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Abstract To compare progression-free (PFS) and overall

survival (OS) in patients treated in two consecutive phase

II trials of hypofractionated-intensity modulated radio-

therapy (hypo-IMRT) and temozolomide (TMZ) with or

without bevacizumab (BEV). Patients with newly diag-

nosed glioblastoma multiforme (GBM) after biopsy or re-

section were enrolled on a clinical trial with hypo-IMRT

and TMZ (hypo-IMRT/TMZ alone) from 2008 to 2010, or

in the second protocol with the same hypo-IMRT and TMZ

plus BEV (hypo-IMRT/TMZ/BEV) from 2010 to 2013. All

patients received postoperative hypo-IMRT to the surgical

cavity and residual tumor plus margin to a total dose of

60 Gy and to the T2 abnormality with margin to 30 Gy,

both in ten fractions. Concurrent TMZ (75 mg/m2/day) was

given to all patients for 28 consecutive days followed by

adjuvant TMZ (150–200 mg/m2/day). Patients enrolled on

the hypo-IMRT/TMZ/BEV trial received concurrent and

adjuvant BEV (10 mg/kg) on days 1 and 15 of each 28-day

cycle. Hazard ratios of PFS and OS were compared

between trials in a Cox proportional hazards model.

Twenty-six patients were enrolled on the hypo-IMRT/TMZ

alone trial and 30 patients on the hypo-IMRT/TMZ/BEV

trial. Median follow-up was 13.9 and 14.7 months, re-

spectively. Median PFS was 3.4 months longer with hypo-

IMRT/TMZ/BEV but the difference was not statistically

significant (12.8 vs. 9.4 months, p = 0.58). Median (OS)

was 16.3 months for both trials. The addition of BEV to

TMZ and hypo-IMRT did not improve OS for patients with

GBM in two phase II trials with small patient numbers;

PFS was longer with BEV, but the difference was not

statistically significant.
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Introduction

Glioblastoma multiforme (GBM) is the most common

primary brain cancer in adults. Prognosis remains poor

despite advances in imaging and treatment. Median overall

survival (OS) with current standard of care therapy with

conventional radiation and temozolomide (TMZ) is

14.6 months with 5 year OS of 10 % [1, 2]. Pattern of

failure has been overwhelmingly local tumor recurrence/

progression. Radiation dose escalation seems logical to

increase local tumor control. However, radiation dose

escalation studies with conventional fractionation (i.e.,

B2 Gy per fraction) have all failed to either increase local

tumor control or to improve patient survival.

Hypofractionated radiation therapy represents an alter-

native method for biological effective dose (BED) escala-

tion, in hope of increasing local tumor control and

ultimately survival. We previously reported a phase I
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fractional dose escalation trial in which radiation fractional

dose was safely escalated from 3 Gy per fraction to 6 Gy

per fraction [3]. A total radiation dose of 60 Gy was given

with concurrent and adjuvant TMZ. Hypofractionated-in-

tensity modulated radiotherapy (hypo-IMRT) technique

was used. To further investigate safety and tolerability of

hypo-IMRT to 60 Gy in 6-Gy fractions over 2 weeks with

concurrent and adjuvant TMZ, the highest dose per fraction

cohort (6 Gy/fraction) of the phase I trial was subsequently

expanded to a phase II trial. A total of 26 patients were

enrolled and outcomes of the first 24 patients were previ-

ously reported [4]. The treatment regimen was well toler-

ated with no grade 3–4 non-hematologic toxicity. The

median OS was 16.6 months, comparable to outcomes with

standard therapy. Hypo-IMRT also seemed to have altered

the patterns of failure in this group of GBM patients, with

less local but more distant failures, which is likely due to

the higher biologically effective dose delivered with hypo-

IMRT, resulting in higher rates of local tumor control [5].

GBMs are characterized by extensive angiogenesis, with

increased vascular endothelial growth factor (VEGF) ex-

pression correlated with poor prognosis [6, 7]. Mouse

xenograft models showed that targeting of VEGF inhibited

tumor growth [8, 9]. Bevacizumab (BEV), a humanized

monoclonal antibody against the VEGF ligand, initially

showed promising results in phase II clinical trials for re-

current GBMs with response on imaging and improved

progression free survival (PFS) leading to FDA approval

for recurrent GBMs in 2009 [10–12]. Subsequent trials

with radiation in both the recurrent and upfront settings

showed safety and promising outcomes [13, 14].

Since 2010 we have completed a second phase II trial of

the same hypo-IMRT with concurrent and adjuvant TMZ

as well as BEV [15]. Here, we compare the outcome results

of these two consecutive phase II trials of hypo-IMRT and

TMZ with or without BEV.

Materials and methods

The two phase II trials have been completed sequentially.

Both trials were approved by our institutional review board

and were registered with ClinicalTrials.gov, numbers

NCT00792012 and NCT01209442.

Eligibility

Eligible patients were C18 years old with histopatho-

logically confirmed GBM. Karnofsky performance status

(KPS) had to be C60, with an estimated survival of

C3 months. One difference between trials was tumor size

requirements. In the hypo-IMRT/TMZ alone trial the

surgical cavity plus the T1-weighted enhancing residual

tumor on MRI had to be B6 cm; the hypo-IMRT/TMZ/

BEV trial did not have a size constraint.

Hypo-IMRT

The hypo-IMRT technique was previously reported [3]. In

brief, IMRT with a simultaneous integrated boost was used

to deliver differential radiation doses to different targets.

The gross tumor volume (GTV) was defined as any con-

trast-enhancing residual tumor on the post-operative T1-

weighted post-contrast MRI plus the entire surgical cavity.

The clinical tumor volume (CTV) was defined as the ab-

normality on the T2-weighted MRI. For the hypo-IMRT/

TMZ alone trial, planning target volume 1 (PTV1) was

defined as the GTV plus a 0.5 cm margin and planning

target volume 2 (PTV2) the CTV plus a 0.5 cm margin. In

the hypo-IMRT/TMZ/BEV trial, PTV1 was defined as the

GTV plus a 1 cm margin and PTV2 the CTV plus a 1 cm

margin. On both trials PTV1 received 60 Gy and PTV2

30 Gy simultaneously in ten fractions over 2 weeks.

Temozolomide chemotherapy

All patients were to receive TMZ concurrently with hypo-

IMRT and adjuvant TMZ after hypo-IMRT. TMZ was

administered orally, once daily at 75 mg/m2, starting on the

first day of hypo-IMRT and continuing for 28 consecutive

days. Adjuvant TMZ was administered at 150–200 mg/m2

orally once daily for 5 consecutive days every 28 days, for

a total of six cycles. Adjuvant TMZ beyond 6 cycles was at

the discretion of the treating neuro-oncologist.

Bevacizumab therapy

Patients enrolled on the hypo-IMRT/TMZ/BEV trial were

to receive BEV concurrently with hypo-IMRT and TMZ

and adjuvant BEV with TMZ after hypo-IMRT. BEV was

administered intravenously at 10 mg/kg on day 1 and day

15 during hypo-IMRT. Adjuvant BEV was administered at

10 mg/kg on days 1 and 15 of every TMZ cycle for a total

of six cycles.

Patient follow-up and toxicity evaluation

Patients in both trials were evaluated on a weekly basis

during radiation, on a monthly basis during adjuvant

therapy, and once every 3 months thereafter. Evaluation

included history and physical examination, blood tests,
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KPS, and toxicity assessment. Common Terminology

Criteria for Adverse Events version 3.0 was used for

grading of toxicity. Contrast-enhanced MRI was performed

within 28 days before study treatment and then at 1 and

3 months after hypo-IMRT, and once every 3 months

thereafter. Acute toxicities were classified as occurring

within 30 days of hypo-IMRT and late toxicities developed

C30 days after hypo-IMRT.

The hypo-IMRT/TMZ/BEV trial was closed early after

enrolling 30 of a planned 35 patients due to a higher than

expected rate of presumed radiation necrosis (RN) with

clinical decline.

Statistical analysis

All patients for whom treatment was initiated were in-

cluded in the analysis of both trials, including the last two

patients who were enrolled on the hypo-IMRT/TMZ trial

but not included in the initial publication due to short

follow-up. Demographic and clinical characteristics were

summarized as mean, median and range for continuous

measure, frequency and percentage for categorical mea-

sures and compared between the two trials using t tests for

continuous measures and v2 tests for categorical

measures.

OS was measured from the day of diagnosis to death

from any cause. Follow-up time and PFS were measured

from the day of hypo-IMRT completion. The Kaplan–

Meier estimate of PFS and OS was compared between

groups using a log-rank method for unadjusted comparison.

To adjust for population factors by which the two groups

differed, a Cox proportional hazards model was used for

PFS and OS, and a logistic regression model was used for

6 month PFS and clinically significant presumed RN.

Results

Patients

Between 2008 and 2010 26 patients were enrolled on the

hypo-IMRT/TMZ alone trial. Between 2010 and 2013, 30

patients were enrolled on the hypo-IMRT/TMZ/BEV trial.

Mean age was 59.5 in the hypo-IMRT/TMZ alone trial and

55.9 in the hypo-IMRT/TMZ/BEV trial (p = 0.466). Mean

KPS and PTV1 were higher in the hypo-IMRT/TMZ/BEV

trial compared to the hypo-IMRT/TMZ alone trial, 83 and

77.7 % (p = 0.025), and 127.7 versus 100 ml (p = 0.029),

respectively. The majority of patients in both trials were in

RPA class 4. Patient demographics for both trials are

summarized in Table 1.

Treatment compliance

All patients on both trials received hypo-IMRT and con-

current systemic therapy as prescribed. In the hypo-IMRT/

TMZ alone trial, the mean number of adjuvant TMZ cycles

was six and the hypo-IMRT/TMZ/BEV trial 7 (p = 0.532).

54 % of patients in the hypo-IMRT/TMZ alone trial

completed 6 cycles of TMZ per protocol, compared to

70 % of patients in the hypo-IMRT/TMZ/BEV trial. All

patients in the hypo-IMRT/TMZ/BEV trial received two

doses of BEV on days 1 and 15 per the protocol; a mean of

five cycles of adjuvant BEV were administered (Table 1).

Outcomes

The median follow-up times for the hypo-IMRT/TMZ

alone trial and the hypo-IMRT/TMZ/BEV trial were 13.9

and 14.7 months, respectively. Median PFS was increased

by 3.4 months in the hypo-IMRT/TMZ/BEV trial, com-

pared to the hypo-IMRT/TMZ alone trial (12.8 vs.

9.4 months, p = 0.58) (Fig. 1). PFS at 6 months was not

significantly different between the two trials (84 and 83 %,

respectively, p = 0.702). Median OS was the same in both

trials at 16.3 months (Fig. 2).

At the time of data analysis for this report four patients

treated on the hypo-IMRT/TMZ alone trial are still alive

with a median OS of 65 months (range 42.1–66.8). Four

patients treated on the hypo-IMRT/TMZ/BEV trial remain

alive with a median OS of 32.7 months (range 10.5 – 34.7).

Two year OS for the combined patient population was

25.5 %. Five year OS for the hypo-IMRT/TMZ alone trial

was 12 %.

At the time of progression patients on both trials were

treated with additional surgery, chemotherapy, radiation or

phase I trial. On the hypo-IMRT/TMZ trial 6 patients un-

derwent surgery, 2 underwent radiation [fractionated

stereotactic radiosurgery (SRS)], and 11 patients received

additional chemotherapy including bevacizumab, irinote-

can, temozolomide, and BCNU. Two patients were also

treated on a clinical trial with a study drug. On the hypo-

IMRT/TMZ/BEV trial 6 patients underwent surgery, 2

underwent radiation (one fractionated IMRT; one single

fraction SRS), and 8 patients received additional che-

motherapy including bevacizumab, CCNU, and temozolo-

mide. One patient was treated with Novocure TTF100A.

Toxicity and adverse events

In the hypo-IMRT/TMZ alone trial, no early or late grade 3

or higher non-hematologic toxicity was observed. Acute

grade 1 and 2 toxicities included fatigue, headache, nausea,

insomnia, confusion, partial seizure, and anorexia. Late
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grade 1 or 2 toxicities included fatigue, nausea, insomnia,

headache, confusion, partial seizure, and anorexia.

In the hypo-IMRT/TMZ/BEV trial a higher rate of

grade 3 toxicity was seen, with 30 % (9/30) of patients

experiencing non-hematologic grade 3 toxicity including

fatigue, nausea, anorexia, and wound dehiscence, as well

as one instance of pulmonary embolism and one instance

of stroke. Grade 1 and 2 toxicities were similar to

those seen in the hypo-IMRT/TMZ alone trial with the

addition of deep vein thrombosis and intracranial

hemorrhage.

Clinically significant presumed radiation necrosis

There was a higher rate of clinically significant presumed

RN with hypo-IMRT/TMZ/BEV compared to hypo-IMRT/

TMZ alone, 50 versus 15 %, respectively (p = 0.012) with

an odds ratio of 4.88 (CI 1.17–20.4). After adjusting for

KPS and PTV1 size, however, the odds ratio was no longer

statistically significant (OR 3.53; CI 0.90–13.8). Presumed

radionecrosis was defined as progressive MRI changes not

attributable to tumor progression resulting in neurological

deficits. Differentiation from tumor progression was based

Table 1 Patient and treatment

characteristics
Characteristics Hypo-IMRT/TMZ/BEV Hypo-IMRT/TMZ alone p value

Total patient number 30 26 0.712

Male 17 16

Female 13 10

Age (years)

Mean 55.9 59.5 0.466

Median 56.5 60.5

Range 31–78 25–77

KPS

Mean 83 77.7 0.025

Median 85 80

Range 70–90 60–90

RPA class 0.389

3 6 3

4 19 15

5 5 8

Surgery 0.102

Gross total resection 17 11

Near total resection 5 12

Partial resection 3 1

Biopsy 5 2

PTV1 (ml)

Mean 127.7 100 0.029

Median 131 101.5

Range 37.9–241.7 53.9–145.1

Adjuvant TMZ cycles

Mean 7 6 0.532

Median 7 6

Range 1–21 0–14

Adjuvant BEV cycles

Mean 5

Median 6

Range 0–6

Duration of follow-up (months)

Median 14.7 13.9

Range 2.7–34.7 2.7–66.8

KPS Karnofsky performance status, RPA recursive partitioning analysis, PTV1 planning tumor volume 1

254 J Neurooncol (2015) 123:251–257

123



on perfusion weighted MR imaging showing hypoperfu-

sion in the areas of MRI change and consensus after pre-

sentation at a multidisciplinary brain tumor board.

Clinically significant presumed RN was a late toxicity

occurring at a median of 15.8 months (range 8.6–34.5), and

an incidence at 6, 12, and 24 months of 0, 3 and 43 %.

Reoperation

In the hypo-IMRT/TMZ alone trial, six patients underwent

a second craniotomy due to increased T1-weighted post-

contrast enhancement seen on follow-up brain MRI, at a

median of 10.3 months post hypo-IMRT (range

1.3–20.7 months). Four of the 6 patients were found to have

[80 % necrosis with 2 patients having 100 % necrosis.

The other 2 patients’ specimens contained 30–60 %

recurrent tumor. In the hypo-IMRT/TMZ/BEV trial, 6 pa-

tients also underwent a second craniotomy for MRI chan-

ges alone (2 patients) and MRI changes with symptoms

(4 patients), at a median of 13.6 months post hypo-IMRT

(range 2.0–23.4 months). Two patients had extensive RN

([80 %) with residual glial tumor cells. Two patients had

30–40 % residual tumor in the setting of extensive necro-

sis. One patient had mixed tumor and necrosis, with the

proportions of each not further quantified. The final patient

was found to have high grade GBM with absence of

therapy induced necrosis.

Discussion

Hypo-IMRT represents an alternative way to escalate BED

for GBM patients without increasing treatment time in this

poor prognosis population. Results from our first phase II

trial demonstrated comparable OS outcomes to standard of

care therapy [4]. Additionally, patterns of failure appeared

to be altered with fewer local failures within the high dose

region and more distant intracranial recurrences [5].

The addition of bevacizumab to hypofractionated ra-

diation was thought to be a logical therapeutic strategy,

both because of the intrinsic characteristics of GBM, as

well as the demonstrated potential of bevacizumab to de-

crease rates of clinical/radiographic RN [16–18]. VEGF is

overexpressed in malignant gliomas and has been shown to

promote both angiogenesis and invasion of tumor cells [19,

20]. Initial results from phase 2 trials evaluating the addi-

tion of bevacizumab to standard of care therapy in both the

upfront and recurrent setting were promising in terms of

OS [11, 13]. RN is considered a delayed radiation toxicity,

resulting in part from vascular endothelial injury [21].

Based on this mechanism, bevacizumab, which normalizes

tumor vasculature, has been used to treat RN with

documented success on imaging in a number of studies

[16–18].

In the hypo-IMRT/TMZ/BEV trial we sought to evalu-

ate the effect of bevacizumab in combination with hypo-

IMRT and temozolomide on PFS survival as a primary

endpoint, and OS and toxicity as secondary endpoints. This

comparison study demonstrated a statistically non-sig-

nificant increase in PFS with bevacizumab of 3.4 months

(p = 0.39), and no difference in OS. Two recently pub-

lished large randomized trials, the AVAGlio and RTOG

0825, have reported similar findings with standard frac-

tionation radiation, temozolomide and BEV. The addition

of bevacizumab improved progression free survival by

3.4–4.4 months, but had no effect on OS [22, 23].

Both the radiation dose and volume are predictors of RN

[24, 25]. Larger PTV volumes may have contributed to the

high rate of clinically significant presumed RN in the hypo-

IMRT/TMZ/BEV trial. Recently, the Memorial Sloan

Kettering group published results from a phase II trial of

hypofractionated stereotactic radiotherapy with TMZ and

BEV for newly diagnosed glioblastoma. They enrolled 40

patients with tumor volumes B60 cc and treated to 36 in

Fig. 1 Comparison of disease-free survival between patients who

were treated with hypo-IMRT and TMZ with or without BEV

Fig. 2 Comparison of overall survival between patients who were

treated with hypo-IMRT and TMZ with or without BEV
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6 Gy fractions to the T1-contrast enhancing tumor and 24

in 4 Gy fractions to the FLAIR signal abnormality over

2 weeks. Treatment was well tolerated with no reports of

RN. Median PFS was 10 months with a 1-year OS of 93 %

and median OS of 19 months [26]. Reducing the high-dose

treatment volume by selecting patients with smaller tumors

as well as reducing the total radiation dose might help

balance this increased risk of tissue necrosis and improve

the tolerability to treatment and local tumor control. The

reasons that a size limit was not set in the hypo-IMRT/

TMZ/BEV trial were: (1) no grade 3–4 non-hematologic

toxicity was observed in first trial; (2) to reduce patient

selection bias in a single arm trial; (3) it was anticipated

that BEV may have protective effects from RN. Further

research is needed to define the suitable patient population

and optimal total and fractional radiation dosage.

It was postulated that BEV would protect against the

development of necrosis. A high rate of clinically sig-

nificant presumed RN in our hypo-IMRT/TMZ/BEV trial

did not support that. Clinically significant presumed RN

was defined as MRI changes not attributable to tumor

progression, with associated neurologic deficits.

Specifically, differentiation from tumor progression was

based on perfusion-weighted imaging showing hypoper-

fusion in the areas of MRI change, consensus after pre-

sentation at a multi-disciplinary brain tumor board, and

ongoing follow-up of the patients revealing stabilization of

imaging changes [15]. The ‘‘radioprotective’’ theory is

primarily based on decreasing vascular permeability by

bevacizumab, which renders radionecrosis invisible and

less symptomatic; however, it is unknown whether BEV

actually prevents tissue damage. Furthermore, it is possible

that the addition of BEV may have contributed to necrosis

in the hypo-IMRT/TMZ/BEV trial. Prolonged exposure to

anti-angiogenic agents may result in ‘‘overpruning’’ of

diseased blood vessels exacerbating hypoxia, necrosis and

ischemia [27]. Exacerbation of RN has been described in

one case report with a patient initially showing improve-

ment in symptoms followed by deterioration during four

cycles of therapy [28].

This study has certain limitations. Although the two

trials compared were prospective trials, they were not

randomized studies. Significantly larger PTVs were treated

in the hypo-IMRT/TMZ/BEV trial. Small patient numbers

may have limited statistical power.

Conclusion

Based on our two trial comparison, the addition of BEV

does not improve OS in patients with GBM treated with

hypo-IMRT to 60 Gy delivered in 6 Gy fractions over

2 weeks with concurrent and adjuvant TMZ. This finding is

in line with recently published randomized trials which

showed no survival benefit when BEV was added to con-

ventional radiation with TMZ in GBM patients.
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