorylation on Tyr223.14 
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subjects (30%) discontinued the study treatment, 5 
(17%) subjects proceeded to stem cell transplant and 
4 (13%) subjects discontinued due to PD. With a me-
dian follow-up of 8.1 months (range: 2.7 - 11.3) four 
subjects had achieved a complete remission (CR) and 
24 subjects had achieved a partial response (PR), for 
an overall response rate of 93%.45

The safety and activity of ibrutinib, the orally admin-
istered covalent inhibitor of BTK, was also studies 
in treatment-naive patients aged 65 years and older 
with CLL .13 In this study, the patients with CLL had 
received 28 day cycles of once-daily ibrutinib 420 mg 
or ibrutinib 840 mg. The 840 mg dose of ibrutinib 
was discontinued after enrolment had begun because 
a comparable activity of the doses was shown. The 
primary endpoint was the safety of the dose-fixed 
regimen in terms of frequency and severity of adverse 
events for all patients who received treatment. The 
median age was 71 years and 23 (74%) patients were 
older than 70 years. Median follow-up for all patients 

was 22.1 months. Twenty-seven patients were treat-
ed with ibrutinib 420 mg and four were treated with 
ibrutinib 840 mg. Median treatment duration was 
21.0 months. The relative dose intensity (percentage 
of expected dose received) was 98.9%.13 Based on the 
results of this study, 22 (71%) of 31 patients achieved 
an objective response (CR and PR), with four (13%) 
achieving a CR. Four patients (13%) had a PR with 
lymphocytosis, and three patients (10%) had stable 
disease; median follow-up for these seven patients 
was 20.3 months, as compared with 22.1 months 
for the 22 patients who achieved PR or CR. Of the 
22 patients who achieved a CR or PR, the initial re-
sponses were ten PR with lymphocytosis, and 12 true 
partial responses. For the ten patients who initially 
responded with PR with lymphocytosis, the median 
time to true PR or CR was 7.3 months.13 Thus, ibru-
tinib is well tolerated and effective in the previously 
untreated population of elderly patients with CLL. 
Blocking cell proliferation via inhibition of BTK-me-

Figure 5. The binding of Ibrutinib to Bruton’s tyrosine kinase (BTK) can block chemokine signaling in the malignant B cell
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diated signaling may contribute to clinical responses 
in ibrutinib-treated patients with CLL.26

One unresolved question about ibrutinib in CLL is 
whether an improvement in outcome is associated 
with a rapid achievement of response.13 The low de-
gree of myelosuppression associated with ibrutinib in 
CLL and the acceptable non-haematological toxici-
ties make it possible to combine ibrutinib with other 
agents, both cytotoxic drugs and non-cytotoxic thera-
pies, including B-cell-depleting monoclonal antibod-
ies such as rituximab.40 Even though in vitro data in-
dicate that ibrutinib antagonizes rituximab-dependent 
NK cell-mediated cytotoxicity the  combination has 
achieved a high frequency of objective responses to-
gether with early resolution of lymphocytosis com-
pared with single-agent ibrutinib treatment.41,42,45, 

46 Future combination therapies with established 
CLL treatment modalities (monoclonal antibodies, 
chemoimmunotherapy) will likely achieve the goal 
of higher CR in CLL. The risk-benefit ratio may fa-
vor combination over single agent ibrutinib therapy 
in CLL subgroups.22 Elderly patients (over 70 years) 
may not tolerate chemoimmunotherapy in compari-
son to the younger patients with CLL. Thus, ibruti-
nib monotherapy or combinations with antibodies are 
more appropriate in the aged population and/or poor 
performance with co-morbidities. More intensive 
chemoimmunotherapy-based combinations may be 
convenient in younger high-risk patients with B-cell 
malignancies. The debulking of the neoplastic disease 
with ibrutinib followed by cellular therapies could be 
the most important clinical strategy.22

Ibrutinib is active in B-lymphomas.22,47,48 The ef-
ficacy, lack of toxicity and oral administration of 
ibrutinib will ensure the adoption of the drug for the 
management of a wide range of B-cell malignan-
cies.37 BTK signaling plays a critical role in MCL cell 
survival, and the targeting of BTK could represent a 
promising therapeutic modality for aggressive lym-
phoma.49,50 Thus, MCL, the clinically aggressive and 
incurable B-cell malignancy, may respond to ibrutin-
ib therapy.1,3,22,24,44,49 The blockade of BTK activity by 
ibrutinib could attenuate BCR signaling and induces 
cell death in a wide variety of B-lymphoproliferative 
diseases. A moderate to strong BTK expression in 
MCL cases in comparison to benign lymphoid tissues 
has been shown. Treatment of those MCL cell lines 
with Ibrutinib decreased the viability of neoplastic 
cells and induced apoptosis.49 In a non-randomized 

Phase II study, 115 patients with MCL were enrolled 
and classified as either having received treatment 
with bortezomib (≥2 cycles) or not having received 
such treatment (<2 complete cycles or no prior bort-
ezomib therapy).51 In this study, the estimated me-
dian follow-up was 15.3 months (range, 1.9 to 22.3). 
The response rate for all patients was 68%, with 47% 
of patients having a PR and 21% having a CR. Of 
43 patients with lymph nodes that were at least 5 cm 
in diameter, 27 (63%) had a response to treatment. 
Response rates were similar in bortezomib naive and 
bortezomib exposed patients. Furthermore, 17 of 27 
patients (63%) previously treated with lenalidomide 
had a response to ibrutinib. The overall response rate 
and the complete response rate also improved over 
time with continued therapy. The most common non-
hematologic adverse events occurring in more than 
20% of patients were diarrhea (in 50% of patients), 
fatigue (in 41%), nausea (in 31%), peripheral edema 
(in 28%), dyspnea (in 27%), constipation (in 25%), 
upper respiratory tract infection (in 23%), pneumo-
nia (in 6% of patients), vomiting (in 23%), and de-
creased appetite (in 21%). Grade 3 and 4 hematologic 
adverse events included neutropenia (in 16% of pa-
tients), thrombocytopenia (in 11%), and anemia (in 
10%). Grade 3 bleeding events occurred in five pa-
tients, with no grade 4 or 5 hemorrhagic events. With 
respect to efficacy, a response rate of 68% and a CR 
rate of 21% (CR rate of 37% among the 51 patients 
who had been receiving treatment the longest) are 
high response rates for a single agent in this patient 
population. Previously, such a high rate of CR in this 
population with substantial previous treatment has 
been achieved only with intensive chemotherapy reg-
imens.51 Thus, ibrutinib shows durable single-agent 
efficacy in relapsed or refractory MCL.
Phase III trials are underway worldwide to evaluate 
ibrutinib in the treatment of patients with CLL/SLL, 
DLBCL and MCL. Moreover, ibrutinib is in phase II 
development52 for use in Waldenstrom’s macroglobu-
linemia (WM), follicular lymphoma (FL) and multi-
ple myeloma (MM)38. Ibrutinib significantly inhib-
ited Hairy cell leukemia (HCL) proliferation and cell 
cycle progression.53 A Phase I study of Ibrutinib in 
relapsed B-cell malignancies suggested activity in 
a number of different lymphomas.54 This study en-
rolled 56 patients with various histologies, including 
DLBCL, MCL, FL, CLL, marginal zone lympho-
ma (MZL), and Waldenström’smacroglobulinemia 
(WM). Ibrutinib was well tolerated and of the 50 pa-
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tients evaluable for response, 30 (60%) had an ob-
jective response with 8 (16%) complete responses 
(CR)55. Specifically, responses were seen in 2 of 7 
patients with DLBCL, 7 of 9 patients with MCL, 6 of 
16 patients with FL, 11 of 16 patients with CLL, 1 of 
4 patients with MZL, and 3 of 4 patients with WM. 
Median progression-free survival was 13.6 months in 
the study. Similar clinical trials in B-cell neoplastic 
diseases are underway.54-58 
In a very recent clinical trial59, Byrd and coworkers 
compared the efficacy and safety of ibrutinib ver-
sus ofatumumab in patients with previously treated 
(relapsed or refractory) CLL or small lymphocytic 
leukemia (SLL) in a phase 3, open-label multicenter 
study.59 The patients were randomly assigned on a 1:1 
basis to receive either oral ibrutinib or intravenous 
Ofatumumab. They received oral ibrutinib 420 mg 
once daily until disease progression or the occurrence 
of unacceptable toxicity. Intravenous ofatumumab 
was given over a 24-week period. The initial dose at 
Week 1 was 300 mg, followed by a dose of 2000 mg 
weekly for 7 weeks and then every 4 weeks for 16 
weeks, consistent with local labeling. The patients 
were stratified according to resistance to purine ana-
logue chemoimmunotherapy (defined as no response 
or a relapse within 12 months after last dose of a 
purine analogue) and the presence or absence of the 
17p13.1 deletion. Three hundred and ninety-one pa-
tients were enrolled and received either oral ibruti-
nib (n = 195) or intravenous ofatumumab (n= 196). 
The Primary End point was Progression-free survival 
(PFS), as assessed by the International Workshop 
on Chronic Lymphocytic Leukemia (IWCLL) crite-
ria. The majority of patients had CLL (> 95%) and 
advanced-stage disease; across the treatment groups 
31% had the 17p13.1 deletion and 32% the 11q22.3 
deletion; more patients in the ibrutinib group than the 
ofatumumab group (64% vs 52%; p= 0.04) had bulky 
disease (≥ 5 cm). Patients in the ibrutinib group had 
undergone a median of 3 prior treatments and patients 
in the ofatumumab group had undergone a median of 
2 prior treatments; most patients had received prior 
treatment with purine analogues, alkylating agents, 
and anti-CD20 agents. Median follow-up was 9.4 
months (range, 0.1-16.6); 86% of patients were still 
receiving ibrutinib treatment at the time of analysis. 
The results of the study disclosed that Ibrutinib sig-
nificantly improved PFS versus ofatumumab; the me-
dian duration of PFS was not reached in the ibrutinib 
group (with a PFS rate of 88% at 6 months) compared 

with a median of 8.1 months in the ofatumumab 
group (with a PFS rate of 65% at 6 months) (hazard 
ratio for progression or death in the ibrutinib group, 
0.22; p< 0.001). This represents a 78% reduction in 
risk of progression or death among patients treated 
with ibrutinib compared with ofatumumab. The effect 
of ibrutinib on PFS was robust and observed across 
all subgroups examined, including patients refractory 
to chemoimmunotherapy and those with the 17p13.1 
deletion. Thus, Ibrutinib significantly improved the 
OS rate versus ofatumumab (hazard ratio for death, 
0.43; p= 0.005,) with the risk of death reduced by 
57%; at 12 months, the OS rate was 90% in the ibru-
tinib group and 81% in the ofatumumab group. The 
effect of ibrutinib on OS was robust and observed 
across all subgroups examined. At the time of analy-
sis, 57 patients in the ofatumumab group had crossed 
over to ibrutinib due to confirmed disease progres-
sion. The response rate was higher in the ibrutinib 
group versus the ofatumumab group (63% vs 4%). 
43% in the ibrutinib group had a PR versus 4% in the 
ofatumumab group.59 
In conclusion, the research over the role of Bruton’s 
agammaglobulinemia tyrosine kinase in B-lympho-
cyte development, differentiation, signaling and 
survival has led to better understanding of the patho-
genesis of B-cell malignancies.14 Down-regulation 
of BTK activity is an attractive novel strategy for 
treating patients with B-cell malignancies particu-
larly CLL.56 The role of BTK in B-cell signaling, mo-
lecular interactions between B-lymphoma cells and 
neoplastic microenvironment will be translated into 
clinical trials that would be very helpful for the bet-
ter management of the patients.13,14,55,57 Likewise, the 
treatment algorithms of B-lymphomas will continue 
to be revised to a more personalized approach to treat 
with improved efficacy devoid of unnecessary toxic-
ity.43,58
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