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Romidepsin, a potent histone deacetylase inhibitor, has
shown activity in preclinical glioma models. The
primary objectives of this trial were to determine the
pharmacokinetics of romidepsin in patients with recur-
rent glioma on enzyme-inducing antiepileptic drugs
(EIAEDs) and to evaluate the antitumor efficacy of romi-
depsin in patients with recurrent glioblastoma who were
not receiving EIAEDs. Two dose cohorts were studied in
the phase I component of the trial (13.3 and 17.7 mg/
m2/d). Patients in the phase II component were treated
with intravenous romidepsin at a dosage of 13.3 mg/
m2/day on days 1, 8, and 15 of each 28-day cycle.
Eight patients were treated on the phase I component.
A similar romidepsin pharmacokinetic profile was
demonstrated between patients receiving EIAEDs to
those not receving EIAEDs. Thirty-five patients with
glioblastoma were accrued to the phase II component.
There was no objective radiographic response. The
median progression-free survival (PFS) was 8 weeks
and only 1 patient had a PFS time ≥6 months (PFS6 5
3%). To date, 34 patients (97%) have died, with a

median survival duration of 34 weeks. Despite in vitro
studies showing that romidepsin is primarily metab-
olized by CYP3A4, no decrease in exposure to romidep-
sin was seen in patients receiving potent CYP3A4
inducers. Romidepsin, at its standard dose and schedule,
was ineffective for patients with recurrent glioblasto-
mas.
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M
alignant gliomas, the most common primary
brain tumors in adults, have an estimated
annual incidence of 15, 000 cases in the

United States.1 Despite optimal treatment with
maximal surgical resection, radiotherapy, and che-
motherapy with the alkylating agent temozolomide,
gliomas almost invariably recur. Prognosis at time of
recurrence is poor, with median duration of survival of
only 25 weeks for recurrent glioblastomas (grade IV
glioma) and 40 weeks for recurrent anaplastic gliomas
(grade III).2 Currently, there is no single accepted stan-
dard of care for patients with recurrent malignant
gliomas. Re-resection with carmustine wafers,3 systemic
nitrosoureas, and, more recently, bevacizumab4,5 are
available options; the benefit of these therapies in
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either disease control or survival, however, is usually
measured in a few months. Clearly, better therapeutic
approaches are needed.

Several malignancies, including gliomas, present
abnormal histone acetylation, histone deacetylase
(HDAC) overexpression, and, consequently, aberrant
DNA transcription.6 HDAC inhibitors, a relatively
new class of antineoplastic drugs, promote cell-cycle
arrest, cellular differentiation, and apoptosis of malig-
nant cells.7 Inhibition of HDAC increases acetylation
of histones, thereby promoting chromatin remodeling
and facilitating transcription of genes involved in
tumor suppression and apoptosis.6 Additionally, acety-
lation of nonhistone proteins involved in tumor patho-
genesis, such as hypoxia-inducible factor-1, heat shock
protein 90, and p53, likely plays a significant role in
the antitumoral activity of HDAC inhibitors.8 More
recently, HDAC inhibitors were shown to decrease for-
mation of GBM-derived neurospheres, promote tumor
stem cell differentiation, and abrogate tumorigenicity
of GBM-derived neurospheres.9

Romidepsin (Istodax; Celgene; formerly known as
FK228, FR901228, or depsipeptide), a peptide isolated
from Chromobacterium violaceum, potently inhibits
HDAC10 and has efficacy at nanomolar concentrations
against several cancer models. In GBM cell lines, romi-
depsin decreases levels of the antiapoptotic protein
Bcl-xL and increases expression of the cyclin-dependent
kinase inhibitor p21.11 In addition, romidepsin
decreases tumor growth and induces apoptosis in subcu-
taneous glioma models.11 Romidepsin has been tested
clinically in several solid and hematologic malignancies
and has recently received US Food and Drug
Administration approval for use in cutaneous T-cell
lymphomas.12,13

We performed a limited phase I pharmacokinetics
(PK)–driven trial of romidepsin in patients receiving
enzyme-inducing anti-epileptic drugs (EIAEDs),
because romidepsin is metabolized primarily by cyto-
chromes CYP3A4 and CYP3A514 and EIAEDs potently
induce CYP3A4. To assess the clinical antitumor activity
of romidepsin, we performed a phase II trial of standard
dose romidepsin in patients with recurrent malignant
gliomas not receiving EIAEDs.

Methods

Eligibility Criteria

Eligibility criteria included age ≥18 years, histologically
confirmed intracranial malignant glioma, and unequivo-
cal radiographic tumor progression. For the phase II
component, patients could not have received treatment
for .2 prior relapses; number of relapses was not an eli-
gibility criterion for the phase I trial. Additional eligi-
bility criteria included Karnofsky performance scale
≥60, adequate bone marrow function (white blood cell
count, ≥3000 cells/mL; absolute neutrophil count,
≥1500 cells/mL; platelet count, ≥1 00 000 platelets/
mL; and hemoglobin concentration, ≥10 g/dL),

adequate liver function (bilirubin and aspartate amino-
transferase levels ,2 times the upper limit of normal),
adequate renal function (creatinine level, ,1.5 mg/
dL), and life expectancy .8 weeks. At least 6 weeks
must have elapsed from radiation therapy, 4 weeks
from use of cytotoxic or investigational drugs, 6 weeks
from use of nitrosoureas, 3 weeks from use of procarba-
zine, 2 weeks from use of vincristine, and 1 week from
use of noncytotoxic agents, such as interferon, tamoxi-
fen, thalidomide, or cis-retinoic acid. Measurable radio-
graphic disease was not required for eligibility. A stable
dose of corticosteroids for ≥5 days was needed before
obtaining the baseline MRI scan.

Patients receiving EIAEDs were ineligible for the
phase II trial while patients on the phase I component
were required to be receiving EIAEDs. Patients receiv-
ing valproic acid, an antiepileptic drug with HDAC
inhibitory activity, were not eligible for either trial
component. Patients with serious intercurrent
medical illness, active infection, other cancer diagnosis
within 3 years of study entry, class III or IV
New York Heart Association heart failure, myocardial
infarction within 1 year of study entry, uncontrolled
cardiac arrhythmia, history of ventricular tachycardia
or ventricular fibrillation, poorly controlled angina,
QTc of ≥ 500 msec, left ventricular ejection fraction
≤40% by multigated acquisition (MUGA) scan, and
concomitant use of drugs that prolong QTc interval
were ineligible. Pregnant or nursing women were
also ineligible, and use of birth control methods was
mandatory. Institutional review boards from each par-
ticipating center approved the protocol, and all
patients provided written informed consent before
enrollment.

Treatment Plan and End Points

The National Cancer Institute’s Cancer Therapy
Evaluation Program (CTEP) provided romidepsin to all
participating sites. Romidepsin was intravenously
infused over 4 hours on days 1, 8, and 15 of a 28-day
cycle with mandatory use of prophylactic antiemetic
drugs. Electrocardiograms were performed prior to
romidepsin infusion (hour 0), immediately following
the infusion (hour 4), and 20 hours after the infusion
was completed (hour 24) on days 1 and 8, and prior to
infusion on day 15 of cycle 1 of both phase I and II com-
ponents. Serum magnesium and potassium levels were
checked prior to each infusion and replaced if levels
were less than 0.85 mmol/L and 4.0 mmol/L, respect-
ively. Medical history was determined and physical
and neurological examinations were performed every
cycle. Complete blood cell count, serum chemistries,
and liver function tests were done weekly. A MUGA
scan was performed at baseline, end of cycle 1, and
every 3 cycles thereafter. A brain MRI was done prior
to every other cycle. Treatment could continue for up
to 12 cycles or until disease progression, unacceptable
toxicity, intercurrent illness that prevented treatment
continuation, or consent withdrawal. Diagnosis was
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confirmed by central pathological review. Patients who
had a progression-free survival (PFS) duration of ≥6
months or those with radiographic responses had brain
MRI scans centrally reviewed. Toxicity was evaluated
using the National Cancer Institute Common Toxicity
Criteria version 3.0.

Phase I—The primary end points of the phase I study
were defining the maximum tolerated dose (MTD) and
establishing the PK profile of romidepsin in patients
receiving strong CYP3A4-inducing EIAEDs. The initial
3-patient cohort received romidepsin at dosage of
13.3 mg/m2/day on days 1, 8, and 15 of each 28-day
cycle. The Data Safety Monitoring Committee
(DSMC) reviewed all toxicities before deciding to esca-
late to the next dose level. Dose escalations were
planned in groups of 3 patients; 3 additional patients
were added at a certain dose level if 1 of 3 initial patients
had a dose-limiting toxicity (DLT). No intra-patient
dose escalation was permitted. DLT was defined as any
thrombocytopenia of grade ≥3, grade ≥4 anemia and
neutropenia, grade ≥3 nonhematologic toxicity attribu-
table to romidepsin, or failure to recover from toxicities
to be eligible for re-treatment within 2 weeks after the
last dose of romidepsin. The MTD was based on the tol-
erability observed during the first 4 weeks of treatment
and was predefined as the dose at which fewer than
one-third of patients experienced a DLT (ie, the dose
at which 0 or 1 of 6 patients experience DLT), with
the next higher dose having at least 2 of 3 or 2 of 6
patients encountering DLT. Nonevaluable patients,
such as those removed from study in the first cycle for
reasons other than toxicity, were replaced. Dose
reduction was not allowed in the first cycle of the
phase I component.

Phase II—The primary efficacy end point of the phase II
component of the trial was PFS at 6 months (PFS6) in
patients with recurrent GBMs. Secondary end points
included objective radiographic response (ORR) accord-
ing to standard Macdonald criteria using the largest
cross-sectional diameters of measurable lesions,15

safety profile, and overall survival (OS). Phase II patients
were treated with romidepsin at dosage of 13.3 mg/m2/
day on days 1, 8, and 15 of each 28-day cycle. One dose
reduction to 10 mg/m2/day on days 1, 8, and 15 of each
28-day cycle was allowed for toxicity, as predefined in
the protocol.

PK

Only patients on the phase I component underwent PK
blood collection. Heparinized blood samples (10 mL)
were obtained prior to and during romidepsin adminis-
tration on days 1 and 15 of cycle 1 at the following
time points: baseline, 1, 2, 3, 3.5, and 4 hours (just
prior to end of the infusion). The blood samples were
placed on ice to prevent decomposition and immediately
centrifuged; plasma was removed and stored at 2208C
or less until analyzed. Plasma concentrations of

romidepsin were determined by a high-performance
liquid chromatographic assay, as described elsewhere.16

Romidepsin concentrations observed during infusions
were averaged and reported as steady-state concen-
trations (CpSS). Clearance values were determined by
dividing the rate of infusion by CpSS. The area under
the curve (AUC) was estimated by dividing dose by
clearance.

Statistics

Phase I—PK parameters were reported as mean values.
Differences in the PK variables were evaluated using
the unpaired 2-tailed t test; probability values ,.05
were considered statistically significant.

Phase II—PFS was calculated from study registration
until radiographic tumor progression or date off treat-
ment for clinical decline. Progression was determined
according to the standard criteria of Macdonald
et al.15 In addition, patients who died while receiving
treatment or ≤30 days after the end of treatment
without documented progression were considered to
have had an event based on the date of death. All
other patients without documented progression were
censored for PFS at the date of their last romidepsin
administration. OS was calculated from study regis-
tration until date of death or patients were censored at
the last date known to be alive. Estimation of both PFS
and OS was conducted using Kaplan–Meier analyses.

This single-arm phase II trial used historical control
data from 8 consecutive phase II clinical trials for recurrent
malignant gliomas that were deemed negative and showed
a PFS6of15% (95%confidence interval [CI], 10%–19%)
for GBM.17 The phase II trial was sized to discriminate
between a PFS6 of 15% (P0) and 35% (P1). With
accrual of 32 patients with GBM, this trial would be con-
sidered successful if at least 8 patients with GBM achieved
the PFS6 mark. This design provided . 90% probability
of rejecting the drug if the true PFS6 was 15% and 92%
probability of declaring success if the true rate was 35%.
Up to 35 patients with GBM could be accrued to compen-
sate for those who might not be evaluable. An exploratory
cohort of up to 20 patients with anaplastic gliomas was
planned; however, slow accrual and lack of efficacy in
the GBM cohort led to early termination of enrollment
of the anaplastic glioma group.

Results

Patient Characteristics

Patients were accrued from February 2005 to September
2007 at 4 participating institutions of the North
American Brain Tumor Consortium, a CTEP-sponsored
cooperative group. Eight patients were accrued to the
phase I portion of this trial, and 42 patients (37 with
GBM and 5 with anaplastic gliomas) were registered to
the phase II component. Two patients with GBM in
the phase II component, who were registered but did
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not receive romidepsin, were excluded from the analysis;
one was deemed ineligible and the other withdrew
consent. All patients had received prior radiotherapy
and a median of 1 chemotherapy regimen. Two patients
had received bevacizumab prior to enrollment in this
trial. Baseline patient characteristics are shown in
Table 1.

Phase I

Toxicity and MTD—Three patients were treated in the
13.3 mg/m2 cohort and 5 were treated in the 17.7 mg/
m2 cohort; 2 patients in the 17.7 mg/m2 cohort needed
to be replaced due to tumor progression during cycle
1. No DLT occurred in either cohort; adverse events
on cycle 1 were mild (grades 1 and 2 only) (Table 2).
Adverse events deemed unrelated or unlikely related to
romidepsin are shown in Supplementary Table 1. The
DSMC decided to stop phase I dose-escalation because
PK data from these 2 cohorts showed that EIAEDs did
not affect romidepsin’s exposure, compared with prior
studies that prohibited concomitant CYP3A4 inducers.
In addition, the DSMC had concerns about the potential
for cardiotoxicity with doses .17.7 mg/m2 based on
prior studies. Consequently, the MTD for patients
receiving EIAEDs was not defined. Patients in the
phase I component received a median of 1 cycle of romi-
depsin (range, 1–2); 7 patients discontinued treatment
due to tumor progression, and 1 patient was removed
from the study because of prolonged grade 2 thrombocy-
topenia during cycle 2.

PK—Romidepsin’s PK parameters, including
steady-state concentrations, AUC, and clearance, on
days 1 and 15 are summarized in Table 3. There were
no differences between the PK parameters on days 1
and 15. More importantly, PK data in our patients
receiving EIAEDs were similar to those in prior phase I

Table 1. Patient characteristics

Characteristic
Phase I
(n 5 8)

Phase II
(n 5 40)

Sex

Male 5 (63) 30 (75)

Female 3 (37) 10 (25)

Age, median years (range) 52 (44–57) 55 (37–79)

Karnofsky performance status

90–100 4 (50) 19 (48)

60–80 4 (50) 21 (52)

Enzyme-inducing antiepileptic drug 8 (100)a 0 (0)

Histology

Anaplastic glioma (grade III) 2 (25) 5 (13)

Glioblastoma (grade IV) 6 (75) 35 (87)

Prior radiotherapy 8 (100) 40 (100)

Median number of prior
chemotherapy regimens (range)

1 (1–2) 1 (1–3)

Data are no. (%) of patients, unless otherwise indicated.
aSix patients receiving phenytoin, 1 receiving oxcarbazepine, and
1 receiving both phenytoin and oxcarbazepine.

Table 2. Cycle 1 adverse events possibly, probably, or definitely related to romidepsin, in the phase I component (n ¼ 8)

Romidepsin, 13.3 mg/m2 (n 5 3) Romidepsin, 17.7 mg/m2 (n 5 5)

Adverse event Grade 1 Grade 2 Grade 3–5 Grade 1 Grade 2 Grade 3–5

Hematologic

Anemia 2 0 0 1 0 0

Leucopenia 1 1 0 0 1 0

Neutropenia 0 2 0 1 0 0

Lymphopenia 0 0 0 1 0 0

Thrombocytopenia 2 0 0 3 1 0

Nonhematologic

Alkaline phosphatase elevation 0 0 0 1 0 0

Elevated ALT and/or AST level 2 0 0 0 0 0

Hyperglycemia 0 0 0 1 0 0

Hypocalcemia 1 0 0 1 0 0

Hypoglycemia 0 0 0 1 0 0

Hyponatremia 0 0 0 1 0 0

Hypophosphatemia 2 0 0 1 0 0

Fatigue 0 2 0 1 1 0

Headache 0 1 0 1 2 0

Hot flashes 0 0 0 1 0 0

Gait or walking difficulties 0 0 0 0 1 0

Nausea 0 1 0 3 1 0

Rigors or chills 0 0 0 1 0 0

Vomiting 0 1 0 2 1 0

ALT, alanine aminotransferse; and AST, aspartate aminotransferase.
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studies of patients not receiving CYP3A4 inducers
treated with 4-hour intravenous infusion of romidepsin
at equivalent doses.18–20

Phase II

Toxicity—Six patients (4 with GBM and 2 with anaplas-
tic gliomas) discontinued romidepsin therapy due to tox-
icity (4 had prolonged thrombocytopenia, 1 had an
elevated alanine aminotransferase level, and 1 had a
cardiac abnormality). Nine patients (22%) required
romidepsin dose reduction. Hematologic toxicity and
fatigue were the most common grade ≥3 adverse
events (Table 4). There were no romidepsin-related
deaths. Adverse events classified as unrelated or unlikely
related to romidepsin are shown in Supplementary
Table 2.

Outcomes—Thirty-five patients with GBM enrolled in
the phase II component were included in the PFS and
OS analyses (Fig. 1). The median number of cycles of
romidepsin was 2 (range, 1–8 cycles). Among the 35
patients with GBM, only 1 had PFS ≥6 months (PFS6
3%) and this patient developed tumor progression at
32 weeks. Twenty-nine patients with GBM (83%)
stopped romidepsin therapy because of tumor pro-
gression, 4 (11%) because of toxicity, and 2 (6%)
because of intercurrent illnesses unrelated to romidepsin.
The 2 patients removed from the study because of inter-
current illnesses and 1 who discontinued due to toxicity
died ≤1 month after receipt of the last dose of treatment.
Thus, these cases were considered events for PFS calcu-
lation. Two patients with GBM were censored for pro-
gression, and the median PFS of all 35 patients with
GBM was 8 weeks (95% CI, 5–8 wks). Only 1 patient
with GBM, who was observed for 104 weeks, was cen-
sored for survival; all others had died by the time of
analysis. The median OS for patients with GBM was
34 weeks (95% CI, 21–47 wks). Thirty-two of 35
patients with GBM were evaluable for ORR. No radio-
graphic responses were seen, and the best ORR was pro-
gressive disease in 23 patients (72%) and stable disease
in 9 patients (28%).

Five patients with anaplastic glioma received a
median of 2 cycles (range, 1–8 cycles) of romidepsin.

Two patients discontinued treatment because of toxicity
at 1 and 5 weeks; the other 3 patients had tumor pro-
gression at 4, 8, and 35 weeks. All patients with anaplas-
tic glioma died, with a median OS of 36 weeks (95% CI,
13–79 wks). No patients with anaplastic glioma had
radiographic responses; among 3 evaluable patients,
the best response was stable disease in 1 patient and pro-
gressive disease in 2 patients.

Discussion

The promising preclinical data for HDAC inhibition in
glioma and the proven activity in patients with T cell lym-
phoma prompted us to evaluate the activityof romidepsin
in patients with recurrent high-grade gliomas. Despite in
vitro studies showing that romidepsin is primarily metab-
olized by CYP3A4 and, to a lesser degree, by CYP3A5,
our results did not show any decrease in the exposure of
romidepsin in patients receiving potent CYP3A4
inducer EIAEDs. Thus, to avoid the expected dose-
limiting toxicity of the romidepsin, we chose to terminate
further dose escalation after the first 2 dose levels, because
the PK parameters of romidepsin in our patients receiving
EIAEDs were very similar to those reported in adults18–20

or children aged ≥2 years21 who were not receiving
CYP3A4-inducing drugs. We do not know for certain
why we did not observe altered metabolism of romidep-
sin in patients receiving EIAEDs; however, prediction
or extrapolation of in vitro drug interaction data to clini-
cal situations is often difficult. One possible explanation
for our findings is that clearance of drugs with baseline
rapid first pass liver metabolism, especially if given intra-
venously, is not significantly affected by CYP induction,
because their high hepatic clearance is limited by the
rate of hepatic blood flow.22 In fact, a phase II trial of
98 patients with T cell lymphoma that evaluated the
effects of germ line polymorphisms in CYP3A4*1B and
CYP3A5*3 on romidepsin metabolism did not show
any correlation between genetic variants known to
increase clearance of CYP3A4/5-metabolized drugs.23

Regardless of the reason for the lack of altered metab-
olism, our data indicate that no romidepsin dose adjust-
ment is required in patients receiving strong CYP3A4
inducers who are being treated with the dose regimen
that was used in our study and that is currently approved

Table 3. Romidepsin pharmacokinetics in patients receiving enzyme-inducing antiepileptic drugs, compared to findings from prior studies
of patients not receiving CYP3A4 inducers

Parameter

Current Study

Byrd et al.19

Current Study

Sandor et al.20Day 1 Day 15 Day 1 Day 15

Number of patients 3 3 20 5 2 9

Romidepsin dose, mg/m2 13.3 13.3 13 17.7 17.7 17.8

CpSS (ng/mL) 524 629 757 441 423 554

AUC (mg × hr/mL) 1.99 2.50 3.26 1.81 1.88 2.27

Clearance (L/hr/m2) 6.81 6.06 4.81 10.38 11.47 10.50

CpSS, steady-state concentrations; and AUC, area under the curve.
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for the treatment of cutaneous T cell lymphomas
(ie, 14 mg/m2/d on days 1, 8, and 15 of a 28-d cycle).

Romidepsin was reasonably well tolerated in our
study, although dose reductions were required in 22%
of patients in the phase II component of the trial.
Fatigue and nausea were the most common nonhemato-
logic toxicities and were similar to that previously
reported in other romidepsin trials.12,13 Hematologic
toxicity was usually mild, but prolonged thrombocyto-
penia caused discontinuation of romidepsin in 5 patients.
In spite of frequent monitoring, cardiac abnormalities
were seen less often than previously reported,24 likely
in association with proactive correction of hypokalemia
and hypomagnesemia prior to romidepsin infusions.

Despite preclinical and mechanistic rationale for
HDAC inhibition as a potential anti-glioma therapy,
our trial showed that romidepsin had no significant clini-
cal activity as a single agent in unselected patients with
recurrent GBM. The PFS6 of 3% and lack of radio-
graphic responses are comparable to the findings of

Fig. 1. Progression-free (solid line) and overall survival (dashed

line) curves of 35 patients with recurrent glioblastoma in the

phase II trial of romidepsin.

Table 4. Adverse events possibly, probably, or definitely related
to romidepsin use, in the phase II component (n ¼ 40)

Adverse event
Grade

1
Grade

2
Grade

3
Grade

4

Hematologic

Anemia 8 0 0 0

Leucopenia 1 6 1 0

Neutropenia 1 0 6 0

Lymphopenia 1 4 4 0

Thrombocytopenia 13 2 0 0

Nonhematologic

Ventricular arrhythmia 1 0 0 0

Cardiac general 0 0 1 0

Hypotension 0 0 1 0

PT prolongation 1 0 0 0

Fatigue 7 6 3 1

Fever without neutropenia 1 0 0 0

Weight loss 1 0 0 0

Alopecia 1 0 0 0

Dry skin 1 0 0 0

Injection site reaction 0 0 1 0

Pruritis 0 1 0 0

Skin rash 2 0 1 0

Anorexia 4 0 0 0

Constipation 6 0 1 0

Diarrhea 3 1 0 0

Dry mouth 1 0 0 0

Flatulence 0 1 0 0

Heartburn 1 1 0 0

Mucositis 0 1 0 0

Nausea 11 2 0 0

Taste alteration 1 0 0 0

Vomiting 1 1 1 0

Petechiae 1 0 0 0

Edema–limb 1 1 0 0

ALT elevation 7 0 1 0

AST elevation 0 1 0 0

Alkaline phosphatase
elevation

1 0 0 0

Bilirubin elevation 0 1 0 0

Cholesterol elevation 0 1 0 0

Creatinine elevation 1 0 0 0

Hyperglycemia 1 3 0 0

Hypermagnesemia 1 0 0 0

Hypoalbuminemia 1 0 0 0

Hypocalcemia 2 0 0 0

Hypokalemia 3 0 0 0

Hypomagnesemia 1 0 0 0

Hyponatremia 1 0 0 0

Hypophosphatemia 2 2 1 0

Muscle weakness
(lower extremity)

0 2 0 0

Muscle weakness
(whole body)

0 1 0 0

Extremity-upper (function) 0 1 0 0

Continued

Table 4. Continued

Adverse event
Grade

1
Grade

2
Grade

3
Grade

4

Joint–function 1 0 0 0

Confusion 1 0 0 0

Dizziness 1 2 0 0

Blurred vision 1 0 0 0

Abdominal pain 3 0 0 0

Chest/thorax pain 1 0 0 0

Limb pain 1 0 0 0

Headache 0 1 0 0

Joint pain 2 1 0 0

Thrombosis or embolism of
vascular access

0 0 0 1

ALT, alanine aminotransferse; AST, aspartate aminotransferase;
and PT, prothrombin time.
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prior negative phase II trials from our consortium.25 A
phase II trial of vorinostat, a class I and II HDAC inhibi-
tor, demonstrated a slightly higher PFS6 of 15.2% in a
similar population of patients with recurrent GBM but
was likewise deemed to have too low a level of activity
to justify its use as a single agent.

There are several possible reasons for the disappoint-
ing results of romidepsin in recurrent GBM. One possi-
bility is that romidepsin, a peptide with relative high
molecular weight and strong serum protein binding, did
not achieve therapeutic intratumoral levels. A primate
study showed that the level of cerebrospinal fluid
exposure of romidepsin was only 2% after intravenous
administration;26 however, because GBM lacks an
intact blood-brain barrier, intratumoral drug levels are
usually higher than those seen in primates with normal
blood-brain barrier. In addition, even if only 2% of romi-
depsin’s steady-state plasma levels (�8 ng/mL) distribu-
ted into brain tumors, it would be greater than the in vitro
concentration reported to induce apoptosis (1 ng/mL) of
glioma cell lines.11 This simple estimation does not
account, however, for romidepsin’s short half-life
(,3 h), for its serum protein binding, and for the fact
that romidepsin is a substrate of the ATP-binding cassette
efflux-transporter, ABCB1 (P-glycoprotein, MDR1),23

which is often overexpressed in gliomas and can further
decrease intratumoral drug levels.27

The minimal single-agent activity of HDAC inhibi-
tors in gliomas is consistent with that seen in clinical
trials of several other solid and hematologic malignan-
cies, with the single exception of cutaneous T-cell lym-
phomas.12,13 HDAC inhibitors have widespread effects
on gene transcription and posttranslational nonhistone
acetylation, and the mechanisms underpinning their
therapeutic activity are not defined. For example, a
study demonstrated that �10% of 3600 acetylation
sites on 1750 different proteins showed increased acety-
lation levels after exposure to HDAC inhibitors.28 It has

also been shown that HDAC inhibitors can increase
transcription of both pro-apoptotic and anti-apoptotic
genes and that their efficacy depends, in fact, on the
overall balance of genes that are transcribed.29 Thus,
the complexity of the effects of HDAC inhibition on cel-
lular signaling networks, intertumoral genetic hetero-
geneity, and the poorly predictive preclinical model
systems we have for studying clinically relevant glioma
biology likely conspire to explain the disconnect
between the preclinical and clinical observations.
Consequently, additional laboratory and clinical
studies are needed to characterize in more detail the mol-
ecular pathways involved in the antitumor effects fol-
lowing inhibition of HDAC and to identify biomarkers
predictive of patients most likely to benefit from such
treatment, either as a single agent or when used in com-
bination with other cytotoxic or biological agents.

Despite the lack of activity of single-agent romidepsin
in recurrent malignant gliomas, HDAC inhibition con-
tinues to be a potentially viable therapeutic target for
these tumors, especially in combination with other
agents or radiotherapy. Ongoing studies of vorinostat
and valproic acid in combination with radiation and
temozolomide for patients with GBM will provide
further information on the efficacy of this approach.
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Supplementary material is available online at Neuro-
Oncology (http://neuro-oncology.oxfordjournals.org/).
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