Editor’s note:

“Palliative Radiotherapy Column” features in articles emphasizing the critical role of radiotherapy in palliative care. Chairs to the
columns are Dr. Edward L. W. Chow from Odette Cancer Centre, Sunnybrook Health Sciences Centre in Toronto and Dr. Stephen
Lutz from Blanchard Valley Regional Cancer Center in Findlay, gathering a group of promising researchers in the field to make it an
excellent column. The column includes original research manuscripts and timely review articles and perspectives relating to palliative

radiotherapy, and editorials and commentaries on recently published trials and studies as well.
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Background: The morbidity and mortality associated with metastatic disease to brain make this problem
a formidable challenge faced by health care providers and caregivers. The aim of this review is to summarize
management for patients with brain metastases with a particular focus on symptom management.

Methods: A systematic review of the literature was performed. Outcomes of interest included survival,
brain control (local in field and whole brain). In particular, symptom control (quality of life, neurological
function and neurocognition) was examined.

Results: Steroids provide relief of symptoms due to intra-cerebral edema. The steroid of choice is
dexamethasone. Anti-seizure medications should not be given as prophylaxis but instead be given for treatment
of seizures. Depending on patient, tumour and treatment factors, management for brain metastases range
from optimal supportive care including the use of steroids, whole brain radiotherapy (WBRT), radiosurgery,
surgery alone or in combination. Surgery or radiosurgery improves survival for selected patients with single
brain metastasis as compared to WBRT alone. Ongoing research topics include focal postoperative cavity
radiation, focal fractionated regimens, molecular targeted therapies, chemoprevention of brain metastases
and neurocognitive protection (such as neuro-protective drugs and radiation techniques such as hippocampal
sparing).

Conclusions: The management of brain metastases has evolved over the decades. Other than survival
and brain control (local in-field and whole brain), the outcomes of quality of life and neurocognition are
becoming increasingly important.
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Introduction

The burden of brain metastases is significant. Population-
based publications estimate the incidence of brain metastases
to range from 8.3-14.3 per 100,000 population. The
incidence among cancer patients ranges from 8.5-9.6% (1).
The most common primary site is lung. Other common
primary sources of brain metastases are melanoma, renal,
breast, and colorectal cancers (2). Eight-five percent of
brain metastases are found in the cerebral hemisphere. A
minority, 10-15% are located in the cerebellum and 1-3%
are located in the brainstem (3).

Presenting symptoms include symptoms of mass effect
such as headaches, nausea, vomiting. Depending on the
location of the brain metastases, other symptoms may
include focal weakness, confusion, gait ataxia, seizures,
speech difficulty, visual disturbance, sensory disturbance
and limb ataxia.

The morbidity and mortality associated with brain
metastases make this problem a formidable challenge
faced by health care professionals and caregivers who
look after these patients. A patterns of care study (4)
reported on 98 patients with newly diagnosed brain
metastases. Median overall survival of these patients after
brain radiotherapy was 2.7 months (80 days). Twenty-
nine percent of these patients presented to the emergency
department or were admitted to the hospital for acute
care 2 or more times during the last 6 months of life.
Sixty-eight percent of patients were referred to palliative
care. The median survival from palliative care referral to
death was 27 days. Ultimately, it was concluded that these
patients would benefit from palliative care as they have high
symptom burden. However, for this cohort of patients,
referrals to palliative care were late in the dying process.

Objective

The aim of this review is to summarize management for
patients with brain metastases, with a particular focus on
symptom management.

Materials and methods

A systematic review of the literature was performed using
Medline (1946-April week 4, 2015), PubMed and Cochrane
databases (1991-April 30, 2015). Randomized controlled
trials with adult (age 18 or over) patients were included and
only English language articles were included. Outcomes of
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interest included survival, brain control (local and whole
brain). In particular, symptom control (quality of life,
neurological function and neurocognition) were examined.

Results
Steroids vs. steroids and whole brain radiotherapy (WBRT)

Clinical practice guidelines (5) recommend the use of
steroids to provide temporary relief of symptoms due to
intracerebral edema from brain metastases. The steroid of
choice is dexamethasone and the starting dose of 4-8 mg per
day was suggested. However, if a patient experiences severe
symptoms of increased intracranial pressure, higher doses
such as 16 mg per day or more should be considered.

The only contemporary randomized trial that has
examined the use of optimal supportive care vs. optimal
supportive care and WBRT was the QUARTZ trial (6).
An interim analysis (reporting on 151 patients out of
a planned 534 patients) indicated no early evidence of
detrimental quality of life, overall survival or quality-
adjusted life years (QALYs) between the two arms. In
this interim analysis, 8% (12/151), 42% (64/151), and
50% (75/151) were classified as Radiation Therapy
Oncology Group (RTOG) recursive partitioning
analysis (RPA) classes I, II, III respectively.

Overall survival between the two arms was similar
49 days for optimal supportive care and WBRT wvs. 51 days
for optimal supportive care alone (hazard ratio 1.11, 95%
CI: 0.80-1.53). The final trial results have been published
in abstract form (7). For the 538 patients recruited, there
was no significant difference in overall survival (hazard ratio
1.05, 95% CI: 0.89-1.26). The median survival of optimal
supportive care and WBRT wvs. optimal supportive care
alone was 65 vs. 57 days, respectively. Overall quality of life
or steroid use was no different between the two arms.

An older trial (8) randomized patients to prednisone
with or without WBRT. The proportion of patients with
improved performance status was similar between the two
arm and median survival was 10 weeks in the steroid alone
arm vs. 14 weeks in the combined arm (P value not stated).

It has been estimated that approximately 28% of
patients treated with WBRT are able to taper off steroids
completely after WBRT, while another 27% are able to
reduce steroids (9). In general, a taper when possible is
recommended to avoid the long-term side effects of steroid
use. However, a proportion of patients will not be able to
taper off steroids completely due to continued symptoms of
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brain edema, in which case the minimal amount of steroids
to alleviate symptoms is recommended (10).

In an editorial by Jones and Simone (11), the
fundamental question on the impact of WBRT on quality
of life especially in patients with short survival was raised.
In these patients, the challenges in defining realistic goals of
care and evaluating trade-offs in terms of possible benefits
and the shortcomings of medical intervention were brought
to the forefront.

Prognostic grading

It is also important to recognize that patients with brain
metastases represent a wide spectrum of patients with variable
prognosis. Based on the RT'OG graded prognostic assessment
(GPA), survival may range from short prognoses (e.g., lung
cancer from a median overall survival of 4.9 months) to longer
prognoses (e.g., breast cancer with a median overall survival
of 18.74 months) (12). Although ultimately not curable,
patients with longer prognoses likely benefit from optimal
supportive care and brain metastases treatment. It would be
important to analyze the results from the QUARTZ trial to
ascertain whether there may be subgroups of patients with
brain metastases who may benefit from radiation treatment.
In particular, based on the preliminary publication (6)
50% of the patients in the QUARTZ trial were classified
as RTOG class IIT and 40% were classified as RTOG
class II. These represent patients with poor prognoses. A
very small minority (8% of patients) were RT'OG class 1
patients. Furthermore, the QUARTZ trial only examined
patients treated with WBRT and the larger question of
whether good prognoses patients who are eligible for other
interventions such as radiosurgery might benefit in terms
of survival, quality of life, reduction in steroid use was not

addressed.

Seizures

A meta-analysis of six randomized controlled trials including
547 patients with brain tumours (13) reported that those
patients with brain tumours who received prophylactic
antiepileptic drugs did not significantly lower seizure
incidence as compared to the group who did not receive
prophylactic antiepileptic drugs. As such, there is evidence
to support not using prophylactic anti-seizure medications
in patients with a diagnosis of brain metastases but without
a history of seizures.

Similarly, a Cochrane meta-analysis (14) found no
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difference between the use of prophylactic anti-seizure
medications vs. no anti-seizure prophylaxis in preventing
a first seizure in patients with brain tumours. The risk of
adverse side effects was higher in those on prophylactic
anti-epileptics than those not on anti-seizure medications
(number needed to harm 3; relative risk 6.10, 95% CI:
1.10-34.63, P=0.0406).

Anti-seizure medications should however, be given
as treatment for brain metastases patients who have
a history of seizure. Non-enzyme inducing anti-
seizure medications with less drug interactions (such as
levetiracetam) are emerging as the preferred category of
anti-epileptics (15).

WBRT altered fractionation schemes

Standard WBRT doses include 3,000 cGy in 10 daily
fractions and 2,000 cGy in 5 daily fractions. No altered
fractionation WBRT scheme was found to be superior to
standard fractionation in terms of overall survival, symptom
control and neurological function (16).

WBRT radiosensitizers

The addition of radiosensitizers (such as lonidamide,
metronidazole, misonidazole, motexafin gadolinium,
bromodeoxyuridine and efaproxiral) does not improve
overall survival or brain response as compared to WBRT
alone. Outside clinical trials, radiosensitizers is not

recommended with WBRT (16).

Surgery for single brain metastasis

Randomized trials support the use of surgery to improve
survival as compared to WBRT alone in selected patients
with controlled systemic disease and a resectable single
brain metastasis (17-19). The histologies excluded in the
trials on the use of surgery were radiosensitive histologies
such as small cell lung cancer, lymphoma, leukemia and
germ cell tumors. The use of postoperative WBRT for
patients with resected brain metastasis improves overall
brain control but does not improve survival (20).

However, the use of WBRT has been shown to negatively
affect neurocognition and quality of life (21-24), such
that experimental strategies (e.g., surgery for single brain
metastasis followed by postoperative cavity radiosurgery or
focal postoperative cavity radiation or radiosurgery alone)

to avoid WBRT have emerged.
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Radiosurgery

Throughout the 1980s to mid-2000, the randomized trials
in brain metastases centered on altered WBRT radiation
schemes, surgery for single brain metastasis and the use of
radiosensitizers added to WBRT. For approximately the
last two decades, the trend in radiation brain metastases
research has shifted to focused radiation techniques such as
radiosurgery and neurocognitive outcomes.

Several trials have reported on the use of radiosurgery
alone vs. radiosurgery and WBRT (21,22,25,26). The
inclusion criteria for these radiosurgery trials were good
performance status patients with 1-4 brain metastases less
than 4 cm in size and inactive extracranial disease. These
trials are consistent in demonstrating the improved whole
brain control with the use of adjuvant WBRT added to
radiosurgery. In all but one trial (21), overall survival is
not different with the use of radiosurgery and WBRT as
compared to radiosurgery alone. Two trials (21,22) reported
worsening in neurocognitive function at 3-4 months after
adjuvant WBRT as compared to radiosurgery alone.

In 2014, the American Society for Radiation Oncology
(ASTRO) released the following Choosing Wisely
statement:

“Don’t routinely add adjuvant whole brain radiation therapy
to stereotactic radiosurgery for limited brain metastases.

Randomized studies have demonstrated no overall survival
benefit from the addition of adjuvant whole brain radiation
therapy (WBRT) to stereotactic radiosurgery (SRS) in the
management of selected patients with good performance status
and brain metastases from solid tumors. The addition of WBRT
to SRS is associated with diminished cognitive function and
worse patient-reported fatigue and quality of life. These results
are consistent with the worsened, self-reported cognitive function
and diminished verbal skills observed in randomized studies
of prophylactic cranial irradiation for small cell or non-small
cell lung cancer. Patients treated with radiosurgery for brain
metastases can develop metastases elsewhere in the brain. Careful
surveillance and the judicious use of salvage therapy at the time
of brain relapse allow appropriate patients to enjoy the highest
quality of life without a detriment in overall survival. Patients
should discuss these options with their radiation oncologist.”

Neurocognitive protection

In order to spare neurocognitive function with WBRT, a
few experimental strategies such as hippocampal radiation
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sparing (27,28), and the use of medications such as
memantine (29) and donepezil (30) have been used.

Cognitive decline in patients with brain metastases
is multifactorial. Contributing factors include the brain
metastases, medications such as anti-seizure medications,
chemotherapy, pain medications and previous brain
therapies such as radiation, surgery.

Memory decline with WBRT is thought to arise from
depletion of neural stem cells in the sub-granular zone
of the hippocampus. These neural stem cells are believed
to play a role in replenishing depleted neurons. The
hippocampus is rarely the site of brain metastases and as a
result efforts to spare the hippocampus and thereby possibly
spare memory decline with WBRT were undertaken. In the
RTOG-0933 phase II trial, 42 patients were treated with
hippocampal sparing WBRT. The authors reported that
the use of hippocampal sparing WBRT was associated with
preservation of memory and quality of life as compared to
historical series of patients (31).

Pharmacologic strategies with the intent to spare
cognition have also been studied. A randomized double-
blind, placebo-controlled trial reported that memantine
was well tolerated and had similar toxicity to placebo in
patients treated with WBRT. Overall, patients treated with
memantine had better delayed time to cognitive decline and
reduced rate of decline in memory, executive function and
processing speed as compared to placebo (29).

Another phase III randomized placebo-controlled
trial examined the use of donepezil in patients treated
with partial or WBRT. While donepezil did not improve
overall composite cognitive scores, it did result in some
improvement with respect to several cognitive functions,
particularly among patients with greater baseline
impairments (30).

Molecular agents

Targeted therapies for cancers differ from traditional
chemotherapy agents. Chemotherapy affects doubling
cells, is cytotoxic in action and tends not to be specific.
On the other hand, targeted agents have a mixture of
cytostatic and cytotoxic effects and they inhibit specific
targets in cells. Over the past decade, targeted agents to
treat cancers which commonly metastasize to brain have
been developed. The classification of targeted therapies
for cancer includes tyrosine kinase inhibitors, monoclonal
antibodies and cancer vaccines (32).
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Lung cancer
For lung cancer, epidermal growth factor receptor (EGFR)
inhibitors such as erlotinib, gefitinib and afatinib are
being used in EGFR mutant non-small cell lung cancer
(NSCLC). For anaplastic lymphoma kinase (ALK) positive
NSCLC, crizotinib is being used for patients who have
locally advanced or metastatic disease. With respect to
brain metastases in lung cancer, specifically, a randomized
phase III trial of WBRT and radiosurgery vs. radiosurgery
alone with either temozolomide or erlotinib was reported
for 126 out of 381 planned patients (33). This trial closed
due to poor accrual. The median survival times were worse
for the WBRT and radiosurgery with temozolomide or
erlotinib as compared to WBRT and radiosurgery alone
(6.3 vs. 6.1 vs. 13.4 months respectively), although the
differences did not reach statistical significance likely due
to the small numbers. The addition of temozolomide or
erlotinib was associated with more frequent grades 3-5
toxicity as compared to WBRT and radiosurgery alone
(41% vs. 49% wvs. 11%, respectively). Lack of tumour EGFR
testing was a major limitation of this trial.

A few small prospective and retrospective series report
brain metastases response with the use of EGFR targeted
agents alone, without brain radiation (34-36).

Breast cancer

It is estimated that human epidermal growth factor receptor
(HER?2) overexpression occurs in approximately 20-30%
of breast cancers (37). Targeted therapies which act on the
HER2 pathway include monoclonal antibodies trastuzumab
and tyrosine kinase inhibitors such as pazopanib, lapatinib,
neratinib, and afatinib.

The LANDSCAPE prospective multi-institutional phase
II trial (38) enrolled 45 HER2 positive breast cancer patients
with brain metastases (who did not receive prior WBRT) to
lapatinib and capecitabine. Intracranial response (all partial)
was seen in 65.9% of patients. However 49% had grade 3 or
4 toxicity. But no grade 5 toxicities were noted.

Other studies have also supported the finding of
intracranial response to lapatinib alone (39). In a
multicenter phase II trial of lapatinib for salvage of 242
previously treated brain metastases patients with HER2-
positive breast cancer, 6% experienced 50% or more
volumetric reduction in brain metastases, 21% showed 20%
or more volume reduction in brain metastases.

Melanoma
Drugs that treat melanoma driven by BRAF mutations such
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as dabrafenib and vemurafenib have been developed. In a
multi-institutional phase II trial, dabrafenib was associated
with 39.3% intracranial response in those patients who had
no prior brain therapy and 30.8% brain response in those
patients who had progressive metastases after previous brain
therapy (40).

A few studies have also examined the use of vemurafenib
alone in the treatment of brain metastases from melanoma
and intracranial response varies from 37-50% (41,42).

Ipilimumab blocks cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) and has been used experimentally
either alone and with radiosurgery in a small number of
patients with metastatic melanoma to brain (43,44).

In summary, the targeted agents have not been used
routinely for the initial management of newly diagnosed
brain metastases patients. The targeted therapy studies
have focused largely on brain responses. Further research
in this modality is needed to ascertain whether there is any
survival, quality of life or symptom control benefit with
these agents.

Discussion

The mainstay of management for patients with brain
metastases presently includes the following (alone or in
combination): optimal supportive care including the use
of steroids, WBRT, radiosurgery, and surgery. Surgery
or radiosurgery improves survival in selected patients
with resectable single brain metastasis as compared to
WBRT alone. The key to the management of patients
with brain metastases is an assessment of patient,
tumour and treatment factors. Prognostic scales such as
the GPA (45) will help select patients with good prognoses
likely to benefit from active brain management. Those
with poor prognoses may be best managed with optimal
supportive care without brain radiation.

Table 1 summarizes the trends in research for patients
with brain metastases over the decades. There continues to
be unanswered clinical questions in the area of radiosurgery,
postoperative radiation for single brain metastasis, and
molecular targeted agents for brain metastases. For example,
should there be a limit on the number of brain metastases
treated with radiosurgery? Will molecular targeted agents
help in terms of survival, brain control and quality of life
in the management of brain metastases? Will there be
better pharmacologic agents used to improve symptoms in
patients with brain metastases, such as drugs which reduce
the symptoms of brain edema without the side effects of
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Table 1 Research themes over the decades

Tsao. Brain metastases: advances over the decades

Years

Research themes

1970s
1980s-1990s
1990s-2000s
2000s and beyond

Steroids, WBRT

Altered fractionation WBRT schemes, surgery for single brain metastasis, WBRT and radiosensitizers
Radiosurgery, neurocognition, prognostic scales
Radiosurgery, focal radiation techniques, targeted therapies, neurocognition, molecular subtyping for

prognoses and prediction, chemoprevention of brain metastases

WBRT, whole brain radiotherapy.

steroids or drugs which help with neurocognition? It is
anticipated that further gains in the management of brain
metastases will come in this decade and beyond as several of
these questions become addressed in future research trials.
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