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Abstract To determine the safety, tolerability, and report
on secondary efficacy endpoints of motexafin gadolinium
(MGd) in combination with whole-brain radiotherapy
(WBRT) and stereotactic radiosurgery (SRS) for patients
with <6 brain metastases. We conducted an international
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study of WBRT (37.5 Gy in 15 fractions) and SRS
(15-21 Gy) with the addition of MGd (5 mg/kg preceding
each fraction beginning week 2). The primary endpoint was
to evaluate the rate of irreversible grade 3 or any grade >4
neurotoxicity and establish feasibility in preparation for a
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phase III trial. Sixty-five patients were enrolled from 14
institutions, of which 45 (69%) received SRS with MGd as
intended and were available for evaluation. Grade >3
neurotoxicity attributable to radiation therapy within
3 months of SRS was seen in 2 patients (4.4%), including
generalized weakness and radionecrosis requiring surgical
management. Immediately following the course of MGd
plus WBRT, new brain metastases were detected in 11
patients (24.4%) at the time of the SRS treatment planning
MRI. The actuarial incidence of neurologic progression at
6 months and 1 year was 17 and 20%, respectively. The
median investigator-determined neurologic progression
free survival and overall survival times were 8 (95% CI:
5-14) and 9 months (95% CI: 6-not reached), respectively.
We observed a low rate of neurotoxicity, demonstrating
that the addition of MGd does not increase the incidence or
severity of neurologic complications from WBRT with
SRS boost.

Keywords Motexafin gadolinium - Whole-brain
radiotherapy - Stereotactic radiosurgery -
Brain metastases

Introduction

Brain metastases represent the most common intracranial
tumor in adults, occurring in approximately 25% of those
with a cancer diagnosis. Primary tumors of the lung, breast,
melanoma, and kidney demonstrate a strong predilection
for dissemination to the brain. Intracranial metastatic dis-
ease is a major source of morbidity, neurocognitive
decline, loss of functional independence, and mortality in
these patients. The median survival with best supportive
care only is approximately two months [1, 2].

Whole brain radiation therapy (WBRT) improves sur-
vival to approximately four months and is a commonly
employed therapeutic strategy [3]. The addition of a ste-
reotactic radiosurgery (SRS) boost has been shown to
improve overall survival for patients with a single metas-
tasis, although post-hoc subset analysis of the landmark
RTOG trial was suggestive of improved survival in selec-
ted patients with up to three intracranial lesions. It also
improves local control and functional autonomy, while
decreasing steroid dependence in those with multiple brain
metastases [4, 5]. Emerging, but controversial data suggest
that the clinical benefits of SRS (other than survival) might
extend to patients with 4 or more metastases; in these
studies of patients with multiple lesions treated with SRS,
the treatment volume appears to be more important than
the absolute number of brain metastases [6].

Motexafin gadolinium (MGd) is an expanded metallo-
porphyrin that is active in intracellular redox cycling, and is
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also a specific inhibitor of ribonucleotide reductase (RNR),
which is overexpressed in several malignancies, as a promoter
of enhanced DNA synthesis [7]. MGd generates reactive
oxygen species by catalyzing the oxidation of reducing
metabolites, the primary target of which appears to be thio-
redoxin reductase and metallothioneins, both involved in
repairing radiation-induced DNA damage [8, 9]. The resultant
oxidative stress allows MGd to enhance the cytotoxicity of
both ionizing radiation and chemotherapy. In addition, it may
also be directly cytotoxic to tumor cells [10-15]. Its specific
inhibitory effect on RNR is putatively one of the mechanisms
for this direct cytotoxicity. The iron-dependent enzyme RNR,
controls cellular concentrations of deoxyribonucleotides, and
is therefore essential for DNA synthesis. It is absolutely
essential for cell proliferation since the enzyme catalyses the
de novo synthesis of deoxyribonucleotides. In lung cancer
patients, the level of RNR is directly associated with response
to gemcitabine and cisplatin [16].

MGd is preferentially taken up by malignant cells and,
given its paramagnetic properties, has been shown to
localize in tumors using magnetic resonance imaging
(MRI) [17, 18]. A recent phase III trial demonstrated that
MGd in combination with WBRT, when initiated within
28 days of the diagnosis of brain metastases, improves the
interval to neurologic progression from 8 to 24 months in
patients with non-small cell lung cancer [19].

The primary purpose of the current study, PCYC-0224,
was to determine the safety, tolerability, and measure sec-
ondary efficacy endpoints of MGd in combination with
WBRT followed by a SRS boost for patients with up to six
brain metastases (although at entry, the cut-off was 4
metastases; see below for details); the exploratory objective
was to evaluate feasibility in preparation for a potential
phase III trial.

Patients and methods
Patients

Adult patients with a Karnofsky performance status >70,
irrespective of dexamethasone use, and histologically
confirmed malignancy with one to four brain metastases as
determined by diagnostic gadolinium contrast-enhanced
MRI were eligible for enrollment. The maximum tumor
diameter was <4 cm for a solitary metastasis. In the
presence of multiple lesions the maximum diameter could
not exceed 3 cm. Institutional review board approval was
obtained from each participating center and written
informed consent from all patients in accordance with the
Helsinki Declaration was required [20].

Patients who underwent resection were eligible for the
study, provided that residual intracranial metastases met
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entry criteria. Patients were excluded if they underwent
complete resection of all known brain metastases, received
previous cranial radiation, had leptomeningeal or liver
metastases, had clinical or radiologic evidence of progres-
sive disease within 1 month prior to enrollment, had
metastases involving the midbrain, pons, or medulla or
within 10 mm of the optic apparatus. Patients with a history
of porphyria, glucose-6-phosphate-dehydrogenase (G6PD)
deficiency, HIV infection, or uncontrolled hypertension
(defined as >160/110 on maximum medical therapy) were
also excluded. Minimal laboratory requirements included:
lactate dehydrogenase (LDH) <1.3 times the upper limit of
normal, platelets >50,000/mm°>, creatinine <2.0 mg/dl,
absolute neutrophil count (ANC) >1,500/mm3, AST and
ALT less than three times the upper limit of normal, and total
bilirubin less than two times the upper limit of normal.

Treatment

WBRT was delivered to a total dose of 37.5 Gy in 15 once
daily fractions of 2.5 Gy over 3 weeks, prescribed to
midplane using opposed lateral fields and 4-8 MV photons.
Alternate fractionation schedules or concurrent chemo-
therapy were not permitted. Patients received MGd 5 mg/
kg IV infused over approximately 10-30 min once a day
2-5h before each WBRT fraction for 10 days during
weeks 2 and 3 of WBRT treatment. In addition, MGd
5 mg/kg was administered once during week 4 or 5, a
minimum of 2-5 h before the SRS boost.

SRS was delivered within 14 days after completion of
WBRT. A post-WBRT, pre-SRS contrast-enhanced MRI
was obtained for SRS target volume delineation and iso-
center determination. If more than 4 days had elapsed since
the last dose of MGd, an additional dose of MGd was given
before treatment-planning MRI. If obtained on the day of
SRS, treatment-planning MRI was obtained after the
infusion of the final dose of MGd. Radiosurgery was per-
mitted for up to 6 lesions that met eligibility criteria, in the
event that additional lesions were discovered at the time of
SRS planning. Metastases demonstrating complete radio-
logic response were not targeted for radiosurgical boost.
The total dose for single fraction SRS was determined by
tumor diameter. Lesions <2.0 cm received 21 Gy; lesions
2.1-3.0 cm received 18 Gy, while those 3.1-4.0 cm
received 15 Gy [21]. The dose was prescribed to the
50-90% isodose line that encompassed the target volume.
The target volume was defined as the enhancing portion of
the metastatic lesion, without volumetric expansion. The
brainstem and optic chiasm/nerves could not exceed 15,
and 8 Gy, respectively. The heterogeneity index (defined
as the maximum dose/prescribed dose) was recom-
mended <2, and could not exceed 2.5 for any lesion. The
preferred conformality index (defined as the prescribed

isodose volume/target volume) was between 1.0 and 2.0,
but could not exceed 3.5. A central reviewer performed the
final review of the SRS boost treatment for each patient.

Assessments

The primary endpoint was the rate of irreversible grade 3 or
any grade >4 clinical (not radiographic only) neurotoxicity
attributable to radiation occurring within three months of
SRS boost. Secondary endpoints included the interval to
neurologic progression, the interval to neurocognitive
progression, survival, and change in lesion size and number
between screening MRI and SRS treatment-planning MRI.
The feasibility endpoint was observational, to determine
the proportion of patients proceeding to SRS after enroll-
ment, in other words, to assess the “drop-out” rate, in order
to plan for future statistical powering of a Phase III trial.
Predetermined exploratory endpoints included the interval
to radiologic progression and radiologic response rate at
three months. All patients who did not receive any MGd or
did not receive MGd and SRS on the same day were dis-
continued from the study and were not evaluable. All
toxicities in this trial were scored according to version 3.0
of the National Cancer Institute Common Toxicity Criteria
Adverse Events (NCI CTCAE).

Patients were evaluated at the time of study entry,
monthly for 9 months, then every three months thereafter.
Follow-up concluded six months after the last patient was
enrolled. Each follow-up visit included a thorough neuro-
logic examination, with assessment of alertness, orienta-
tion, language, speech, cranial nerves, motor strength,
sensory deficits, and cerebellar function. Formal cognitive
testing using a previously developed test-battery was also
performed before enrollment, within 14 days of WBRT
completion, and at each follow-up visit employing stan-
dardized psychometric instruments for assessing cognitive
functions affected by brain tumors and treatment, including
the Hopkins’ Verbal Learning (HVLT) test for memory,
Controlled Oral Word Association (COWA) for executive
function, Trail Making Test (TMT) Part A for visual motor
speed, and Trail Making Test (TMT) Part B for executive
function. Neurocognitive progression was defined as a
worsening of 2.0 or more in the z-scores from baseline
neurocognitive assessment for each individual instrument.
Radiologic progression, which was defined as the occur-
rence of new metastases, reappearance of old lesions, or an
increase in the sum of lesion sizes by >25%, was assessed
by post-treatment MRI at 3 months and every 3 months
thereafter. Radiologic response was defined as a decrease
in the size of all lesions by at least 50%, without the
occurrence of new lesions.

The treating physician determined neurologic progres-
sion for all patients. Neurologic events were considered as
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either major or minor. Major criteria are findings that by
themselves are most specific for acute deterioration caused
by progressive brain tumors without further confirmation,
including change in level of consciousness, aphasia/dys-
phasia, paralysis, new visual field defect, ataxia, and
decline in executive function. The minor criteria are find-
ings suggestive of tumor progression, but insufficient in
isolation to make the diagnosis. These included change in
orientation or motor strength, loss of sensation in a limb,
facial weakness, abnormal papillary light reflex, dysarthria,
papilledema, oculomotor palsy, impaired cerebellar func-
tion, decline in neurocognitive function, or new onset sei-
zures. Any combination of 3 minor criteria were considered
neurologic progression if they could subsequently be con-
firmed. Alterations in steroid dosing, unless initiated in
response to either major or minor neurologic events, were
not considered as evidence of progressive disease. Patients
with evidence of neurologic, neurocognitive, or radiologic
progression returned 2-3 weeks later for a confirmatory
visit. If death occurred before the confirmatory visit, the
patient was considered to have experienced death with
neurologic progression.

Statistical methods

As an a priori designation, >40% was reported as an
unacceptable rate of radiation toxicity, with an incidence of
10-20% designated as acceptable at the time of protocol
design [21]. A sample size of 45 provides an approximately
80% probability that the 95% binomial confidence interval
for the primary endpoint will fall below 40%. This calcu-
lation is based on a true neurologic toxicity rate of 20% and
allows for a 10% non-evaluable rate. The time to neuro-
logic progression, neurocognitive progression, radiologic
progression and overall survival are plotted using the
Kaplan—-Meier method. With the exception of overall sur-
vival, all analyses censored patients for non-neurologic
deaths.

Results
Patient characteristics

Sixty-five patients were enrolled between June 2005 and
September 2006 from 14 institutions, including sites in the
United States (n = 35,53.8%) and Canada (n = 30,46.2%).
Patients who did not receive SRS boost (13 patients, 20%: 6
decline in health/disease progression, 4 patient refusal, 2 no
longer SRS candidates, and 1 poor target delineation) or
MGd on the day of SRS boost (7 patients, 11%: 5 patient/
physician preference, 2 patient refusal) were excluded from
the analysis, leaving 45 patients (69%) available for
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Table 1 Patient characteristics

All evaluable

Characteristics N =45 (%)
Age (years)
Median 58
Mean 58.6
Minimum 42
Maximum 74
Gender
Female 26 (57.8%)
Male 19 (42.2%)
Primary tumor site
Breast 5(11.1%)
Kidney 1 (2.2%)
Lung 34 (75.6%)
Melanoma 3 (6.7%)
Colorectal 2 (4.4%)
Other 0 (0%)
Karnofsky performance status (KPS)
90 or 100 29 (64.5%)
70 or 80 16 (35.6%)
RPA Class®
I 7 (15.6%)
1T 38 (84.4%)
Status of primary tumor at enrollment
Newly diagnosed and/or untreated 19 (42.2%)
Resected and no recurrence 6 (13.3%)
Treated, but <1 mo. since treatment 6 (13.3%)
Treated and >1 mo. since treatment 14 (31.1%)
Extracranial metastases
None 17 (37.8%)
One 12 (26.7%)
Two or more 16 (35.6%)

4 Radiation Therapy Oncology Group recursive partitioning analysis
class [22]

RPA class I KPS >70, primary site controlled, age <65, and no
extracranial metastases, RPA class Il uncontrolled primary tumor, age
>65, or extracranial metastases

evaluation. These parameters for non-evaluability were pre-
specified. Patient characteristics for evaluable patients are
outlined in Table 1. The most common primary tumor site
was lung (76%), followed by breast (11%), melanoma (7%),
colorectal (4%), and renal (2%). Most patients were RTOG
recursive partitioning analysis (RPA) class II (84.4%), which
encompasses patients with uncontrolled primary tumors,
age >65 years, or with extracranial metastases. The
remaining (15.6%) were RPA class I, indicating KPS >70,
primary site controlled, age <65 years, and no extracranial
metastases [22]. The majority of patients (n = 37, 82%)
demonstrated neurologic symptoms at the time of diagnosis
of brain metastasis, while the remainder were detected by
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Table 2 Characteristics of brain metastases

Table 3 Grade 3 or 4 adverse events related to MGd administration

All evaluable

Characteristics N = 45(%)

Number of lesions treated
One 15 (33.3%)
Two to three 20 (44.5%)
Four or more 10 (22.2%)
Mean 2.3
Median 2

Total area of treated lesions
Median 3.3 cm?
Mean 6.8 cm?
Minimum 0.4 cm?
Maximum 110.1 cm?

routine imaging for staging or restaging (n = 8, 18%). Sixty-
three percent of evaluable patients had 1 or more sites of
extra-cranial metastases.

The characteristics of treated brain metastases are listed
in Table 2. The median number of brain metastases treated
with SRS boost was 2, with 15 patients (33.3%) receiving
treatment to 1 lesion, 16 patients (35.6%) to 2 lesions, 4
patients (8.9%) to 3 lesions, 6 patients (13.3%) to 4 lesions,
3 (6.7%) patients to 5 lesions, and 1 (2.2%) patient to 6
lesions. The total area of brain metastases treated with
SRS, measured at the point of greatest cross-sectional
diameter, ranged from 0.4 to 110.1 cmz, with a median of
3.3 cm?

Treatment characteristics

The median time from diagnosis of brain metastasis to
enrollment was 2.1 weeks. All of the 45 patients available
for evaluation completed the 15 fraction course of WBRT,
with 3 patients (6.7%) experiencing a >4 day interruption
between fractions. Overall, 40 patients (88.9%) received all
11 planned doses of MGd followed by WBRT and SRS as
intended, while 4 patients (8.9%) missed at least one
scheduled dose of MGd (range 1-3 doses). The interval
between the last fraction of WBRT to SRS boost ranged
from 1 to 14 days, with a median of 7 days. The median
heterogeneity index (maximum dose/prescription dose) for
SRS treatments was 1.3 (range 1.0-2.1), with a median
conformality index (prescription isodose volume/target
volume) of 1.8 (range 0.5-4.6).

Adverse events
The incidence of irreversible grade 3 or any grade >4

neurotoxicity attributable to radiation therapy occurring
within 3 months of SRS boost was 4.4%, occurring in two

Event All evaluable (n = 45)
Anemia 1 (2.2%)
Atrial fibrillation 1 (2.2%)
Deep venous thrombosis 3 (6.7%)
Dermatitis 2 (4.4%)
Liver function abnormalities 1 (2.2%)
Neurologic 2 (4.4%)

patients. One patient experienced generalized weakness
and the second developed radionecrosis requiring resection
and prolonged hospitalization.

Grade >3 toxicity that was potentially related to MGd
treatment occurred in 10 patients (22.2%) and is outlined in
Table 3. In addition to the neurotoxicity reported above,
these included anemia in 1 patient (2.2%), atrial fibrillation
1 (2.2%), liver function test abnormality 1 (2.2%), deep
venous thrombosis 3 (6.7%), and dermatitis 2 (4.4%).
Observed grade 3 skin toxicity included allergic dermatitis
and exfoliative dermatitis, both of which were out of the
radiation treatment portals and presumably related to MGd
administration. There was no grade >3 radiation dermatitis.

The most commonly observed adverse events related to
MGd treatment were low grade. Grade 1 and 2 toxicities
included green discoloration of the skin in 37 patients
(82.2%), chromaturia 30 (66.7%), fatigue 15 (33.3%),
nausea 10 (22.2%), diarrhea 10 (22.2%), headache 8
(17.8%), blisters 7 (15.6%), rash 6 (13.3%), liver function
abnormalities 4 (8.9%), and arthralgias 4 (8.9%).

Secondary and exploratory efficacy endpoints

New brain metastases were detected in 11 patients (24.4%)
at the time of SRS treatment planning MRI, following the
complete course of MGd, in comparison to the screening
MRI at the time of diagnosis. A single new lesion was
discovered in 7 patients (15.6%), two lesions in 2 patients
(4.4%), and three lesions in 2 patients (4.4%). The median
area of newly detected lesions for each patient was
0.2 cm?, with a range of 0.0-1.2 cm?.

With a median follow-up of 7.5 months (range
38-578 days), the median interval to investigator-deter-
mined neurologic progression among all 45 evaluable
patients had not been reached at the time of study completion
(Fig. 1). The actuarial incidence of neurologic progression at
6 months and 1 year was 17 and 20%, respectively. Both the
investigator-determined neurologic progression free sur-
vival and overall survival were 39% at 1 year. The median
investigator-determined neurologic progression free sur-
vival and overall survival was 8 (95% CI. 5-14) and
9 months (95% CI: 6—unknown), respectively (Fig. 2).
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instruments at 6 months and 1 year were: COWA 5 and 5%,
HVLT free recall 32 and 32%, TMT Part A 18 and 18%,
TMT part B 26 and 26%, and HVLT delayed recall 47 and
55%. The median interval to neurocognitive progression
according to HVLT Free Recall, COWA, TMT Part A, and
TMT Part B tests was not reached. The median time to
neurocognitive progression according to the HVLT Delayed
Recall assessment was 8 months (95% CI: 4—not reached).

Radiologic follow-up (within approximately the 3-month
follow-up time frame) was available for 43 of 45 evaluable
patients. Surveillance MRI at the 3-month time point was
available for 38 patients. The majority of patients (55.2%)
demonstrated stable disease. There was one complete
response (2.6%) and 13 partial responses (34.2%), for an
overall response rate of 36.8% at three months. Radiologic
evidence of progressive disease was seen in three patients
(7.9%). The median interval to radiologic progression was
not reached at the time of study termination.
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The addition of MGd to prompt WBRT has recently been
shown to significantly improve the interval to neurologic
and neurocognitive progression in non-small cell lung
cancer patients with brain metastases [19]. In addition, the
results of this recently reported phase III randomized trial
demonstrated a substantial reduction in the need for sal-
vage brain surgery or stereotactic radiosurgery with the
addition of MGd [19]. That trial, however, did not allow for
the inclusion of SRS as a component of initial therapy. The
current trial, PCYC-0224, includes the first published
results investigating the combination of MGd to WBRT
followed by SRS boost.

The primary endpoint of this phase II trial was the rate
of irreversible grade 3 or any grade >4 neurotoxicity
attributable to radiation occurring within 3 months of SRS
boost and was found to be acceptably low at 4.4% (2
patients). This is comparable to the previously published
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results of major trials investigating the combination of
WBRT and SRS, suggesting that the addition of MGd does
not increase the incidence or severity of neurologic com-
plications from SRS [5, 21-23]. There were no other grade
3 or 4 adverse events related to MGd administration
observed with an incidence of >10%. The majority of
toxicities observed were grade 1 or 2 and consistent with
the known and expected MGd side effect profile from
previous trials, falling well within the statistical bounds
proscribed at the time of trial initiation [19, 24-27]. The
most common adverse event was reversible olive discol-
oration of the skin and urine (82%), related to MGd’s dark-
green color. Others included fatigue, LFT abnormalities,
hypertension, nausea, diarrhea, blisters and rash.

The feasibility endpoint was to evaluate the “dropout”
rate to plan the appropriate sample size for a future phase
III trial. Of 65 patients enrolled, 45 received WBRT and
SRS with 7 or more of 11 planned doses of MGd, and MGd
on the day of SRS; this represents a “dropout” rate of
20/65, or 31%, a significant number that would need to be
accounted for in future trials; the primary reasons for this
included the 13 patients who did not receive SRS boost (13
patients, 20%: 6 decline in health/disease progression, 4
patient refusal, 2 no longer SRS candidate, and 1 poor
target delineation) or MGd on the day of SRS boost (7
patients, 11%: 5 patient/physician preference, 2 patient
refusal). If future trials would allow inclusion of these
latter 7 patients, the “drop-out” rate, would be approxi-
mately 20%, which could be built into a future phase III
trial. The observed drop out rate of 13 patients (20%) who
did not go on to receive SRS observed in the current trial is
comparable to the 19% observed in the phase III trial
RTOG 9508, which corroborates that the addition of MGd
is well tolerated and is not causing undue toxicity that
prevents patients from proceeding to SRS boost [5].

The median time to CNS progression had not been
reached at the time of study closure. The median time to
neurocognitive progression was not reached for 5 of the 6
formally tested instruments, with the exception of
8 months for the HVLT for Delayed Recall. This finding is
consistent with previous reports employing the HVLT
instrument in patients receiving WBRT, indicating there is
a measurable impact on memory function in many patients
[28]. However, the goal of preserving neurocognition is
complex, as several reports suggest that intracranial tumor
progression has a larger impact on neurocognitive decline
in comparison to the effects of radiotherapy [29, 30].

It is important to point out that this was not an intention
to treat analysis given that the study was designed to assess
the primary endpoint of attributable neurologic toxicity for
this novel combination of modalities with proven efficacy

in the treatment of brain metastases. All patients who did
not receive SRS or MGd and SRS on the same day were
discontinued from the study and were not evaluable. For
example, six patients did not go on to receive SRS due to
health decline and/or disease progression. Assessment of
neurologic progression and survival endpoints should be
interpreted in this context, recognizing that trial design
selected for patients with a more favorable prognosis and
introduced bias into the efficacy assessment. Unbiased and
conclusive efficacy testing should be the subject of further
randomized investigation of WBRT and SRS with or
without MGd.

The protocol enrolled patients with up to four brain
metastases, but allowed for the treatment of up to six
lesions to account for new lesions detected at the time of
SRS. Ten patients (22%) on the study had 4 or more brain
metastases. Given that only four patients had 5 or 6 lesions,
the safety of this combination regimen for all patients with
a large number of brain metastases has not been completely
established. One of the more noteworthy findings from the
study was the percentage of patients discovered to have
new brain lesions at the time of SRS planning. One
potential explanation is the accumulation of MGd in pre-
viously undetected, small metastases. MGd does not cross
the intact blood-brain barrier, preferentially accumulates in
tumors with prolonged retention, and is detectable on MRI
[17, 18, 31].

The median area of newly detected metastases was only
0.2 cm?. One-fourth of all patients experienced an increase
in the number of lesions to be treated with radiosurgery in
comparison to what was expected based upon pretreatment
MRI obtained at the time of diagnosis and study enroll-
ment. An alternative explanation is the continued growth of
small micrometastases that had previously not been
detected. A final explanation is use of MRI techniques with
better resolution and thinner slices for the SRS MRI.
Unfortunately, the current study did not control for varia-
tions in MRI technique. Therefore, these data are incon-
clusive and a causal relationship has not been established.
We do, however, believe it should be the subject of further,
controlled investigation, as this finding represents a
potential direct application and benefit for the radiosurgical
management of brain metastases.

In conclusion, the combination of WBRT and SRS with
MGd appears safe. In the current trial, we observed
acceptable rates of neurotoxicity attributable to radiother-
apy and post-treatment neurocognitive profiles consistent
with previously published reports following WBRT. Future
controlled investigation should focus on the potential role
of MGd in improving the diagnostic yield of MRI in
radiosurgery treatment planning.
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