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Abstract: Although chemo-immunotherapy remains at the forefront of first-line treatment for
mantle cell lymphoma (MCL) and chronic lymphocytic leukemia (CLL), small molecules, such
as ibrutinib, are beginning to play a significant role, particularly in patients with multiply relapsed
or chemotherapy-refractory disease and where toxicity is an overriding concern. Ibrutinib is a
first-in-class, oral inhibitor of Bruton’s tyrosine kinase, which functions by irreversible inhibi-
tion of the downstream signaling pathway of the B-cell receptor, which normally promotes cell
survival and proliferation. Early clinical trials have demonstrated excellent tolerability and a
modest side-effect profile even in elderly and multiply pretreated patient cohorts. Although
the majority of disease responses tend to be partial, efficacy data have also been encouraging
with more than two-thirds of patients with CLL and MCL demonstrating a durable response,
even in the high-risk disease setting. Resistance mechanisms are only partially understood and
appear to be multifactorial, including the binding site mutation C481S, and escape through
other common cell-signaling pathways. This article appraises the currently available data on
safety and efficacy from clinical trials of ibrutinib in the management of MCL and CLL, both
as a single agent and in combination with other therapies, and considers how this drug is likely
to be used in future clinical practice.

Keywords: ibrutinib, mantle cell lymphoma, chronic lymphocytic leukemia, Bruton’s tyrosine
kinase, lymphoproliferative disorders

Introduction

Conventional systemic therapy for non-Hodgkin lymphoma (NHL) relies upon
single-agent or combination chemotherapy, often in conjunction with a monoclonal
antibody for induction and subsequently maintenance of disease remission.!”® This
approach, however, is not always successful in the context of resistant or refractory
disease, and is not always appropriate when treating patients with significant comor-
bidities where toxicity can become an overriding factor.

Recent advances in our understanding of the role of the B-cell receptor (BCR) in
promoting cell survival and proliferation have generated new therapeutic opportunities
for the treatment of NHL. Several non-receptor kinases downstream of the BCR such
as Bruton’s tyrosine kinase (BTK), spleen tyrosine kinase, and phosphatidylinositol
3-kinase-delta (PI3Kd) present the potential for new therapeutic targets.® Patients with
poor prognostic risk factors such as multiply relapsed/refractory (R/R) disease and
high-risk chromosomal deletions appear to achieve significant and durable responses
to these newer agents. Responses are often rapid and dramatic,” and discontinuation
or hospitalization, due to side effects, is an uncommon event. The most advanced of
these new agents is the BTK inhibitor, ibrutinib. This review provides an overview of

submit your manuscript
Dove

http:

Therapeutics and Clinical Risk Management 2015:11 979-990 979
© 2015 Tucker and Rule. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S73559
mailto:simon.rule@nhs.net

Tucker and Rule

Dove

the data on ibrutinib focusing on the clinical trials that have
supported its US Food and Drug Administration status as a
breakthrough drug and discusses the common and important
effects of its use in clinical practice.®

Ibrutinib (PCI-32765, trade name Imbruvica; Pharmacy-
clics, Sunnyvale, CA, USA) is a first-in-class, oral, irrevers-
ible inhibitor of BTK.’

Ibrutinib’s target, BTK, is a signaling molecule situated
downstream of the BCR within the cytoplasm. Stimulation of
the BCR triggers activation of a number of intracellular path-
ways, one of which results in the phosphorylation of BTK,
which in turn activates cytoskeletal rearrangement and upreg-
ulation of transcriptional pathways involved in differentia-
tion, proliferation, migration, and cell survival.'®!! Although
BTK is expressed in many hematopoietic cell lines, it appears
to have most importance in B-cell malignancies.'*!?

BTK takes its name from an American pediatrician,
who first described a condition in boys (Bruton’s disease)
characterized by recurrent bacterial infections. Bruton’s
disease, now known as X-linked agammaglobulinemia
(XLA), is caused by an inherited or acquired defect in the
BTK gene, mapping to Xq21.3-q22, resulting in very low
circulating B-cell numbers with an immature phenotype
and a profound hypogammaglobulinemia.'* ! Interestingly,
pharmacological inhibition of BTK does not appear to have
such a profound immunosuppressive effect as that seen in
patients with XLA.

Pharmacology, pharmacodynamics,

and mechanism of action
Ibrutinib is an off-white solid with an empirical formula of
C,,H,)N,O, and a molecular weight of 440.50. It is freely
soluble in methanol and practically insoluble in water.
The chemical name of ibrutinib is 1-[(3R)-3-[4-amin-3-
(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-y1]-1-
piperidinyl]-2-propen-1-one, and its structure is shown in
Figure 1.

Ibrutinib is supplied for oral administration in capsules
that contain 140 mg ibrutinib as the active ingredient."

Ibrutinib is an orally active small molecule that covalently
binds to the cysteine residue C481 at the phosphorylation
site of BTK, leading to irreversible inactivation.!'* Ibrutinib
actually possesses a broad kinome, which includes irrevers-
ible inhibition of several other kinases with important roles
in normal and malignant B-cell signaling.”?! Exactly why this
cross-specificity does not result in a broader toxicity profile
is not yet fully understood.

Originally, ibrutinib or PCI-32765 was developed by
Celera, and later by Pharmacyclics, as a targeted therapy

Figure | chemical structure of ibrutinib (Imbruvica).

for rheumatoid arthritis, and subsequently, lymphoma.?*?
Preclinical studies demonstrated that ibrutinib inhibited phos-
5» 0.51M)
in B-cell lymphoma cell lines as well as inhibiting activation
of B-cells after direct stimulation of the BCR.?2 An objective
response rate of 38% was observed in the first animal studies

phorylation of BTK at very low concentrations (IC

of ibrutinib in canines with B-cell lymphoma.?

In vivo, ibrutinib blocks BCR-induced activation, thus
inhibiting proliferation and attenuating cell survival as well
as impairing the ability of lymphoma cells to home to their
protective niche in lymphoid tissue or bone marrow.23-26
Clinically, this translates into a rapid reduction in tissue
burden, often in association with a peripheral lymphocytosis,
which appears to be dependent on continuous administration
of the drug.

Ibrutinib is rapidly absorbed and eliminated after oral
administration. Mean peak plasma concentrations occur
between 1 hour and 2 hours after dosing, and drug exposure
occurs in a dose-proportional manner. The mean half-life is
2-3 hours, and there is no accumulation of ibrutinib after
repeated daily oral dosing.?”’

Ibrutinib is metabolized in the liver by cytochrome
CYP3A, and metabolism is the major route of elimination.
The elimination half-life is 4-6 hours, and clearance is not
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altered by age (37-84 years). Dose adjustments should be
made for patients with mild-to-moderate hepatic impairment,
and ibrutinib is not recommended for patients with severe
liver impairment. Ibrutinib is not cleared significantly by
the kidneys, and no dose adjustment is required for severe
renal impairment (creatinine clearance <30 mL/min); how-
ever, patients should be monitored more closely for signs
of toxicity.

Systemic exposure is increased significantly when dosed
concomitantly with a strong CYP3A inhibitor such as keto-
conazole and reduced with a strong CYP3A inducer, such as
rifampicin. Therefore, patients taking ibrutinib are advised
to avoid grapefruit juice or Seville oranges.?”*

Ibrutinib in chronic lymphocytic

leukemia and mantle cell ymphoma
Chronic lymphocytic leukemia (CLL) is the most com-
mon leukemia in adults with an incidence rate of five per
100,000 per year in the US and can exhibit an extremely
heterogenous clinical course.? Some patients are diagnosed
incidentally, live for decades, and never require treatment,
whereas others require immediate therapy at a young age.>
Chemo-immunotherapy, most commonly in the form of ritux-
imab with fludarabine and cyclophosphamide, is the gold-
standard treatment for fit, younger patients with symptomatic
disease.’! However, for patients with high-risk prognostic
features such as del17p13.1 or del11q22.3 and those unfit
for, or refractory to, fludarabine-based therapy, treatment
options are often unsatisfactory.?!

Mantle cell lymphoma (MCL) is characterized by the
t(11;14) chromosomal translocation resulting in overex-
pression of cyclin D1 and deregulation of the cell cycle.*
It accounts for 4%—-10% of NHL with an incidence of
approximately 0.5 per 100,000 in Europe and the USA 2%
It often has an aggressive clinical course and a poor
prognosis.* Current front-line therapy comprises chemoim-
munotherapy followed by autologous stem-cell transplanta-
tion for those fit enough to receive it, and although these
regimens have high initial response rates, most patients
eventually relapse and die from the disease.*

Therefore, there is an unmet need for new treatments for
both CLL and MCL.

Cell survival pathways dependent on BTK as a down-
stream mediator of the BCR are constitutively activated in
both CLL and MCL contributing to tumor proliferation and
cell survival.'>*® [brutinib has therefore been tested as a single
agent and in combination with chemo-immunotherapy in
patients with MCL and CLL, including patients with adverse
cytogenetics, patients with disease which is refractory to

purine analog, and treatment-naive elderly patients for whom
aggressive chemo-immunotherapy is not appropriate.

Phase | studies
Phase | study of ibrutinib in R/R B-cell NHL

In the initial Phase I clinical trial of ibrutinib, 56 patients with
R/R B-cell NHL, including MCL and CLL/small lympho-
cytic lymphoma (SLL), received single-agent ibrutinib once
daily in a classical, Phase I, dose-escalation schedule.?” Two
schedules were evaluated, one in which patients were treated
daily for 28 days followed by a 7-day rest period, and another
in which patients were dosed once daily continuously. The
median patient age was 65 years. The median number of pre-
vious therapies was three, and 93% of patients had previously
received the anti-CD20 monoclonal antibody rituximab.

Drug tolerability was very good. The most common adverse
events (AEs) were typically grade 1 or 2 in severity with
more severe events being infrequent and independent of dose.
Diarrhea was a common side effect (42%), the majority being
mild, usually self-limiting and resolving without dose interrup-
tion. Forty-one percent of patients experienced mild nausea, and
37% of patients experienced mild fatigue. Other common, non-
severe side effects included muscle spasm/myalgia (37.5%)
and “other pain” (62%). Grade 3—4 hematological toxicities
were uncommon but included neutropenia (12.5%), thrombo-
cytopenia (7.2%), and anemia (7.1%). In patients with CLL, a
transient increase in lymphocyte count was typically seen at the
same time as a reduction in nodal disease. This was understood
to reflect the disruption of BCR-mediated stromal chemotaxis
and adhesion resulting in an egress of tissue-resident malignant
lymphocytes.?="3 This was sometimes very dramatic but did
not result in any clinical sequelae.

The disease response rates were also encouraging, with
an overall response rate (ORR) of 54% in the intention-to-
treat population. Although responses were observed across
all histologies, the best activity was seen in MCL (77%),
Waldenstroms macroglobulinemia (75%), and CLL (69%).
Also, responses appeared durable with a median progression-
free survival (PFS) of 13.6 months at the time of data cut-off.
At the time of publication, 20 patients remained on treatment
in an extension trial due to ongoing clinical benefit.

Although the maximum tolerated dose of ibrutinib was
not reached, pharmacodynamic studies revealed >95%
BTK active site occupancy and similar response rates at all
but the lowest dose at a range of individual body weights.
A fixed dose of 560 mg was chosen as the dose for future
ibrutinib studies in MCL because it was well tolerated and
led to full target occupancy. Also of note, in patients with
CLL, the intermittent dosing schedule was associated with
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a transient reversal of the treatment-related lymphocytosis
during the 7-day-off drug period, suggesting a reversal of
the biological effect. On this basis, continuous dosing was
selected for Phase II studies.

Phase | study of ibrutinib in R/R CLL

The first Phase [ trial to focus specifically on patients with CLL
was a multicenter single-arm study in which 85 patients with
R/R CLL were treated with single-agent ibrutinib. The median
age was 66 years with a median of four previous therapies.
The vast majority had received a nucleoside analog, an alkyla-
tor, and rituximab. Sixty-nine percent of patients had adverse
cytogenetic markers (17p13.1 deletion or del11q22.3).

Patients were allocated to a fixed daily dose of either
420 mg or 840 mg on a continuous schedule until onset of
disease progression or unacceptable toxicity.

Drug tolerability was good with 64% of patients remain-
ing on treatment with a median follow-up of 20.9 months.
Most AEs were mild and resolved without the need to inter-
rupt treatment, the most common being diarrhea (49%),
fatigue (32%), and upper respiratory tract infection (33%).
Moderate-to-severe hematological toxic effects were infre-
quent (anemia 6%, neutropenia 15%, and thrombocytopenia
6%), and bleeding events of grade 3 or higher occurred in
only four (5%) patients. Perhaps unsurprisingly in such a
heavily pretreated group, eight (9%) patients died within
30 days of the last dose of ibrutinib — three from pneumonia,
one from systemic inflammatory response syndrome, one
from sarcoma, and three due to disease progression.

At a median follow-up of 20.9 months, an ORR of 71%
was observed with the vast majority being partial responses
(PRs). There was no significant difference in response
between the 420 mg and 840 mg dose, which led to a
420 mg dose being selected for subsequent trials in CLL. An
additional 15 patients (18%) had a PR with lymphocytosis.
Interestingly, response did not vary much according to high-
risk features such as 17p deletion (ORR 68%). The 26-month
estimated PFS and overall survival (OS) were remarkably
good (75% and 83%, respectively). In the 17p13.1-deleted
patients, the OS at 20.9 months was 70%.%

Phase | study of ibrutinib in treatment-
naive patients with CLL

O’Brien et al subsequently demonstrated excellent tolerabil-
ity and encouraging efficacy in previously untreated, elderly
patients with CLL. Thirty-one patients received oral ibrutinib
once daily in 28-day cycles.*’ The median treatment duration
was 21 months with a relative dose intensity of 98%.

In line with the previous Phase I studies, the most com-
mon AE was diarrhea (68%) which was predominantly
mild, self-limiting and resolving without discontinuation of
the study drug. Other common AEs reported included mild
nausea, fatigue, and hypertension. Hematological toxicities
were mild and uncommon. Only two patients discontinued
treatment due to AEs (fatigue and viral infection), and only
nine (29%) required interruption of treatment due to grade 3
or greater toxicity. The majority of patients continued treat-
ment in the long-term extension study, and no patients died
from causes related to treatment or within 30 days of the last
dose of study drug.

Response rates were also consistent with previous studies
with an ORR of 71% and a 24-month PFS of 96.3%. Four
(13%) patients achieved a complete response (CR) with the
remainder achieving PR. An additional four patients (13%)
achieved a PR with lymphocytosis, of whom two eventually
achieved a CR and seven achieved a PR with resolution of the
lymphocytosis. In fact, ibrutinib led to lymphocytosis in 55%
of patients, peaking at 1 week and then slowly declining. This
occurred together with a significant reduction in tissue bulk that
was sustained over the course of treatment. The observation of
a sustained reduction in tissue burden with lymphocytosis that
slowly diminishes over time is now considered to be a class
effect in all BCR antagonists and has led to a change in the
response criteria for CLL. Encouragingly, this trial also dem-
onstrated no significant variation in response in the presence of
high-risk prognostic factors such as 17p deletion, although the
number of patients with high-risk factors was relatively low.

Phase Il studies of ibrutinib in CLL

In a Phase 11, single-arm study, 51 patients with previously
untreated (n=35) and R/R (n=16) high-risk CLL with TP53
aberrations were treated with single-agent ibrutinib.*' The
primary end point was overall response to treatment after
six cycles of therapy at 24 weeks. With a median follow-up
of 24 months, 41 (82%) patients are still on treatment with-
out disease progression. Nine patients discontinued due to
disease progression (10%) and death (6%) with one patient
found to have Hodgkin lymphoma. The median time to
progression was 7.5 months. At 24 weeks, 92% of patients
achieved an objective response, the vast majority being PRs.
Similar response rates were seen when subgroup analysis
was performed according to IGHV mutation status, age, 32
microglobulin, or the presence of bulky disease. The esti-
mated PFS rate at 24 months was 82%, and OS at 24 months
was 80% for all patients. In keeping with other studies of
ibrutinib, treatment was well tolerated.
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This study demonstrates durable responses in patients with
CLL with TP53 aberrations, especially patients with previ-
ously untreated disease. This study also demonstrates that the
TP53 aberrant CLL clone is as equally sensitive to ibrutinib as
other TP53 wild-type cells, which supports a P53-independent
mechanism of action. Furthermore, histological transforma-
tion rates appear to be lower than those seen with conventional
chemotherapy when used first line, emphasizing the role of
up-front ibrutinib in patients with TP53 aberrations.

Phase Il and long-term extension
studies in CLL

The first randomized trial of ibrutinib against a licensed drug
for CLL was a multicenter, Phase III, open-label study in
which 391 patients with R/R CLL/SLL received daily oral
ibrutinib (420 mg) or the anti-CD20 monoclonal antibody,
ofatumumab (Arzerra®). This was given once weekly for up to
24 weeks on a dose-escalation protocol.*? Patients had received
at least one previous therapy and were considered inappropri-
ate candidates for purine analog treatment because of a short
progression-free interval after chemo-immunotherapy, coex-
isting illness, an age of greater than 70 years, or chromosome
17p13.1 deletion.

Ibrutinib’s AE profile was consistent with that from previ-
ous trials. Diarrhea (48%), fatigue (28%), and nausea (26%)
were the most common, and very few of these were moderate
or severe. Bleeding-related AEs (most commonly petechiae
and ecchymosis) were more common in the ibrutinib group
(44% vs 12%), but major hemorrhage requiring transfusion
was rare (1% ibrutinib, 2% ofatumumab). Changes in creati-
nine levels were similar in both groups (16% ibrutinib, 17%
ofatumumab). Interestingly, there appeared to be a higher rate
of development of atrial fibrillation in the ibrutinib group
(10% compared to <1%), and this led to discontinuation of
ibrutinib in one patient. However, discontinuation rates due
to AEs were low (4% in both groups).

Response rates were significantly better in the ibrutinib
arm. There was a 78% risk reduction of progression or
death in the ibrutinib arm compared with ofatumumab. At
6 months, 88% of the ibrutinib group were still alive with
no disease progression compared to 65% in the ofatumumab
arm. This was independent of baseline characteristics or
molecular features. OS was also significantly prolonged in the
ibrutinib group (hazard ratio 0.43, 95% confidence interval
0.24-0.79; P=0.005). The OS at 12 months was 90% in the
ibrutinib arm and 81% in the ofatumumab group. This effect
was maintained despite the crossover of 57 patients from the
ofatumumab arm after disease progression.

Therefore, for older patients with R/R or high-risk CLL,
ibrutinib has compared favorably with established therapies
in terms of tolerance and response both as a single agent and
in combination with other drugs.

Ibrutinib in combination with other
agents in CLL

Ibrutinib with rituximab

In a single-arm Phase Ib/II study, 40 adult patients (36 previ-
ously treated, four previously untreated) with high-risk CLL
were treated with ibrutinib (420 mg once daily, continuously)
in combination with rituximab (375 mg/m? intravenously
each week during cycle 1, then once per cycle until cycle 6).
Fifty percent of patients had dell7p or TP53 mutation, and
the average age was 63 years.

At a median follow-up of 16.8 months, 31 (78%) patients
remained on therapy (including 14 of the 20 with dell7p or
TP53 mutation). Nine patients discontinued (two died during
study from pneumonia and central nervous system infection, and
one patient died in remission) and six died after discontinuation
(infectious complications or disease progression). Two patients
(5%) discontinued due to treatment toxicity (grade 3 mucositis
and grade 3 recurrent ear and pulmonary infections).

The combination of ibrutinib and rituximab achieved a
higher ORR, 95% (87% being PRs), than ibrutinib alone, with
a median duration of response of 15.4 months. The PFS of
all patients was 78% with an OS of 83.8% at 18 months, and
these were not significantly different in patients with del17p
or TP53 mutation.®

Ibrutinib with chemo-immunotherapy

in CLL

In a Phase Ib/II study, 30 patients with R/R CLL/SLL received
ibrutinib in combination with bendamustine and rituximab
(BR) for a median of six cycles (range 2—6) with a continuous
fixed-dose ibrutinib until disease progression or intolerance.
The median age was 62 years. Twenty-three percent and 43%
carried del17p and dell 1q, respectively. The observed safety
profile was generally consistent with the safety profile of BR
alone, and side effects were comparable to those described in
other ibrutinib trials except for grade 3 or higher neutropenia
which was more frequently seen (40%). Interestingly, the
transient lymphocytosis observed in approximately 78% of
patients with ibrutinib monotherapy occurred less frequently
(27%). With a median treatment duration of 16 months, the
ORR was 93% including five CRs. The estimated 12-month
PFS was 90%. As with previous studies in CLL, responses
appeared independent of high-risk features.*
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In this Phase I study, 71 patients with R/R CLL/SLL, PLL,
or Richter’s transformation (RT) after greater than or equal
to two prior therapies were treated in three groups in which
ofatumumab was administered weekly for 8 weeks and then
monthly for 4 months, and ibrutinib was given continuously
at 420 mg once daily.* Group 1 received an initial cycle of
ibrutinib single agent, group 2 commenced ibrutinib and ofa-
tumumab simultaneously, and group 3 received two cycles of
ofatumumab before the addition of ibrutinib. Unsurprisingly,
the most frequent AEs were diarrhea (68%), infusion-related
reactions (45%), peripheral sensory neuropathy (42%), and
stomatitis (37%). Sixty-one percent of patients suffered AEs
of grade =3, the most common being neutropenia. Thirty-
nine percent experienced severe AEs, and 15% of patients
had to discontinue ibrutinib. Approximately 13% of this
cohort died within 30 days of the last dose.

The combination appears to be highly effective, with an
ORR of 100% in the CLL/SLL group, and 90% of respond-
ers remained progression-free at a median of 12 months. The
three patients with RT also experienced a degree of disease
control followed by progressive disease on days 471, 168,
and 137, respectively.

These results, which are comparable with rituximab
combination data, demonstrate acceptable tolerability and
encouraging responses when ibrutinib is combined with
immunotherapy.

Several larger clinical trials evaluating this and other
combinations are ongoing (Table 1).

Overall, these data support the premise that ibrutinib is
well tolerated and effective in patients with advanced and
multiply treated CLL, both as a single agent and in com-
bination. By way of comparison, a study of chlorambucil
in combination with obinutuzumab (GA101, Gazyvaro®)
on elderly patients with CLL reported a median PFS of
26.7 months with considerably higher rates of AEs due to

46 T enalidomide

myelotoxicity or infusion-related reactions.
single-agent therapy in the same patient group achieved a
lower ORR (65%) and lower median PFS at the expense
of significant cytopenias and major infections in 13% of

patients.?’

Mantle cell lymphoma

In the largest study of ibrutinib in MCL to date, 115 patients
with R/R MCL were given single-agent ibrutinib (560 mg)
on a 28-day cycle basis until progression or unacceptable
AEs occurred.*® The median patient age was 68 years with
a median of three prior treatments. Eleven percent had prior

autologous stem-cell transplant, and 89% had prior chemo-
immunotherapy.

The median follow-up was 15.3 months at which 46
patients (41%) remained on therapy. Sixty-five (59%)
patients discontinued. Fifty patients experienced progressive
disease, and eight experienced AEs. The most common side
effects were diarrhea (50% of patients), fatigue (41%), and
nausea (31%), all of which were predominantly mild. Mild-
to-moderate neutropenia and thrombocytopenia occurred in
18% of patients (grade 4 in 10% and 4%, respectively). Grade 3
bleeding events requiring a blood transfusion occurred in
five patients (4.5%). Four patients suffered subdural hema-
tomas, all after trauma and all while on aspirin or warfarin.
This led to subsequent studies excluding the use of warfarin
in clinical trials of ibrutinib; however, other anticoagulants
have been permitted. Sixteen patients died during the trial,
12 due to disease progression, and four due to AEs.

Seventy-five patients (68%) achieved a response (47%
PR, 21% CR), and the median response duration was
17.5 months (95% confidence interval 15.8 — not reached).
The median OS was not reached, and the estimated OS was
58% at 18 months.*®

Such ORRs are unprecedented for a single agent in such
a heavily pretreated population with MCL. Similar rates have
only previously been seen when intensive chemotherapy
regimens are used, all of which are myelotoxic.*” When
other single-agent regimens are used in the salvage setting,
responses are far more modest with shorter remission periods.™
By means of comparison, there are three drugs licensed for
use in MCL as single agents, bortezomib (Velcade™),
temsirolimus (Torisel™), and lenalidomide (Revlimid™). As
single agents, the ORRs for these drugs are 33% (8% CR)
with bortezomib, 22% (2% CR) with temsirolimus, and 28%
(8% CR) with lenalidomide.”!

Therefore, ibrutinib has shown impressive single-agent
responses with excellent tolerability and a modest side-effect
profile in R/R MCL. An extension study is ongoing with
long-term follow-up of this trial.

Ibrutinib and rituximab in MCL

A Phase II trial of ibrutinib in combination with rituximab
for relapsed MCL is currently underway and reported interim
results in 2014.%? Fifty patients, all of whom had received
prior rituximab, were given continuous daily ibrutinib
(560 mg) with rituximab (375 mg/m?) weekly for 4 weeks in
cycle 1 and then on day 1 of every cycle for up to eight cycles
followed by 2 years of maintenance therapy. There were no
toxic deaths due to therapy, and toxicities were broadly in

submit your manuscript

984

Dove

Therapeutics and Clinical Risk Management 2015:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ibrutinib for MCL and CLL

Dove

“ewoydwiA| |[92-g 98.| asnyip “1Dg1Q ‘ewoydwA| Jejndyjjo} “14 Dunsnwepusq ‘g rewoydwA| ankdoydwi| |[ews “1s @annsu)
J92UBD [euoneN ‘[DN ‘qIuBNIQ! ‘| ‘qewIXnL ‘Y ‘qewixmil pue spiweydsoydojoAd ‘suiqeJepn]) ‘YD 4 ‘qewIXniLl pue qiuinqg) Y ‘eiwadns| onkdoydwi| duoayd 17D ‘ewoydwi| [[93 spuew IO ‘Adordede./pasdelad Yy SUoi3RIARIqqY

D77 2uawdojprsg
8 YoJeasay uassuef
‘so1pAdeWLIRYd
D71 9uawdojpasg
8 Yd.aeasay uassuef
‘sljpAdeWIRYY

D77 2uswdojprsg
8 YdJeasay uassuef
D77 Quswdojpasq
@ YoJeasay uassue|

ION
D77 2uswdojprsg

¢ UdJeasay uassue|

IDN 211

SJIely d41IUaIdS uassuef
‘AAISISAIUN UISISSMYLION
D71 9uswdoeasg

2 YoJeasay uassue[

ION
RCMIC)

810¢ Asenuqay

910 Asenigay

6107 4290320

6107 4oquiedaQ

810T Yo'l

910€ H2quisroN

£10T dunf
910T Aely

£10T Mdy

VSN ‘sexa]

VSN ‘sexe ]

|[euoneuJa3ul
423UdN|N|A
[euoneuIR3IUL
‘423uad3|N|L

VSN ‘4ajuadn|npy
J33ud13|nW

|euoneudaiu|

VSN ‘4a3uadn|n|
|[euoneuIa3Ul

423UdNI|N |

VSN “sauednniy

9YEYTLIOLON

L8YTTLIOLON

0¥89££101DON

989+0810LDON

/8988101ON

1209¥910LON

L60TYTC0LON

£8EEL6101LDN

€188%¥0C0LON

A|uo uoneiAul
Aq 8uyjjoaug

Buninasau jou
ang Suio8uQ

Buninudau

10U 9ANDY
AJuo uoneiAul
Aq Buyjjoaug

3uninioay

dAIDY

nJosy

INREN]

nJioay

qi

Apms 7-31 YNOSTY Jo uoisuaixe
[2qej-uado — sueak §9< T1S/T1D
C-ILVNOSTY

TIS/11D Yam

sJeak G9< syusned sAleu-JUSWIES |
Apris INIHS

[e113 pajjo.Jauod-oqadeld puljg-s|qnop
paziwopued — )| pasoudelp AiMaN
Apnas AoBd1JJ9/A19)BS UOISUDIXD W.ID)
-8uo| - 12g1a T4 “T1S “T1D “1OW
SUOJE | SA |-y SA g—Y Jo Apnis |aqe|
-uado pazjwopues — 7D pareaaun
Ajsnoiaaud yum sauaned Jap|O

Apmis Ay — 1D ¥/

seak § 01 dn Joj qunnIqI SduBUIUIEY
"Apnas wue-3[3uis [aqej-uado — DI

T11S/1710 ¥/
sjuaned Ja3unok ul auj|

3541y WD SA Y| — T1S/T1D peresnun

|IPRquIEIO|Yd
SA qlunniq)

JPNqWBIOIYD
SA quuinJq|

qewIxniL
‘aunsnwepuaq ‘quunnug)

quunnaq|

aunsnwepuaq
‘qewixXmid ‘quunnaq)
snwijoJiswal

SA qlunnq)

uononpui-3sod
SdouBUIUIRW GIURNIG|

qeWIXNIL SA qlURNIq|

YD SA
qewixnii + quuinaq|

J93ue) UosIspuy "'l 610 42quideg VSN ‘sexd L £9508810LDON dAdY Il TOW ¥/ qewixmuJ ‘quuinaq)

qewIxnitd

IODN §10¢ dunf VSN ‘elquinjod S1009120LON ni>ay | T12/11S ¥/ ‘qlunn.qr ‘spiwopljeus

D77 9uswdojpasg (g1 3snSny ‘uons|dwod [euoneusaiul Apmis SOI73H qewixnit

%8 easay uassuef Arewnd) 8107 Yya-el “4s3udnny 060119101LDON SARdY 11l T1IS/11D W/ ‘sunsnwepuaq ‘quiniq

ION S10T 4equLd3Q VSN “493uadi|njy 65898810.1ON Buninuoay | T1S/T1D A401dE4j0. ‘pasdejpy qluBnJq! ‘Splwopijeus]

S1BUOIYISSI

ION L10T Asenagay VSN “423uadnnjy S9L6S1T0LON Suninuoay | DWW Pa3Ea.3 Ajsnolaa.g qupog[ed pue quuin.q

IDN VSN quunnq +

‘AisaAIUN UMOIRE109D 910z aun[ VSN ‘elquinjod 8¥800CC0LON Suninuoay | 1104/ qewIxmi ‘SpiwopljeusT

| SA 1Y 40

J93u9D) Aoedlye aaedwod 03 ApnIs J9A0SSOUD qewiIxnitd

J35UBY) UOSIBPUY ‘W /107 42qwiadsg VSN ‘sexa | $$0£0020LON Suninuoay M |oqe|-uado paziwopued — 7D pasdepy + quuINIq! SA qlunRNJg)
J21u9D)

J9due]) uosiapuy ‘gl £10T 41dqwa3Qg VSN ‘sexe L 98069CC0LON Suninuoay TOW d/d qlwozjyes + qluin.iqj

ayep uonsjdwod s1auapl snjels aseyd
Josuodg pajewysy uoneso] e Apmg Apmg uonedIpu| s8nuqg

IO PUB 7D Ul quinnuql jo sfely [esiul)d 8uio3uo jo AJewwns y | ajqe]

985

submit your manuscript

Therapeutics and Clinical Risk Management 2015:1 |

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Tucker and Rule

Dove

line with those observed in other ibrutinib studies. The ORR
was 87% at a median follow-up of 6.5 months with a higher
CR rate (38%) compared with historical data of ibrutinib
as a single agent in this demographic. Interestingly, Ki-67
proliferation indices of <<50% appear to predict better ORR
and CR rates. While this trial is ongoing, the preliminary data
indicate that this combination is well tolerated and effica-
cious, especially in patients with lower tumor proliferation
indices.

With regard to currently available long-term data on ibru-
tinib, 3-year results from a single US center with 132 patients
with CLL/SLL receiving single-agent ibrutinib have
recently been published. They show that in a patient group
with a median age of 68 years, 27.3% of whom have dell7p,
the ORR was 78% in all patients (83.9% in treatment-naive
patients, 76% in RR patients, and 55.9% in R/R patients
with del17p). The median duration of response has not been
reached for all patients at 3 years but was 25 months for
patients with dell7p. Sixty-four percent of patients remain on
ibrutinib at 3 years. No new safety signals were seen. Severe
AEs of grade >3 were more common in the pretreated cohort
and declined in frequency after 1 year on therapy.’

In summary, ibrutinib appears remarkably well tolerated
and demonstrates high response rates and durable efficacy in
R/R and high-risk CLL and MCL. Responses, mainly partial,
are seen in approximately 70% of patients, and are higher
when combined with other agents. Side effects are modest,
manageable in an outpatient setting and tend to resolve
with time. Lymphocytosis, which is now considered to be a
class effect of all BCR antagonists, is commonly seen after
a couple of weeks in patients who are responding to treat-
ment and tends to decline with time while on treatment. The
majority of the Phase I1I clinical trials of ibrutinib in CLL and
MCL are ongoing. Table 1 summarizes the ongoing clinical
studies for future reference.

Resistance and relapse

Resistance and disease relapse are recognized features of
ibrutinib treatment in patients with both CLL and MCL.
However, the reasons for resistance and progression are only
partially understood.

Ibrutinib does not appear to completely eliminate the
malignant cell clone in CLL or MCL. Roughly 20% of
patients with CLL have persistent lymphocytosis during
ibrutinib therapy, and most patients have residual tumor cells
which could permit the emergence of resistant subclones.*
In MCL, approximately 30% of patients exhibit primary
resistance to ibrutinib, and although clinical response rates

are impressive in this patient group, further resistance to
treatment occurs with time on therapy.*®

One explanation for resistance is a mutation of the BTK
gene causing an alteration at the ibrutinib binding site. Sev-
eral such mutations have been identified in patients with
relapsed disease on ibrutinib, the most common being a point
mutation causing a protein substitution (cysteine to serine) at
the ibrutinib binding site (C481S), which causes reversible
rather than irreversible inhibition of BCR signaling.® Less
frequently, mutations have been identified in the PLCy2 gene.
PLCY2 is a gene responsible for a kinase downstream of BTK.
PLCYy2 gene mutations appear to be gain-of-function muta-
tions allowing BCR-mediated activation that is independent
of BTK.* These mutations are not secondary changes in
previously mutated genes, but primary mutations in genes
that are not recurrently mutated. It is noteworthy that these
mutations do not appear to predate ibrutinib treatment nor
are they associated with typical high-risk features of CLL,
indicating that they are not relevant to the cell in the absence
of the selective pressures of ibrutinib.*® Although these muta-
tions are well described, they do not fully account for the
level of resistance observed in studies and are by no means
present in all patients with resistant disease. Mutations in
other coding regions which then provide alternative survival
signals that are not inhibited by ibrutinib, or through noncod-
ing RNA, epigenetic activation, or gene silencing, may well
play a role in resistance, and work to identify alternative
mechanisms for resistance is ongoing.

Interestingly, patients with CLL on ibrutinib who are
clinically responsive but with persistent lymphocytosis have
not been shown to carry mutations in BTK or PLCY2 genes.>
Therefore, the persistent lymphocytosis which is a feature of
therapy is not associated with known resistance mutations.*’

In MCL, in vitro studies have shown that standard,
clinically achievable doses of ibrutinib elicit anti-lymphoma
activity in some but not all MCL cell lines.”® The C815S
mutation has not been detected in any of the cell lines unre-
sponsive to ibrutinib. Downstream signaling events appear
to better reflect resistance than phosphorylation of BTK
which, when exposed to ibrutinib, is reduced in sensitive and
resistant cells alike. Therefore, alternative upstream pathways
or kinases appear to mediate activity of downstream events
and allow a subset of MCL cells to continue to survive and
grow even in the presence of BTK inhibition.*

The tumor microenvironment also plays a critical role in
the survival of MCL and CLL cells and may also have a role
to play in resistance to ibrutinib.>*° This interaction, which
involves a complex cell-signaling relationship between MCL
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cells, bone marrow, and lymphoid stromal cells, is currently
under investigation,?33%6!

Relapses on ibrutinib therapy

Although ibrutinib is highly effective in MCL and CLL even
in patients with high-risk disease, a substantial proportion
of patients relapse on therapy or have disease resistant to
treatment at initiation.

In a retrospective analysis of 42 patients with MCL treated
with ibrutinib at a single US center, 31 patients discontinued
ibrutinib due to progressive disease and underwent salvage
therapy. For this group, the ORR and CR were 32% and 19%,
respectively, with a median OS of 8.4 months, indicating that
the outcome for patients experiencing MCL disease progres-
sion on ibrutinib is poor with low response rates following
salvage chemotherapy.®> Elevated LDH levels at point of
relapse appeared to be adversely prognostic in this group.

In a follow-up of 267 patients participating in trials of
ibrutinib at a single US center, 24 (9%) patients discontinued
due to progressive disease. Of these 24 patients, 16 had RT,
and eight had progressive disease. All the evaluable patients
with PD but only two of four patients with RT showed the
C481S mutation.

In the single-arm Phase II trial of ibrutinib in high-risk CLL
reported by Farooqui et al disease progression was reported in
10% of patients. All five patients had transformation manifest-
ing as Richter’s syndrome. However, this figure is lower than
that observed in another recent report of patients with similar
high-risk CLL after a median of 12 months from first chemo-
immunotherapy suggesting that the risk of transformation is
not elevated and perhaps reduced with ibrutinib in this high-
risk group.*! Furthermore, in the Phase 111 trial of ibrutinib vs
ofatumumab, there was no difference in the incidence rate of
RT between the two arms.* Therefore, there are probably other
common “escape mechanisms” through which NHL becomes
resistant to ibrutinib. However, once resistance occurs, pro-
gression is often rapid, and outcomes are poor.®

In the authors’ experience, once a patient on ibrutinib
begins to show evidence of progressive disease, it is impor-
tant to continue ibrutinib therapy until an alternative thera-
peutic strategy is in place, at which point, the transition to
alternative therapy should occur with as brief an interruption
of therapy as possible in order to avoid the rapid disease
progression that can occur once ibrutinib is discontinued.

Ibrutinib-specific safety concerns
Ibrutinib is generally very well tolerated with a very accept-
able side-effect profile in all patient groups. However, early

trial data raised specific concerns, which will be addressed
in this section.

Eye-related abnormalities
Concern has been raised that BTK inhibitors may cause
corneal opacification. In the ibrutinib vs ofatumumab for
CLL study, reports of eye-related AEs were collected pro-
actively on the basis of preclinical studies in dogs where
corneal abnormalities were observed in animals receiving
ibrutinib at a dose of 150 mg/kg of body weight per day
(equivalent dose in humans is 81 mg/kg per day). Ocular
symptoms were reported more frequently among patients in
the ibrutinib group. The development of cataracts occurred
in 3% of ibrutinib-treated patients compared with 1% of
ofatumumab patients.*

One suggested mechanism for lens opacification was via
a tyrosine kinase mechanism disrupting the EPHA2 which
regulates lens clarity and organization.* Subsequently, how-
ever, in a review of 506 patients with B-cell cancers treated
with ibrutinib monotherapy, cataracts have been reported in
2.6% in a population with a median age of 66 years. This
observation is consistent with the background rate in an age-
matched population.®

Therefore, larger clinical trials and extension studies
have failed to show an association with cataract above that
of the background population, and earlier concerns may
be attributable to much larger doses of ibrutinib used in
preclinical studies.

Ibrutinib and bleeding
Bleeding has been reported in patients treated with ibrutinib
with events of grade 3 or higher, including central nervous
system hemorrhage of any grade severity, occurring in 3.4%
(17 of 506 patients).* In patients treated with ibrutinib for
R/R MCL, grade 3 bleeding events occurred in five (4.5%)
patients with no grade 4 or 5 hemorrhagic events. Four
patients had subdural hematomas, all associated with trauma.
Four of the five patients were receiving aspirin or warfarin
within 2 days of occurrence.* For this reason, the manufac-
turers advise caution with anticoagulant/antiplatelet therapy
in conjunction with ibrutinib. However, data are lacking from
randomized controlled trials to compare bleeding events in
patients with BTK inhibition with other therapies in this
patient group, and data on ibrutinib and platelet function
studies are conflicting. ¢

The National Institutes for Health (US) conducted platelet
function studies on 25 patients on ibrutinib in 2012. Three
patients had abnormal platelet function tests at baseline,
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but these improved with time on drug, and no patients with
abnormal results had spontaneous ecchymosis.®

More recent in vitro data show inhibition of collagen-
induced platelet aggregation and platelet adhesion to von
Willebrand factor at clinically achievable doses but only in
a proportion (35%) of subjects on ibrutinib. Polymorphisms,
variations in ibrutinib metabolism, redundant platelet signal-
ing pathways, and variations in glycoprotein expression may
explain why only a subset of patients treated with ibrutinib
displayed spontaneous bleeding.®’

In an observational study of 23 patients on ibrutinib, light
transmission aggregometry (LTA) was performed on platelet-
rich plasma. Seven patients (30%) had mild bleeding, only
one of which was on concomitant antiplatelet/anticoagulant
medication (aspirin alone). Platelet aggregation values were
significantly lower in subjects with bleeding (26%) compared
with those without (44%) when tested with high-dose col-
lagen LTA. Platelet aggregation impairment was reversible
1 week after drug interruption.®®

Therefore, platelet dysfunction appears to be responsible
for the mild bleeding phenotype seen in about one-third of
patients treated with ibrutinib, and caution must be advised
over the use of antiplatelet and anticoagulant therapies.

Platelet transfusion outside the 3-hour half-life window
of ibrutinib should reverse the hemostatic defect associated
with ibrutinib in the event of serious bleeding. Treatment
interruption for 5 days before a planned invasive procedure
at high bleeding risk should be sufficient to avoid ibrutinib-
related defects in hemostasis.®’¢¢

Ibrutinib - future directions

The current requirement for continuous daily dosing coupled
with the high cost of ibrutinib is likely to drive investigation
of a minimal residual disease (MRD)-directed approach in
which therapy may be discontinued once patients achieve
molecular remission, followed by a period of regular monitor-
ing and re-initiation at the point of MRD relapse. Two larger
clinical trials currently underway have already incorporated
MRD monitoring into their protocols. The SHINE study is
a Phase IIl randomized double-blind placebo-controlled trial
of rituximab plus bendamustine with or without ibrutinib
for newly diagnosed MCL. The HELIOS trial is a Phase III
study of ibrutinib in combination with BR in R/R CLL in
which rate of MRD-negative disease remissions is a second-
ary end point.

Ibrutinib with other immunomodulators
The ubiquitin—proteasome pathway is an attractive target
for antitumor therapy as its persistent activity is associated

with tumor growth and drug resistance in many cancer
types. Carfilzomib (CFZ) is a proteasome inhibitor that has
an established role in multiple myeloma. In vitro studies
have shown CFZ to have activity in MCL and that ibrutinib
synergizes with CFZ and is toxic to both CFZ-sensitive and
CFZ-resistant cell lines.®® Therefore, a Phase I single-arm
safety and dose-finding trial is currently active combining
ibrutinib with CFZ in patients with R/R MCL.

Lenalidomide has shown promising results in preclini-
cal and clinical Phase I/Il studies in R/R MCL, although
toxicities are higher than for ibrutinib.”®7? There are several
studies currently recruiting patients looking at combinations
of lenalidomide and ibrutinib for MCL in the hope that this
may improve response and progression rates.

Ibrutinib with other small molecules

With a greater understanding of BCR signaling pathways
and potential resistance mechanisms arises the potential to
combine different targeted therapies. Several studies are
planned or recruiting in which ibrutinib is combined with
other targeted therapies such as PI3K§ inhibitors and the anti-
BCL-2 molecule, ABT-199. These combinations may offer
one solution to the problem of ibrutinib resistance, although
the modest side-effect profiles of the individual drugs may
not translate when used in combination.

When best to use ibrutinib? sequences

and combinations

There is no doubt, therefore, that ibrutinib is highly active and
well tolerated in MCL and CLL, with remarkable early- to
medium-term data, even in high-risk disease. Indeed, some
investigators believe that these early data may represent the
dawn of a chemotherapy-free era in the treatment of some
forms of NHL. Compared to conventional chemotherapy,
however, the data are relatively immature, and the long-term
consequences of the agent are unknown, both on disease
and in terms of toxicity. Long-term treatment success will
probably rely on combinations of targeted agents either with
each other or with chemo-immunotherapy, and a variety of
clinical studies are currently underway to establish how best
to sequence and combine ibrutinib with other agents. At the
writing of this review, there are 82 studies of ibrutinib cur-
rently registered at ClinicalTrials.gov for the treatment of a

broad range of B-cell malignancies.”

The significant cost of ibrutinib will drive different manage-
ment strategies for its use, particularly MRD-based approaches.
However, this is a remarkable new therapeutic advance and
heralds the very real prospect of a move away from chemo-
therapy for patients with CLL and possibly MCL.
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