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As of September, 1997, 34 glioblastoma multiforme patients
received boron neutron capture therapy (BNCT) under several treatment
protocols at the Brookhaven Medical Research Reactor (BMRR). BNCT
is based on the nuclear capture reaction that occurs when a stable
isotope of boron (10B) is irradiated with low energy neutrons to yield
high-LET a particles and 7Li ions by the 10B(n,=E0)7Ii reaction.
Unlike conventional radiation therapy, the selectivity of BNCT depends
on the boron delivery agent The success of BNCT depends upon
the presence of a minimum of 10B atoms (109 atoms/cell) and
a sufficient fiuence of thermal neutrons (1012-1013 n/cm2) to tumor
cells. To fulfill this requirement in patients with deeply located tumors,
two-field irradiation is employed because of the rapid attenuation of
the thermal neutrons in tissue and the limitation imposed by
the radiation tolerance of the normal brain. The objectives of dose
escalation studies at the Brookhaven National Laboratory (BNL) are: 1.
To determine a safe starting dose for BNCT using epithermal neutrons
and BPA-F; 2. To evaluate adverse effects of BNCT at this starting dose;
3. To evaluate the therapeutic effectiveness of this starting BNCT dose
in patients with glioblastoma multiforme (GBM). The patients received
250 or 290 mg/kg BPA-F as an intravenous infusion over 2 hours just
prior to exposure to the epithermal neutron beam at BMRR operating at
2 or 3 MW. Selection criteria for the study included patients with
histologically confirmed GBM, unilateral tumor less than 6 cm from the
scalp, age 18 years of age or older, and Karnofsky Performance Status
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(KPS) higher than 70. Other eligibility criteria included no history of
phenylketonuria, no pacemaker, metal prosthesis or metal implant in
the head and neck region and no prior radiation therapy to the brain,
no prior immunotherapy and/or systemic or intrathecal chemotherapy.
Treatment planning was performed with a Monte Carlo based 3-D
treatment planning software developed at theldaho Engineering and
Environmental National Laboratory. The tumor volume was defined as
the contrast-enhancedvohime evident on CT or MRI images. The target
volume is defined as the tumor volume plus a 2 cm margin. The dose is
expressed in Gray-equivalent (Gy-Eq). The following biological
effectiveness factors are employed: 1.0 for gamma, 3.2 for high-LET
beam components, and 1.3 and 3.8 for boron neutron capture products
in the normal brain and tumor tissue, respectively. The absolute peak
dose is defined as the maximum Gy-Eq dose to a 1 cm3 volume (a single
voxel in the treatment planning software).

From September 1994 to February, 1996, 15 patients were
treated at 2 MW reactor power using an 8 cm collimator and single-field
irradiations. Eleven of them received an average peak brain dose of
10.6 Gy-Eq (range 103-10.9) with an average brain dose of 2.2 Gy-Eq
(range 1.9-2.6), and four received average peak brain dose of 12.9 Gy-Eq
(range 12.0-13.8) with an average brain dose of 2.4 Gy-Eq (range 2.2-
2.4). The median minimum tumor dose for all 15 patients was 26 (range
20-35), and the median minimum target dose was 12 (range 8-17). These
patients had a median post-BNCT follow-up of 10 months with a range
of 22 to 21 months as of 8/31/97 and a median survival of 14.7 months
(range 3.1 - 2.4) post-histopathological diagnosis. The median survival of
these patients compares well with that of comparable GBM patients
treated with routine radiotherapy and chemotherapy, 10.8 months. Out
of these 15 patients 1 is alive and without evidence of recurrence at
19 months post-BNCT. Apart from alopecia, transient lymphocytopenia
and mini-mum transient erythema of the scalp, no other acute side
effects were seen. Fifteen patients were treated under the current
protocol at 3 MW reactor power using an 12 cm collimator. Eight of
these patients were treated with a single field and received an average
peak brain dose of 12.6 Gy-Eq (range 12.2 - 12.8) with an average brain
dose of 3.5 Gy-Eq (range 32 - 4.1). Seven of these patients, with
significantly deeper and larger tumors, were treated with double-field
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irradiations and received average peak brain dose of 12.4 Gy-Eq (range
12.0 - 13.0) with an average brain dose of 4,7 Gy-Eq (range 4.4 - 5.3).
The average minimum tumor dose for all 15 patients was 32 Gy-Eq
(range 18 - 43), and the median minimum target dose was 19 Gy-Eq
(range 15 - 22). These patients had a median post-BNCT follow-up of
8 months with a range of 4.4 to 11.6 months as of 8/31/97. The follow-up
in majorily of these patients is too short to compare the outcome of
the current protocol with that of routine radiotherapy and chemotherapy.
Acute side effects observed in the patients that were treated under this
protocol depended not only upon the radiation dose but also on
the irradiation geometry and, apart from alopecia, transient
lymphocytopenia and minimum transient erythema of the scalp included
seen in all cases, included: transient protitis, otitis externa and oral
thrush. Four patients were recently treated at 3 MW using 12 cm
collimator but with the BPA-F dose increased from 250 mg/kg to
290 mg/kg body weight This allowed the delivery higher minimum tumor
and target doses in the ranges 3 6 - 5 1 Gy-Eq and 25 - 34 Gy-Eq,
respectively, while keeping the normal brain doses virtually unchanged.
Our studies are the first contemporary series of BNCT in brain tumors
using an epithermal neutron beam. The primary objective was to
evaluate the feasibility and safety of a single fraction of BNCT.
No significant side effects from the BPA-F infusion or BNCT treatment
were observed in the normals brain, which proves that delivered doses as
per protocol were safe and supports the assumptions used in dose
calculations for normal brain structures.
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