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argeted scientific advance-

ments have produced nov-

el therapies and made sig-

nificant improvements in
the clinical landscape of non-Hodg-
kin lymphoma (NHL) treatment. Al-
though mantle cell lymphoma (MCL)
and chronic lymphocytic leukemia
(CLL) are both B-cell lymphocyte
subtypes of NHL neoplasms, there
are several notable differences.

Mantle cell lymphoma is an ag-
gressive subtype of NHL character-
ized by a poor prognosis. Approxi-
mately 6% of all newly diagnosed
NHL patients present with MCL
(Perez-Galan, Dreyling, & Wiestner,
2011). In 2014, a predicted 70,800
American adults will be diagnosed
with NHL (Siegel, Ma, Zou, & Jemal,
2014). The clinical course of MCL
features a declining survival curve
resulting in a median overall survival
(OS) of 4 to 6 years (Dreyling & Hid-
demann, 2009).

Chronic lymphocytic leukemia
is an indolent leukemia/NHL sub-
type. It is the most common leukemia
in adults. US trends for CLL predict
15,720 new cases and 4,600 deaths
among adults in 2014 (Siegel et al,,

2014). Chronic lymphocytic leukemia
has a variable clinical course due to an
assortment of mutations that display
resistance to conventional therapy.

Both MCL and CLL are funda-
mentally caused by a malfunction
in the standard B-cell maturation
process. However, each is distinct,
as the respective disorders occur
in separate phases of B-cell differ-
entiation. Mantle cell lymphoma is
considered to be a pregerminal cen-
ter neoplasm resulting from a muta-
tion to naive B cells; CLL is known
as a postgerminal center neoplasm
developing into a monoclonal ex-
pansion of a mutated memory B
cell (Jaffe, Harris, Stein, & Isaacson,
2008; Wang et al., 2011).

Currently, there are no cura-
tive therapeutic courses for MCL
and CLL. Standard frontline thera-
pies for both MCL and CLL consist
primarily of chemotherapeutic and
chemoimmunotherapeutic agents.
Specifically, MCL induction therapy
includes a chemotherapeutic back-
bone along with rituximab (Ritux-
an) treatment. Current treatment
regimens are often followed by stem
cell transplants and do demonstrate
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improved outcomes for MCL patients. Due to
the aggressive nature of this type of malignancy,
relapse is common and mortality rates are high
(Wang et al., 2013).

Conventional CLL treatment consists of com-
binations. often involving fludarabine, cyclophos-
phamide, and rituximab. Treatment options for
relapsed disease have been associated with in-
creased toxicity and often become a concern in el-
derly populations (Byrd, Jones, Woyach, Johnson,
& Flynn, 2014; National Comprehensive Cancer
Network [NCCN], 2014). Established CLL treat-
ment regimens have also been associated with
poor response due to chromosomal mutations, in-
cluding del17p and delllgq.

A novel mechanism of targeted therapies for
CLL and MCL has been investigated in an effort to
provide valuable treatment options for these com-
plicated populations, by improving efficacy as well
as offering less toxic treatment options for elderly
patients. A first-in-class Bruton’s tyrosine kinase
(BTK) inhibitor, ibrutinib (Imbruvica) has dem-
onstrated efficacy in clinical trials for relapsed and
refractory MCL and CLL (Byrd et al., 2013; Byrd et
al., 2014; Wang et al., 2013). This article will pre-
pare the oncology advanced practitioner (AP) for
the management of patients receiving ibrutinib by
reviewing all relevant clinical evidence.

Bruton’s tyrosine kinase functions as an essen-
tial terminal kinase of the B-cell receptor (BCR)
signaling cascade required for normal B-cell de-
velopment (Akinleye, Chen, Mukhi, Song, & Liu,
2013). It was initially identified in X-linked agam-
maglobulinemia (XLA), a rare immune deficien-
cy disorder (Akinleye et al., 2013) mediated by a
loss-of-function BTK mutation, resulting in the
absence of B cells (Wiestner, 2013). The role of
BTK in B-cell proliferation and survival provides
a pharmaceutical target for mature B-cell lympho-
proliferative disorders.

PHARMACOLOGY AND MECHANISM
OF ACTION

As previously mentioned, ibrutinib is a first-in-
class small-molecule inhibitor of BTK, which has
been identified as an essential kinase enzyme in the
BCR signaling cascade. The BCR functions as the re-
ceptor for antigen; upon activation, it recruits numer-
ous kinases and adaptor proteins for signal propaga-

tion. B-cell receptor signaling subsequently leads to
the activation of various downstream effectors re-
sponsible for B-cell life cycle management (Woyach,
Johnson, & Byrd, 2012). Ultimately, the transcription
factors activated through BCR signaling play promi-
nent roles in promoting cell growth, proliferation,
and survival of normal and malignant B cells. Recent
evidence suggests that antigen-dependent activation
may play a part in the pathogenesis and disease pro-
gression of both MCL and CLL (Wiestner, 2013).

Ibrutinib exerts its inhibitory functions on
BTK through various mechanisms. It primarily
acts as an irreversible allosteric inhibitor of BTK’s
enzymatic activity by selectively binding to a cys-
teine residue within inhibitory segments. Ibruti-
nib has shown the ability to activate apoptosis as
well as disrupt prosurvival pathways, prolifera-
tion, and mobilization of B cells (Akinleye et al.,
2013; Pharmacyclics, Inc., 2014). The targeted ef-
fects of ibrutinib provide a promising contrast to
the off-target tissue effects of cytotoxic therapies.

Ibrutinib is hepatically metabolized into several
metabolites, primarily by CYP3A and to a lesser ex-
tent CYP2D6. The half-life of ibrutinib ranges from
4 to 6 hours, with about 80% of the dose excreted
in the feces. Bruton’s tyrosine kinase active site oc-
cupancy in peripheral blood mononuclear cells of
> 90% has been demonstrated up to 24 hours after
its administration (Pharmacyclics, Inc., 2014).

CLINICAL TRIALS

Ibrutinib was granted US Food and Drug Ad-
ministration (FDA) approval for relapsed or re-
fractory MCL and CLL through phase II clinical
studies. As part of the accelerated approval pro-
cess, additional phase IT and III trials are in prog-
ress to confirm its efficacy and safety.

Mantle Cell Lymphoma
A phase II, multicenter, open-label, single-
agent trial of ibrutinib (560 mg once daily) in 111

Use your smartphone to access infor-
mation about the patient assistance
program associated with Imbruvica.

SCAN HERE
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patients with relapsed or refractory MCL displayed
durable efficacy throughout the study. Patients
were differentiated into 2 groups: those who previ-
ously received at least 2 cycles of bortezomib (Vel-
cade) therapy and those who had received fewer
than 2 complete cycles of bortezomib therapy. The
primary endpoint was overall response rate (ORR),
described as either a partial response or a complete
response according to the Revised International
Working Group Criteria for NHL. Secondary end-
points evaluated included response duration, pro-
gression-free survival (PFS), OS, and safety.

A median follow-up of 15.3 months revealed
46 patients had continued receiving treatment,
whereas 65 patients had discontinued treatment
(disease progression accounted for 50 discontinu-
ations). The ORR for all patients was 68%, with
21% of patients exhibiting a complete response.
Response to ibrutinib was not affected by baseline
risk factors or previous treatment failure. In pa-
tients who presented with lymph node measure-
ments > 5 cm in diameter (n = 43), 63% displayed
a response to treatment. In patients who showed
aresponse (n = 75), a median response duration of
17.5 months was observed (95% confidence inter-
val [CI] = 15.8 mo-not reached). Time to response
was evaluated at a median of 1.9 months, with a
median time to complete response of 5.5 months.
The median PFS among all patients was 13.9
months (95% CI = 7.0 mo-not reached). Finally, at
study completion, a median OS was not reached;
however, a 58% OS rate was observed at 18 months
(Wang et al., 2013).

Chronic Lymphocytic Leukemia

A phase Ib/IT multicenter, open-label, single-
agent trial of ibrutinib (420 or 840 mg once daily)
was conducted in 85 men and women diagnosed
with relapsed or refractory CLL. This trial dem-
onstrated a high ORR (71%), with long durations
of response (26-month estimated rate of PFS and
0S: 75% and 83%, respectively) for the entire
treatment population (Byrd et al., 2013).

A phase III multicenter, open-label, head-to-
head, single-agent, randomized controlled trial of
ibrutinib and ofatumumab (Arzerra) in patients
with relapsed or refractory CLL was conducted
in 391 patients. Enrolled patients were random-
ized to receive either ibrutinib or ofatumumab per

the following protocol: oral ibrutinib 420 mg once
daily until disease progression or intolerable toxic
drug effects, IV ofatumumab for up to 24 weeks at
a starting dose of 300 mg at week 1, then 2,000 mg
weekly for 7 weeks, and then every 4 weeks for 16
weeks. An amendment was made to the protocol 4
months after the final patient randomization, al-
lowing ofatumumab patients whose disease had
progressed to receive ibrutinib. The duration of
PFS was the primary endpoint evaluated, along
with secondary endpoints of OS and response rate.

A median follow-up of 94 months revealed
that ibrutinib significantly prolonged PFS, as a
median was not yet reached for this cohort. The
ofatumumab arm exhibited a median PFS of 8.1
months. Statistical analysis using hazard ratios
was conducted to demonstrate the efficacy of
ibrutinib. The hazard ratio for disease progression
or death in the ibrutinib arm was 0.22 (95% CI =
0.15-0.32; p < .001). An evaluation of each treat-
ment arm at 6 months revealed 88% of ibrutinib
patients were alive with no disease progression
compared with 65% of ofatumumab patients.

An important dataset from this study verified
the results seen in phase II data regarding ibruti-
nib’s efficacy in patients with cytogenic abnormal-
ities. The hazard ratio for disease progression or
death of patients with a 17p13.1 deletion was 0.25
(95% CI = 0.14-0.45). Six months into the study,
83% of dell7p patients receiving ibrutinib were
alive with no disease progression compared with
49% of del17p ofatumumab patients. Independent
analysis of response rates displayed a significantly
higher rate of 63% partial responses (20% with
lymphocytosis) in ibrutinib patients and 4% in
ofatumumab patients (odds ratio, 174; 95% CI =
8.1-37.3; p < .001; Byrd et al., 2014).

ADVERSE EVENTS

Lymphocytosis, traditionally used as a marker
for disease progression, is common in patients re-
ceiving ibrutinib treatment, as it causes the move-
ment of lymphocytes from lymph nodes into the pe-
ripheral blood. This elevation in lymphocyte count
parallels reduction in lymph node size and is not an
indicator of disease progression. The clinical studies
described here revealed a median peak lymphocyte
count at 4 weeks followed by a transient decrease to
normal levels (Byrd et al., 2013; Wang et al., 2013).
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Evidence supports the fact that ibrutinib is a
well-tolerated agent, even in elderly and comor-
bid populations, as seen in clinical trials. Adverse
events reported are characterized largely as grade
1 or 2; see Table 1 (Byrd et al., 2014; Byrd et al,,
2013; Wang et al., 2013).

CURRENT PLACE IN THERAPY

Clinical studies as well as the FDA approval
status of ibrutinib support its use as a treatment
option for MCL and CLL, specifically for patients
with relapsed or refractory disease who have re-
ceived at least one prior therapy. The favorable
response rates and safety profile demonstrated by
single-agent ibrutinib treatment provide evidence
for its use in patients who may not tolerate or re-
spond to conventional second-line options. The
efficacy of targeting BTK in patients with a poor
prognosis (CLL: del17p and delllq genomic mu-
tations) has created further interest in targeting
other essential protein kinases of the BCR signal-
ing cascade.

Several protein kinase inhibitors (PKIs),
which inhibit BCR signaling, are currently in
phase IT and IIT of development. The efficacy of
ibrutinib observed in phase II and III data as well
as early proof-of-concept studies of other PKIs
might suggest a shift in the treatment paradigm
for B-lymphocyte malignancies in the future. In
addition to their notable efficacy, PKIs are asso-
ciated with fewer nontarget toxicities than other
second-line MCL and CLL therapies. Concerns
have been raised about the long-term ramifica-
tions of inhibiting BCR signaling, but there are
limited data to support any definite conclusions
(Jahangiri, Friedberg, & Barr, 2014).

Current National Comprehensive Cancer Net-
work guidelines suggest the use of ibrutinib in CLL/
small lymphocytic lymphoma as a preferred second-
line agent in patients of all ages (safety < 18 years not
evaluated) following a short response with first-line
therapy regardless of prognosis. In stage I/II MCL,
ibrutinib is reserved as an option for patients hav-
ing received induction therapy, and upon disease
progression or relapse, having also received chemo-
therapy. In stage II bulky/III/IV MCL, ibrutinib is
recommended in several scenarios: as a treatment
option for patients demonstrating a complete re-
sponse to induction therapy but relapsing after con-

™
Table 1. Ibrutinib: Adverse Events®
No. of patients (%)
Grade
Adverse event Any grade 3or4
Any adverse event during 194 (99) 99 (51)
treatment
Hematologic event
Anemia 44 (23) 9 (5)
Neutropenia 42 (22) 32 (16)
Thrombocytopenia 33 (17) 11 (6)
Nonhematologic event
Diarrhea 93 (48) 8 (4)
Fatigue 54 (28) 4 (2)
Nausea 51 (26) 3(2)
Pyrexia 46 (24) 32
Cough 38 (19) 0
Arthralgia 34 (17) 2
URTI 31 (16) 1)
Constipation 30 (15) 0
Vomiting 28 (14) 0
Headache 27 (14) 2 (D)
Petechiae 27 (14) 0
Muscle spasm 25 (13) 0
Dyspnea 23 (12) 4 (2)
Peripheral edema 22 (11D 0
Back pain 22 (11D 2 (1)
Sinusitis 22 (11D 1(1)
Dizziness 22 (11) 0
Contusion 21 (1D 0
Stomatitis 21 (1D 1(1)
Pain in limb 20 (10) 1)
Pneumonia 19 (10) 13 (7)
UTI 19 (10) 7 (4)
Myalgia 19 (10) 1)
Blurred vision 19 (10) 0
Note. URTI = upper respiratory tract infection; UTI =
urinary tract infection. Information from Byrd et al.
(2014), Byrd et al. (2013), Wang et al. (2013).
aData for all adverse events that occurred in at least 10%
of ibrutinib-treated population in phase Il head-to-head
\comparison vs. ofatumumab (RESONATE). )

solidation treatment or as a treatment option after
either disease progression or a partial response to
induction therapy (NCCN, 2014).

IMPLICATIONS FOR THE ADVANCED
PRACTITIONER

Ibrutinib offers a convenient once-daily oral
treatment option for MCL and CLL patients who
have progressed to refractory stages of disease.
Due to the existing unmet medical needs and its
substantial efficacy in B-cell malignancies, ibruti-
nib is likely to be prescribed frequently.

The recommended daily dose of ibrutinib dif-
fers per indication: 560 mg (four 140-mg capsules)
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for use in MCL patients and 420 mg (three 140-mg
capsules) for use in CLL patients. Both regimens
should be taken by mouth once daily at a consis-
tent time. The capsules should be administered
without respect to meals and with a full glass of
water. For a missed dose, the patient should take
the capsules as soon as possible on the same day
and resume the normal administration time the
following day (Pharmacyclics, Inc., 2014).

Ibrutinib is extensively metabolized via the
CYP3A pathway; therefore, both strong and mod-
erate CYP3A inhibitors and inducers may marked-
ly affect its drug concentrations. Concurrent use
of strong CYP3A inhibitors should be avoided if
possible. However, the labeling information does
note that in the event a strong CYP3A inhibitor
is used for < 7 days, interrupting ibrutinib treat-
ment for the duration of the CYP3A inhibitor may
be considered. The dose of ibrutinib with concur-
rent moderate CYP3A inhibitors must be reduced
to 140 mg (MCL and CLL), which includes not
only some commonly used agents such as dil-
tiazem, verapamil, ciprofloxacin, clarithromycin,
and fluconazole, but also grapefruit, grapefruit
juice, and even the Seville oranges found in mar-
malade. Conversely, as strong CYP3A inducers can
decrease serum ibrutinib levels approximately 10-
fold, concurrent use should be avoided (Pharma-
cyclics, Inc., 2014).

Hepatic metabolism and drug excretion in the
feces account for 80% of the drug, whereas less
than 10% of the drug is accounted for in urine.
Therefore, drug levels are not expected to be sig-

™
Table 2. Ibrutinib: Dose Modifications?

Toxicity MCL rechallenge CLL rechallenge
incidence dose dose

1st 560 mg daily 420 mg daily

2nd 420 mg daily 280 mg daily

3rd 280 mg daily 140 mg daily

4th Discontinue Discontinue

Note. MCL = mantle cell lymphoma; CLL = chronic
lymphocytic leukemia. Information from Pharmacyclics,
Inc. (2014).

aInterruption of treatment is advised for any grade 3+
nonhematologic toxicity, grade 3+ neutropenia with
infection or fever, or grade 4 hematologic toxicity.
Rechallenge with ibrutinib only after toxicity has

returned to grade 1 or baseline status. J

nificantly affected by renal impairment. Ibrutinib
should be avoided with baseline significant he-
patic impairment, although to date, it has not been
studied in patients with severe renal or hepatic
impairment (Pharmacyclics, Inc., 2014).

Adverse events with ibrutinib observed in
clinical trials were primarily mild (grades 1 or 2)
and not a common cause of treatment discontinu-
ation. The most common side effects leading to
treatment discontinuation, amounting to 4% to
6.5% in the studies discussed, were either due to
infection or bleeding events. Bleeding events of
grade 3 or higher have occurred in approximately
5% of patients on ibrutinib, whereas events of any
grade (including bruising) are much more com-
mon, with 50% to 60% of patients on ibrutinib re-
porting incidents. Therefore, caution is advised in
patients using concomitant antiplatelet or antico-
agulant therapies.

It may be appropriate to interrupt therapy
with ibrutinib for 3 to 7 days before and after sur-
gery upon determination of the risks vs. the ben-
efits. Respiratory tract infections have proved to
be the most common infections, with pneumonia
cases of grade 3 or higher occurring in 7% of the
phase III trial population published. Grade 3 or
higher cytopenias, including thrombocytopenia,
neutropenia, and anemia, have been observed in
> 30% of trial populations. Due to the increased
risk of infection and cytopenias, myelosuppres-
sion should be assessed monthly, with a complete
blood cell count; APs should counsel patients to
report any fevers or symptoms. As treatment-
emergent elevations in serum creatinine have
been reported, it is recommended that APs ad-
vise patients about proper hydration as well as
monitor creatinine levels every 3 months. Ad-
ditionally, reducing risk and/or managing other
toxicities such as infection and diarrhea; main-
taining proper hand hygiene; using loperamide;
and staying on a low-fiber diet should be includ-
ed in patient education. Dose modifications are
recommended in the instance of severe toxicity,
which includes low complete blood cell counts;
see Table 2 (Pharmacyclics, Inc., 2014).

Lymphocytosis is commonly seen in patients
receiving ibrutinib and is not an indication of pro-
gressive disease. Peak lymphocyte counts are seen
at a median of approximately 4 weeks, with a re-

J Adv Pract Oncol @ AdvancedPractitioner.com



IBRUTINIB IN MCL AND CLL PRESCRIBER'S CORNER

turn to baseline at a median of 8 total weeks (Byrd
et al., 2014; Pharmacyclics, Inc., 2014).

An ibrutinib dose of 140 mg daily is recom-
mended for patients receiving concomitant mod-
erate CYP3A inhibitors. Although ibrutinib is
supplied in only 90- and 120-count bottles, the
FDA has recently approved repackaging to pro-
vide smaller amounts at the time of dispensing.
This change allows patients to receive a reduced
dose to obtain a 1-month supply (Pharmacyclics,
Inc., 2014; Institute for Safe Medication Prac-
tices, 2014). Patient access assistance is avail-
able through the manufacturing companies, as a
significant cost may be realized with continued
therapy (Pharmacyclics, Inc., 2014; Truven Health
Analytics, 2014).

In study populations, there have been a small
number of patients who have relapsed during
ibrutinib therapy. Recent investigations into these
patients have provided a baseline understanding
of the mechanisms of resistance involved. A cyste-
ine-to-serine mutation in the BTK binding site of
ibrutinib, as well as additional mutations directly
downstream to phospholipase Cy2, has been char-
acterized, the latter of which were determined to
be gain-of-function mutations leading to autono-
mous BCR activity (Woyach et al., 2014).

SUMMARY

The introduction of targeted agents that in-
hibit the BCR signaling pathway is likely to change
the treatment paradigm for B-cell malignancies.
The efficacy and safety demonstrated by the first-
in-class BTK inhibitor ibrutinib in both MCL
and CLL have provided a single-agent option for
patients with refractory or relapsed disease. In a
keystone phase III trial, ibrutinib displayed su-
perior PFS, OS, and ORR to ofatumumab in pa-
tients with relapsed CLL. Responses demonstrat-
ed with ibrutinib have been robust and observed
regardless of standard determinants of poor
prognosis, such as purine analog resistance and
cytogenic abnormalities.

Ibrutinib as a single agent has already gar-
nered excitement in the oncology community be-
cause of its durable responses and increased toler-
ability compared with previous therapies. Moving
forward, treatment applications of the novel BTK
inhibitor may expand after the completion of on-

going clinical studies. The safety and efficacy of
ibrutinib in additional malignancies, subsets of
currently indicated populations, and in combina-
tion with current frontline regimens are currently
being evaluated. Expect ibrutinib along with oth-
er PKIs in development to continue challenging
standard therapies for an integral role in B-cell
malignancy management. ®
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The authors have no potential conflicts of in-
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