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Rilotw umab ,n 
MET posit ve gastric cancer 

RILOMET-1 
RILOMET-1: A Phase 3, Multicenter, Randomized, 
Double-Blind, Placebo-Control led Study 
of Rilotumumab (AMG 102) with Epirubicin, 
Cisplatin, and Capecitabine (ECX) as First-Line 
Therapy in Advanced MET-Positive Gastric or 
Gastroesophageal Junction Adenocarcinoma 

Primary Endpoint: 

• Overall survival (OS) 

Secondary Endpoints: 
• Progression-free survival (PFS) 

• Time to progression (TTP) 

• Overall response rate (ORR), disease control 
rate (OCR), and time to response (TTR) 

• Safety and immunogenicity 

Rilotumumab is an investigational agent that has not been approved 
by regulatory agencies for the use under investigation for this trial. 

Key Inclusion Criteria: 

• Pathologically confirmed unresectable locally 
advanced or metastatic gastric or GEJ 
adenocarcinoma 

• Eastern Cooperative Oncology Group (ECOG) 
performance status of O or 1 

• Tumor MET-positive by centralized 
immunohistochemistry (IHC) 

• Tumor Human Epidermal Growth Factor 
Receptor 2 (HER2)-negative 

For Additional Information: 

• Amgen Call Center: (866) 57-AMGEN 
or (866) 572-6436 

• www.ClinicalTrials.gov 
(NCT01697072) 
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A B S T R A C T 

Purpose 
Survival and progression of mature B-cell malignancies depend on signals from the 8-cell antigen 
receptor, and Bruton tyrosine kinase (BTK) is a crit ical signaling kinase in this pathway. We 
evaluated ibrutinib (PCl-32765). a small-molecule irreversible inhibitor of BTK, in patients with 
B-cell malignancies. 

Patients and Methods 
Patients with relapsed or refractory B-cell lymphoma and chronic lymphocytic leukemia received 
escalating oral doses of ibrutinib. Two schedules were evaluated: one, 28 days on, 7 days off; and 
two, once-daily continuous dosing. Occupancy of BTK by ibrutinib in peripheral blood was 
monitored using a fluorescent affinity probe. Dose escalation proceeded until either the maximum­
tolerated dose (MTD) was achieved or, in the absence of MTD, until three dose levels above full 
BTK occupancy by ibrutinib. Response w as evaluated every two cycles. 

Results 
Fifty-six patients with a variety of B-cell malignancies were treated over seven cohorts. Most 
adverse events were grade 1 and 2 in severity and self-limited. Dose-limiting events were not 
observed, even with prolonged dosing. Full occupancy of the BTK active site occurred at 2.5 mg/kg 
per day, and dose escalation continued to 12.5 mg/kg per day without reaching MTD. Pharmaco­
kinetic data indicated rapid absorption and elimination, yet BTK occupancy was maintained for at 
least 24 hours, consistent with the irreversible mechanism. Objective response rate in 50 
evaluable patients was 60%, including complete response of 16%. Median progression-free 
survival in all patients was 13.6 months. 

Conclusion 
lbrutinib, a novel BTK-targeting inhibitor, is well tolerated, with substantial activity across 
B-cell histologies. 

J Clin Oncol 31 :88-94. © 2012 bv American Societv of Clinical Oncologv 

INTRODUCTION 

Signaling from the B-cell antigen receptor (BCR) 
regulates multiple cellular processes, including pro­
liferation, differentiation, apoptosis, and cell migra­
tion, and is essential for normal B-cell development 
and survivalY The BCR pathway is in1plicated in 
the pathogenesis of several B-cell malignancies, in­
cluding diffuse large B-cell lymphoma (DLBCL), 
follicular l)rmphoma, mantle-cell lymphoma, and 
B-cell chronic lymphocytic leukemia (CLL).3"

10 

Bruton tyrosine kinase (BTK), a member of the Tee 
kinase family, is a signaling molecule positioned 
early within the BCR signaling cascade, in close 

proximity to Syk a11d phosphoinositide 3-kinase 
delta.11 14 Functional null mutations of BTK in hu­
mans lead to the inherited disease X-1.inked agam­
maglobul.inemia (XLA), which is characterized by a 
complete lack of mature peripheral B cells and low 
levels of serum im m unoglobulin (Ig).15 Because the 
phenotype of human XLA is largely restricted to B 
lymphocytes, .BTK is a uniquely attractive target for 
selective B-cell inhibition. 

lbrutinib (PCl-32765) is a selective and irre­
versible small-molecule BTK inhibitor (half maxi· 
ma! inhibitory concentration, 0.5 nmol/L) that 
inh ibits BCR signaling in human B cells via spe· 
cilic active-site occupancy. I6 In vitro, ibrutinib is 

88 0 2012 by American Society of Cl,n,cal Oncology 
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BTK Inhibitor lbrutinib for B-Cell Malignancies 

selectively cytotoxic to DLBC L cell lines driven by chronic active BCR 

signaling.17 Orally administered ibrutinib resulted in objective clinical 

responses in d ogs that spontaneously developed non-Hodgkin lym­

phoma ( NHL).16 In this study, an active site-directed affinity probe 

assay was used to demonstrate that efficacy correlated well with the 

degree of active-site occu pancy of BTK by ibrutinib. 

Because o f the central role of BCR signalin g, the restricted 

expression of BTK, and promising preclinical activity with this 

novel agent, we evaluated ibrutinib in a p hase I o pen-lab el, dose­

escalation trial to d etermine the d ose, safety profile, pharmacoki­

netics (PKs), pharmacodynamics, a nd tumo r response in patients 

with relapsed or refractory B-cell N H L a nd B-cell C LL. 

Eligibility 
Patients with relapsed or refractory, histologically confirmed NHL, CLL, or 

Waldenstrom macroglobulinemia (WM) who had failed at least one previous 
therapy were eligible. lnclusion criteria included: Eastern Cooperative Oncology 
Group performance status s I, age 2'. 18 years, measureable disease (NHL: at least 
one lymph node 2 cm in any axis; CLL: 2'. 5,000 leukemia cells/ µL; WM: lgM 
level 2'.: 1,000 mg/dL with bone marrow infiltration), absolute neutrophil cotmt 2'. 

1,500/µ,L, platelet count 2'. 75,000/µ,L (unless CLL with cytopenia secondary to 
marrow uwolvement), ru,d adequate renal ru,d hepatic function. 

Major exclusion criteria included: more than four previous system ic 
therapies; previous allogeneic stem-cell transplantation; immunotherapy, 
chemotherapy, radiotherapy, or experimental therapy within 4 weeks of study; 
major surgery within 4 weeks of study; active infection within 4 weeks of cycle 
one, day l; CNS involvement by lymphoma; history of previous cancer < 2 
years before study (except skin basal or squamous cell carcinomas, cervical 
cancer in situ, or other in situ carcinomas); and significant comorbidities. 

Study Design 
This phase I study was conducted at eight centers in the United States in 

accordance with Good Clinical Practice guidelines, as provided by the Inter­
national Conference on Harm onisation and principles of the Declaration of 
Helsinki. The institutional review board at each participating site approved the 
study, and all patients provided written informed consent before enrollment. 

Patients received ibrutinib capsules orally once daily at l.25, 2.5, 5, 8.3, or 
12.5 mg/kg per day on a 28 days on, 7 days off, schedule (35-day cycle), or 
received continuous daily dosing of8.3 mg/kg or 560 mg until disease progres­
sion (PD), unacceptable toxicity, or patient or investigator decision to end 
therapy. To better evaluate BTK occupancy, at least six patients were enrolled 
in each cohort. Dose escalation continued until MTD was achieved based on 
protocol-defined dose-lin,iting toxicities (DLTs), defined as the occurrence in 
cycle one of any o f the following: grade 2'. 3 nonhematologic adverse event 
(AE), grade 2'. 3 prolongation of the QTc interval, grade 2'. 3 neutropcnia, 
feb rile neutropenia, grade 4 thrombocytopenia, or dosing delay because o f 
toxicity for more than 7 days. Dose escalation to next level proceeded after 
DL T assessment of patients at the end o f cycle one. The MTD was defined 
as the highest dose level at which 2'. 33% of patients in the cohort experi­
enced a DLT or, in the absence of a DLT, until three dose levels above the 
dose level in which full BTK occupancy could be demonstrated. Patien ts 
with complete respo nse (CR), partial response ( PR), or stable disease (SD) 
who had received therapy for 6 months were allowed to continue therapy at 
a fixed dose of 560 or 420 mg per day on an extension trial until confirma­
tion of PD or at physician's discretion. 

Study Assessments 
AEs were monitored throughout treatment, and toxicities were assessed 

by the National Cancer Institute Common Toxicity Criteria for AEs (version 
3.0). Physical examination, blood samples for hematology and clinical chem­
istry, urinalysis, T/ B/ natural killer cell counts, and serum lg were assessed on 
day l of each cycle. Disease response assessments included computed tomog-

WWw.jco.org 

raphy scans and physical examination. Review of clinical laboratory results 
assessments were conducted eve1y two cycles w1til PD or use of alternative 
antineoplastic therapy. Computed tomography or positron emission tomog­
raphy and bone marrow biopsy/aspirate were required to confirm CR. Best 
clinical response (CR, PR, SD, PD) was determined by investigators based on 
criteria defined by the International Working Group revised response criteria 
for malignant lymphoma,18 and the International Workshop on CLL guide­
lines for diagnosis and treatment of CLL. 19 Patients discontinuing therapy for 
reasons other than prngression were observed every2 to 3 months until PD for 
a maximun1 of 6 months after the last study dose. 

Blood sam ples for PKs or BTK occupancy were collected during cycle 
one on day I (predose ru1d up to 6 hours after dosing), day 2 (predose), day 8 
(predose and up to 4 hours after dosing), and 24 hours after day-28 dosing. 
Plasma was analyzed for ibrut.in ib concentrations by high-performance liquid 
chromatography with tandem mass spectrometric detection. PK assessments 
were performed on the plasma concentration-time data obtained on day I 
using noncompartmental analysis (WinNonlin Pro, version 5.3; Pharsight, 
Cambridge, MAJ. BTK occupancy in peripheral blood mononuclear cells 
(PBMCs) was measured using a fluorescent. affinity probe (hereafter probe) 
assay, as described previously. 16 Fluorescent probe protein bands were quan­
tified using Molecular Dynamics lmageQuant 5.2 software (GE H ealthcare, 
Waukesha, Wl). The relative density of each band was quantified using vol­
ume integration and local average background correction. The background 
for each quantified band was defined byvolw11e integration of a nearby region 
within the same lane that did not contain a visible band. All background 
regions on the gel were also used to define a lower limit of quantitation equal to 
the average volume ofbackgrou11d regions plus 3X the standard deviation of 
the volumes of the background regions. BTK occupancy was compared using 
Graph Pad Prism version 4.0 (GraphPad, San Diego, CA). Statistically signifi­
cant differences were determined using one-way ru1alysis of variance with 
Bonferroni's post hoc comparison. 

Statistical Methods 
This was a dose-escalation trial designed to determine the MTD of 

ibrutinib and characterize the most frequent AEs ru,d DLTs. The intent-to­
treat (ITT) population included all patients receiving any amount of the study 
drug. The evaluable population included all patients who received at least two 
cycles of therapy. The best response recorded was used for response analyses. 
Overall response rate (CR plus PR) was calculated for the entire study popu­
lation as well as for each treatment cohort and histology. Progression-free 
Slllvival was measured fro m the first day of dosing until PD or relapse and 
detern,ined using the Kaplan-Meier method. 20 

RESULTS . 

Patient Characteristics 
From March 2009 through September 2010, 56 patients were en­

rolled and received one or more doses o fibrutinib. Baseline disease char­

acteristics and previous therapies are listed in Table l . M edian age of the 

patients was 65 years (range, 4 1 to 82 years). Median number of previous 

therapies was three ( range, one to 10), and all but four patients had 

previously received rituximab. Five cohorts were treated with the 28 days 

on, 7 days off, schedule at doses escalating from 1.25 to 12.5 mg/kg 

( cohorts I to V), and two cohorts were treated on the continuous dosing 

schedule a t 8.3 mg/kg once daily or a fixed dose of 560 m g once daily 

(Table 2). Median number of cycles received was five. 

Safety Profile and Patient Disposition 
The MTD ofibrutinib was not reached. Only two DL Ts occurred: 

one grad e 3 allergic h ypersensitivity (cohort lV) in a patient with a 

history of drug hypersensitivity, a nd one dose interruption for more 

than 7 days because of transient grade 2 neutropenia (coh o1t II ). Table 

2 summarizes the most frequently (2: 10% of patients) reported AEs 
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Table 1. Baseline Patient Characteristics (N = 56) 

Characteristic No. % 

Age, years 

Median 65 
Range 41-82 

Sex 

Male 38 68 
Female 18 32 

Histolog1c subtype 

Follicular lymphoma 16 29 
CLUSLL 16 29 
Mantle-cell lymphoma 9 16 
DLBCL 7 13 
Marginal zone/mucosal-assoc1ated 4 7 

lymphoid tissue lymphoma 

Waldenst r6m macroglobulinem1a 4 7 

Pnor therapy 

Median No 3 
Range 1-10 

R1tuximab 52 93 
Alkylator based 47 B4 

Anthracychne based 25 45 
Radiotherapy 15 27 
Autologous stem-cell transplantation 3 5 

Abbreviations: CLL. chronic lymphocytic leukemia; DLBCL. diffuse large 
B-cell lymphoma; SLL. small lymphocytic lymphoma. 

by dose cohort. The most common AEs observed in the study were 
typically grade I or 2 in severity; grade 3 or 4 events were infrequent 
and independent of dose. Grade 3 to 4 hematologic toxicities included 
neutropenia ( 12.5%), thrombocytopenia (7.2%), and anemia (7.1%). 
Additionally, no evidence of cumuJative hematologic or nonhemato­
logic toxicity was observed in patients with prolonged dosing. No 
consistent relationship between dose level and AEs was apparent. At 
the ti.me of this writing, 20 patients remain on treatment in an exten­
sion trial. Thirty-six patien ts discontinued study treatment: PD 
(n = 20), patient or physician decision (n = 8),AEs (n = 6), and DLTs 
(n = 2). The latter AEs included pain (grade 4), cerebrovascular 
accident (grade 4), small bowel obstruction (grade 3), flare of chronic 
obstructive pulmonary disease (grade 3), low hemoglobin and th rom­
bocytopenia (grade 2), and hypersensitivity pneumonitis (grade 1). 

PKs 
lbrutinib is rapidly absorbed and eliminated after oral adminis­

tration (Fig lA). Mean peak plasma concen trations were observed 
between l and 2 hours after dosing, and drug exposure ( derived from 
area under the concentration-time curve [AUC]) increased in a nearly 
dose-proportional manner (Fig lB). Plasma concentrations declined 
biphasically, with an initial mean half-life (determined after time to 
maximum plasma concentration to 6 hours postdose) of approxi­
mately2 to 3 hours. Mean apparent terminal half-life ranged from 4 to 
8 hours. There was no evidence of accumulation ofibrutinib exposure 
after repeated daily oral dosing. 

BTK Occupancy and Pharmacodynamics 
Figures l C and ID show representative probe assay data from a 

patient with CLL in dose-level cohort IV (8.3 mg/kg per day). The 
PBMC sample collected fro m this patient consisted of95.7% CD20+ 

90 C 2012 by Amencan Society of Chn,cal Oncology 

CLL cells, as determined by flow cytometry. At baseline, the probe 
labeled a robust band corresponding to BTK, and this band decreased 
significantly within 4 hours of treatment and throughout the entire 
treatment cycle, suggesting durable and complete inhibition of BTK. 
Figure 1£ shows the dose dependency and durability of BTK occu­
pancy in PBMCs across all patients dosed in the study. BTK occu. 
pancy 2:: 95% was ach ieved 4 hours postdose in all patients in cohort I[ 
(2.5 mg/kg per day). Figure lf plots the average BTK active-site occu­
pancy in PBMCs as a function of ibrutinib exposure (day l AUC). 
Complete or nearly complete BTK occupancy was observed in pa­
tients with AU Cs exceeding 160 ng X h/mL. No decrease was observed 
in the level of serum lg in patients treated over 12 cycles (Appendix Fig 
Al , online only). A decrease in anti- IgE-stimulated basophil degran­
ulation was observed, consistent with the role of BTK downstream of 
the high-affinity lg£ receptor (Appendix Fig A2, online only). 

Tumor Response 
Of 50 patients evaluable for tumor response, 60% achieved an 

objective response ( CR or PR), with an overall response rate of 54% in 
the ITT population. Table 3 indicates the best response according to 
dose and schedule. Nine of 56 patients had PD at first assessment, of 
whom three were treated in cohort I, a dose tl1at did not lead to full 
BTK occupancy. Additionally, responses were observed across all his­
tologies, including seven of nine patients with man tle-cell lymphoma 
(three CRs), 11 of l6 patients with CLUsmall lymphocyticlymphoma 
(two CRs), six of 16 patients with follicular lym phoma (three CRs), 
two of seven patients with DLBCL, three of four patients with WM, 
and one of four patients with marginal zone lymphoma (Appendix 
Table AI, online only). Of 11 patients with CLL, all experienced rapid 
reductions in lyrnphadenopathy during the fir st cycle of treatment 
accompanied byan increase in ab olute lymphocyte count, suggesting 
an egress of malignant cells from lymph nodes into peripheral blood. 
Only one of these patients with CLL d id not have an even tual reduc­
tion in lymphocytosis sufficient to be categorized as PR. Responses 
were durable, with median progression-free survival of 13.6 months at 
the ti.me of data cutoff. Twenty patients remain on study at the time of 
data cutoff because of continued clinical benefit (Fig 2). Change in 
aggregate tumor size ( data available for 48 patients) and lime on study 
(for all patients) are shown in Figures 2A and 28, respectively. 

This study demonstrates that orally administered ibrutinib is well 
tolerated and induces significant objective responses in patients with 
B-cell NHL or CLL who have relapsed or were refractory to standard 
therapy. A majority of AEs were m i.Id (grade I or 2) in severity and 
easily managed or reversible. No significant myelosuppressions or 
renal or hepatic toxicities were observed. Additionally, no cumulative 
toxicity was noted with treatment duration over 6 months. 

Thirty patients achieved objective responses, with responses seen 
at each dose level and across all histologies. Responses were durable, 
with a majority maintaining their responses for at least 10 mon ths; 
several patients had remained on study for more than 20 months at the 
time of data cutoff. The highest response rate was observed in patients 
with mantle-cell lymphoma (78%) and CLU small lymphocytic lym­
phoma (ITT, 69%; evaluable, 79%). The response rate in mantle-cell 
lymphoma is particularly noteworthy, because the outcome of pa­
tients with relapsed disease has been modest (32%) with bortezomib, 
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Table 2. Common Adverse Events (regardless of attribution) According to Dosing Cohorts Reported in 2: 10% of Pat ients 

Cohort 
Cohort Characteristic and % of 

Adverse Event (grade) II Ill IV CD-I V CD-II Total 

No of patients 7 9 6 8 10 7 9 

Dose 1.25 mg/kg/d 2.5 mg/kg/d 5.0 m g/kg/d 8.3 mg/kg/d 8.3 mg/kg/d 12.5 mg/kg/d 560 mg/d 

Schedule" 28n days 28/7 days 28n days 28{7 days Once daily 28n days Once daily 

Diarrhea 

1-2 0 4 4 7 3 5 42.9 

3-4 0 1 0 0 0 0 3.6 

Nausea/vomiting 

1-2 3 3 3 4 4 2 4 41.1 

3-4 0 0 0 1 0 0 0 1.8 

Constipation 

1-2 1 0 2 2 1 1 1 14.3 

3-4 0 0 0 0 0 0 0 0 

Decreased appetite/dyspepsia 

1-2 2 3 1 1 5 1 4 30.4 

3-4 0 0 0 0 2 0 0 3.6 

Fatigue 

1-2 4 4 0 3 4 4 2 37.5 

3-4 0 0 0 0 2 0 0 3.6 

Insomnia 

1-2 0 3 0 0 10.7 

3-4 0 0 0 0 0 0 0 0 

Headache 

1-2 1 2 1 4 2 2 2 25 

3-4 0 0 0 0 0 0 0 0 

Muscle spasms/myalgia 

1-2 2 3 2 3 4 3 4 37.5 

3-4 0 0 0 0 0 0 0 0 

Other pa,n 

1-2 8 5 4 6 5 6 62.5 

3-4 0 0 0 0 0 0 1.8 

Pyrexia 

1-2 1 2 3 2 2 21.4 

3-4 0 0 0 0 0 0 1.8 

Rash 

1-2 0 1 0 3 3 1 1 16.1 

3-4 0 0 0 0 0 0 0 0 

Cough 

1-2 3 0 3 2 3 3 4 32.1 

3-4 0 0 0 0 0 0 0 0 

Other resp1ratory 

1-2 2 3 5 5 4 8 50 

3-4 0 0 2 0 0 7.1 

Arthralgia 

1-2 1 1 2 0 3 2 0 16.1 

3-4 0 0 0 0 0 0 0 0 

Edema 

1-2 5 2 1 4 2 1 28.6 

3-4 0 0 0 0 0 0 0 0 

Abbreviation: CD, continuous dosing. 
"28n days = patients receiving drug for 28 continuous days followed by 7 days off of drug. 

currently the only approved agent.21 In patients with CLL, a charac­
teristic pattern of response included a transient increase in lymphocyte 
count. This pattern has been reported with otl1er agents affecting BCR 
signaling22

-
23 and reflects disruption of BCR-mecliated stromal che­

motaxis and adhesion, resulting in an egress of tissue-resident malig­
nant lymphocytes.4'

24
-
26 

w1vw.jco.org 

B-cell malignancies are disorders that depend on an intact BCR 
signaling cascade, of which BTK is a critical mecliator.5

•
13

•
27

•
28 BCR 

signaling, either constitutively or following antigen binding, leads to 
the activation of several downstream pathways that connect the BCR 
to proteins involved in cell survival, proliferation, and migration.29 

Most B-cellmalignancies continue to express a surface BCR, and it has 
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Fig 1. Pharmacokinet1c and pharmacodynamic studies of ibrutmib. (A) Mean plasma concentration of ibrutirnb over time at the 560-mg per day dose and (B) relationship 
between plasma area under the concentrat1on-t1me curve (AUC) and dose are shown. Error bars represent SEM; arrow indicates the 560-mg fixed dose. which corresponded 
to a mean dose of 7 22 mg/kg per day (range, 5.6 to 9 3 mg/kg per day) based on actual patient body weight. (C) Representative probe assay data from peripheral blood 
mononuclear cell (PBMC) samples collected from patient with chronic lymphocytic leukemia from dose-level cohort IV (8.3 mg/kg per day). The probe (fluorescently tagged 
denvat1ve of 1brut1n.b) binds to Bruton tyrosine kinase (BTK; indicated by arrow) with remarkably little specific labeling of other proteins. Total BTK and actin protein levels 1n 
each sample are shown to normalize protein in each lane. The BTK-bound fluorescent probe 1s unable to bind BTK in the samples obtained after drug administration because 
of occupancy of the binding site by ibrut1nib. (0) Normalized intensity of probe labeling is plotted, and the lower limit of detection (LLOD) for this gel 1s indicated. (E) Comparison 
of the degree of BTK occupancy by 1brutinib at each dose-level cohort in the study. Dots represent a single BTK occupancy measurement using the probe assay; hne 1nd1cates 
median percentage occupancy; asterisks denote P < .001 (analysis of variance). These data suggest that full BTK occupancy was generally achieved in patients at doses 2 

2.5 mg/kg. (F) Pharmacok1netic and pharmacodynamic relat ionship of BTK act1ve-s1te occupancy and ibrutinib exposure. Samples of PBMCs were collected predose and at 
4 and 24 hours after administration of ibrutinib for each patient. Data represent the percentage of BTK occupancy before dosing and averaged between 4 and 24 hours 
postdose for each patient in each group. These values are plotted against the drug exposure (AUCo.24) achieved in the patient after adm1rnstrauon of 1brutirnb on day 1. Une 
represents the line of best fit of a simple maximum-effect model to the data. Analysis of pharmacokinetic and pharmacodynamic profiles on day 1 showed that BTK active-site 
occupancy was saturated or near saturated I> 95%) at AUC values ;;,: 160 ng X h/ml. 
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Table 3. Best Clinical Response by Dose-Level Cohort IN = 56) 

No. of 
Cohort Dose Patients CR PR 

1.25 mg/kg/d 7 0 2 

II 2.5 mg/kg/d 9 1 3 

Ill 5.0 mg/kg/d 6 2 

IV 8.3 mg/lcg/d 8 3 1 

CD-I 8.3 mg/kg/d 10 1 5 

V 12 .5 mg/kg/d 7 0 4 

CD-II 560 mg/d 9 6 

Total 55• 

No. 8 22 
% 14 39 

Abbreviations: CD, conunuous dosing; CR. complete response; PR, par­
ual response. 

Six of 56 patients were not evaluable. This includes three patients who 
withdrew consent after 7, 15, and 35 days ,n the study, respectively; one 
patient with a serious adverse event of failure to thrive after 14 days ,n the 
study; and two patients with dose-hm1t1ng toxicit ies. 

been hypothesized that functional BCR signaling is essential for the 
survival and proliferation of the malignant ceU.5 BTK has been shown 
to be an essential component of chronic active BCR signaling, which is 
a key survival pathway in the activated B-ceU subtype of DLBCL, 
because genetic knockdown of BTK results in cell death, presumably 
resulting from interruption of survival signals from the BCR to nu­
clear factor-KB. 17 In CLL, the BCR is activated, with evidence of 
ongoing interaction with antigen in vivo.4 Direct evidence of the 
importance of BCR signaling in CLL comes from gene expression 
profiling data, where BCR signaling has been shown to be the most 
prominent activated pathway in CLL cells isolated from lymph 
nodes.30The efficacy observed in our study lends fur ther validity to the 
idea that BCR signaling is critical to the growth of 13-celJ tumors and 
suggests that BTK inhibition alone is sufficient to inhibit this 
growth signal. 

1ne promising safety profile of ibrutinib is likely related to the re­
stricted expression ofBTK in hematopoietic cells. Clinical features seen in 
patients Y-~th XI.A are primarily restricted to B cells, suggesting that BTK is 
particularly critical to B-ccll development and function. Jndeed, ibrutinib 
has previously been shown to inhibit antigen receptor signaling in B cells 
but not in T cells.16 Interestingly, in contrast to the complete absence of 
circulating !gs observed in patients with XLA, ibrutinib treatment did not 
reduce serum lg levels, even in patients treated for 12 cycles (Appendix Fig 
Al, online only). This suggests that daily BTK kinase in11ibition is not 
sufficient to replicate XLA, perhaps because the early developmental role 
of BTK at the pro-pre-B-ceU stage is different from its signaling role in 
mature B cells. The safety profile of ibrutinib is likely further enhanced by 
the once-daily administration and rapid absorption and elimination of 
the compow,d. Sud, intermittent exposure limits the duration of off­
target effects and is made feasible by the irreversible covalent binding of 
the compound to BTK. Thus, BTK remained fully occupied by ibrutinib 
for at least 24 hours in patients in cohorts IT to V, despite its rapid clearance 
from plasma 

A unique aspect of this study is the use of a highly specific 
fluorescent affinity probe for BTK measuring active-site occupancy. 
The assay allows for dose escalation based not only on traditional DL T 
measures but also on an optimal biologic dose, where target binding 
could be demonstrated. To better define a margin of safety, dose 
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Fig 2. Ant1tumor response In all evaluable patients. IA) Best responses in the 48 
patients evaluated by computed tomography scan for change from baseline in 
the sum of the largest diameter of each target lesion; negative values indicate 
tumor shrinkage. (Bl Time on study for all 56 patients grouped by histology; bars 
describe the reason for patient discontinuation. CLL, chronic lymphocyt1c leuke­
mia; DLBCL, diffuse large B-cell lymphoma; DL T, dose-limiting toxicity; FL, 
follicular lymphoma; NHL, non-Hodgkin lymphoma; MCL, mantle-cell lymphoma; 
SLL. small lymphocyt1c lymphoma; SPD, sum of product of greatest diameters. 

escalation proceeded to three levels above the level where full BTK 
occupancy was observed. Probe binding has been shown to tightly 
correlate with the blocking of BCR signaling and in vivo efficacy.16 

BTK occupancy > 95% was observed in dose level cohorts 11 to V (2.5 
to I 2.5 mg/kg per day), and each of these cohorts had similar response 
rates, consistent with efficacy deriving from BTK inhibition. Both the 
intermittent and continuous dosing schedules had similar BTK occu­
pancy and equivalent PKs and toxicity profiles. A fixed continuous 
dose of560 mg was well tolerated and also led to full-target occupancy 
in a range of individual body weights. interestingly, in patients with 
CLL, the intermittent dosing schedule was associated with transient 
reversal of treatment-related lymphocytosis during the 7-days-off 
drug period, suggesting a reversal of the biologic effect (Appendix Fig 
A3, onli.neonly). On this basis, and given the tolerability of continuous 
dosing, the latter was selected for phase II studies. 

In conclusion, the high level of objective responses observed with 
ibrutinib in patients with refractory B-cell lymphoma and CLL sup· 
ports the hypothesis that BTK is a crucial mediator of growth and 
survival in B-cell malignancies. The data strongly support continued 
clinical evaluation in various B-celJ malignancies. 
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