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Abstract
Purpose—To evaluate the toxicity and response rate of bortezomib with concurrent radiotherapy
and temozolomide in the treatment of patients with CNS malignancies.

Patients and Methods—This open-label, dose-escalation, phase 1 clinical study evaluated the
safety of 3 dose levels of intravenously administered bortezomib (0.7, 1.0, 1.3 mg/m2/dose) on days
1, 4, 8, 11 of a 21-day cycle, in addition to concurrent radiation therapy and temozolomide at a daily
dose of 75 mg/m2 starting on day 1. The primary endpoint was dose-limiting toxicity (DLT), defined
as any Grade 4–5 toxicity or Grade 3 toxicity(ies) directly attributable to protocol treatment, requiring
hospitalization and/or radiation interruption. Secondary endpoints included feasibility, non-dose-
limiting toxicity, and response.

Results—Twenty-seven patients were enrolled, 23 of whom had a high grade glioma (ten recurrent
and 13 newly diagnosed). There were no dose-limiting toxicities (DLTs) noted in any dose groups,
including the highest dose level group (1.3 mg/m2/dose). The most frequent toxicities were grade 1
and 2 stomatitis, erythema, and alopecia. All 27 patients were evaluable for response. At a median
follow-up of 15.0 months, 9 patients were still alive; median survival was 17.4 months for all patients
and 15.0 months for patients with high-grade gliomas.

Conclusion—Bortezomib administered at its typical “systemic” dose (1.3 mg/m2) is well tolerated
and safe in combination with temozolomide and radiation when used in the treatment of CNS
malignancies. A phase II study to characterize efficacy is warranted.
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Introduction
High grade gliomas, including anaplastic astrocytomas (AA, WHO grade III) and glioblastoma
multiforme (GBM, WHO grade IV) are the most frequent types of primary brain cancer in
adults. Outcomes for these patients are poor, with most GBM patients dying within a year of
diagnosis (1). The mainstay of post-surgical treatment is radiation therapy that can increase
survival time for GBM from 3–4 months to 10–12 months. Attempts have been made to further
improve patient outcomes by using chemotherapy. However, chemotherapy agents such as
carmustine or procarbazine, lomustine, and vincristine (PCV) failed to show a survival
advantage compared with radiation alone in phase III trials in GBM patients (2–6). Stupp et al
(3) recently showed that the addition of temozolomide (Temodar®; Schering-Plough Corp,
Kenilworth, NJ) concurrent with radiation and continued as maintenance therapy has improved
survival in tested patients. Temozolomide has quickly established itself as standard of care
along with radiation for the treatment of GBM. The improvement in median survival with
temozolomide (12.1 months with radiation alone to 14.6 months with the combination of
radiation therapy and temozolomide) however remains modest. The treatment goal remains to
identify therapies in order to further improve these results.

One emerging treatment option involves novel agents such as bortezomib (Velcade®;
Millennium Pharmaceuticals Inc, Cambridge, MA). Bortezomib was the first proteasome
inhibitor approved for use in clinical trials. It functions via proteasome inhibition resulting in
cell-cycle re-distribution and inhibition of transcription factors such as nuclear factor kappa-
B (NF-kB) and Akt, both of which play a role in angiogenesis and cellular proliferation.
Bortezomib has been studied in several settings. Bortezomib is FDA-approved for initial
treatment of patients with multiple myeloma and in mantle cell lymphoma patients who have
received at least one prior therapy (8–9). Promising results have been seen with bortezomib
alone or bortezomib combinations in the treatment of small cell lung cancer (SCLC) (10) and
non-small cell lung cancer (11–12) and other solid tumors (12–15). Pre-clinical investigation
has shown that gliomas are responsive in vivo to bortezomib (16–17) but this response point
has not yet been tested in the clinical setting for CNS malignancies.

Patients and Methods
This study was approved by the Thomas Jefferson University Cancer Center Review
Committee (CCRRC) and Institutional Review Board (IRB) prior to patient recruitment and
accrual. Eligible patients had a histologically or cytologically confirmed diagnosis of a CNS
malignancy (either primary or metastatic) and their treatment consisted of a minimum 2-week
course of radiation therapy. Other eligibility requirements included ECOG performance status
0–2, life expectancy > 3 months, adequate hematologic reserve (defined as WBC > 3 109/L,
ANC > 1.5 109 L, Hgb > 9.0 g/dL, plt > 100 109/L) and age > 18. Previous radiotherapy
chemotherapy or combination chemoradiotherapy was permitted. Exclusion criteria included
any patient with Grade 2 peripheral neuropathy within 14 days before enrollment, New York
Hospital Association Class III or IV heart failure, hypersensitivity to bortezomib, boron or
mannitol, HIV positivity, pregnant or lactating females, history of medical noncompliance, or
administration of other investigational drugs within 14 days prior to enrollment.
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Study Design
This was designed as an open-label phase I dose escalation study, using a two step dose level
approach with the experimental agent (bortezomib) to establish maximum tolerated doses
(MTD) and types and degrees of toxicities associated with bortezomib in combination with
radiation and chemotherapy (temozolomide). All treatments consisted of radiation therapy with
fraction sizes ranging from 1.8–3.5 Gy/day for total doses not to exceed 90 Gy. For all patients,
temozolomide was administered during radiotherapy at a daily dose of 75 mg/m2. When
indicated, temozolomide was also used in the maintenance phase after completion of the
radiation therapy. The starting dose level of bortezomib was 0.7 mg/m2 on days 1, 4, 8, 11 of
a 21-day cycle for up to 2 cycles. Bortezomib was administered as an IV push given over 4–5
seconds followed by a standard saline flush. Post-radiotherapy bortezomib was not given. After
completion of the radiation therapy and concurrent bortezomib, patients entered a 4-week post-
treatment observation period. Dose escalation was performed only after assessment to rule out
any dose limiting toxicities (defined as any Grade 4–5 toxicity or Grade 3 toxicity requiring
hospitalization or radiotherapy interruption) in each dosing group following the 4-week
observation period. Per protocol, three patients were to be enrolled at the initial dose (0.7 mg/
m2). If no DLTs occurred in this patient cohort then three additional patients then would be
enrolled at an increased dose (1.0 mg/m2) and if no DLT were found at this dose level, patients
then would be enrolled at the highest dose (1.3 mg/m2). If one patient of the three evaluable
patients at a given dose level had a DLT, 3 additional patients then would be enrolled at the
same dose level. The maximum tolerated dose (MTD) of bortezomib was defined as the highest
dose given as a single bolus administered twice per week for 2 weeks, followed by a one week
rest period during radiation-therapy for a maximum of 8 weeks (three cycles), in which no
more than 30% of the patient population experienced a DLT. The reason for the 30% toxicity
rate is based on an estimated 10% DLT for the radiotherapy alone. We had no plans to escalate
the dose beyond Dose Level 3 (1.3 mg/m2). If no DLT was observed at this dose, then the MTD
was to be defined at this dose.

Toxicity and Response Evaluation
Toxicity was defined in accordance with the NCI common toxicity criteria (CTC) version 3.0.
Dose Limiting Toxicity was defined as any grade 4–5 toxicity or any grade 3 toxicity directly
attributable to protocol treatment requiring hospitalization and/or an interruption of
radiotherapy. MTD was defined as the highest bortezomib dose at which not more than 30%
of the patients would experience a DLT. Patients were evaluated for potential dose-limiting
toxicity weekly during treatment and for 4 additional weeks after the completion of treatment.
Tumor response was measured based on brain MRI scans obtained approximately one month
after the completion of treatment and at regular follow-up appointments thereafter, varying
according to tumor type. Tumor response was based on Response Evaluation Criteria in Solid
Tumors (RECIST).

Results
A total of 27 patients were enrolled. Patient characteristics are shown in Table I and Figure I.
The median age at the start of treatment was 52 years for all patients, and most enrolled patients
(85%) had Karnofsky performance scores of 80 or above. Eleven patients had newly diagnosed
GBM, 8 patients had recurrent GBM, 2 patients had recurrent anaplastic astrocytoma, 2 patients
had newly diagnosed anaplastic astrocytoma, 2 patients had CNS metastatic lesions (one from
SCLC and one from melanoma), 1 patient had an anaplastic oligodendroglioma and 1 patient
had a WHO grade II astrocytoma.
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Eight patients were treated with bortezomib at 0.7 mg/m2, all of whom had high grade gliomas
including two with recurrence after prior radiotherapy; 10 patients were treated with
bortezomib at 1.0 mg/m2 (9 high grade gliomas, three of which were recurrent), and 9 patients
were treated at the highest bortezomib dose level of 1.3 mg/m2 (6 high-grade gliomas, of which
four were recurrent). The median number of bortezomib doses for all patients was 6 (4 for
recurrent high-grade gliomas compared with 9 for newly diagnosed high-grade gliomas). There
were no dose reductions of bortezomib in any of the dose levels. (Tables II and III and Figure
II).

Toxicity/Safety
All 27 patients were evaluated for toxicity both during treatment and at a 4-week observation
period after the completion of treatment. No DLTs were observed in any dose group. No Grade
4 or 5 toxicities were noted. Six grade 3 toxicities were observed in five different patients with
one patient having both hyponatremia and dyspnea. None of the Grade 3 toxicities required
hospitalization and/or treatment interruptions. The grade 3 toxicities included one of each of
the following; headache, neuropathy, syncope, hyponatremia, dyspnea, and stupor. The grade
3 neuropathy, syncope, hyponatremia, and dyspnea occurred midway through the radiation
treatments, the headache occurred during the second week of radiation therapy, and the grade
3 stupor was noted at the 4-week follow-up visit.

The most frequent Grade 1 and 2 toxicities were stomatitis (5 patients), erythema (4 patients),
and alopecia (12 patients). The majority of toxicity (erythema and alopecia) was attributed to
the radiotherapy and likely not associated with the bortezomib. Grade 1 and 2 toxicities
(especially alopecia and erythema) were seen most frequently in the newly diagnosed high-
grade glioma subset of patients, likely related to the longer course of radiation for these patients.
See Table IV.

Response
All 27 patients were evaluated according to the RECIST criteria for 1-month tumor response
on post-treatment imaging; 14 of the patients were determined to have RECIST criteria target
lesions and 13 patients had non-target lesions that were evaluated for response.

At the 1-month MRI scan, 20 (74%) patients had stable disease and 7 (26%) patients had disease
progression. In the 23 high-grade glioma patients, 16 (70%) had stable disease and 7 (30%)
had progression. Of the 13 newly diagnosed high-grade glioma patients, 9 (69%) had stable
disease and 4 (31%) had progression, for the 10 recurrent high-grade glioma patients, 7 had
stable disease and 3 had progression.

On further follow-up MRI examinations, with a median time of 9.4 months, 16 patients had
stable disease and 11 had disease progression. For the 23 patients with high-grade gliomas, 12
had stable disease and 11 had progression. In the 13 previously untreated high-grade glioma
patients, 5 had stable disease and 8 had progression. Of the 10 patients with recurrent high-
grade glioma, 7 had stable disease and 3 had progression. In terms of the bortezomib dose level,
3 of 8 (38%) patients at a bortezomib dose level of 0.7 mg/m2 had stable disease; at the
bortezomib dose level of 1.0 mg/m2 5 of 10 (50%) patients had stable disease; and at the highest
dose level of 1.3 mg/m2 7 of 9 (78%) patients had stable disease.

With a median overall follow-up time of 15.0 months, 9 of the 27 (33%) patients remained
alive. The survival range for all patients was 3.5 to 27.6 months with a median survival of 17.4
months. Of the 23 high-grade glioma patients, 8 patients were still alive with a range of 3.5 to
27.6 months, the median survival for these patients was 15.0 months. The median survival time
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for newly diagnosed high-grade glioma patients was 16.9 months and 14.4 months for recurrent
GBM patients. See Figure IV.

Twenty-two patients (81%) were alive six months after treatment. Progression-free survival at
six months was 56%, with fifteen patients having stable disease. Five (50%) of the ten recurrent
high-grade glioma patients showed signs of progression at six months compared with 7 of 13
(53%) of newly diagnosed high-grade glioma patients. No patient had disease progression at
the six-month mark in the non-high grade subset.

The median survival time for patients receiving bortezomib dose levels was 13.2 months at a
dose level of 0.7 mg/m2, 16.1 months at a dose level of 1.0 mg/m2, and 15.0 months for the
dose level of 1.3 mg/m2. See Figure V.

Use of cortical steroids was also analyzed. Prior to the initiation of treatment, 20 patients (74%)
were on steroids and at last follow-up, 17 (63%) patients required steroids. Twelve patients
were able to either decrease (9 patients) or completely discontinue steroids (3 patients), 3
patients had increased steroid requirements, and 5 patients had either unchanged steroid use
or had incomplete information regarding steroid usage.

Discussion
There is a sound theoretical basis for using bortezomib in the treatment of CNS malignancies,
particularly in high-grade glioma. It is well established that loss of phosphatase and tensin
homolog (PTEN) and amplification of the epidermal growth factor receptor (EGFR) gene
contribute to the malignant phenotype of glioma. Downstream targets of the PTEN and EGFR
signaling pathways, Akt and NF-kB, have been shown to play important roles in the control
of cell proliferation, apoptosis, and oncogenesis. There are significant positive correlations
between the activation status of Akt and NF-kB and glioma grade (18). NF-kB is also
constitutively activated in glioblastoma surgical samples, primary cultures, and cell lines and
promotes their growth and survival (19). In preclinical studies, bortezomib was shown to
decrease the transcription of both NF-kB and Akt through its inhibition of proteasome 26-S
activity (20). Laboratory testing in the setting of melanoma has shown a synergistic effect in
the combination of bortezomib and temozolomide (21).

Bortezomib has been tested in multiple cancer types including multiple myeloma (8), mantle
cell lymphoma (9) small cell (10) and non-small cell lung cancer (11–12), GI malignancies
(14), breast cancer (15), and prostate cancer (16). We have shown in this phase I study that
bortezomib can safely be combined with radiation-therapy and temozolomide chemotherapy.
This is the first known report using bortezomib in CNS malignancies and the first to combine
bortezomib with temozolomide and radiation-therapy. This phase I dose escalation trial has
demonstrated minimal toxicity with no DLTs and the MTD of bortezomib of 1.3 m/mg2. We
found the combination of radiation-therapy, temozolomide, and bortezomib to be well
tolerated. In addition to the absence of DLTs there were no Grade 4 toxicities observed and
only a small number of Grade 3 toxicities.

A secondary endpoint of this study was to assess tumor response. We acknowledge that the
extent of bortezomib CNS penetration in patients with newly diagnosed brain tumors is
unknown, making treatment outcome an important surrogate to evaluate bortezomib CNS
penetration. Using the RECIST criteria, 15 (55%) of the patients had stable disease at 6 months
post-treatment. No patients in this study however, realized an objective response by RECIST
criteria. It should be noted however, that the assessment of objective response immediately
following radiotherapy may be problematic because of radiation-induced inflammation and
contrast enhancement. Most of our patients were treated with bortezomib below the dose this
study established as the MTD and this further limits the usefulness of assessing anti-tumor
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efficacy from our study. It is worth noting that of the 9 patients in this study treated with a
bortezomib dose of 1.3 mg/m2, the median survival was 15.0 months and 8 patients had stable
disease at 6-months post-treatment. In the newly diagnosed high-grade glioma patients, our
median survival time of 16.9 months compares favorably with other reported data. The best
results published to date in the treatment of GBM uses adjuvant radiation therapy and
temozolomide with a median survival of 14.6 months (7). Median survival time for recurrent
high-grade gliomas usually is poor, the median survival for recurrent glioma patients in this
study was 14.4 months. Carson (21) reported a median 7 month survival for recurrent GBM
patients treated in 10 phase I or II trials.

The recursive partitioning analysis (RPA) tool can also be used for patient comparison. The
majority of the newly diagnosed high-grade glioma patients were RPA 4 and 5 (7 and 4 patients
respectively) with respective median survival times of 10.1 and 12.9 months. In a review of
newly diagnosed high-grade gliomas, Mirimanoff (22) recently reported a 15 month median
survival for RPA category 4 patients and 10 months for RPA 5 for newly diagnosed GBM
patients on a phase III EORTC trial involving temozolomide and radiation. Four of the 10
recurrent high-grade glioma patients in our report were in the RPA 7 and had a median survival
time of 9.6 months compared to a median survival of 4.9 months reported by Carson (21) for
the same patient subset.

In both recurrent and newly diagnosed high-grade gliomas, treatment with radiation-therapy,
temozolomide and bortezomib appears effective when compared to historical norms. However,
this phase I study was not intended to compare the addition of bortezomib with the standard
therapy for high-grade gliomas. A formal phase II study is needed to evaluate the potential
effect of the addition of bortezomib with the current standard of care (temozolomide and
radiation therapy).

Conclusion
Bortezomib at full dose with concurrent temozolomide and radiation therapy is safe and
effective in the treatment of CNS malignancies and is accompanied by a modest toxicity profile.
We have been able to establish a MTD for bortezomib of 1.3 mg/m2. Further investigation in
the form of a phase II trial is justified.
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Figure I.
Tumor type by histology
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Figure II.
Radiation treatment dose and fractionation by histology
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Figure III.
Example of brain MRI of patient with stable disease
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Figure IV.
Kaplan-Meier overall survival
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Figure V.
Kaplan-Meier survival by bortezomib dose
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Table I
Patient Characteristics

All Patients High Grade Recurrent High Grade newly diagnosed Other

No. Patients 27 10 13 4

Age (Median) 52 62 52 43

Gender

 Male 15 4 9 2

 Female 12 6 4 2

Previous RT 12 9 0 3

Previous Chemotherapy 11 8 0 3

KPS > 70 4 2 2 0

KPS ≥ 80 23 8 11 4
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Table II
Treatment Characteristics

All Patients High Grade Recurrent
High Grade Newly

Diagnosed Other

Bortezomib 0.7 mg/m2 8 2 6 0

Bortezomib 1.0 mg/m2 10 4 5 1

Bortezomib 1.3 mg/m2 9 4 2 3

Total Bortezomib Dose (Median, mg) 11.88 8.72 14.56 10.6

Number of Bortezomib doses (median) 6 4 9 4
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Table III
Radiation Treatment Characteristics

All Patients High Grade Recurrent
High Grade Newly

Diagnosed Other

RT Dose (Median, Gy) 59.4 37.5 60.4 37.5

RT Dose (Range, Gy) 30–66 30–45 59.4–66 30–61.5

RT dose per fraction

1.8–2 13 0 13 0

2.25–2.5 5 3 0 2

2.75–3 5 4 0 1

3.5–3.75 4 3 0 1

Number of fractions

10 5 4 0 1

13–15 8 5 0 3

20 1 1 0 0

30–35 13 0 13 0

RT Treatment Time (median, days) 34 16 46 19
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