
Phase II Study of Bortezomib in Combination with 
Temozolomide and Regional Radiation Therapy for Upfront 
Treatment of Patients with Newly-Diagnosed Glioblastoma 
Multiforme: Safety and Efficacy Assessment.

Xiao-Tang Kong, M.D., Ph.D.1,6, Nhung T. Nguyen1, Yoon J. Choi, M.D.1, Guicheng Zhang, 
M.D., Ph.D.7, HuyTram N. Nguyen1, Emese Filka, M.D.1, Stacey Green, MSN1, William H. 
Yong, M.D.2, Linda M. Liau, M.D., Ph.D.3, Richard M. Green, M. D.9, Tania Kaprealian, M.D.4, 
Whitney B. Pope, M.D., Ph.D.5, P. Leia Nghiemphu, M.D.1, Tim Cloughesy, M.D.1, Andrew 
Lassman, M.D.8, and Albert Lai, M.D., Ph.D.1

1Department of Neurology, David Geffen School of Medicine at University of California - Los 
Angeles, Los Angeles, CA

2Department of Pathology, David Geffen School of Medicine at University of California - Los 
Angeles, Los Angeles, CA

3Department of Neurosurgery, David Geffen School of Medicine at University of California - Los 
Angeles, Los Angeles, CA

Dr. Albert Lai is corresponding author. Department of Neurology, 710 Westwood Plaza, Suite 1-230 RNRC, Los Angeles, CA 
90095-1769, 310-825-5321, albertlai@mednet.ucla.edu.
Dr. Guicheng Zhang is responsible for statistical analyses. School of Public Health, Curtin University, Tel | +61 8 9266 3226, 
brad.zhang@curtin.edu.au

Conflict of interest:
The authors whose names are listed immediately below certify that they have NO affiliations with or involvement in any organization 
or entity with any financial interest (such as honoraria; educational grants; participation in speakers’ bureaus; membership, 
employment, consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), or non-
financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials 
discussed in this manuscript.
Xiao-Tang Kong MD PhD
Nhung T. Nguyen
Yoon J. Choi MD
Guicheng Zhang, MD PhD
HuyTram N. Nguyen
Emese Filka MD
Stacey Green MSN
P. Leia Nghiemphu MD
William H. Yong MD
Linda M. Liau MD PhD
Tania Kaprealian MD
Whitney B. Pope MD PhD
Andrew Lassman, MD
Tim Cloughesy MD
The authors whose names are listed immediately below report the following details of affiliation or involvement in an organization or 
entity with a financial or non-financial interest in the subject matter or materials discussed in this manuscript. Please specify the nature 
of the conflict on a separate sheet of paper if the space below is inadequate.
Albert Lai, MD, PhD – Grant from Millennium/Takeda (This is an investigator initiated industry sponsored study)
**Author disclosure forms from all authors were uploaded.

HHS Public Access
Author manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 December 03.

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2018 April 01; 100(5): 1195–1203. doi:10.1016/j.ijrobp.2018.01.001.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4Department of Radiation Oncology, David Geffen School of Medicine at University of California - 
Los Angeles, Los Angeles, CA

5Department of Radiology, David Geffen School of Medicine at University of California - Los 
Angeles, Los Angeles, CA

6Department of Neurology, School of Medicine at University of California - Irvine, Irvine, CA

7School of Public Health, Xinxiang Medical University, China and Curtin University, Australia

8Department of Neurology, Columbia University, NY

9Kaiser Permanente Southern California, Los Angeles, California

Abstract

Purpose/Objective: To assess the safety and efficacy of upfront treatment using bortezomib in 

combination with standard radiation therapy (RT) and temozolomide, followed by adjuvant 

bortezomib and temozolomide for up to 24 cycles in patients with newly-diagnosed glioblastoma 

multiforme (GBM).

Patients and Methods: Twenty-four newly-diagnosed GBM patients were enrolled. Patients 

received standard external beam regional RT with concurrent temozolomide commencing 3–6 

weeks after surgery, followed by adjuvant temozolomide and bortezomib for up to 24 cycles or 

until tumor progression. During RT, bortezomib was given at 1.3 mg/m2 on days 1, 4, 8, 11, 29, 

32, 36, and 39. Post RT, bortezomib was given at 1.3 mg/m2 on days 1, 4, 8, and 11 every 4 weeks.

Results: No unexpected adverse events occurred from the addition of bortezomib. Efficacy 

analysis showed median progression free survival (PFS) of 6.2 months (95% CI, 3.7–8.8) with 

promising PFS rates at 18 months and beyond compared to historical norms (25.0% at 18 and 24 

months, 16.7% at 30 months). In terms of overall survival (OS), the median OS was 19.1 months 

(95% CI, 6.7–31.4) with improved OS rates at 12 months and beyond (87.5% at 12, 50.0% at 24, 

34.1% at 36 throughout 60 months) compared to historical norms. Median PFS was 24.7 months 

(95% CI 8.5–41.0) in 10 MGMT methylated and 5.1 months (95% CI 3.9–6.2) in 13 unmethylated 

patients. The estimated median OS was 61 months in the methylated (the upper bound of 95% CI 

could not be reached) and 16.4 months (95% CI 11.8–21.0) in the unmethylated patients.

Conclusion: Addition of bortezomib to current standard radio-chemotherapy in newly-

diagnosed GBM patients was tolerable. The PFS and OS rates appeared promising with more 

benefit to MGMT methylated patients. Further clinical investigation is warranted in a larger cohort 

of patients.
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Introduction

Glioblastoma multiforme (GBM) is the most common and aggressive primary malignant 

brain tumor in adults. Despite current standard treatment consisting of maximal tumor 

resection followed by radiation and temozolomide, the prognosis remains dismal for GBM 
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patients receiving standard treatment with median overall survival of 14.6–16.1 months and 

2-year survival rate is 26.5–30.1% (1–3).

Bortezomib is an FDA approved proteasome inhibitor indicated for multiple myeloma and 

mantle cell lymphoma, and has been investigated in various solid tumors as single agent or 

in combination (4). The ubiquitin proteasome system controls universal cellular function for 

protein degradation and is essential in regulation of development, differentiation, cell 

proliferation, signal transduction and apoptosis (4, 5). The mechanism of action of 

bortezomib was suggested through suppression of NFκB signaling pathway (4, 5). Bredel et 

al. reported NFκBIA deletion as a negative prognostic marker in GBM patients without 

EGFR amplification, proposing that NFκB inhibition by bortezomib may be beneficial for 

GBM patients (6). Preclinical studies have found that bortezomib caused growth arrest of 

human GBM cell lines and GBM explants via NFκB inhibition (7, 8). In a phase I clinical 

trial in patients with various central nervous system malignancies, Kubicek et al. have 

demonstrated that the combination of bortezomib and concurrent temozolomide and 

radiotherapy was well tolerated (9).

To investigate whether adding bortezomib to radiation and temozolomide can be tolerated 

and can improve efficacy in newly-diagnosed GBM, we combined bortezomib with standard 

treatment of radiation with concurrent temozolomide followed by adjuvant temozolomide. 

Here we report safety and efficacy data of this phase II trial.

Patients and Methods

Patient eligibility

The institutional review boards of the University of California – Los Angeles and Columbia 

University approved the protocol. All patients signed the approved informed consent form.

Eligible patients must be 18 years or older with the following criteria: Karnofsky 

performance status (KPS) of 60 or higher, newly-diagnosed GBM without prior therapy 

other than surgery, adequate bone marrow function (WBC > 3,000/µl, ANC > 1,500/mm3, 

platelet count of >100,000/mm3, and hemoglobin > 10 gm/dl), liver function (SGOT < 2.5 

times and bilirubin < 1.5 times of their upper limit of normal values), and renal function 

(creatinine < 1.5 mg/dL), without other concurrent serious medical or psychiatric illnesses. 

Treatment began between two to six weeks from surgery. Patients were required to have 400 

mg or more frozen tumor tissue at the time of the surgery. Therefore, patients who had 

biopsy were excluded unless they underwent another surgery and obtained enough frozen 

tissue. Patients were excluded if they had a history of New York Heart Association class III 

or IV heart failure, uncontrolled angina, clinically significant abnormality on 

electrocardiogram, myocardial infarction or stroke within 6 months of enrollment, or if they 

were pregnant, received Gliadel wafer during the surgery, had a clinically significant 

peripheral neuropathy or positive hepatitis B surface antigen or active hepatitis C infection. 

Patients who were diagnosed or received treatment for another malignancy within 3 years of 

enrollment were also excluded, except for patients with history of complete resection of 

basal cell carcinoma or squamous cell carcinoma of the skin, an in situ malignancy, or low-

risk prostate cancer after curative therapy.
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Treatment plan (Figure 1.)

Radiation therapy phase (RT phase): During the RT phase, patients were treated with 

radiation for 6 weeks which started within 3 to 6 weeks from surgery. Radiotherapy was 

given by external beam in daily fractions of 2.0 Gy to a planned total dose of 60.0 Gy to the 

tumor (10).

The initial target volume was the contrast-enhancing lesion and surrounding edema seen on 

MRI/CT with a 2 cm margin. If there was no edema present, then a 2.5 cm margin was used. 

After 46 Gy in 23 fractions, a cone-down tumor volume, which consisted of the contrast 

enhancing lesion (without edema) on the pre-operative scan with a 2.5 cm margin, was 

treated with an addition of 14 Gy in 7 fractions.

The gross tumor volume (GTV) for the initial target volume (GTV1) was the contrast-

enhancing lesion plus surrounding edema if it exists. The initial CTV (CTV1) was a 2 cm 

margin if edema was present and 2.5 cm margin if there was no edema. The initial PTV 

(PTV1) was 3–5 mm. The GTV for the boost (GTV2) was the contrast enhancing lesion 

with a 2.5 cm CTV2 and a 3–5 mm PTV2.

The inhomogeneity across the target volume was kept to a minimum. The minimum dose to 

the target volume was kept within 5% of the dose at the center of the volume. The maximum 

dose was no higher than 5% of the dose at the center of the target volume. Of note, several 

patients received 1.8 Gy fractions to a total dose of 59.4 Gy.

During RT phase, patients received oral temozolomide at 75 mg/m2 daily for 42 days and 

bortezomib injection at 1.3 mg/m2 on days 1, 4, 8, 11, 29, 32, 36 and 39. Bortezomib was 

initially given via intravenous (IV) infusion, but the protocol was later modified to 

subcutaneous (SC) injection at ~10 months after the first patient had begun treatment (e.g., 

August 2012), due to the reported similar efficacy with improved safety profile (11, 12).

Maintenance treatment phase (post-RT phase): Three to six weeks after completion 

of RT, patients began the maintenance phase of temozolomide with bortezomib, given in a 

28-day cycle for up to 24 cycles if tolerated and progression-free. Oral temozolomide was 

given at 150 mg/m2/day on days 1–5 of 28-day cycle for the first cycle. If the patient 

tolerated this dosing, subsequent cycles were increased to 200 mg/m2/day for five days every 

28 days.

Bortezomib was given at 1.3 mg/m2 IV/SC on days 1, 4, 8, and 11 of 28-day cycles. Patients 

2 and 3 received bortezomib via IV infusion only, patients 7 to 24 received bortezomib via 

SC injection only, and patients 1, 4, 5 and 6 started with IV bortezomib infusions and 

switched to SC injection.

Evaluation (Figure. 1)

A pre-treatment evaluation which included a complete history, physical, vital signs, and 

neurological examinations, as well as brain magnetic resonance imaging (MRI) with and 

without gadolinium contrast was performed within 21 days prior to treatment initiation. 

Complete blood count, serum chemistries, coagulation tests, and urinalysis were obtained 
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within 14 days prior to enrollment. Serum pregnancy tests were performed for women of 

childbearing potential. Biomarker profile including MGMT methylation and IDH1/IDH2 
mutation status were examined.

During the RT phase, complete blood count was acquired weekly. Serum chemistries, 

general physical examinations, and neurological exams were performed biweekly. During 

maintenance treatment phase with temozolomide and bortezomib, complete blood count and 

serum chemistries were obtained on days 21 and 28 of each 28-day cycle. Physical and 

neurological exams were performed every 4 weeks for one year, and every 8 weeks 

thereafter. Brain MRI with and without gadolinium contrast was performed two weeks after 

radiation completion and then every 8 weeks thereafter.

Assessment of response and toxicity

RANO (Response Assessment in Neuro-Oncology) criteria were applied to evaluate imaging 

response using brain MRI with and without contrast (13). Adverse events were graded based 

on National Cancer Institute Common Toxicity Criteria (Version 3.0).

All patients were followed for progression free survival and overall survival data. One 

patient was lost to follow up after 20 months on trial.

Statistical analysis

The primary endpoint was overall survival (OS). The secondary endpoints include safety and 

progression free survival (PFS). The initial sample size calculation for this one-arm trial was 

based on an endpoint of an 18-month survival rate with a 36-month accrual period (1–2 

patients/month). The following assumptions were made: a) survival time followed an 

exponential distribution; b) the 18-month survival rate was 55% for this new treatment and 

40% for the standard treatment (1); c) the 18-month survival rate was estimated using the 

Kaplan-Meier method; and d) one side Z-test was used with Type I error of 0.05 and power 

of 0.70. These resulted in a sample size of 50 patients. The study was closed by sponsor in 

April 2015 due to a slow rate of accrual with a final enrollment of 24 patients. Descriptive 

statistics including medians and ranges for the variables of population characteristics were 

presented. Survival analyses were performed using STATA (Data Analysis and Statistical 

Software). Comparisons on survival data between our data and historical norm were 

performed in a descriptive manner in this initial cohort of cases. Log rank tests were 

employed as a post hoc analysis to compare progression free and overall survival times 

between MGMT methylated and unmethylated patients. P<0.05 was defined as significant. 

The study was registered with clinicaltrial.gov (NCT00998010).

Results

Patient Profiles

A total of 25 patients with pathologically confirmed newly-diagnosed GBM were screened, 

and 24 were enrolled between October 2011 and April 2015. One failed screening due to 

pulmonary embolism onset one day before enrollment. Twenty-one patients were enrolled at 

University of California – Los Angeles and 3 were enrolled at Columbia University.
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Basic characteristics of patients and molecular markers are shown in Table 1. Our cohort 

included 13 male and 11 female patients with a median age of 57 years old (range 27–75), 

and a median KPS score at the time of enrollment of 90 (range 60–100). Thirteen patients 

had gross total resection and 11 patients had subtotal resection. Molecular biomarkers were 

tested in 24 patients for IDH1 and 21 for IDH2 mutation status: 3 (13%) were found positive 

for IDH1 mutation and 0 (0%) were positive for IDH2 mutation (Table 1). MGMT 
methylation was tested in 23 patients: 10 (43%) were methylated and 13 (57%) were 

unmethylated (Table 1).

The median interval from histopathological diagnosis/initial surgery to treatment initiation 

was 5 weeks (range 3–6) and from diagnosis to completion or discontinuation from the trial 

was 26 weeks (range 7–116). Median follow up period was 21.8 months (range 5.5–61.4). 

As of April 2016, all 24 patients were either taken off study or completed 24 cycles of 

adjuvant therapy. The reasons for discontinuation from the trial include: 4 (17%) patients 

completed 24 cycles of adjuvant temozolomide and bortezomib therapy without progression, 

14 (58%) had tumor progression, 2 (8%) were non-compliant, 2 (8%) withdrew from the 

trial voluntarily due to difficulty to maintain clinic visit, and 2 (8%) had adverse effects 

including allergic reaction in 1 patient and refractory neutropenia in the other patient as 

described below.

Safety

The most common grade 2 toxicities observed were hematologic events including 

lymphopenia (63%), neutropenia (21%) and thrombocytopenia (17%) and non-hematologic 

events including fatigue (38%), headache (29%), skin rash/injection site reaction (17%), 

seizure (17%) and cognition disturbances (17%) (see Table E1, online supplementary 

material). Table 2 shows grade 3/4 toxicities observed during both RT and post-RT phases 

for each patient. During the RT phase, grade 3 and grade 4 toxicities were observed in 6 

(25%) patients and 1 (4%) patient respectively. Grade 3 toxicities included rash, 

asymptomatic hyponatremia, neutropenia, constipation, and headache. Hydrocephalus and 

pulmonary embolism were considered unrelated to treatment given the onset was after three 

day of the treatment and the symptoms of hydrocephalus had developed before the 

treatment. Grade 4 toxicity contained gait abnormality, which was considered related to 

hydrocephalus and unrelated to the trial medications. During post-RT phase, 7 (29%) 

patients experienced grade 3 hematologic toxicities and none (0%) experienced any grade 4 

toxicities. The adverse events were reversible. With the follow-up periods ranging from 5.5 

to 61.4 months, we did not see unexpected adverse events, delayed neuro-toxicity or 

correlative abnormal brain MRI findings.

Among all 24 patients, 2 patients were taken off from the study due to adverse effects from 

the trial. One patient had a grade 3 skin allergy while being on temozolomide, bortezomib 

and Bactrim during RT phase. Upon stopping all 3 medications, the patient’s rash improved. 

Assuming the allergy was caused by Bactrim, we switched Bactrim to Mepron and resumed 

the patient on RT, temozolomide and bortezomib. However, the rash worsened and the 

treatment was again stopped. The patient was taken off from trial during week 6 of RT phase 

and resumed treatment after the allergic reaction resolved completely. Another patient 
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developed grade 2 neutropenia while on both temozolomide and bortezomib during 

maintenance treatment phase. Then the patient developed grade 3 neutropenia after holding 

bortezomib but continuing dose reduced temozolomide. The patient was taken off the study 

and discontinued temozolomide at week 37 because of refractory neutropenia.

Efficacy

Among 24 patients, 1 (4%) was lost to follow up after last visit on July 24 of 2015, 15 (63%) 

were deceased and 8 (33%) were alive as of 4/14/2017, when survival data were last 

confirmed. Median progression free survival (PFS) was 6.2 months (95% CI, 3.7–8.8) from 

the time of diagnosis (Table 3). PFS rates were 54.2% (95% CI 32.7–71.4) at 6 months, 

29.2% (95% CI 13.0–47.6) at 12 months, 25.0% (95% CI 10.2–43.1) at 18 months and 24 

months, 16.7% (95% CI 5.2–33.7) at 30 months, and 12.5% (95% CI 3.1–28.7) at 36 

months. Median overall survival (OS) was 19.1 months (95% CI, 6.7–31.4) from the time of 

diagnosis (Table 3). The OS rates were 87.5% (95% CI 66.1–95.8) at 12 months, 50.0% 

(95% CI 29.1–67.8) at 24 months, and 34.1% (95% CI 15.4–53.9) at 36 to 60 months. The 

PFS rate and OS rate appeared to be promising at 18 months and beyond (Table E2, online 

supplementary materials) compared to historical norms.

Twenty three of 24 patients (96%) were tested for MGMT methylation status, and 10 (43%) 

were methylated. As expected, we observed improved median PFS in MGMT methylated 

patients comparing to unmethylated patients (Figure 2a and Figure E1 with 95% confidence 

regions in online supplementary materials, p=0.00004, Log rank test): median PFS was 24.7 

months (95% CI 8.5–41.0) in methylated patients and 5.1 months (95% CI 3.9–6.2) in 

unmethylated patients (Table 4). Similarly, the OS in methylated patients was significantly 

greater than unmethylated patients (Figure 2b and Figure E2 with 95% confidence regions in 

online supplementary materials, p=0.0002, Log rank tests). The estimated value of median 

OS was 61 months for the 10 MGMT methylated patients; however, the upper bound of 95% 

confidence interval could not be calculated because 7 of 10 (70%) methylated patients are 

still alive at the time when data was analyzed. Instead, we calculated the mean OS for 

methylated patients, which showed 49.4 months (95% CI 38.3–60.6 months) (Table 4). In 

unmethylated patients, median OS was 16.4 months (95% CI 11.8–21.0) and mean OS was 

15.6 months (95% CI 12.3–18.9) (Table 4). The OS of MGMT methylated patients in the 

trial appeared to be greater than historical MGMT methylated cohorts (Table E3, online 

supplementary materials).

Post-trial treatments for recurrence

Among all 24 patients, 3 had no progression at the time of the last follow-up and 1 lost 

follow-up. The remaining 20 patients had documented recurrence. The treatments for 

recurrence were at attending physician’s discretion. For first recurrence, 4 patients were 

treated with temozolomide re-challenge, 9 with bevacizumab single agent, 4 with 

bevacizumab plus lomustine (CCNU), 1 with bevacizumab plus onartuzumab, 1 with 

bevacizumab plus pembrolizumab, and 1 with nivolumab. For further tumor progression, 

treatment therapies consisted of traditional chemotherapy agents (CCNU, carboplatin or 

etoposide) with and without bevacizumab. Four patients received stereotactic radiation 

therapy during further recurrences.
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Discussion

Despite current standard treatment combining maximal tumor resection followed by radio-

chemotherapy, prognosis of GBM patients remains poor. Consequently, finding new agents 

to integrate into standard treatment for newly-diagnosed GBM is required to improve patient 

survival. Bortezomib is an FDA approved proteasome inhibitor for hematologic malignances 

that has shown efficacy towards GBM cell lines in vitro and in vivo (7–8, 14–15). Therefore, 

we sought to gain a greater insight into the use of bortezomib as a treatment for newly-

diagnosed GBM patients, by combining it into current standard of care and examined its 

efficacy as well as safety. We found that bortezomib treatment in combination with standard 

RT and temozolomide, followed by adjuvant bortezomib and temozolomide was tolerable 

without unanticipated adverse events, and observed promising survival benefit particularly in 

the MGMT methylated population.

Kubicek et al. (9) conducted a phase I trial of bortezomib with concurrent temozolomide 

(TMZ) and radiotherapy with dose escalation in 27 patients with CNS malignancies, 

including 19 GBM patients. Bortezomib was given during concurrent RT/TMZ phase only. 

The patient population was heterogeneous including various primary glioma patients in 

newly-diagnosed or recurrent setting and two metastatic CNS tumor patients. The study 

tested bortezomib with dose escalation rated at 0.7, 1.0 and 1.3mg/m2 on days 1, 4, 8 and 11 

of a 21-day cycle during RT/TMZ phase only. Their results indicated that bortezomib at 1.3 

mg/m2 is well tolerated and safe in combination with temozolomide and radiotherapy. 

Accordingly, our protocol used consistent dose (1.3 mg/m2) of bortezomib and recruited 

only newly-diagnosed GBM patients. In addition, bortezomib treatment was continued 

during maintenance treatment phase up to 24 cycles.

We found that the combination therapy with radiation, temozolomide, and bortezomib were 

well tolerated. One patient was taken off the study due to grade 3 skin allergy while the 

patient was on bortezomib, temozolomide, Bactrim and then Mepron. The medications that 

caused skin allergy might be Bactrium or Mepron and/or bortezomib as switching Bactrim 

to Mepron did not relieve the rash. Another patient had refractory neutropenia while the 

patient was on both bortezomib and temozolomide and was taken off study. Based on our 

experience and past clinical trials with temozolomide at our institution, the refractory 

neutropenia was most likely attributable to temozolomide because the patient developed 

worsening neutropenia after holding bortezomib while continuing dose reduced 

temozolomide. With the follow-up periods ranging from 5.5 to 61.4 months, we did not see 

unexpected adverse events, or delayed neuro-toxicity on clinical examination or brain MRIs. 

Many of the common toxicities such as hematologic adverse events and fatigue were 

attributable to RT/TMZ toxicities, similar to the common adverse events reported in 

temozolomide studies (1–3, 16) and from our daily treatment experience with 

temozolomide. The overall grade 3/4 toxicities were observed in 25% and 29% of patients 

during RT phase and post-RT phase respectively (Table 2). There was only 1 (4%) grade 4 

toxicity: gait abnormality during RT phase (Table 2). This patient had grade 2 gait 

abnormality before the study which progressed into grade 4 gait abnormality in the middle 

of RT phase. This progression is most likely caused by hydrocephalus that was related to 

GBM or radiation effect, because the symptoms resolved after shunt placement even with 
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continued treatment. Overall, when compared with a recent study by Gilbert et al., the grade 

4 adverse events in our patients (4% during RT phase and 0% during post RT phase) were 

less while the grade 3 adverse events were more (2). When compared with a recent study by 

Chinot et al., the total adverse events of ≥ grade 3 are comparable between theirs (51.3%) 

and ours (54%) (3). The more frequent grade 2 lymphopenia during RT phase could be due 

to the addition of bortezomib to temozolomide; however, the significant increased grade 2 

and grade 3 lymphopenia adverse events in our trial during post RT phase are likely because 

of 24 cycles of treatment duration in comparison to 6–12 cycles of treatment duration in the 

other trial (2, 16). Other possible reasons include small sample of this study and generous 

adverse effect documentation- unrelated adverse events but occurred during the clinical trial 

period (Table 2). Similar pattern for reporting adverse effects was seen in other clinical trial 

(16).

We changed the administration of bortezomib from intravenous route to subcutaneous route 

at 10 months after the enrollment of the first patient, as Moreau et al. showed subcutaneous 

bortezomib significantly reduced development of peripheral neuropathy when compared 

with intravenous administration (11, 12). In our patient population, 3 developed symptoms 

suggestive of peripheral neuropathy; 2 of whom received bortezomib both via intravenous 

and subcutaneous routes and 1 of whom via subcutaneous injection only.

Our single-arm data shows that adding bortezomib to RT/TMZ may potentially improve 

overall survival. The most promising results observed are the higher OS rates in our patients 

at 12 months and beyond (Table E2, online supplementary materials). While the median PFS 

in our patients does not show much difference from historical data, we observed increased 

PFS rates at 18 months and beyond (Table E2, online supplementary materials). Due to 

small sample size, statistical comparison was not performed between our survival data and 

historical data. Nevertheless, our data were encouraging for newly diagnosed GBM when 

bortezomib was combined with radiation therapy and temozolomide. In preclinical models, 

bortezomib has been shown to be a radiosensitizer (17). That could be one of the reasons for 

lacking of efficacy in the treatment of recurrent GBM with bortezomib and vorinostat (a 

histone deacetylase inhibitor) when radiotherapy was not used (18).

Similar to other studies (3, 19), our results clearly showed MGMT methylated patients had 

significant longer PFS and OS than unmethylated patients (Table 4, Figure 2). Moreover, 

MGMT methylated patients appear to derive enhanced benefit to the addition of bortezomib 

to RT/TMZ therapy (Table E3, online supplementary materials). Interestingly, this clinical 

outcome is different from a study showing through GBM cell lines that adding bortezomib 

to temozolomide overcomes MGMT-mediated GBM resistance to temozolomide (20).

There are some limitations of our study. First, we were only able to enroll 24 patients. 

Although we have not reached the planned statistical power, our data from these 24 patients 

have shown that the median OS rate (54%) at 18-month has approximated our assumed OS 

of 55%, in comparison to 39%, 36% and 43% in historical norms (1–3) (Table E2, online 

supplementary material), suggesting a potential of better efficacy of our treatment. Second, 

our patients all underwent surgical resections, which was not the case in most of the 

historical studies. While in Gilbert’s study, no patients with unresected tumors were assessed 
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for efficacy, whereas in Stupp’s and Chinot’s studies, 17% and 13%, respectively, of their 

patients had only biopsy without surgical resections (1–3). These differences could have 

resulted in longer survival in our patients. However, compared to the median OS (16.1 

months and 15.8 months) of pure surgical resection patients in Gilbert’s trial (2) and Stupp’s 

online supplemental data (1), the overall survival of 19.1 months in our patients are still 

favorable.

Conclusion

In this phase II study investigating the safety and efficacy of adding bortezomib to 

radiotherapy with temozolomide in the treatment of newly-diagnosed GBM, we found that 

this regimen did not cause unexpected adverse events. The overall toxicity is tolerable. The 

overall survival rates appear promising. For the patients with MGMT methylation, there 

appear to be enhanced benefit of bortezomib in terms of PFS and OS compared to historical 

outcomes for MGMT methylated patients. Further clinical investigation is warranted with a 

larger sample size to validate our findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Treatment and Evaluation Plan
Study Regimen: Bortezomib is given intravenously/subcutaneously at 1.3 mg/ m2 on days 

1, 4, 8, 11, 29, 32, 36, and 39 during radiation as early as 14 days after surgery. 

Temozolomide is given daily (75mg/m2) during radiation, followed by 5 days out of 28 with 

a dosage of 150–200 mg/m2, for up to 24 cycles. Bortezomib at 1.3 mg/m2 is given on days 

1, 4, 8, and 11 of each subsequent 28 day cycle. Both bortezomib and temozolomide will 

continue until progression or up to 24 cycles.

Evaluation (L: Laboratory testing, PE: physical examination)

PE/L: physical examination on day 28 of every cycle and at study discontinuation. 

Laboratory blood testing weekly during radiation and every cycle thereafter.

MRI: baseline screening within 21 days of day 1; then at day 56; then every 2 cycles (56 

days +/− 3 days)
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Figure 2a. 
Median progression-free survival (PFS) curves for all patients and patients with methylated 

and unmethylated MGMT status. MGMT+: methylated MGMT; MGMT−: unmethylated 

MGMT
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Figure 2b. 
Median overall survival (OS) curves for all patients and patients with methylated and 

unmethylated MGMT status. MGMT+: methylated MGMT; MGMT−: unmethylated 

MGMT
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Table 1.

Baseline characteristics of study patients at enrollment (n=24)

Characteristic Value (%)

Age in years: median (range) 57 (27-75)

Gender - no. (%)

Male 13 (54 )

Female 11 (46)

Karnofsky performance score - no. (%)

60-80 8 (33)

90-100 16 (67)

Pre-surgery lesion location- no. (%)

Temporal lobe 9 (38)

Frontal lobe 9 (38)

Parietal lobe 4 (17)

Occipital lobe 2 (8)

Extent of resection - no. (%)

Sub-total resection 11 (46)

Gross total resection 13 (54)

Use of glucocorticoids at baseline - no. (%)

Yes 10 (42)

No 14 (58)

MGMT methylation status - no. (%)

Total # of patients tested 23

Methylated 10 (43)

Unmethylated 13 (57)

IDH mutation status - no. (%)

Total # of patients tested (IDH1/IDH2) 24/21

Mutant type (IDH1/IDH2) 3/0 (13/0)

Wild type (IDH1/IDH2) 21/21 (88/100)
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Table 2

Observed grade 3 (G3) and grade 4 (G4) toxicities

Events During radiation therapy phase During maintenance treatment phase

No. of patients (%) No. of patients (%)

G 3 G 4 G 3 G 4

Rash/drug reaction 1 (4) 0 0 0

Hyponatremia (most likely related to disease) 1 (4) 0 0 0

Leukopenia 0 0 3 (13) 0

Lymphopenia 0 0 7 (29) 0

Neutropenia 1 (4) 0 1 (4) 0

Headache 1 (4) 0 0 0

Constipation 1 (4)

Hydrocephalus
a)b)

 (most likely related to disease)
2 (8) 0 0 0

Pulmonary embolism (PE) 
a)

 (most likely related to disease)
1 (4) 0 0 0

Mood alteration 
b)

 (most likely related to hydrocephalus)
1 (4) 0 0 0

Gait abnormality 
b)

 (most likely related to hydrocephalus)
0 1 (4) 0 0

Any events 9 (38) 1 (4) 11 (46) 0

Patients with adverse events 
c) 6 (25) 1 (4) 7 (29) 0

Note:

a)
One patient developed G3 hydrocephalus and G3 PE on the 4th day after starting the trial. The patient only received one dose of bortezumab, 3 

days of temozolomide and 3 days of radiation therapy. The symptoms resolved after shunt placement and anticoagulation. The patient resumed 
treatment. The hydrocephalus and PE were most likely related to the GBM itself.

b)
The other patient had G2 equivalent gait abnormality before clinical trial and progressed into G4 gait abnormality in the middle of RT phase. G3 

hydrocephalus was found. G3 mood alteration started at the same time when hydrocephalus was diagnosed. The symptoms resolved after shunt 
placement. Thus, the gait abnormality and mood alteration were most likely caused by hydrocephalus. Hydrocephalus is most likely due to GBM 
disease or worsening by radiation effect.

c)
Overall patients with adverse events were 13/24 (54%).
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Table 3.

Progression free survival (PFS) and overall survival (OS)

PFS OS

Median survival (95% CI) in month 6.2 (3.7-8.8) 19.1 (6.7-31.4)

Median survival Rate (%) (95% CI)

At 6 months 54.2 (32.7-71.4) 95.8 (73.9-99.4)

At 12 months 29.2 (13.0-47.6) 87.5 (66.1-95.8)

At 18 months 25.0 (10.2-43.1) 54.2 (32.7-71.4)

At 24 months 25.0 (10.2-43.1) 50.0 (29.1-67.8)

At 30 months 16.7 (5.2-33.7) 45.5 (25.2-63.7)

At 36 months 12.5 (3.1-28.7) 34.1 (15.4-53.9)

At 48 months NA 34.1 (15.4-53.9)

At 60 months NA 34.1 (15.4-53.9)

NA: Data not available.

CI: confidence interval
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Table 4.

Progression free survival (PFS) and overall survival (OS) in accordance to MGMT methylation status

PFS in month OS in month

Patients with MGMT+
(n=10) 24.7 (8.5-41.0) 

a)
61 (NC) 

a)

49.4 (38.3-60.6) 
b)

Patients with MGMT−
(n=13) 5.1 (3.9-6.2) 

a)
16.4 (11.8-21.0) 

a)

15.6 (12.3-18.9) 
b)

Log rank test P=0.00004 P=0.0002

MGMT+: MGMT methylated; MGMT−: MGMT unmethylated.

a)
Median value (95% Confidence Interval bounds). NC: the upper bound of 95% confidence interval could not be calculated because 7 out of 10 

patients were still alive at the time of the data analysis.

b)
Mean value (95% Confidence Interval bounds), which was used for statistical comparison because of the above reason in a).
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