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Enzastaurin, a potent inhibitor of protein kinase C-beta,
inhibits angiogenesis and has direct cytotoxic activity
against glioma cells in preclinical studies. Patients with
recurrent high-grade gliomas were stratified by histology
and use of enzyme-inducing antiepileptic drugs
(EIAEDs). Patients on EIAED were treated on the
phase I dose-escalation portion of the trial with evalu-
ation of serum pharmacokinetics as the primary end-
point. Patients not on EIAED were treated on the
phase II portion of the trial with radiographic response
and progression-free survival (PFS) as primary objec-
tives. Patients in phase I received enzastaurin 525–
900 mg/d. Phase II patients received 500 or 525 mg/d.
One hundred and eighteen patients were accrued to
this trial. Therapy was well tolerated with thrombosis,
thrombocytopenia, hemorrhage, and elevated alanine
aminotransferase as the most commonly observed
drug-associated grade 3 or higher toxicities. Patients
on EIAED had serum enzastaurin exposure levels
approximately 80% lower than those not on EIAED.
Dose escalations up to 900 mg/d did not substantially
increase serum exposure levels and a maximally toler-
ated dose was never reached. Twenty-one of 84 evalu-
able patients (25%) experienced an objective
radiographic response. The 6-month PFS was 7% for
patients with glioblastoma and 16% for patients with
anaplastic glioma. Phosphorylation of glycogen synthase
kinase-3 in peripheral blood mononuclear cells was
identified as a potential biomarker of drug activity.
Enzastaurin has anti-glioma activity in patients with
recurrent high-grade glioma, but does not appear to
have enough single-agent activity to be useful as mono-
therapy.
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M
alignant gliomas are a major cause of cancer-
related morbidity and mortality in the United
States. Even with aggressive surgical resection,

radiation therapy, and chemotherapy, the median survi-
val of patients with glioblastoma (GBM) is less than 15
months.1 Despite years of clinical research and numer-
ous trials, there are very few drugs with significant
activity against malignant gliomas. This experience has
led many to believe that new therapeutic strategies
against novel molecular targets are needed.

Angiogenesis-dependent tumor growth is a widely
accepted concept in cancer therapeutic development.
Efficacy of inhibiting vascular endothelial growth
factor (VEGF) has been demonstrated in clinical trials
of bevacizumab for advanced colon and lung carci-
noma.2,3 Numerous preclinical studies have demon-
strated the importance of VEGF as a primary
mechanism for angiogenesis in glioma growth and pro-
gression.4,5 A recent clinical trial of bevacizumab in
patients with malignant glioma demonstrated apparent
clinical benefit.6 Thus, VEGF inhibition represents a
potentially promising approach for glioma therapy.

Enzastaurin HCl (LY317615) is an acyclic bisindolyl-
maleimide, and is an adenosine triphosphatase-
competitive small molecule inhibitor of protein kinase
C-beta (PKC-b). Tumor-induced angiogenesis requires
activation of PKC family enzymes, including PKC-b. In
particular, activation of endothelial proliferation and
migration requires VEGF receptor-mediated PKC acti-
vation. Inhibition of PKC-b by enzastaurin has been
demonstrated to decrease VEGF-induced neovasculature
in the rat corneal micropocket assay, and to decrease
microvascular density and VEGF expression in human
tumor xenografts.7,8 A recent phase II trial of enzas-
taurin in patients with relapsed or refractory diffuse
large B-cell lymphoma suggests clinical antitumor

Corresponding Author: Howard A. Fine, MD, Neuro-Oncology

Branch, National Cancer Institute, NIH, 9030 Old Georgetown Road,

Bloch Bldg. 82, room 225, Bethesda, MD 20892 (hfine@mail.nih.gov).

Received December 2, 2008; accepted February 3, 2009.

Neuro-Oncology 12(2):181–189, 2010.
doi:10.1093/neuonc/nop042 NEURO-ONCOLOGY

Published by Oxford University Press on behalf of the Society for Neuro-Oncology 2010.



activity.9 In addition to its antiangiogenic activity,
enzastaurin has been shown to have direct antiglioma
activity both in vitro and in vivo.10–12 We, therefore,
chose to evaluate the clinical activity of enzastaurin in
patients with recurrent high-grade gliomas.

Materials and Methods

Patients

Patients with a previously confirmed high-grade glioma
that progressed following standard fractionated radio-
therapy were eligible for this trial. Eligible histologies
included: GBM, gliosarcoma, anaplastic astrocytoma,
anaplastic oligoastrocytoma, anaplastic oligodendro-
glioma, and anaplastic glioma (AG) not otherwise
specified. Patients were at least 18 years of age, had a
Karnofsky Performance Status (KPS) of at least 60%,
and a projected survival time of at least 2 months. There
were no restrictions on the types or number of prior treat-
ments, but patients could not have any other significant
comorbid diseases or end-organ dysfunction that would
obscure the results of treatment on this trial. The trial
was amended approximately halfway through accrual to
exclude patients on full anticoagulation with either war-
farin, heparin, and/or low-molecular-weight heparin,
when several patients experienced intratumoral hemor-
rhage on study while concomitantly treated with anticoa-
gulation (see toxicity in Results section).

Study Design and Treatment

Phase I. Patients taking enzyme-inducing antiepileptic
drugs (EIAEDs; Group B) were treated on the phase
I portion of this trial based on a pharmacokinetic (PK)
endpoint of achieving an enzastaurin concentration of
.1400 nM. Given the IC90 of 70 nM and 95% protein
binding of enzastaurin, the target mean steady-state con-
centration (parent and metabolites) for clinical efficacy
was estimated to be 1400 nM. Three dose levels were
explored: 525, 700, and 900 mg/d. Five patients were
treated at each dose level and serum PKs were evaluated.
If 2 or more patients did not achieve a steady-state serum
concentration of .1400 nM, and there was no more
than 1 drug-related dose-limiting toxicity within the
group of 5 patients, then the next cohort of patients
were treated at a higher dose level.

Phase II. Patients who were not taking EIAED (Group
A) were treated on the phase II portion of this trial.
Patients received a daily flat dose of 525 mg/d of enzas-
taurin, later changed to 500 mg/d when the formulation
of the drug was changed from a pill to a tablet form. A
treatment cycle was 6 weeks. Patients were instructed
to take enzastaurin in the morning with a high-fat break-
fast (approximately 40 g). No premedications were
necessary. Treatment was continuous unless toxicity
required termination of drug therapy. Complete blood
counts, hepatic, renal, and metabolic blood chemistries
were drawn every 3 weeks, or more often as medically

indicated. EKGs were obtained at the end of each treat-
ment cycle. Physical and neurological examinations
were performed prior to patient enrollment, at 3
weeks, 6 weeks, and every 6 weeks thereafter. A baseline
MRI and perfusion scan were obtained within 2 weeks
of enrollment, then at the end of every 6-week cycle.
Treatment was continued as long as there were no unac-
ceptable toxicities and there were no signs of tumor pro-
gression. All patients were treated at the Clinical Center
at the National Institutes of Health after providing
informed consent for participation in this Institutional
Review Board approved trial.

Statistical Design. Phase II patients were stratified based
on whether they had GBM or AG. Given our expectation
that enzastaurin would have cytostatic rather than cyto-
toxic activity, the trial was initially designed and
powered to evaluate 6-month progression-free survival
(PFS6) using historical control benchmarks for each his-
tological subgroup. We saw encouraging radiographic
responses early in the trial (6 of the first 17 evaluable
patients) and amended the trial design to use radio-
graphic response rate as the primary endpoint for the
GBM cohort. Our revised statistical plan called for the
enrollment of 35 additional GBM patients and was
powered to see a 29% objective response rate when com-
pared with the previously reported objective response rate
of 9% when temozolomide was used in patients with
recurrent GBM.13 Response criteria included the require-
ment for a stable dose of corticosteroids and clinical/
neurological stability. Contrast-enhanced MRI was eval-
uated every 6 weeks where tumor response was assessed
with standard criteria using largest cross-sectional diam-
eters of measurable lesions, and scored evaluations of
nonmeasurable, but evaluable, disease.14,15 All partial
and complete responses were confirmed independently
by 3 reviewers (HF, TK, JB). For the AG cohort, the
study used a mini–max two-stage design16 to distinguish
between a targeted 55% PFS6 and a historical control
PFS6 of 35%. A futility analysis was planned for the
first 31 patients, where accrual would be stopped if 10
or fewer patients had a PFS greater than 6 months.

Overall and PFS was estimated with Kaplan–Meier
methodology, stratified by histology where the date of
progression used was the earlier of either: date of radio-
graphic progression, date of study for clinical decline or
drug-associated toxicity, or start date of new therapy of
study if that follow-up was known. All other patients
were censored at date of last follow-up if they had not
progressed. All patients were evaluable for survival;
only those with a follow-up MRI scan were evaluable
for radiographic response. Toward the end of enrollment
to the efficacy portion of the trial, an additional 20 GBM
patients were enrolled to assess the potential usefulness
of a new biomarker (phosphorylation status of glycogen
synthase kinase-3 [GSK3] in peripheral blood mono-
nuclear cells [PBMCs]) for predicting clinical response
and/or reflecting serum PKs.

PK Analysis. Plasma samples for characterizing PKs
of enzastaurin and its metabolites were collected at
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specified time points on day 1 and within a 24-hour
interval after 2 weeks of treatment in cycle 1 for all
patients. Initial patients accrued to the phase II trial fol-
lowed a sparse sampling schedule, but later patients fol-
lowed the same schedule as phase I patients. Plasma
samples were analyzed by turbo ion spray, liquid chrom-
atography/tandem mass spectrometry (LC/MS/MS) in
the positive ion mode (Advion BioSciences, Inc.,
Ithaca, New York). The assay demonstrated a lower
limit of quantification of 0.5 ng/mL, whereas the
upper limit of quantification was 150 ng/mL for all ana-
lytes. The intra- and inter-assay precision (RSD) results
calculated from validation samples were �6.89% for
all analytes at all concentrations.

PK parameters, such as Cmax, AUC 0–24, tmax follow-
ing single dose and at steady-state, and apparent clearance
were calculated using noncompartmental methods from
the plasma concentration–time profiles of enzastaurin
and its metabolites with WinNonlin Pro 3.1 (Pharsight,
Mountain View, California). The metabolic ratio was cal-
culated for the major metabolite, LY326020, as a ratio of
the metabolite AUC to parent AUC at steady state.

Pharmacodynamic Determination of Phospho-S9-
GSK3b in PBMCs. PBMCs were prepared from 3 to
5 mL of whole blood with BD vacutainer CPT tubes
using the manufacturer’s protocol. ELISA-based detec-
tion of the phopsho-S9-GSK3 was performed using a
commercially available ELISA kit (BD kit Cat #
900-123 from Assay Design) according to the manufac-
turer’s instructions.

Results

Between October 2002 and May 2005, a total of 15
patients were accrued to the phase I portion of this trial
and 105 patients were accrued to the phase II portion.
Two patients in Group A did not start treatment after
registration and were excluded from the analysis.
Results for a total of 118 patients are described. Patient
characteristics by study arm and histology are displayed
in Table 1. There were 83 patients with GBM: 11
enrolled in Phase I, 72 enrolled in Phase II (52 planned
for response rate endpoint and additional 20 for study
of correlative biomarker). There were 48 women and
70 men with a median age of 47 years (range 19–70).
The patients were generally highly pretreated with
more than half of the patients (55% GBM, 60% AG)
having had 3 or more systemic chemotherapy regimens
prior to enrollment. Nearly every patient had previously
been treated with temozolomide either as part of his or
her initial treatment regimen or for recurrent tumor (79
of 83 GBM; 34 of 35 AG). Despite the number of prior
therapies, patients overall had a good performance
status (median KPS 90). In the phase I portion of the
trial, 5 patients were treated on each of the dose levels
(525, 700, 900 mg/d). In the phase II portion of the
trial, 34 patients were treated at 525 mg/d; 69 patients
were treated at the 500 mg/d dose following the
change of drug formulation from tablets to capsules.

PK Analysis

Plasma concentration–time data and dosing information
(dose date and time) for PK evaluation based on intensive
sampling were available from 79 patients. The PK par-
ameters of enzastaurin and total analytes (enzastaurin þ
LY326020 þ LY485912) following single and multiple
dosing are summarized in Table 2. The maximum
plasma concentration (Cmax) for enzastaurin was
reached within 4 hours after dosing (Fig. 1). The steady
state of enzastaurin is achieved within 2 weeks with
daily oral dosing.17 Accumulation of enzastaurin and
LY326020 was evident for Group A patients, and was
similar in extent to that reported previously.17 In con-
trast, Group B patients had significantly lower exposures
and showed little accumulation of enzastaurin. The tar-
geted mean steady-state total concentration for clinical
efficacy (1400 nM) was achieved in Group A patients.
In contrast, the exposure (AUCs) of enzastaurin in
Group B patients was 10%–15% of the exposures seen
in Group A patients. Likewise, the LY326020 exposures
observed in Group B patients were approximately 30%
of those seen in Group A patients. Increasing the dose
of enzastaurin in Group B patients from 525 to 900 mg
did not result in increasing enzastaurin or LY326020
exposures. The exposures in Group A patients who did
not have intensive PK sampling overlaid well with the
Group A patients with intensive sampling (figure not
shown) and can be expected to have similar values for
the PK parameters as demonstrated in Table 2.

There were a number of patients treated with long-
term EIAED therapy who were relatively quickly (2–4
weeks) converted to non-EIAED prior to receiving
enzastaurin, raising the concern that these patients
might still have induced CYP34A enzymes and thus
altered enzastaurin PKs compared with other Group A
patients. To evaluate this, we performed extensive

Table 1. Patient characteristics

Phase I (Group B), n 5 15

Men 8

Women 7

GBM 11

AG 4

Median age (y) 53

Phase II (Group A), n 5 103

Men 62 (60%)

Women 41 (40%)

GBM 72 (70%)

Median age (y) 48

Median KPS 90

Evaluable for response 57 (79%)

AG 31 (30%)

Median age (y) 46

Median KPS 90

Evaluable for response 27 (87%)

Anaplastic oligoastrocytoma 16 (50%)

Anaplastic astrocytoma 16 (50%)
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Table 2. Summary of PK parameters, geometric means and (%CV) for enzastaurin and its metabolite, LY326020, following the first dose (day 1) and at steady state (day 20) for patients with
(Group B) and without (Group A) concurrent EIAED administration

Day 1 Day 20

Cmax

(nmol/L)
tmax

a (h) AUC0–24

(nmol h/L)
Cmax,ss

(nmol/L)
tmax,ss
a (h) AUCt,ss

(nmol h/L)
Cav,ss

(nmol/L)
CL/F (L/h) MR (ratio)

Enzastaurin

Group A: 500 mg (n ¼ 61) 872 (64.6) 4.00 (0.97–8.08) 8700 (66.4) 1440b (74.9) 4.00b (1.08–8.08) 15700c (89.5) 655c (89.5) 61.7c (89.5) —

Group B: 525 mg (n ¼ 5) 306 (34.4) 4.00 (2.08–6.02) 1790 (38.4) 313 (55.8) 2.08 (2.00–6.05) 2370 (58.4) 98.6 (58.4) 430 (58.4) —

Group B: 700 mg (n ¼ 5) 181 (45.1) 4.08 (2.00–6.00) 1170 (65.4) 181 (32.6) 4.00 (2.00–6.00) 1720 (29.3) 71.8 (29.3) 788 (29.3) —

Group B: 900 mg (n ¼ 5) 169 (85.3) 2.08 (2.00–6.03) 1240d (96.9) 250 (80.3) 4.00 (1.00–6.00) 1840e (104) 76.7e (104) 948e (104) —

LY326020

Group A: 500 mg (n ¼ 61) 394 (49.3) 4.05 (1.00–24.17) 5960 (41.5) 867b (44.6) 4.00b (0.00–8.07) 16300c (42.4) 682c (42.4) — 1.04c (65.5)

Group B: 525 mg (n ¼ 5) 352 (30.5) 4.00 (2.08–6.02) 3480 (44.8) 425 (57.5) 2.08 (2.00–8.00) 5700 (73.1) 237 (73.1) — 2.41 (13.3)

Group B: 700 mg (n ¼ 5) 207 (70.2) 4.08 (2.00–6.00) 2190 (76.4) 246 (48.9) 6.00 (4.00–8.00) 3590 (45.2) 149 (45.2) — 2.08 (26.9)

Group B: 900 mg (n ¼ 5) 209 (51.8) 4.00 (4.00–9.00) 2540d (35.0) 404 (53.3) 5.97 (4.00–8.00) 5390e (59.0) 225e (59.0) — 2.93e (35.8)

Total analyte

Group A: 500 mg (n ¼ 51) 1370 (55.7) 4.00 (1.00–23.25) 16600 (52.3) 2540b (58.7) 4.00b (1.00–8.08) 36700c (62.2) 1530c (62.2) — —

EIAED, enzyme inducing antiepileptic drugs; CV, coefficient of variation, n, number of subjects used in the PK analysis.
aMedian (range)
bn ¼ 51.
cn ¼ 49.
dn ¼ 3.
en ¼ 4.
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enzastaurin PK analysis in 12 long-term phenytoin-
treated patients who started enzastaurin 2 weeks after
stopping phenytoin and converted to a non-EIAED
(levetiracetam). As can be seen in Fig. 2, the enzastaurin
exposure levels in these patients were similar to those
seen in patients never treated with any antiepileptics
and to those only treated with non-EIAEDs.

Treatment and Toxicity

Enzastaurin was well tolerated in this study (Table 3).
Only 10% of patients with GBM and 17% patients
with AG required dose reductions (12% total), only 4%

of which were secondary to drug-related adverse events
(most others were due to patient error). The most
common grade 3 and higher adverse events related to
the study drug were venous thrombo-embolic events,
thrombocytopenia, hemorrhage, and asymptomatic
elevation in alanine aminotransferase (ALT). Nine
patients had deep venous thrombosis, and 3 patients had
pulmonary emboli requiring intervention. Thrombo-
embolic events observed in this study were not signifi-
cantly increased above the baseline risk of the general
malignant glioma patient population.18

Most patients who experienced a grade 3 or 4 thrombo-
cytopenia never resumed treatment with enzastaurin since

Fig. 1. Plasma concentration–time profile of enzastaurin (upper panel) and LY326020 (lower panel) following the first dose and at steady

state.
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tumor progression usually occurred prior to resolution of
the thrombocytopenia. Since thrombocytopenia was
seen more frequently in this study than in other nonbrain
tumor trials with enzastaurin, we evaluated potentially
predisposing covariables. Neither the type nor number
of prior chemotherapeutic agents used, the patient’s
age, sex or concurrent medications were associated with
the likelihood of developing enzastaurin-induced throm-
bocytopenia. Furthermore, the PK profile of the patients
who experienced thrombocytopenia was not
significantly different from those patients who did not
(data not shown).

Eight patients experienced intracranial hemorrhage
(ICH), 6 of whom were on therapeutic anticoagulation
(warfarin or low molecular weight heparin). Since
only 12 patients in this trial were anticoagulated, the

risk of bleeding in this subgroup of patients was 50%,
prompting us to exclude enrollment of anticoagulated
patients in the later part of the study. One of the 2
patients with ICH who was not anticoagulated bled in
the setting of malignant hypertension. Thus, only 1 of
8 patients with ICH had no obvious predisposing
cause other than the presence of tumor and treatment
with enzastaurin. The 3 deaths on study were hemorrha-
gic events: 2 ICH, 1 upper gastrointestinal hemorrhage.

Efficacy

A total of 21 out of 84 (25%) patients with evaluable
disease had objective radiographic responses to enzas-
taurin as demonstrated by decreased gadolinium enhance-
ment and decreased cerebral edema: 4 of 27 (15%) AG, 17
of 57 (30%) GBM—one with a complete response. When
excluding the first 17 GBM patients enrolled prior to the
change in study primary endpoint, the response rate was
26% (11 of 42 evaluable). Both of the calculations for
the GBM cohort (26% and 30%) are distinct from
the 9% historical response rate for recurrent GBM
(P , .001).19 Among the responders, 5 AG and 2 GBM
patients had bidimensionally measurable disease that
met the MacDonald criteria for partial response. The
median PFS was 1.3 months for patients with GBM and
2.1 months for those with AG. The PFS6 was 7% for
patients with GBM and 16% for patients with AG.
(Fig. 3) Median overall survival for GBM patients was
4.6 months vs 6.8 months for AG patients. There was
no significant difference in PFS or radiographic response
rate between patients who were administered enzastaurin
capsules versus those that received enzastaurin pills.

Pharmocodynamics

During the course of this trial, it was discovered that
enzastaurin is a potent inhibitor of GSK3 in addition
to being a potent inhibitor of PKC-b. Preclinical data
suggest that some of the direct antiglioma activity of
enzastaurin is secondary to its effects on GSK3.11 In an
attempt to find a potentially useful clinical biomarker
of drug activity, we modified the later part of the trial
to allow evaluation of enzastaurin effects on GSK3
kinase activity in the PBMCs of treated patients.
PBMCs of 17 GBM patients were successfully evaluated
for GSK3 activity prior to treatment and then at 3 and 6
weeks after initiating treatment. As can be seen in Fig. 4,
phospho-GSK3b levels decreased from baseline in a
time-dependent manner (see also Supplementary
Material, Fig. S1). The linear change using a linear
mixed model to test whether there was a decrease in
pGSK3b from 0–3 to 6 weeks was statistically signifi-
cant (P ¼ .01), confirming the observation that
pGSK3b levels decrease with exposure time to enzas-
taurin. The maximum inhibition was observed
between 4 and 8 hours after drug administration,
coinciding with the Tmax for enzastaurin and its
primary active metabolite (between 2–4 and 4–8
hours, respectively). Phamacodynamic profiles could

Fig. 2. Plasma concentrations of enzastaurin at steady state in

patients not on EIAED and those that were taken off of EIAED 2

weeks previously. Box plots are used to compare the distributions

between the 2 groups. The center of the box denotes the

median, while the lower and upper sides reflect the 1st and 3rd

quartiles of the distribution. Error bars are drawn to the

observation closest to the median which is not an outlier (defined

as 1.5 times the inter-quartile range).
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not be correlated with patient outcomes, since only 3 out
of the 20 patients enrolled for this portion of the study
had a response to therapy.

Discussion

Enzastaurin, a PKC-b inhibitor, was developed as a novel
inhibitor of angiogenesis based on the importance of
PKC-b in endothelial cell VEGF-mediated proliferative
signaling. Preclinical data support enzastaurin’s ability
to inhibit angiogenesis both in vitro and in vivo.
Additionally, preclinical data suggest that the drug may
have significant direct cytostatic/cytotoxic effects against
a number of cancer cell types including gliomas.10,11 The
results of this trial demonstrate that enzastaurin is well tol-
erated and possesses biological activity in a subpopulation
of patients with recurrent malignant gliomas.

Enzastaurin, and its major metabolite, LY326020, is
primarily metabolized by CYP3A that is known to have
high variability in expression in the general population
and even greater variability in cancer patients. As
expected, there was a significant reduction in enzas-
taurin and LY326020 exposures in patients on EIAED.
The extent of induction confirms that the primary
route of elimination for enzastaurin and its metabolite
is metabolism by CYP3A. High variability was seen in
enzastaurin exposures (% CV of 89.5%), resulting in a
10-fold range of exposure even in the absence of
enzyme inducers. Interestingly, increasing doses of
enzastaurin in patients on EIAED did not result in
increasing enzastaurin exposures. This suggests the
possibility of autoinduction of enzastaurin metabolism,
or that drug absorption and bioavailability are limited
at higher doses. We have recently completed a dose esca-
lation trial, starting at 500 mg, incorporating a multiple
daily dosing strategy to address this question.

Given the profound effect that EIAED can have on
drug metabolism, many clinical trials exclude the use
of EIAED. Thus, it has become a common practice to
rapidly convert selected patients to a non-EIAED in an
attempt to make them eligible to the protocol when
tumor progression is documented. Yet, there are little
data relative to the amount of time it takes for P450
enzyme induction to revert to baseline following cessa-
tion of EIAED therapy. We addressed this question by
performing extensive PKs on 14 patients who were

Table 3. Enzastaurin-related adverse events from 118 patients

Toxicity Grade 2 Grade 3 Grade 4 Grade 5 Total Grade � 3

Thrombosis/thrombus/embolism 1 3 11 14 (12%)

Platelets 8 7 2 9 (7.6%)

Hemorrhage, CNS 6 2 8 (6.7%)

Hemorrhage, other 2 1 3 (2.5%)

ALT, SGPT 8 3 1 4 (3.4%)

AST, SGOT 3 1 1

Prolonged QTc interval 5 0

Bilirubin (hyperbilirubinemia) 4 0

Diarrhea 2 0

Nausea 1 0

Alkaline phosphatase 1 0

Hypoalbuminemia 1 0

Cardiac ischemia 1 0

Fig. 3. Clinical outcome of malignant glioma patients treated with

enzastaurin.

Fig. 4. Effects of enzastaurin on PBMC phosphorylated GSK3

levels.
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administered enzastaurin 2 weeks after having stopped
their long-term (.3 months) EIAED (either phenytoin
and/or carbamazapine) and being converted to levitera-
cetam. As can be seen in Fig. 2, the serum exposure levels
in all of these patients were identical to those in patients
who were never treated with EIAED. We observed that
the majority of the enzyme induction that occurs with
EIAED resolves within 2 weeks of stopping the antiepi-
leptic drug.

The patients in this trial tolerated treatment with
enzastaurin very well. The most concerning toxicity
was thrombocytopenia. Few patients required platelet
transfusions, but 1 patient with a chronically hemorrha-
gic tumor-associated cyst bled into the cyst and died
while being treated with enzastaurin. In contrast to
standard cytotoxic-chemotherapy, enzastaurin-related
thrombocytopenia seemed idiosyncratic and risk did
not appear to be related to the amount of prior
therapy, drug serum levels, or prior history of thrombo-
cytopenia. Furthermore, the thrombocytopenia almost
always occurred within the first 6 weeks of treatment
and rarely if ever thereafter, so did not appear to be a
cumulative effect of therapy. Interestingly, the prevalence
and severity of thrombocytopenia was much higher in
this trial than in other trials of enzastaurin for unclear
reasons. No PK interaction with other coadministered
drugs can explain this observation. Hemorrhagic compli-
cations were also observed, but were highly associated
with concomitant anticoagulation, and enzastaurin
should not be coadministered with these drugs.

Enzastaurin demonstrated a high response rate in
GBM patients relative to historical controls (30% vs
9%). The radiographic responses were often profound
and associated with decreased cerebral edema and clini-
cal improvement. When responses occurred, they were
reasonably well maintained with a PFS6 of 24%.
Nevertheless, the majority of patients did not respond,
and PFS was not significantly better than historical
control.19 We could not find any clinical, pharmacologi-
cal, or biological variable that correlated with the likeli-
hood of response. This prompted exploration of a
pharmacodynamic biomarker for response to enzas-
taurin. We demonstrated that patients treated with
enzastaurin have a time and PK-associated decrease
in GSK3 phosphorylation within their PBMCs.
Unfortunately, by the time we had made this observation
and worked out the assay, there were not enough
patients remaining to be evaluated on trial to make
any type of statistical correlation to response data.

The patternof radiographic response observed was also
interesting. Certainly, the early decrease in gadolinium
enhancement and cerebral edema are consistent with an
anti-VEGF vascular permeability effect, similar to that
seen with other agents such as bevacizumab. We obtained
perfusion data on a subset of such patients who show
diminished blood flow to the treated tumors consistent
with an anti-angiogenic effect, although we have seen
similar decreases in blood volume and perfusion in
gliomas following treatment with primarily cytotoxic
agents (data not shown). Additionally, we did not
observe the common toxicities associated with

anti-VEGF therapy such as hypertension, arterial throm-
bosis, and proteinuria. Possibly, these toxicities were not
observed either because enzastaurin is a relatively weak
VEGF inhibitor in situ, PKC-b inhibition may not be
associated with these other possibly “off-target” effects
of anti-VEGF therapy, and/or because enzastaurin is not
primarily working through an anti-VEGF effect in these
patients. Whether or not the immediate radiographic
changes seen in these patients was VEGF pathway
mediated, the very prolonged PFS observed in a small sub-
group of patients argues for an additional enzastaurin-
mediated cytotoxic effect on glioma cells (Fig. 5).

In conclusion, enzastaurin is very well tolerated and
has antiglioma activity in a subset of patients with recur-
rent gliomas. Despite an encouraging objective response
rate in GBM patients, lack of a significant impact on
PFS6 and negative results from a subsequently com-
pleted phase III trial in recurrent GBM20 suggest that
enzastaurin is unlikely to be a useful agent as monother-
apy for the majority of patients with recurrent gliomas.
Nevertheless, the paucity of significant drug-associated
toxicities, the ease of administration, and provocative
preclinical data make enzastaurin a promising new
agent to evaluate in combination with other antiangio-
genic and cytotoxic agents in patients with malignant
glioma. Future studies will need to better delineate the
mechanism of enzastaurin’s antiglioma effects in situ
and identifying biomarkers of drug activity for the
purpose of rationally designing such combination trials.
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online.
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Fig. 5. Complete response to enzastaurin therapy maintained

almost 5 years since initiating treatment. (A) Baseline study. (B)

Resolution of enhancing brainstem disease with volume loss

indicating prolonged tumor response to therapy.
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