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ABSTRACT

BACKGROUND

The treatment of relapsed chronic lymphocytic leukemia (CLL) has resulted in few
durable remissions. Bruton’s tyrosine kinase (BTK), an essential component of
B-cell-receptor signaling, mediates interactions with the tumor microenvironment
and promotes the survival and proliferation of CLL cells.

METHODS

We conducted a phase 1b-2 multicenter study to assess the safety, efficacy, phar-
macokinetics, and pharmacodynamics of ibrutinib (PCI-32765), a first-in-class, oral
covalent inhibitor of BTK designed for treatment of B-cell cancers, in patients with
relapsed or refractory CLL or small lymphocytic lymphoma. A total of 85 patients,
the majority of whom were considered to have high-risk disease, received ibrutinib
orally once daily; 51 received 420 mg, and 34 received 840 mg.

RESULTS
Toxic effects were predominantly grade 1 or 2 and included transient diarrhea, fa-
tigue, and upper respiratory tract infection; thus, patients could receive extended
treatment with minimal hematologic toxic effects. The overall response rate was the
same in the group that received 420 mg and the group that received 840 mg (71%),
and an additional 20% and 15% of patients in the respective groups had a partial
response with lymphocytosis. The response was independent of clinical and ge-
nomic risk factors present before treatment, including advanced-stage disease, the
number of previous therapies, and the 17p13.1 deletion. At 26 months, the estimated
progression-free survival rate was 75% and the rate of overall survival was 83%.

CONCLUSIONS
Ibrutinib was associated with a high frequency of durable remissions in patients with
relapsed or refractory CLL and small lymphocytic lymphoma, including patients with
high-risk genetic lesions. (Funded by Pharmacyclics and others; ClinicalTrials.gov
number, NCT01105247.)
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HRONIC LYMPHOCYTIC LEUKEMIA (CLL)
is the most common leukemia in adults.
Therapy for symptomatic CLL has consisted
predominantly of chemotherapeutic agents, in-
cluding chlorambucil, cyclophosphamide, flu-
darabine, and combinations of these agents that
are effective for palliation but do not improve
survival.® The addition of the anti-CD20 antibody
rituximab to chemotherapy (fludarabine? alone
or in combination with cyclophosphamide3) re-
sults in higher response rates, extended remis-
sions, and improved overall survival.* However, a
subgroup of patients with deletion of 17p13.1
have a poor response to chemoimmunotherapy,
and patients with tumors expressing unmutated
immunoglobulin variable-region heavy-chain genes
have shorter remissions than those with mutated
genes.*> Furthermore, chemoimmunotherapy is
not curative, and treatment options for relapsed
disease tend to have increased toxicity and re-
duced antitumor activity.
Unlike chronic myeloid leukemia,® CLL lacks
a common genetic target. However, B-cell-re-
ceptor signaling has emerged as a driving factor
for CLL tumor-cell survival.”1” Downstream of
the B-cell receptor and of critical importance to
its function is a member of the Tec family of
kinases, Bruton’s tyrosine kinase (BTK). BTK
mutations in humans cause X-linked agamma-
globulinemia, which leads to the absence of
peripheral-blood B cells, decreased levels of se-
rum immunoglobulin, and increased suscepti-
bility to infections. BTK is essential for activa-
tion of several constitutively active pathways of
CLL-cell survival, including the Akt,'® extracel-
lular signal-regulated kinase (ERK),* and nu-
clear factor kappa light-chain enhancer of acti-
vated B cells (NF-«B) pathways.2%2* In addition,
BTK is essential to chemokine-mediated homing
and adhesion of B cells.?22> Given the impor-
tance of B-cell-receptor signaling in CLL and the
central role of BTK in this pathway, an attractive
strategy is to target inhibition of this kinase.
Ibrutinib (Pharmacyclics) is an orally bio-
available, potent inhibitor (50% inhibitory con-
centration, 0.5 nM) that covalently binds to the
cysteine-481 amino acid of the BTK enzyme.
Preclinical studies have shown that ibrutinib
treatment inhibits numerous processes, including
ERK signaling, NF-kB DNA binding, cytosine—
phosphate—guanine (CpG)—mediated CLL-cell pro-

liferation, and tumor-cell migration.2°-2¢ Ibruti-
nib does not have toxic effects on normal T cells;
this distinguishes it from most regimens used
for CLL.?” A phase 1 study of ibrutinib showed
mild-to-moderate toxicity and clinical antitumor
activity in patients with relapsed or refractory
B-cell cancers; 11 of the 16 patients in the study
had CLL or small lymphocytic lymphoma.?®
These preliminary results prompted the initia-
tion of a phase 1b—2 study of ibrutinib in CLL;
this study involved two different therapeutic
doses in patients with relapsed or refractory
disease.

METHODS

PATIENTS
Eligibility criteria included the following: a diag-
nosis of relapsed or refractory CLL or small lym-
phocytic lymphoma, as defined according to the
International Workshop on Chronic Lymphocyt-
ic Leukemia3® and World Health Organization3*
classifications; a need for treatment; adequate
renal and hepatic function, defined by a creati-
nine level of no more than 1.5 times the upper
limit of the normal range and an alanine amino-
transferase level of no more than 2.5 times the
upper limit of the normal range; and an absence
of active infection. The first and second cohorts
were required to have received at least two previ-
ous therapies, including a purine analogue. A
third cohort was composed of patients with
high-risk disease that did not respond to a che-
moimmunotherapy regimen or that progressed
within 24 months after completion of the regi-
men. An absolute neutrophil count of at least
750 cells per cubic millimeter and a platelet
count of at least 50,000 per cubic millimeter
were required initially. However, an amendment
to the protocol allowed enrollment of 22 pa-
tients with any degree of cytopenia if it was due
to bone marrow involvement. Exclusion criteria
were any type of cancer that limited survival to
less than 2 years, gastrointestinal disease that
might inhibit ibrutinib absorption, and medi-
cines associated with torsades de pointes. Test-
ing to detect interphase cytogenetic abnormali-
ties, immunoglobulin-gene mutational analysis,
and measurement of f,-microglobulin levels
were performed during the screening period by a
central reference laboratory.
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STUDY DESIGN AND TREATMENT

This phase 1b—2, open-label, multicenter study
was designed to determine the safety, efficacy,
pharmacokinetics, and pharmacodynamics of
ibrutinib in patients with relapsed or refractory
CLL or small lymphocytic lymphoma. In addi-
tion, we sought to examine the influence of
features of a poor prognosis on the clinical re-
sponse to ibrutinib. An institutional review
board approved the protocol (available with the
full text of this article at NEJM.org) at each study
site. The study was conducted according to the
principles of the Declaration of Helsinki and
the International Conference on Harmonisation
Guidelines for Good Clinical Practice. All pa-
tients provided written informed consent. The
study is ongoing.

Two cohorts of patients (27 patients in cohort 1
and 24 patients in cohort 3) were assigned to
receive a fixed daily dose of 420 mg of ibruti-
nib, and one cohort (34 patients in cohort 2)
was assigned to receive a daily dose of 840 mg,
with both doses administered orally on a con-
tinuous schedule until the onset of disease
progression or unacceptable toxicity. Enroll-
ment in the three cohorts occurred consecu-
tively from May 2010 through August 2011. On
the basis of early data from cohort 1, cohort 3
was added to study the effect of 420 mg in pa-
tients with high-risk disease.

ASSESSMENTS
The primary end point was the safety of the two
fixed-dose regimens, assessed according to the
frequency and severity of adverse events. Safety
monitoring, which included a clinical history tak-
ing, physical examination, and laboratory tests,
was performed weekly for the first month, every
other week for the second month, and monthly
thereafter. Adverse events were graded with the
use of the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 4.0
(http://evs.nci.nih.gov/ftpl/CTCAE/CTCAE_4.03
_2010-06-14_QuickReference_8.5x11.pdf). Hema-
tologic toxic effects were graded according to the
system of the International Workshop on Chron-
ic Lymphocytic Leukemia (2008).3°

The secondary end points were the overall
response rate, progression-free survival, pharma-
codynamics, and pharmacokinetics. A response
assessment that included a radiologic examina-
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tion was performed at the end of cycles 2, 5, 8,
12, 15, and 24. A bone marrow biopsy was per-
formed to confirm a complete response.>® The
response in patients with CLL was evaluated ac-
cording to the criteria of the International Work-
shop on Chronic Lymphocytic Leukemia,*® with
the exception that lymphocytosis was not the sole
criterion for disease progression (a summary of the
response criteria is available in Table S1 in the
Supplementary Appendix, available at NEJM.org).32
For patients with persistent lymphocytosis, a par-
tial response in all other measures was character-
ized as a partial response with lymphocytosis.
The response in patients with small lymphocytic
lymphoma was evaluated according to the Inter-
national Working Group criteria for non-Hodg-
kin’s lymphoma (2007).33 Putative biomarkers of
response and overall survival were exploratory
end points.

PHARMACOKINETIC AND PHARMACODYNAMIC
ANALYSES

We conducted pharmacokinetic studies to deter-
mine the exposure to ibrutinib after treatment at
both dose levels. The pharmacokinetic measures
were derived from the nominal plasma concen-
tration—time curves. Pharmacodynamic testing
was performed to assess the level of drug binding
to BTK (BTK occupancy) after treatment. A cell-
permeable, fluorescently tagged derivative of
ibrutinib was used to visualize BTK before treat-
ment and 4 and 24 hours after treatment, as pre-
viously described.2¢

STUDY OVERSIGHT
The study was sponsored by Pharmacyclics and
Janssen. All the authors and the sponsors were
responsible for designing the study protocol and
analysis plan. All the authors and their respective
research teams collected all the data, and the
sponsors confirmed the accuracy of the data and
compiled it for summation and analysis. The au-
thors had full access to the data and analyses for
compilation of this report. Manuscript drafts
were prepared by the authors with editorial as-
sistance from a professional medical writer paid
by Janssen. All the authors vouch for the accuracy
and completeness of the data reported and the
fidelity of the study to the protocol, and all the
authors made the decision to submit the manu-
script for publication.
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STATISTICAL ANALYSIS

Descriptive statistics, including means, standard
deviations, and medians for continuous variables
and proportions for discrete variables, were used
to summarize the findings in each of the defined
cohorts. All analyses included patients who re-
ceived the study drug. The overall response rate
with a 95% confidence interval was calculated.
The Kaplan—Meier method was used for time-to-
event analysis (curves and corresponding quar-
tiles). Data on progression-free survival were cen-
sored when patients received new anticancer
therapy or at the last clinical assessment, for pa-
tients who were lost to follow-up. No imputation
of missing values was performed. In an explor-
atory analysis, characteristics associated with re-
sponse and progression-free survival and overall
survival were compared by means of Fisher’s ex-
act test in each subgroup. Analyses were not ad-
justed for multiple comparisons.

RESULTS

PATIENTS AND TREATMENT
A total of 85 patients were enrolled at eight sites.
The baseline characteristics of the patients are
listed in Table 1, and in Table S2 in the Supple-
mentary Appendix. The patients, who were gen-
erally considered to have high-risk disease, had re-
ceived a median of four previous therapies. A total
of 65% of the patients had advanced-stage disease,
33% had 17p13.1 deletions, and 36% had 11q22.3
deletions. At a median follow-up of 20.9 months
(range, 0.7 to 26.7), 54 patients (64%) were still
receiving treatment, and 31 (36%) had discontinued
treatment. Reasons for treatment discontinuation
(detailed in Table S3 in the Supplementary Appen-
dix) included disease progression in 11 patients
(13%); the patient’s or investigator’s decision in 13
(15%), of whom 5 patients then underwent stem-
cell transplantation; and adverse events in 7 pa-
tients (8%), including 3 patients who had pneumo-
nia, 2 who had sepsis, 1 who had staphylococcal
bacteremia without physiological signs of sepsis,
and 1 who had gastrointestinal hemorrhage.

PHARMACOKINETIC AND PHARMACODYNAMIC
MEASUREMENTS

The steady-state concentration—time profiles of
ibrutinib after administration of 420 mg or 840 mg
per day are shown in Figure S1 in the Supplemen-
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tary Appendix. The exposure to ibrutinib increased
proportionally from a dose of 420 to 840 mg per
day. No differences in the time to the peak ibru-
tinib concentration in the blood (median T .
2 hours [range, 0.5 to 6]) or the terminal half-
life (7.8%3.6 hours with 420 mg per day and
8.1%3.4 hours with 840 mg per day) were appar-
ent between doses.

Post-treatment assessments indicated full oc-
cupancy of BTK by ibrutinib at both dose levels.
The median level of BTK occupancy was 96 to 99%
(Fig. S2 in the Supplementary Appendix); it was
observed as early as 4 hours after the dose was
administered and was maintained 24 hours after
the dose was administered, at both dose levels.

SAFETY
Long-term therapy with ibrutinib was associated
with modest toxicity; most adverse events were
grade 1 or 2 (Table 2). The most common adverse
events were diarrhea, fatigue, and upper respira-
tory tract infection, and most adverse events re-
solved without the need for a suspension of treat-
ment. Adverse events leading to discontinuation
of treatment occurred in 2 patients in the 420-mg
cohort (4%) and in 4 patients in the 840-mg co-
hort (12%). Serious adverse events are listed in
Table S4 in the Supplementary Appendix. The
most common adverse events of grade 3 or high-
er were pneumonia (in 10 patients [12%]) and
dehydration (in 5 patients [6%]). Infections of
grade 3 or higher occurred most frequently early
in the course of therapy.

The average rate of infection was 7.1 per 100
patient-months during the first 6 months and
2.6 per 100 patient-months thereafter (Table S5
in the Supplementary Appendix). The exposure-
adjusted rate of infections that were grade 3 or
higher was reduced by more than half after
6 months of treatment (Table S5 in the Supple-
mentary Appendix).

IgG and IgM levels remained relatively stable
throughout treatment, whereas IgA levels in-
creased at 3, 6, and 12 months (Fig. S3 in the
Supplementary Appendix). Grade 3 or 4 hemato-
logic toxic effects were infrequent; 5 patients
(6%) had anemia, 13 patients (15%) had neutro-
penia, and 5 patients (6%) had thrombocytopenia.
Bleeding events that were grade 3 or higher in
severity occurred in 4 patients. A total of 8 pa-
tients died within 30 days after receiving the last
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Table 1. Baseline Demographic and Clinical Characteristics of the Patients.
Total

Characteristic (N=85)
Age

Median — yr 66

Range —yr 37-82

=70 yr — no. (%) 30 (35)
Sex — no. (%)

Male 65 (76)

Female 20 (24)
Diagnosis — no. (%)

Chronic lymphocytic leukemia 82 (96)

Small lymphocytic lymphoma 3(4)
Time since most recent systemic anticancer therapy — mo

Median 3

Range 1-98
Rai stage at treatment initiation — no. (%)*

0,1,orll 29 (34)

Hlor IV 55 (65)

Data missing 1(1)
No. of previous therapies

Median 4

Range 1-12
Previous therapy — no. (%)

Nucleoside analogue 81 (95)

Rituximab 83 (98)

Alkylator 76 (89)

Alemtuzumab 18 (21)

Bendamustine 33 (39)

Ofatumumab 22 (26)
Bulky nodes — no. (%)

=5 cm in diameter 44 (52)

=10 cm in diameter 13 (15)

Data missing 3(4)
Unmutated immunoglobulin variable-region heavy-chain gene — no. (%)

Patients with data that could be evaluated 69 (81)

Data missing 4 (5)
Interphase cytogenetic abnormality — no. (%)

17p13.1 deletion 28 (33)

11922.3 deletion 31 (36)
B,-microglobulin level — no. (%)

>3 mg/liter 39 (46)

Data missing 5(6)
Disease resistant to purine analogue — no. (%) 41 (48)

* Rai stage 0 indicates low-risk, stage | or Il intermediate-risk, and stage Ill or IV high-risk disease.

Cutoff points were defined according to the assay specifications as performed in the central laboratory.

Resistance to a purine analogue was defined as treatment failure (stable disease or progressive disease) or disease pro-
gression within 12 months after receipt of a regimen containing a purine analogue.
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dose of ibrutinib: 3 deaths were from pneumo-
nia, 1 was from the systemic inflammatory re-
sponse syndrome, 1 was from sarcoma, and 3
were related to CLL progression.

EFFICACY
The overall response rate based on the standard
criteria3®33 was 71% (2 complete responses and
34 partial responses) in the 420-mg cohort and
71% (24 partial responses) in the 840-mg cohort.
In addition, 10 patients in the 420-mg cohort
(20%) and 5 patients in the 840-mg cohort (15%)
had a partial response with persistent lymphocy-
tosis. Blood lymphocytosis was generally noted by
day 7 (in 78% of the patients); it peaked at a me-
dian of 4 weeks and then slowly declined. In 50 of
63 patients (79%), the lymphocyte count normal-
ized (absolute lymphocyte count, <4x10° cells per
cubic millimeter) or was reduced by 50% from the
baseline level. Treatment-related lymphocytosis
developed at similar frequencies in patients with
unmutated and those with mutated immunoglob-
ulin variable-region heavy-chain genes (77% and
83%, respectively). However, in patients with un-
mutated immunoglobulin genes, lymphocyte
counts normalized more rapidly (median, 6.4 vs.
14.8 months) and more frequently (in 85% vs.
50% of the patients). Lymphocytosis occurred
concomitantly with a notable reduction in lymph-
node size (Fig. 1A) and spleen size, as well as fre-
quent improvement in cytopenias (Fig. S4 in the
Supplementary Appendix). An improved response
was time-dependent (Fig. 1B); increasing numbers
of partial responses and complete responses oc-
curred during follow-up, whereas the frequency of
a partial response with lymphocytosis diminished
as the lymphocyte count decreased over time.
As shown in Figure 2, the response to ibruti-
nib did not appear to vary according to tradi-
tional high-risk prognostic features. The re-
sponse rate among the patients with a 17p13.1
deletion was 68%, including one complete re-
sponse, whereas the response rate was 71%
among those without this deletion. The only fac-
tor associated with a response was the mutation
status of the immunoglobulin variable-region
heavy-chain gene. Notably, 4 of the 12 patients
with a mutated immunoglobulin variable-region
heavy-chain gene (33%) had a partial response
or complete response and 5 (42%) had a partial
response with lymphocytosis. By contrast, 53 of
the 69 patients with an unmutated immuno-

Table 2. Adverse Events.*
Grade Grade
Adverse Event 1-2 34 Totaly
number of patients (percent)

Diarrhea 40 (47) 2(2) 42 (49)
Upper respiratory tract infection 28 (33) 0 28 (33)
Fatigue 24 (28) 3 (4) 27 (32)
Cough 26 (31) 0 26 (31)
Arthralgia 23 (27) 0 23 (27)
Rash 23 (27) 0 23 (27)
Pyrexia 19 (22) 4(5) 23 (27)
Edema, peripheral 18 (21) 0 18 (21)
Muscle spasms 16 (19) 1(1) 17 (20)
Constipation 14 (16) 1(1) 15 (18)
Dizziness 14 (16) 1(Q1) 15 (18)
Headache 14 (16) 1(1) 15 (18)
Hypertension 11 (13) 4 (5) 15 (18)
Nausea 14 (16) 1(1) 15 (18)
Sinusitis 11 (13) 4(5) 15 (18)
Contusion 14 (16) 0 14 (16)
Vomiting 13 (15) 1(Q1) 14 (16)
Neutropeniaz: 0 13 (15) 13 (15)
Oropharyngeal pain 13 (15) 0 13 (15)

st

(=15%), regardless of the cause.

* Listed are adverse events that were reported in 13 or more of the 85 patients

r Seven grade 5 adverse events were reported: pneumonia, influenza-like pneu-

monia, cryptococcal pneumonia, chronic lymphocytic leukemia, Richter’s syn-

drome, sarcoma, and the systemic inflammatory response syndrome. (The
event terms are those deemed most appropriate by the investigator.)

I Neutropenia did not lead to treatment discontinuation and was managed with

the administration of growth factors in 5 of 13 patients.

globulin variable-region heavy-chain gene (77%)
had a partial response or complete response and
9 (13%) had a partial response with lymphocyto-
sis. This difference in the overall response rate
(partial response plus complete response) was
significant (P=0.005), whereas the combined
overall response rate plus the rate of partial re-
sponse with lymphocytosis did not differ sig-
nificantly according to mutation status.
Sustained improvement in cytopenias, de-
fined as improvement by more than 50% or a
hemoglobin level higher than 11 g per deciliter,
an absolute neutrophil count higher than 1500
cells per cubic millimeter, or a platelet count
higher than 100,000 cells per cubic millimeter
(lasting for >2 cycles without transfusion or ad-
ministration of growth factors), was frequently
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Figure 1. Response to Ibrutinib over Time.

Panel A shows the median percent change from baseline in the absolute
lymphocyte count (ALC) and the sum of the products of lymph-node diam-
eters (SPD) in all patients. I bars denote distribution-free 95% confidence
intervals. Panel B shows the curves for cumulative best response (complete
response plus partial response, partial response with lymphocytosis, and
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observed during ibrutinib treatment (Fig. S4 in
the Supplementary Appendix). Improvement was
observed in 32 of 41 patients with baseline
thrombocytopenia (78%), 27 of 33 with anemia
(82%), and 24 of 31 with neutropenia (77%).
Ibrutinib treatment promoted durable respons-
es, irrespective of the dose. The 26-month esti-
mated rate of progression-free survival (Fig. 3A,

N ENGL J MED 369;1

top graph) was 75%, and the rate of overall sur-
vival (Fig. 3B, top graph) was 83%. Disease pro-
gression developed in 11 patients (13%) during
follow-up, and 7 of those patients had progres-
sion by biologic transformation (Richter’s syn-
drome). The median time from the initial diag-
nosis of CLL to transformation was 98 months
(range, 24 to 143). Among the 11 patients in
whom progressive disease developed, 10 patients
had a 17p13.1 or a 11q22.3 deletion, and 1 pa-
tient did not have high-risk cytogenetic abnor-
malities (Fig. 3A). Patients had a prolonged time
to progression despite high-risk genomic fea-
tures. Among the 28 patients with a 17p13.1
deletion — a uniformly poor prognostic factor
— the 26-month estimated rate of progression-
free survival (Fig. 3A) was 57% and the rate of
overall survival (Fig. 3B) was 70%. Patients who
discontinued ibrutinib for reasons other than
progression remained in the study and were fol-
lowed quarterly until disease progression, the
initiation of new anticancer therapy, or death.
After disease progression or initiation of subse-
quent anticancer therapy, follow-up was limited
to survival status. Treatment at the time of new
treatment initiation was left to the discretion of
the treating physician.

DISCUSSION

The responses to ibrutinib, the covalent inhibitor
of BTK, that we observed in this study were more
durable than expected on the basis of previous
experience with other single-agent therapies for
relapsed CLL. At both doses of ibrutinib that we
studied, pharmacokinetic data showed rapid ab-
sorption and elimination. Moreover, pharmaco-
dynamic data showed that once-daily ibrutinib
provided effective and complete occupancy of
BTK, a surrogate of kinase inhibition.

Ibrutinib caused a transient increase in blood
lymphocyte levels, which was concurrent with a
reduction in lymph-node size, spleen size, or
both. Continued treatment with ibrutinib led to
resolution of this asymptomatic lymphocytosis,
and patients were characterized as having a clas-
sic response according to the 2008 criteria of the
International Workshop on Chronic Lymphocyt-
ic Leukemia, with an observed response rate of
71%. Fifteen additional patients (18%) in this
study had a partial response with lymphocytosis.
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No. of
Subgroup Patients Overall response rate (95% Cl)
All patients 85 —e— 71 (60-80)
Dose '
420 mg 51 e 71 (56-82)
840 mg 34 — 71 (52-85)
Age E
<70yr 55 —e— 69 (55-81)
>70yr 30 ——— 73 (54-88)
Rai stage at baseline '
0,1,0rll 29 - 69 (49-85)
I or IV 55 ——— 71 (57-82)
Previous chemotherapy E
<3 Regimens 27 —_— 74 (54-89)
>3 Regimens 58 —e— 69 (56-81)
17p13.1 deletion '
Positive 28 ——— 63 (48-84)
Negative 52 —r— 71 (57-83)
11q22.3 deletion E
Positive 31 — 77 (59-90)
Negative 49 —e—— 65 (50-78)
IGHV H
Mutated 12 o 33 (10-65)
Unmutated 69 —— 77 (65-86)
B,-microglobulin E
<3 mg|liter 39 —_— 72 (55-85)
>3 mg]liter 41 . — 68 (52-82)
(I) 1I0 2I0 3I0 4I0 SIO 6IO 7I0 8I0 9IO l(I)O
ORR (%)
Figure 2. Overall Response Rates (ORR) According to Subgroup.
Rai stage 0 indicates low risk, stage | or Il intermediate risk, and stage Ill or IV high risk. The dotted line shows the
response rate for all 85 patients. IGHV denotes immunoglobulin variable-region heavy-chain gene.

Treatment-related lymphocytosis has been seen
with other agents that target B-cell-receptor
signaling; these findings have prompted several
groups of CLL experts to conclude that such lym-
phocytosis is not a sign of progressive disease.3*35
Our findings provide support for an ibrutinib-
mediated pharmacodynamic effect on CLL by cell
mobilization from protected bone marrow, lymph-
node, and spleen sites harboring stromal elements
that have been shown to promote leukemic-cell
proliferation, drug resistance, and survival.?>
Despite the immunocompromised condition
of the patients, who had received a median of
four previous therapies, ibrutinib treatment did
not result in an increased incidence of grade 3 or
higher infections during the extended therapy
period, as compared with the rates reported in
several series of patients who received tradi-
tional salvage therapies.>°® The incidence of
infection was highest early in the course of ibru-
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tinib treatment and decreased with continued
therapy. During treatment, improvement in neu-
trophil counts occurred in patients with baseline
neutropenia (Fig. S4 in the Supplementary Ap-
pendix), with significant increases in the level of
serum IgA and no detrimental effects on IgG or
IgM levels (Fig. S3 in the Supplementary Appen-
dix). The analysis of immunoglobulin levels was
limited to patients with relatively preserved im-
munoglobulin levels, since those who received
intravenous immune globulin were excluded.
The occurrence of ecchymosis, petechiae, or
both was noted on the skin in a subgroup of
patients who received ibrutinib, but these condi-
tions were not accompanied by excess bleeding
or associated with thrombocytopenia. Random-
ized trials comparing the safety profile of ibru-
tinib with that of other therapeutic agents for
CLL are ongoing. These trials include A Phase 3
Study of Ibrutinib (PCI-32765) Versus Ofatum-
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Figure 3. Kaplan—Meier Curves for Progression-free Survival and Overall Survival.

Panels A and B show the probability of progression-free survival and overall survival, respectively, for all 85 patients (top graphs) and
according to status with respect to the 17p13.1 and 11q22.3 deletions (middle graphs) and IGHV mutation status (bottom graphs).
Tick marks indicate censored data.
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umab in Patients with Relapsed or Refractory
Chronic Lymphocytic Leukemia (RESONATE;
ClinicalTrials.gov number, NCT01578707) and A
Multicenter, Open-label, Phase 3 Study of the
Bruton’s Tyrosine Kinase Inhibitor PCI-32765
Versus Chlorambucil in Patients 65 Years or
Older with Treatment-naive Chronic Lympho-
cytic Leukemia or Small Lymphocytic Leukemia
(RESONATE-2, NCT01722487).

Several validated high-risk characteristics of
CLL, including 17p13.1 deletion, did not influ-
ence the objective response to ibrutinib. How-
ever, most events associated with disease pro-
gression occurred in patients with high-risk
cytogenetic lesions (17p13.1 deletion or 11g22.3

N ENGL J MED 369;1

deletion), whereas only one patient without these
risk factors had an event associated with disease
progression. Patients with an unmutated immu-
noglobulin variable-region heavy-chain gene,
perhaps owing to enhanced B-cell-receptor sig-
naling and dependence on this pathway, had
earlier resolution of lymphocytosis and were
more frequently classified as having a response
according to traditional response criteria of the
International Workshop on Chronic Lympho-
cytic Leukemia (P=0.02); however, survival out-
comes were similar to those among patients
without this unmutated gene. Greater than 90%
occupancy of the pharmacodynamic probe and
the similar response in the two dose groups
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provide support for the use of the 420-mg dose
of ibrutinib for relapsed CLL.

Ibrutinib has a favorable therapeutic index,
which may facilitate its use in combination with
other agents for the treatment of CLL. However,
the durable remissions obtained thus far suggest
that many patients may be treated successfully
with monotherapy. Randomized clinical trials of
ibrutinib in patients with CLL or small lympho-
cytic lymphoma are ongoing.
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