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ABSTRACT. Whole brain radiotherapy (WBRT) is the standard non-surgical treatment
for brain metastatic disease, but rarely eradicates bulky metastases from most common
cancers. Recent literature has demonstrated the safety and efficacy of delivering very
high focal doses of radiation (by radiosurgical techniques) to the gross tumour volume
of bulky brain metastases, thereby obtaining more certain local control than is achieved
by WBRT. In this paper we report a study of 11 patients with bulky brain metastases in
whom an intensity-modulated radiation therapy (IMRT) facility has been used to
concomitantly boost the gross tumour volume of bulky brain metastatic disease (to
40 Gy) during a standard 30 Gy in 10 fractions WBRT schedule. No acute or subacute
morbidity was encountered, and good early control data were noted. We discuss the
perceived advantages of such a technique.
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Brain metastases are a common problem in adults with
cancer, affecting up to 40% of all patients [1, 2]. Partly a
result of improved systemic control of cancer, and partly
owing to improved imaging (notably MRI), the diagnosis
of brain metastases has increased [3]. Established brain
metastases shorten survival and detract from quality of
life. Neurocognitive impairment is common at the time of
diagnosis of central nervous system metastatic disease [4].

Many patients who develop brain metastases will
eventually die of progressive intracranial disease.
Among selected patients with good performance status,
controlled extracranial disease, favourable prognostic
features and with a solitary brain metastasis, there are
data from randomised clinical studies demonstrating
that surgical excision followed by whole brain radio-
therapy (WBRT) offers prolonged survival [5, 6].
Stereotactic radiosurgery (SRS), using technologies such
as Gamma Knife (Elekta, Linkoping, Sweden), may be
able to replace surgery in certain circumstances —
delivering obliteratively high single doses to discrete
(single) metastases. SRS is well suited to treating small
numbers of brain metastases and achieves good local
control of intracranial metastases [7, 8]. The doses that
can be delivered to individual metastases by Gamma
Knife SRS (up to 25 Gy on the margin of MRI-mapped
lesions) offer a greater degree of certainty of local control
than those from routine WBRT dose prescription. The
Radiation Therapy Oncology Group (RTOG) 9508 trial
randomised 333 patients with one to three cerebral
metastases to standard WBRT either with or without a
stereotactic radiation boost and demonstrated an
improved quality and quantity of life in those receiving
the stereotactic boost [9]. This level 1 evidence thereby
demonstrated that packing a higher radiation dose into

bulky cerebral metastases is beneficial in addition to
standard WBRT.

Many patients are initially deemed unsuitable for
neurosurgery or, later, SRS boost, owing to poor
performance status, active extracranial disease or multi-
ple brain metastases. In these patients, corticosteroids
and WBRT are standard treatment. However, there is a
subset of these patients receiving WBRT who have better
prognostic factors from the systemic disease viewpoint,
and who survive long enough to later die from
uncontrolled brain metastatic disease. Benefit from brain
radiation therapy was greater for the recursive partition-
ing analysis (RPA) Class I patients (age ,65 years,
Karnofsky performance status 70% or higher, with a
controlled primary tumour and no extracranial metas-
tases) in the RTOG database [10]. Individual metastases
of some bulk are less likely to be sterilised by WBRT
dosage (vide supra). It is these patients who will later be
considered for Gamma Knife SRS for viable residual
dose. In RTOG 9508, these patients were those with one
to three brain metastases. It is our policy, in such better
prognosis patients with systemic disease control, to re-
scan 6–8 weeks after WBRT and deliver a Gamma Knife
SRS boost to remaining viable metastases (gadolinium-
enhancing on MRI or 18F-fluorodeoxyglucose–positron
emission tomography [FDG-PET] positive).

In this article we explore the use of concomitant boost
treatment by intensity-modulated radiation therapy
(IMRT) during routine WBRT with 30 Gy in 10 daily
fractions over two weeks, in an attempt to improve
overall local control without resort to Gamma Knife SRS.
The perceived advantage of such a technique is to
increase the radiation dose to the bulky metastases
(which has to be the benefit attributed to the SRS boost in
the foregoing discussion) without prolonging a course of
standard treatment and without recourse to any sub-
sequent planned radiation therapy (‘‘Phase II’’ or SRS) —
with its extra labour intensity and expense.
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Methods and results

Eleven patients diagnosed with brain metastatic disease
of considerable size (25–80 mm in maximum diameter) on
high-quality gadolinium-enhanced MRI, and with no
more than four metastases, were studied. None had
received prior radiotherapy to the brain, and the primary
sites were as follows: bronchus (5), breast (4), colon (1) and
kidney (1). Patients with more than four brain metastases
or with smaller lesions were not selected.

All 11 patients were treated with WBRT on a
TomoTherapy machine (TomoTherapy Hi-Art Systems,
TomoTherapy Inc., Madison, WI). Helical tomotherapy
combines on-board megavoltage imaging with inverse-
planned IMRT delivery. Each patient was immobilised
using a thermoplastic head shell (MEDTEC, Inc., Orange
City, IA), which departmental audit has demonstrated to
be associated with a set-up uncertainty of less than 3 mm
in all directions. The whole brain clinical target volume
(CTV) was contoured by visual comparison with a
contrast-enhanced CT brain scan, and a margin of
3 mm was added to give the whole brain planned target
volume (PTV). The brain metastasis gross tumour
volume (GTV) was delineated on the contrast-enhanced
planning CT scan with visual comparison to the T1

weighted axial diagnostic gadolinium-enhanced MRI
scan, with no added margin (i.e. PTV5GTV). A plan
was created to deliver a dose of 30 Gy in 10 daily
fractions over 14–16 days to the whole brain PTV, while
simultaneously delivering a dose of 40 Gy in 10 fractions
to the metastasis (Figures 1,2).

Although it is difficult to compare the biological
equivalent dose (BED) of 40 Gy in 10 fractions to that
of a single fraction radiosurgical dosage, it is never-
theless clear that the BED of this prescription (50–72 Gy

assuming an a/b ratio for brain metastases in the range
of 5–15 Gy) is more than that of 30 Gy in 10 fractions (36–
48 Gy) [11]. Calculation of BED for normal brain tissue at
the boost site is not relevant because of the fast-falling
dose gradient at the margin of the boost PTV. However,
it is worth noting that a whole brain dose of 40 Gy in 10
daily fractions would be perceived to be neurotoxic (with
a BED for normal brain tissue of 75 Gy, assuming an a/b
ratio of 2 Gy).

Our protocol for clinical follow-up included assess-
ment of neurological symptoms and signs, and MRI
scans were performed at 1 month and at 3–6 months.
Quality of life measures were not prospectively assessed
in this study.

There were no acute or subacute complications, such as
may attend SRS [12]. Patients with larger lesions were
prophylactically treated with corticosteroids (dexametha-
sone) during therapy. MRI brain scans were performed at
1 month and 3–6 months after therapy. All tumours
(including dramatic shrinkage of the 80 mm colonic
metastasis) showed response on the 1 month scan.

Median follow-up was 4 months. Four of the 11
patients died of systemic disease 6–9 months after
receiving radiotherapy. The remaining patients are alive,
with no evidence of progression of the treated brain
disease or local recurrence at 2–9 months after radio-
therapy. There have been no brain complications to date.
No patient has required prolonged steroid therapy.

Discussion

There are a variety of treatment options for selected
patients with brain metastatic disease. Surgical excision

Figure 1. Axial planning CT scan depicting the radiation
isodosimetry that delivered 10 6 3 Gy to the whole brain,
while concomitantly boosting a bulky single metastasis with
10 6 4 Gy.

Figure 2. Coronal planning CT scan depicting the radiation
isodosimetry of whole brain fractionated radiotherapy to
30 Gy while two bulky metastases concomitantly received
40 Gy to the gross tumour volume.
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of single accessible brain metastases has been a standard
treatment option in patients with good performance
status and controlled extracranial disease and remains
optimal when the lesions are superficial and with mass
effect. Two randomised studies have demonstrated a
significant survival benefit of surgery followed by WBRT
compared with surgery alone among these patients [5, 6].
SRS has an established role for treating selected patients
with single or multiple brain metastases, with local
tumour control rates at 1 year of around 80% and with
median survival of 6–12 months [13, 14]. SRS may
replace conventional surgery for single brain metastases
without major mass effect. However, by its focal nature,
SRS does not prevent relapse at other sites within the
brain, which is very common in many cancers (e.g.
bronchus/breast). The RTOG 9508 randomised trial
demonstrated that the addition of SRS to WBRT
significantly increased median survival from 4.9 to 6.9
months for patients with one to three brain metastases
and a Karnofsky performance status of 70% or more [9].
SRS has demonstrated the safety of delivering very high
focal radiation doses to the GTV of brain metastases.
Marginal doses to MRI-mapped GTV of metastases of
18–25 Gy are routine SRS prescriptions for single
treatments of lesions up to 3 cm in diameter.

WBRT with concomitant corticosteroids has been
established as the therapeutic mainstay for most patients
with brain metastases, many of whom are unfit or
unsuitable for surgical resection or who have brain
metastases that are too large or numerous to be treated
by SRS. An editorial in the International Journal of Radiation
Biology and Physics in 1999 stated: ‘‘for over two decades,
the standard radiotherapeutic management of patients
with multiple brain metastases has been 30 Gy in 10
fractions of WBRT’’. But, the editorial later welcomes new
thoughts on improving radiotherapeutic control of brain
metastases [15]. Rates of complete responses (CRs) and
partial responses (PRs) to WBRT in patients in RTOG
randomised clinical trials have been reported as approxi-
mately 60% [9]. However, it has been known for some
time that WBRT has a substantial local failure rate,
particularly with regard to pre-hoc established metastases.
Kondziolka et al [8] demonstrated in a randomised trial
that, in patients with two to four brain metastases, WBRT
was associated with a 100% local failure rate at one year,
compared with WBRT followed by Gamma Knife SRS,
which had a significantly lower local failure rate of 8% at
one year. The median time to local failure was six months
for WBRT alone and 36 months for WBRT plus SRS.
However, SRS by Gamma Knife has major cost implica-
tions (circa £10 000 per patient treated) and, bearing in
mind that such therapy is palliative, must therefore be
under scrutiny for rationing. If its routine use could be
obviated, this would be an advantage; up to one-third of a
Gamma Knife unit’s workload in the USA is the treatment
of metastases. The question arises as to whether, with
modern IMRT technology, higher dose concomitant dose
boosts to bulky metastases could provide the advantages
of SRS during WBRT and obviate the need for the extra
procedure.

Simple conventional planning techniques are generally
preferred for delivering palliative radiotherapy, in order
to shorten the planning process and to minimise use of
resources. However, a number of studies have begun to

explore the use of high-technology palliative radio-
therapy in situations like this, in an attempt to improve
on some of the deficiencies of conventional treatment.
Samant et al [16] have recently described their use of
image-guided IMRT employing a TomoTherapy unit for
online rapid palliative radiotherapy planning and treat-
ment delivery in small numbers of patients, most of
whom complained of painful bone metastases in the
spine or pelvis [17]. They report that it is possible to scan
patients using megavoltage CT acquisition, delineate
target volumes, plan IMRT treatment, verify treatment
and deliver the first radiotherapy fraction within a 1 h
appointment [17]. They compare this to 3 h and 3.5 h
experiences for patients undergoing conventional simu-
lation and CT simulation, respectively. They also report
improved dose homogeneity and sparing of adjacent
normal tissues with image-guided IMRT plans, com-
pared with conventional techniques [16].

In this paper, we have reported our first 11 patients –
all of whom had bulky brain metastases (up to four in
number) and systemic disease that carried with it a
perceived prognosis for life of greater than three months
– treated with integrated boost during WBRT. By using
IMRT technology to deliver a concomitant boost (4 Gy
per fraction) during a standard 10 6 3 Gy fractionated
WBRT course, we found no adverse effects and good
early data on local control. Indeed, we have been
surprised by the lack of acute or subacute complications
over standard WBRT. Clearly, such a study needs to be
expanded, but the prediction is that there will be a better
brain control of metastatic disease and less need for
recourse for later SRS, both being of benefit to the patient
and reducing the overall costs of treatment.

In summary, taking the subject of improving the
control of brain metastatic disease as our research
project, utilising IMRT technology and assimilating the
better local control data for individual brain metastases
from SRS, we have developed an integrated concomitant
boost technique for bulky brain metastases that can be
performed during WBRT. We predict that this approach
will have the advantages of the SRS boost demonstrated
in the RTOG 9508 trial, but at the same cost as WBRT
only (plus IMRT costs).
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