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MCL is 3 to 4 years, with no plateau in the survival curve. First-line treatment regimens include multi-agent
chemotherapy regimens; however, almost all patients eventually relapse.
The prognosis for patients with relapsed MCL is poor. Velcade and Revlimid are the only FDA-approved
treatments for patients with MCL who had received at least 1 prior therapy. The Velcade approval in 2006 was
based on a single-arm clinical trial of Velcade monotherapy in 155 patients with progressive MCL who had
received at least 1 prior therapy, and demonstrated an overall response rate (ORR) of 31%, complete response
(CR) rate of 8%, and a median duration of response (DOR) of 9.3 months. The Revlimid approval in 2013 was
based on a single-arm clinical trial of Revlimid monotherapy in 134 patients who relapsed after or were refractory
to bortezomib or a bortezomib-containing regimen, and demonstrated the following results: ORR 26%, CR 7%,
and median DOR of 16.6 months.
4
CMC/Biopharmaceutics
There are no issues that preclude approval for CMC/biopharmaceutics. CMC reviewers have provided an overall
acceptability for the manufacturing of drug product and drug substance.
Biopharmaceutics PMC: collect additional dissolution profile data (release and on stability) using the same USP
Apparatus Type 2 (Paddle) at 75 rpm in a different dissolution medium from that described in the NDA.
5
Nonclinical Pharmacology/Toxicology
There are no issues that preclude approval for nonclinical pharmacology/toxicology.
Pregnancy category D is recommended based on findings of fetal malformations in rats when given to pregnant
animals.
Animal toxicology studies were conducted in appropriate species, using the administration route and dosing
regimens that adequately addressed safety concerns in humans. Ibrutinib-related toxicities in rats and dogs
included: GI toxicities (e.g. ulceration and inflammation), adverse findings in the lymphoid tissues (e.g. depletion,
necrosis, and inflammation), and epidermal necrosis and exudate. Gastrointestinal, skin, and musculoskeletal
disorders have been reported in patients and are listed in the label.
6
Site Inspections
Following inspection of two US clinical investigation sites, OSI states that the data from clinical trial PCYC-1104CA can be relied on.
7
Clinical Pharmacology
There are no clinical pharmacology issues that preclude approval.
Ibrutinib is extensively metabolized in the liver and is primarily metabolized by CYP3A4. Hepatic impairment
increases ibrutinib exposure. Preliminary data from an ongoing Trial PCI-32765CLL1006 in patients with moderate
hepatic impairment (Child-Pugh B; N=3) shows a 6 fold increase in exposure when compared to mean exposures
in patients with normal hepatic function. Ibrutinib is extensively metabolized and is primarily metabolized by
CYP3A4.
In a dedicated drug-interaction trial, concomitant ketoconazole (strong CYP3A4 inhibitor) increased ibrutinib Cmax
29-fold and AUC 24-fold. Drug-drug interactions with moderate CYP3A inhibitors and strong CYP3A inducers are
also anticipated based on preliminary clinical trial data and the approved labeling reflects this. Therefore, further
characterization of a strong CYP3A inducer and evaluation of the effect of hepatic impairment on ibrutinib
pharmacokinetics will be assessed in two PMRs.
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A formal thorough QT trial has not been performed for ibrutinib. Review of the submitted ECG data is
inconclusive. Therefore, a thorough QT study is recommended as a PMR.
8
Clinical Microbiology
Not applicable.
9
Clinical/Statistical-Efficacy
This application, supported by the registration trial PCYC-1104-CA, demonstrates substantial evidence of efficacy
for ibrutinib for patients with previously treated mantle cell lymphoma (MCL). I concur with the assessment of Drs.
McGinn, DeClaro, and Farrell.
The efficacy of ibrutinib was evaluated in an open-label, multi-center, single-arm trial of 111 patients with
previously treated MCL. The median age of this population was 68 years, 77% were male, and 92% were
Caucasian. The median time from diagnosis to enrollment was 42 months and the median number of prior
treatments was 3 with a range of 1 to 5 prior treatments. This population is representative of the population
treated in practice.
Tumor response was measured using the revised International Working Group for non-Hodgkin’s lymphoma
criteria. The primary efficacy endpoint was investigator-assessed overall response rate (complete response +
partial response) and the results are shown in Table 2. An independent review committee performed an
independent reading of the imaging scans with a comparable resultant ORR of 69%.
Table 2: Overall response rate (ORR) and duration of response based on investigator-assessment in
patients with MCL.
ORR (%)
95% CI (%)
CR (%)
PR (%)
Median DOR months 95% CI

Total (N=111)
65.8
(56.2, 74.5)
17.1
48.6
17.5 (15.8, NR)

CI = confidence interval; CR = complete response, PR = partial response
DOR = duration of response; NR = not reached.

10 Safety
The safety profile of ibrutinib was primarily evaluated in the 111 patients with previously treated MCL enrolled in
PCYC-1104-CA and is adequate to characterize the safety profile for the purpose of informing risk-benefit.
The starting dose of ibrutinib in PCYC-1104-CA was 560 mg once daily. The median duration of ibrutinib
treatment was 8.3 months (range 0.7 to > 21 months). At the time of data cut off, 46 patients remained on
therapy.
There were 16 deaths within 30 days of treatment with ibrutinib (8 deaths due to disease progression, and 8
deaths due to treatment-emergent adverse events). The deaths due to adverse events include 2 cases of
pneumonia and 1 case each of sepsis, respiratory failure, acute renal failure, paralytic ileus, cardiac arrest, and
dyspnea. Serious adverse events occurred in 56% of the patients with infection being the most common.
Treatment emergent adverse events that occurred in ≥ 20% of patients included thrombocytopenia, diarrhea,
neutropenia, anemia, fatigue, musculoskeletal pain, peripheral edema, upper respiratory tract infection, nausea,
bruising, dyspnea, constipation, rash, abdominal pain, vomiting and decreased appetite.
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Adverse events of special interest for ibrutinib included hemorrhage and secondary primary malignancy.
Hemorrhage occurred in 48% of the patients. Major bleeding events occurred in 7 patients (6%). Two subjects
had grade 3 subdural hematoma, one had grade 2, and one had grade 1 subdural hematoma. Two subjects had
grade 3 hematuria and one had grade 3 lower gastrointestinal hemorrhage. The majority of the hemorrhagic
events were grade 2 or less, with bruising and ecchymoses as the most common hemorrhagic events. Second
primary malignancies occurred in 5% of patients, including skin cancers (4%) and other carcinomas (1%).
Serious hemorrhage adverse events occurred in patients receiving concomitant anticoagulants in the development
program of ibrutinib. Pharmacyclics excluded patients taking anticoagulants from all subsequent trials in their
development program including PCYC-1104-CA. A significant incidence of thrombocytopenia and hemorrhage
events occurred despite this mitigation. Therefore, there are postmarketing requirements to address this issue-see action letter.
11 Advisory Committee Meeting
This application was not referred to ODAC because outside expertise was not necessary as there were no
controversial issues that would benefit from advisory committee discussion. The clinical study design was
acceptable and the application did not raise significant safety or efficacy issues in the intended population.
12 Pediatrics
Ibrutinib is exempted from the pediatric study requirements under 21 CFR 314.55. Ibrutinib was granted Orphan
Drug Designation by the Office of Orphan Products Development for the treatment of MCL on December 3, 2012.
Ibrutinib has not been evaluated in pediatric patients.
13

14
14.1

Labeling
 Proprietary name. On 16 August 2013, OSE/DMEPA concluded that the proposed proprietary name,
Imbruvica is acceptable.
Decision/Action/Risk Benefit Assessment
Recommended Regulatory Action:
Accelerated approval “For the treatment of patients with mantle cell lymphoma (MCL) who have received at
least one prior therapy.” Imbruvica is being approved based on a surrogate endpoint of response rates in a
single-arm trial that is reasonably likely to predict direct clinical benefit.
The first Subpart H Postmarketing Requirement is to extend the duration of follow-up of the patients
enrolled in the supporting registration trial, PCYC-1104-CA, and to further characterize the outcome
assessment of extranodal disease. Extranodal disease assessment was not assessed in the supporting
trial as it is not included in the IWRC criteria. The second subpart H Postmarketing Requirement is to
complete and submit the results of the ongoing randomized, double-blind, placebo-controlled Phase 3
clinical trial (PCI-32765MCL3002) of ibrutinib in combination with bendamustine and rituximab in patients
with newly diagnosed mantle cell lymphoma. Enrollment of at approximately 520 patients is expected. The
primary endpoint is progression-free survival as assessed by investigators. Overall survival is a key
secondary endpoint.

14.2

Risk Benefit Assessment
The benefit to risk assessment of Imbruvica® for patients with previously treated Mantle cell lymphoma
(MCL) is positive with a high overall response rate of 66% with a median duration of response of 17.5
months.
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MCL is a clinically aggressive lymphoma with a poor prognosis. There is a need for additional therapies for
patients that have failed first-line treatment. The risk-benefit profile of Imbruvica was discussed in the
reviews of Drs. Farrell, De Claro, and McGinn and I concur with their recommendation to grant accelerated
approval for this NDA.
14.3

Recommendation for Postmarketing Risk Management Activities: See action letter and discussion of
safety PMRs in the Clinical Pharmacology and Safety sections. A REMS to assure safe use of ibrutinib is
not recommended.

14.4

Recommendation for other Postmarketing Study Commitments: See action letter.
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