
 
 

 2012;18:5043-5050. Published OnlineFirst August 9, 2012.Clin Cancer Res
 
Irene M. Ghobrial, Philippe Moreau, Brianna Harris, et al.
 
Previously Treated Waldenström Macroglobulinemia
A Multicenter Phase II Study of Single-Agent Enzastaurin in
 
 

 
 

Updated Version
 10.1158/1078-0432.CCR-12-0181doi:

Access the most recent version of this article at: 

 
 

Cited Articles
 http://clincancerres.aacrjournals.org/content/18/18/5043.full.html#ref-list-1

This article cites 30 articles, 19 of which you can access for free at:

 
 

E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

Subscriptions
Reprints and

.pubs@aacr.orgDepartment at
To order reprints of this article or to subscribe to the journal, contact the AACR Publications

Permissions
.permissions@aacr.org

To request permission to re-use all or part of this article, contact the AACR Publications Department at 

 American Association for Cancer Research Copyright © 2012 
 on January 22, 2013clincancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst August 9, 2012; DOI:10.1158/1078-0432.CCR-12-0181

http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-12-0181
http://clincancerres.aacrjournals.org/content/18/18/5043.full.html#ref-list-1
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
mailto:permissions@aacr.org
http://clincancerres.aacrjournals.org/
http://www.aacr.org/


Cancer Therapy: Clinical

A Multicenter Phase II Study of Single-Agent Enzastaurin in
Previously Treated Waldenstr€om Macroglobulinemia

Irene M. Ghobrial1, Philippe Moreau2, Brianna Harris1, Tiffany Poon1, Eric Jourdan3, Herv�e Maisonneuve4,
Karim A. Benhadji5, Anwar M. Hossain6, Tuan S. Nguyen6, James E. Wooldridge6, and Veronique Leblond7

Abstract
Purpose: Enzastaurin is a serine/threonine kinase inhibitor that showed antiangiogenic, antiprolifera-

tive, and proapoptotic properties in vitro and antitumor activity in vivo in a xenograft Waldenstr€om

macroglobulinemia (WM) model. These findings provided the rationale for a multicenter phase II trial

of oral enzastaurin in previously treated patients with WM.

Experimental design: Patients who were treated with 1 to 5 prior regimens and who had a baseline

immunoglobulin M level 2 times or more the upper limit of normal received oral enzastaurin 250mg twice

daily (500mg total) after a single loading dose (day 1, cycle 1) of 375mg 3 times daily (1,125mg total) for 8

cycles of 28 days each or until progressive disease. Six patients who progressed during treatment with

enzastaurin had dexamethasone added per protocol.

Results: From July 2008 to December 2010, 42 patients were enrolled. The objective response rate (RR)

was 38.1% (2 partial and 14 minor responses). One patient had grade 3 leukopenia and one patient died

during the study from septic shock; both events were considered drug related. A statistically significant

association betweenRR and interleukin 15 (IL-15)was observed, suggesting that higher concentration levels

of IL-15 may be associated with better response.

Conclusion: Enzastaurinwas active andwell tolerated in previously treated patients withWM.Because of

the small sample size of this uncontrolled study, further assessment of the relationship between IL-15 and

response to enzastaurin in patients with WM is required. These results warrant further investigation of

enzastaurin for the treatment of WM. Clin Cancer Res; 18(18); 5043–50. �2012 AACR.

Introduction
Waldenstr€om macroglobulinemia (WM) is an incurable

low-grade lymphoplasmacytic lymphoma characterized by
the presence of immunoglobulin M (IgM) monoclonal
protein in the serum and lymphoplasmacytic cells in the
bone marrow (1). It is rare, accounting for approximately
2%of all hematologicmalignancies, and is associatedwith a
relatively long survival from the time of diagnosis. The
median age of patients at diagnosis is 65 years, and patients
over the age of 65 years are considered either intermediate
or high risk, which is associated with a shorter median

survival, according to the International Prognostic Scoring
System for WM (2). With approximately half of patients
dying of causes unrelated to the disease (3), most patients
do not require immediate treatment and observation is
typically recommended. Following the initiation of first-
line treatment of symptomatic disease, the median survival
is 5 years (4).

Currently, no specific therapy is approved for the treat-
ment of WM. The treatment options for patients with
relapsed or refractory WM depend on the patient’s age,
prior therapies and response, ability to tolerate therapy,
and candidacy for stem cell transplantation. Patients who
have a prolonged responseof 1 year ormore to a therapy can
be effectively retreated with the same agents (5). Several
agents have been evaluated, including the monoclonal
antibody (mAb) rituximab, alkylating agents (such as chlor-
ambucil), nucleoside analogues (cladribineor fludarabine),
and proteasome inhibitors (bortezomib; refs. 5, 6). Given
thatmanypatientswithWMare elderly andcommonlyused
therapies are either intravenous, associated with significant
adverse events, or both, safe and effective therapies are
needed to manage the disease in symptomatic patients.

An antibody-based protein array analysis identified sev-
eral proteins, including multiple proteins in the phospha-
tidylinositol-3-kinase (PI3K)/AKT pathway, that were dys-
regulated in patients withWM compared with patients with

Authors' Affiliations: 1Dana-Farber Cancer Institute, Boston, Massachu-
setts; 2University of Nantes, Nantes Cedex, France; 3Centre Hospitalier
Regional Universitaire de N̂�mes, N̂�mes, France; 4Centre Hospitalier
D�epartemental Vend�ee, La Roche-sur-Yon, France; 5Lilly France, Sur-
esnes, France; 6Eli Lilly and Company, Indianapolis, Indiana; and 7Hôpital
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normal bone marrow lymphocytes and plasma cells (7).
Another study using protein array techniques and immu-
nohistochemistry identified that protein kinase C b (PKCb)
expression is upregulated in WM (8). There is also evidence
that vascular endothelial growth factor is produced by
plasma cells in some WM patients (9), and angiogenesis,
as measured by microvessel density, is significantly greater
in the bone marrow of patients with WM compared with
that in controls (P ¼ 0.002; 10).

Enzastaurin hydrochloride is an oral serine/threonine
kinase inhibitor that targets the PKC and PI3K/AKT path-
ways to inhibit tumor cell proliferation, induce tumor cell
apoptosis, and suppress tumor-induced angiogenesis (11).
In vitro experiments showed that enzastaurin inhibits 90%
(IC90) of PKCb enzymatic activity at an enzastaurin con-
centration of 70 nmol/L and that enzastaurin and its major
metabolite (LY326020) are approximately 97% and 95%
protein bound, respectively. Therefore, a mean steady-state
concentration of 1,400 nmol/L was targeted for clinical
efficacy (12). In preclinical studies, enzastaurin induced
apoptosis and inhibited the proliferation of the diffuse large
B-cell lymphoma (DLBCL), glioblastoma, and colon carci-
noma cell lines and xenografts at comparable doses (11).
Based on plasma exposure and safety data from the first
phase I study, enzastaurin 525 mg once daily was the
recommended dose (12). However, when administered in
divided doses of 250 mg twice daily, enzastaurin achieves
approximately 40%higher exposure than once daily dosing
without additional toxicities (13).

Treatment of WM cell lines with enzastaurin resulted in
decreased proliferation, increased apoptosis, and decreased
PKCb phosphorylation. In addition, treatment with enzas-
taurin was cytotoxic in a xenograft human mouse model of
WM (8). In previous clinical studies, enzastaurin was well
tolerated and showed promising activity in solid tumors
and non-Hodgkin lymphoma (12, 14, 15).

We conducted an open-label, multicenter, 2-cohort (par-
allel), phase II trial in patients with relapsed or refractory
WM or multiple myeloma based on the activity of enzas-
taurin inWM cells in vitro and nonclinical xenograft models
of WM in vivo, as well as the safety profile established in
earlier clinical studies. The primary objective was to deter-
mine whether enzastaurin was worthy of further evaluation
in the treatment of these diseases based on the objective
response rate (RR), and secondary objectives included TTP,
safety, and the association of biomarkers with clinical out-
comes. Herein, we report the results for the WM cohort; the
results for patients in the multiple myeloma cohort will be
reported elsewhere.

Patients and Methods
Eligibility criteria

Eligible patients had WM previously treated with at least
1 and nomore than 5 regimens, an IgM paraprotein level of
2 times or more the upper limit of normal, and detectable
lymphoplasmacytic cells in the bonemarrow. Patients were
symptomatic for WM as defined per the consensus recom-
mendations for WM (1, 2, 16) and at least 18 years of age,
with an Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0, 1, or 2. Adequate organ function
was required, including total bilirubin 1.5 or less � upper
limit of normal and aspartate transaminase 3 or less �
upper limit of normal, and calculated creatinine clearance
30 mL/min or more based on the Cockcroft and Gault
formula.

Exclusion criteria included prior allogeneic hematopoi-
etic stem cell transplant; inability to discontinue use of
enzyme-inducing antiepileptic drugs (carbamazepine, phe-
nobarbital, and phenytoin); prior treatment with CD20
mAb therapy 8 weeks or less, carmustine 6 weeks or less,
other systemic cancer therapy 3 weeks or less, or corticos-
teroids 2 weeks or less before enrollment in this trial
without recovery from nonhematologic toxicities from pri-
or therapy at grade 2 or less unless otherwise stated; and
significant cardiac abnormalities or baseline 12-lead elec-
trocardiogram with QTc interval of more than 450 milli-
seconds in men or more than 470 milliseconds in women,
personal or family history of congenital longQT syndrome,
or QRS duration of more than 100 milliseconds.

This study was approved by ethical/institutional review
board(s) andwas conducted according to theDeclarationof
Helsinki, good clinical practices, and applicable laws and
regulations. All patients providedwritten informedconsent.

Treatment plan
The dose of enzastaurin used in this study (clinicaltrials.

gov identifier: NCT00718419) was selected based on both
safety and pharmacokinetic data from previous studies (12,
13). Steady-state concentrations of enzastaurin and its
metabolite are usually achieved after 14 days of daily oral
administration of enzastaurin. On the basis of the pharma-
cokinetic parameters of enzastaurin (12), a loading dose
was used to attain near steady-state concentrations in a
shorter time (<7 days).

Translational Relevance
Enzastaurin has antiangiogenic, antiproliferative, and

proapoptotic properties in vitro and antitumor activity in
vivo in Waldenstr€om macroglobulinemia (WM). We
report the results of a phase II trial of enzastaurin
administered orally twice daily to 42 patients with WM
who were previously treated with 1 to 5 regimens. Six
patients who progressed during treatment with enzas-
taurin had dexamethasone added per protocol. The
objective response rate was 38.1% (2 partial and 14
minor responses). Events that were considered possibly
drug related included one grade 3 leukopenia and one
death due to septic shock. Correlative studies suggested
that a high-baseline concentration level of interleukin 15
may be associated with better response. Enzastaurin was
active and well tolerated as a twice daily oral agent in
previously treated patients with WM; further studies are
warranted.
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On day 1 of cycle 1, patients took a loading dose of
enzastaurin 375mg orally 3 times (total dose of 1,125mg).
Starting on day 2 of cycle 1, enzastaurin 250 mg was taken
twicedaily (500mg total daily dose)within 30minutes after
a meal. Treatment continued for 8 cycles (cycle length was
28 days), or until the patient experienced progressive dis-
ease (PD), as defined by the International Workshop on
Waldenstrom’s Macroglobulinemia (IWWM) response cri-
teria (17), or unacceptable toxicity. Patients were allowed to
continue on study treatment after cycle 8 at the discretion of
the investigator. For patients who progressed during single-
agent enzastaurin therapy, dexamethasone was allowed at
the discretion of the investigator. Dexamethasone was
administered (in combination with enzastaurin) at 20 to
40mg orally once daily on days 1 to 4, 9 to 12, and 17 to 20
of a 28-day cycle for 4 cycles; after 4 cycles, dexamethasone
was administered only on days 1 to 4. Leukocyte colony-
stimulating factors and erythropoiesis-stimulating agents
were allowed according to the American Society of Clinical
Oncology guidelines (18, 19).
Enzastaurin was omitted for any of the following events

considered possibly drug related until the event resolved:
absolute neutrophil count less than 0.5 � 109/L for more
than 5 days; absolute neutrophil count less than 1.0� 109/L
with fever (temperature of 101�F/38.5�C or more); platelet
count less than 25 � 109/L; Common Terminology Criteria
for Adverse Events (CTCAE), version 3.0, grade 3 or 4 trans-
aminase elevations; or other CTCAE grade 3 or 4 nonhema-
tologic toxicity considered clinically relevant. If the event
resolved to baseline or grade 1 or less for nonhematologic or
grade 2 or less for hematologic toxicity, enzastaurin was
resumed at a dose of 250mg (one 125mg tablet twice daily)
per day and may have been reescalated to the full dose if the
event did not recur after 21 days. If the event did not resolve
within 4 weeks, or another aforementioned event occurred
during therapy at the 250 mg reduced dose, the patient was
discontinued. At the investigator’s discretion, a patient who
had a QTc interval of more than 500 milliseconds and a
change of QTc interval to baseline of more than 60 milli-
seconds may also have been discontinued from the study.
Dexamethasone was omitted for any of the following

events considered possibly drug related until the event
resolved: grade 4 hematologic toxicity or other grade 3 or
4 nonhematologic toxicity considered clinically relevant. If
the event resolved to baseline or grade 1 or less for non-
hematologic or grade 2 or less for hematologic toxicity,
weekly dexamethasonewas resumed at 40mg (days 1, 8, 15,
and 22) andmay have been reescalated to the full dose (first
4 cycles: 40mgorally once daily on days 1–4, 9–12, and17–
20; after 4 cycles: 40mg orally once daily on days 1–4) if the
event did not recur after 21 days. If the event did not resolve
within 4weeks, or another event occurred during therapy at
the reduced dose, dexamethasonewas discontinued (enzas-
taurin treatment could continue).

Baseline and treatment assessments
Patients were assessed at baseline and at each cycle with a

physical examination, ECOG PS, and standard laboratory

tests including chemistry and hematology. Electrocardio-
grams were obtained at baseline and cycle 2.

Treatment response was assessed using the IWWM
response criteria (17) during each cycle by serum protein
electrophoresis and nephelometry. As per these criteria
(17), complete response (CR) was defined as the disappear-
ance of serum M protein, absence of malignant cells, res-
olution of lymphadenopathy/organomegaly, and no signs
or symptoms attributable toWM. Partial response (PR) was
defined as a 50% or more IgM reduction, a 50% or more
decrease in adenopathy/organomegaly, andnonew signs or
symptoms of WM. Minor response (MR) was defined as a
25% or more but less than 50% IgM reduction, no progres-
sion of adenopathy/organomegaly, and no cytopenias or
clinically significant symptoms. Stable disease (SD) was a
less than 25% IgM reduction and less than 25% IgM
increase, no progression of adenopathy/organomegaly, and
no cytopenias or clinically significant symptoms. PD was
defined as a 25% or more IgM increase or progression of
clinically significant findings (for example, anemia, throm-
bocytopenia, leukopenia, or bulky adenopathy/organome-
galy) or symptoms (for example, unexplained recurrent
fever, drenching night sweats, weight loss, hyperviscosity,
neuropathy, or symptomatic cryoglobulinemia). Responses
required confirmation 6 or more weeks from the first
observation of response. PD required confirmation with
a repeat test.

Because a spike in the M-protein is common in patients
with WM after treatment initiation, an increase in the M-
protein in patients with WM before cycle 3 did not con-
stitute PD unless specifically determined by the investiga-
tor. Quantitative immunoglobulins and serum-free light
chains were measured at baseline and at each cycle starting
with cycle 2. In addition, a bone marrow aspirate was
obtained at baseline. Lymphadenopathy and splenomeg-
aly were to be measured via computed tomography imag-
ing at baseline and during treatment as clinically indicated
to determine response and document relapse or progres-
sion. After 8 cycles of therapy, a formal response assess-
ment was required. Responses were also measured after
combination therapy (enzastaurin plus dexamethasone)
was initiated.

Due to a high-censoring rate that likely resulted in over-
estimation of time-to-event endpoints, we conducted post
hoc analyses of TTP and duration of response, in which
both confirmed and unconfirmed PDs were considered as
events. TTP was defined as the time from the date of study
enrollment to the date of objectively determined PD. For
patients without objective PD (including those who died),
TTP was censored at the date of the last objective progres-
sion-free disease assessment. Patients who received subse-
quent systemic anticancer therapy (after discontinuation
from study treatment) before objectively determined PD
were censored at the date of the last objective progression-
free disease assessment before postdiscontinuation therapy.

For the safety analyses, all patients who received at least 1
dose of the study drug were evaluated. Adverse events were
graded at each cycle according to the CTCAE, version 3.0.
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Translational research analyses
Plasma samples were collected at baseline, on day 1 of

cycles 1 and 3, and after discontinuation of study treatment,
and were analyzed for the concentrations of 88 plasma

proteins usingHumanMAP� (multianalyte profile), version
1.6, technology (Rules-Based Medicine; RBM).

Due to a high-censoring rate in the time-to-event end-
points, the translational research (TR) analyses associating
biomarkers with clinical outcomes focused only on RR. An
association between eachmarker and RRwas assessed using
logistic regression. Markers were dichotomized into high-
and low-expression groups based on 2 methods: (i) the
method of maximal c2 (20), limiting the search to the
central 50% of the RBM values, and (ii) using the least
detectable dose (LDD; defined as the mean plus 3 standard
deviations of 20 blank readings for each marker) as the
cutoff point. The RBManalyte expressionwas also treated as
a continuous variable in the appropriate regression model
correlating with each clinical outcome. Because the sample
size was expected to be small and the results exploratory, no
multiplicity adjustments acrossmarkerswere carried out for
dichotomous or continuous marker analyses in association
with clinical outcomes. Repeatedly measured assays were
assessed for differences between baseline and postbaseline
values using a paired t test.

Statistical considerations
A Simon 2-stage design was used for this study, which

assumed a type I error of 0.05 and80%power. The clinically
uninteresting true RR (�MR) was considered to be 10%,
and the true RR worthy of further development was 30%.
Under these conditions, if 2 or more of the first 10 patients
(stage 1) experienced an MR or better, the study was
expanded with an additional 19 patients enrolled (stage
2). A total of 6 responders (�MR) of the 29 total were
required to conclude that the true RR was greater than 10%
and warranted further investigation. If 6 responders of the
first 29were observed at stage 2, up to 21 additional patients
were enrolled (expansion phase) to further assess efficacy
and safety.

The objective RR (CR, PR, and MR) and 95% confidence
intervals (CI) were estimated using the normal approxima-
tion to the binomial. For TTP and duration of response,
Kaplan–Meier methods were used, and quartiles and point
probabilities were calculated. Interval estimates were cal-
culated using 95% CIs. All tests of treatment effects were
conducted at a 2-sided alpha level of 0.05 unless otherwise
stated.

Results
Patient characteristics

From July 2008 to December 2010, 42 patients were
enrolled.Of these, 6 patients progressed during single-agent
enzastaurin therapy and subsequently received dexameth-
asone. This report presents results for all 42 patients, which
includes those who received both enzastaurin and dexa-
methasone. Baseline patient and disease characteristics are

presented in Table 1. Most patients were Caucasian and
male, with an ECOG PS of 0. The median number of prior
therapies received was 3.0 (range, 1.0–8.0) and the median
time since prior therapywas 11.3months (range, 0.5–122.5
months). The median time since initial diagnosis was 66.1
months (range, 10.6–248.5 months).

Drug administration
All patients completed at least 1 cycle, 14 patients com-

pleted at least 10 cycles, and 10 patients completed at least
12 cycles. The median number of cycles per patient was 8.0
(range, 1.0–19.0). There were no enzastaurin dose reduc-
tions; however, 3 patients experienced cycle delays and 7
patients required dose omissions due to adverse events. The
mean daily enzastaurin dose was 497.9 mg, and the dose
intensity was 99.6%.

Efficacy
The median follow-up time was 9.5 months (range,

2.5–25.4 months). There were no CRs, 2 PRs (4.8%), and
14 MRs (33.3%) for an objective RR (CRþPRþMR) of
38.1% (Table 2). In addition, SD or better was observed
in 71.4% of patients. Of the patients who experienced an
MR, 2 had received the combination of enzastaurin and
dexamethasone.

The analyses of TTP and response duration, conducted
according to the statistical analysis plan that was designed
before study initiation, resulted in a high degree of censor-
ing, which likely led to an overestimation of the time-to-
event endpoints. Therefore, post hoc analyses were con-
ducted as described in the Methods. On the basis of these
analyses, the median TTP was 10.9 months (95% CI: 7.4,
20.5months), with a censoring rate of 45.2%. At 6months,
75% (95% CI: 58%, 86%) of the patients had not pro-
gressed, and 44%were progression-free at 12months (95%
CI: 26%, 61%). The median duration of response was 17.7
months (95% CI: 9.0, 23.8 months), with a censoring rate
of 62.5%. Of note, no patients were censored for this
analysis because of death or subsequent treatment.

Figure 1 shows a waterfall plot of the best percentage
change of IgM serum from baseline. Two (4.8%) patients
had a confirmed reduction 50% or more (2 additional
patients had an unconfirmed reduction �50%), and 12
(28.6%) patients had a confirmed reduction 25% or more
[7 (16.7%) additional patients had an unconfirmed reduc-
tion �25%]. The mean best percentage of IgM reduction
from baseline was 27.3 (SD, 22.0).

Safety
Eleven patients experienced laboratory adverse events

and 15 patients experienced nonlaboratory adverse events
that were considered possibly study-drug related. All of
these adverse events were grade 2 or less, except for grade
3 leukopenia in 1 patient (Table 3). There was 1 on-study
death due to septic shock, which was considered possibly
drug related and which occurred in a patient who received
enzastaurin and dexamethasone. Twenty packed red blood
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cell transfusions and 3 platelet transfusions were given to 7
patients during the study.

TR
TR analyses focused on all enrolled patients who received

at least 1 dose of the study drug and had at least 1 TR sample
for the RBM marker of interest (the TR analysis set). Of the
42 total patients, 28 had RBM samples; 17 patients had
baseline samples, 20 had postbaseline samples, and 9 had
both baseline and postbaseline samples. For the 9 patients
with both baseline and postbaseline samples, there was no
difference between the 2 distributionmeans of baseline and
postbaseline RBM protein concentration levels (P > 0.05).

In thepatients included in the TRanalysis set, therewere 2
PRs and 10 MRs, for an objective RR of 42.9%. For the 17
patients with baseline samples, using the LDD of 0.58 ng/
mL as the cutoff point for interleukin 15 (IL-15), RR in the
high-concentration subgroup (n¼ 8) was 75.0% compared
with 11.1% in the low-concentration subgroup (n¼9;high-
to low-concentration OR 24.0; 95% CI: 1.74, 330.8; P ¼
0.018), indicating that a high-concentration level of IL-15
was significantly associated with improved RR. Continuous

Table 1. Key patient and disease
characteristics at baseline (N ¼ 42)

Characteristic

Age, years
Median (range) 65 (46–82)
�65, n (%) 21 (50.0)
>65, n (%) 21 (50.0)

Caucasian/African, n (%) 41 (97.6)/1 (2.4)
Females/males, n (%) 7 (16.7)/35 (83.3)
ECOG PS 0/1, n (%) 39 (92.9)/3 (7.1)
Prior chemotherapy
Median number of
therapies (range)

3 (1–8)

One, n (%) 11 (26.2)
Two, n (%) 17 (40.5)
Threeþ, n (%) 14 (33.3)
Prior rituximab, n (%) 38 (90.5)
Prior fludarabine, n (%) 12 (28.6)
Prior bortezomib, n (%) 20 (47.6)
Any prior alkylating
agent, n (%)

13 (31.0)

Median serum
M-protein (range), g/dL

2.05 (0.60–4.40)

b2-microglobulin, mg/L (n ¼ 22)
Median (range) 3.95 (2.00–13.30)
�3, n (%) 8 (36.4)
>3, n (%) 14 (63.6)

Hemoglobin, g/dL
Median (range) 11.0 (7.9–15.3)
�11.5, n (%) 27 (64.3)
>11.5, n (%) 15 (35.7)

IgM, g/dL (n ¼ 39)
Median (range) 3.66 (0.67–7.44)
�7, n (%) 37 (94.9)
>7, n (%) 2 (5.1)

Platelets, � 109/L, n (%)
�100 1 (2.4)
>100 41 (97.6)

ISSWM risk category (n ¼ 22), n (%)
�

Low (�1 adverse
characteristic and
age �65 yrs)

7 (31.8)

Intermediate (2 adverse
characteristics or
age >65 yrs)

14 (63.6)

High (�3 adverse characteristics) 1 (4.5)

NOTE: ECOG PS, Eastern Cooperative Oncology Group
performance status; IgM, immunoglobulin M; ISSWM, Inter-
national prognostic scoring system for Waldenstrom
macroglobulinemia.
�Because the ISSWM (2) was not available when this study
was designed, ISSWM risk category scoring was done
retrospectively for 22 patients (20 patients were missing
b2-microglobulin).

Table 2. Response rates (N ¼ 42)

Response n (%)

CR 0 (0.0)
PR 2 (4.8)
MR 14 (33.3)
Objective RR (CRþPRþMR) 16 (38.1)
95% CI (23.4, 52.8)

SD 14 (33.3)
PD 3 (7.1)
Other

�
9 (21.4)

CR, complete response; PR, partial response; MR, minor
response; RR, response rate; CI, confidence interval; SD,
stable disease; PD, progressive disease.
�Other, patients whose best overall responses could not be
determined because of lack of confirmation; 4 patients had
SD, 2 had MR, and 3 had PD.
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Figure 1. Best percentage change of IgM serum from baseline.
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marker analysis for RR also identified baseline IL-15 con-
centration levels as significant, with an OR (for 1 unit
increase in IL-15 concentration levels) of 13.39 (95% CI:
1.02, 176.24; P¼ 0.048). For the 20 patients with postbase-
line samples, and for each of the markers IL-15 and IL-5,
using the LDDas the cutoff point (0.58mg/mL for IL-15 and
4 pg/mL for IL-5), RR in the high-concentration subgroup
(n ¼ 9) was 66.7% compared with 18.2% in the low-
concentration subgroup (n ¼ 11; OR 9.0; 95% CI: 1.14,
71.03; P ¼ 0.037), indicating that high concentration of
each of the markers was significantly associated with
improved RR. The distribution means of IL-15 concentra-
tion levels were 0.66 (SD, 0.69) at baseline (n ¼ 17) and
0.65 (SD, 0.33) after baseline (n ¼ 20). This indicates a
slight but insignificant numerical decrease of IL-15 concen-
tration levels after baseline.

Discussion
This multicenter phase II study in patients with previ-

ously treatedWM showed that single-agent enzastaurin was
active and well tolerated. Although there were no CRs and
only 2 PRs, it is noteworthy that 14 (33.3%) patients had an
MR, which is encouraging in a pretreated population who
received a median of 3.0 (range, 1.0–8.0) prior regimens.

The objective RR (CRþPRþMR) was 38.1%, and SD or
better was observed in 71.4% of patients. In studies of other
novel agents that target the PI3K/AKT pathways, the
observed RR (�MR) in previously treated patients with
relapsed WM ranged from 27% to 85% for bortezomib
(21–23), 35% for perifosine (24), 70% for everolimus (25),
and 51% for rituximab (26); however, such comparisons
are risky given the small number of patients and differences
in the patient populations and study methodologies.

Despite the small number of patients who achieved a
PR in our study, a substantial number achieved an MR,
and a reduction in IgM was observed in most patients. MR
has been associated with clinically meaningful benefits
for patients with WM; patients who achieved an MR had
similar overall survival, progression-free survival, and TTP
as those who achieved a CR or PR (27). In addition, per a
post hoc analysis, the median TTP was 10.9 months, which
compares favorably with the median TTP reported for
other novel single agents, including 6.6 months for bor-
tezomib in the Waldenstrom’s Macroglobulinemia Clin-
ical Trials Group study (23) and 12.6 months for peri-
fosine (24).

Enzastaurin was well tolerated. During the study, one
grade 3 to 4 adverse event (grade 3 leukopenia) and one
death (due to septic shock) occurred that were considered
drug related. In addition, no dose reductions were
required. A higher incidence of grade 3 and 4 toxicities
was reported for other novel single agents in this patient
population. Bortezomib caused new or worsening
peripheral neuropathy in 20 patients (74%), and 44%
discontinued treatment mainly because of neuropathy
(22). Perifosine dose reductions occurred in 16 patients
(43%) because of neutropenia, gastrointestinal symp-
toms, or arthritis (24). Everolimus was associated with
grade 3 or higher drug-related toxicities in 28 patients
(56%), including hematologic toxicities with cytopenias,
and 52% of patients required dose reductions because of
toxicities (25). For rituximab, grade 3 and 4 toxicities
were reported in 39% and 16% of previously treated
patients, respectively (26).

Given the tolerability and activity observed in this
study, the use of enzastaurin in combination with other
agents or as a maintenance treatment should be consid-
ered. In a phase I study in 23 patients with relapsed or
refractory multiple myeloma who had received 3 or more
regimens, the combination of enzastaurin and bortezo-
mib was well tolerated and showed modest activity (28).
No dose-limiting toxicities were observed, and thrombo-
cytopenia (26.1%) and anemia (8.7%) were the most
common drug-related grade 3 or 4 toxicities. The objec-
tive RR observed in this study was 17.4%, with 9 patients
(39.1%) achieving SD, and the median TTP was 7.9
months (range, 0.95–19.7 months). In a randomized
phase II study of rituximab-cyclophosphamide–Adriamy-
cin–vincristine–prednisone with or without enzastaurin
as first-line treatment of intermediate- and high-risk
DLBCL, preliminary results suggested that the addition
of enzastaurin improved progression-free survival and

Table 3. Maximum grade drug-related CTCAEs
(N ¼ 42)

Event
Grade 1
n (%)

Grade 2
n (%)

Grade 3
n (%)

Grade 4
n (%)

Laboratory
Neutropenia 3 (7.1) 1 (2.4) 0 0
Anemia 0 5 (11.9) 0 0
Leukopenia 3 (7.1) 1 (2.4) 1 (2.4) 0
Hyperglycemia 1 (2.4) 0 0 0
ALT, SGPT 1 (2.4) 0 0 0
AST, SGOT 0 1 (2.4) 0 0

Nonlaboratory
Fatigue 5 (11.9) 1 (2.4) 0 0
Any infection

�
3 (7.1) 1 (2.4) 0 0

Constipation 2 (4.8) 0 0 0
Cough 2 (4.8) 0 0 0
Dyspnea 2 (4.8) 0 0 0
Anorexia 1 (2.4) 0 0 0
Urine color
change

2 (4.8) 0 0 0

Dizziness 1 (2.4) 0 0 0
Flatulence 1 (2.4) 0 0 0
Nausea 1 (2.4) 0 0 0
Vomiting 1 (2.4) 0 0 0

CTCAE, Common Terminology Criteria for Adverse Events;
ALT, alanine aminotransferase; SGPT, serum glutamic pyru-
vic transaminase; AST, aspartate aminotransferase; SGOT,
serum glutamic oxaloacetic transaminase.
�One patient died from septic shock/grade 5 infection.
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response (RRs of 80.4% and 83.3%, respectively; 29).
Toxicities were comparable between the arms, with the
most frequent grade 3/4 adverse events being neutropenia
(56.1% vs. 51.1%, respectively) and thrombocytopenia
(17.5% vs. 13.9%, respectively).
The current study suggests that high concentration levels

of IL-15 may be associated with objective RR. IL-15 is a
cytokine with structural similarity to IL-2. Like IL-2, IL-15
binds to and signals through the IL-2/IL-15 beta chain
(CD122) and the common gamma chain (gamma-C, or
CD132). IL-15 induces proliferation of natural killer cells
and has been shown to enhance the antitumor immunity of
CD8þ T cells in preclinical models (30, 31). A phase I
clinical trial to evaluate safety, dosing, and antitumor effi-
cacy of IL-15 in patients with metastatic melanoma and
renal cell carcinoma (kidney cancer) is ongoing at the U.S.
NIH (32). This observation warrants further assessment to
examine the relationship between IL-15 and enzastaurin in
enhancing antitumor immunity in WM.
This study has several limitations. The finding that ele-

vated IL-15 is associated with RR requires confirmation
because of the small sample size and lack of analytical
correction for multiple testing, and thus should be viewed
as hypothesis generating. The time-to-event results in the
current trial should be interpreted with caution given that
these were derived from post hoc analyses. Finally, this study
is limited by potential selection bias because of the single-
arm trial design.
In conclusion, this phase II study showed that enzas-

taurin is active and well tolerated in previously treated
patients with WM. The oral route of delivery, well-tolerated
safety profile, and prolonged disease control are encourag-
ing and compare favorably with other novel agents studied
in a similar patient population. These results should be
confirmed in a larger study, and enzastaurin should be
considered in studies as a maintenance therapy or in com-
bination with other agents such as bortezomib or rituxi-
mab. Ultimately, randomized trials will be required to

determine whether the encouraging activity will translate
into improved outcomes for patients with WM.
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