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ABSTRACT

Questions

Should patients with confirmed single brain metast
sis undergo surgical resection?

Should patients with single brain metastasis u
dergoing surgical resection receive adjuvant who
brain radiation therapywgrT)?

What is the role of stereotactic radiosurgers(
in the management of patients with single bra
metastasis?

Perspectives

Approximately 15%—30% of patients with cancer wi
develop cerebral metastases over the course of t
disease. Patients identified as having single brz:
metastasis generally undergo more aggressive tre
ment than do those with multiple metastases; ho
ever, in the province of Ontario, management
patients with single brain metastasis varies. Giv
that conflicting evidence has been reported, t
Neuro-oncology Disease Site Groups€) of the
Cancer Care Ontario Program in Evidence-based G
felt that a systematic review of the evidence and
practice guideline were warranted.

</

W

The Cancer Care Ontario Practice Guidelines
Initiative is sponsored by Cancer Care Ontario an
the Ontario Ministry of Health and Long-Term Carg

ancer Care Ontario’s Program in
ased Care

Outcomes

Outcomes of interest were survival, local control of
disease, quality of life, and adverse effects.

a_
Methodology

n- .
e_The MEDLINE, CANCERLIT, EMBASE, and rohrqne Li-
brary databases and abstracts published in the pro-
ceedings of the annual meetings of the American
Society of Clinical Oncology (1997-2005) and
American Society for Therapeutic Radiology and
Oncology (1998-2004) were systematically searched
for relevant evidence. The review included fully pub-
lished reports or abstracts of randomized controlled
| trials RcTs), nonrandomized prospective studies, and
hehetrospective studies.
ain The present systematic review and practice guide-
catine has been reviewed and approved by the Neuro-
w-oncologybpsg, which comprises medical and radiation
of oncologists, surgeons, neurologists, a nurse, and a
enpatient representative. External review by Ontario
hepractitioners was obtained through an electronic sur-
vey. Final approval of the guideline report was ob-
aréained from the Report Approval Panel and the
aNeuro-oncologydsac.

in

Results

Quallity of EvidenceThe literature search found three
RcTs that compared surgical resection plasT with
weRrT alone. In addition, a Cochrane review, includ-
ing a meta-analysis of published data from those three
RCTS, was obtained.

OnercTt compared surgical resection plusrT
with surgical resection alone. Ower compareaverT
plus srs with werT alone. Evidence comparirggs
with surgical resection or examiniagswith or with-
out werT was limited to prospective case series and
retrospective studies.
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Benefits Two of threercTs reported a significant sur{ Qualifying StatementsNo high-quality data are
vival benefit for patients who underwent surgical re- available regarding the choice of surgery versus ra-
section as compared with those who receiveglr diosurgery for single brain metastasis. In general, the
alone. Pooled results of the threers indicated no | size and location of the metastasis determine the op-
significant difference in survival or likelihood of timal approach.
dying from neurologic causes; however, significant The standardvert regimen for management of
heterogeneity was detected between the trials. Theatients with single brain metastasis in the United
RcT that compared surgical resection phesT with States is 3000 cGy in 10 fractions, and this treatment
surgical resection alone reported no significant djf- is usually the standard arm in randomized studies of
ference in overall survival or length of functional in- radiation in patients with brain metastases. Based
dependence; however, tumour recurrence at the sitgolely on evidence, the understanding that no reason
of the metastasis and anywhere in the brain was lesexists to choose 3000 cGy in 10 fractions over
frequent in patients who receivedrt as compared | 2000 cGy in 5 fractions is correct; however, fraction
with patients in the observation group. In addition, size is believed to be important, and therefore 300 cGy
patients who receivedsrt were less likely to die | daily (3000/10) is believed to be associated with fewer
from neurologic causes. long-term neurocognitive effects than 400 cGy daily
Results of thexct that comparedsrT plussrs | (2000/5) in the occasional long-term survivor. For that
with wert alone indicated a significant improvement reason, many radiation oncologists in Ontario prefer
in median survival in patients who receivad No | 3000 cGy in 10 fractions. No data exist to either sup-
quality evidence compares the efficacysa$ with port or refute that preference; therefore, finding a reso-
surgical resection or examines the question of whethefution to this issue is not currently possible. The
patients who receivers should also receivesrr. Neuro-oncologyscwill update the recommendations

Harms Pooled results of the threets that exam- | &S Néw evidence becomes available.

ined surgical resection indicated no significant differ-
ence in adverse effects between groups. Postoper tiveEY WORDS

complications included respiratory problems, intrac- ) ) ) )

erebral hemorrhage, and infection. Gue reported Brain metastasis, surgery, radiotherapy, radiosurgery,
no significant difference in adverse effects betweensSystematic review, practice guideline

patients who receivedsrTt plussrsand those who

receivedwerT alone. 1. INTRODUCTION

Practice Guideline Questions

Target Population The recommendations that follow  should patients with confirmed single brain metasta-
apply to adults with confirmed cancer and a single gjg undergo surgical resection?
brain metastasis. This practice guideline does not ap-  ghould patients with single brain metastasis un-

ply to patients with metastatic lymphoma, small-cell gergoing surgical resection receive adjuvant whole
lung cancer, germ-cell tumour, leukemia, or sarcoma.prain radiation therapywerT)?

RecommendationsSurgical excision should be con What is the role of stereotactic radiosurgerg(

sidered for patients with good performance statys,in the management of patients with single brain

minimal or no evidence of extracranial disease, andmetastasis?

a surgically accessible single brain metastasis ame-

nable to complete excision. Because treatment| ir2. CHOICE OF TOPIC AND RATIONALE

cases of single brain metastasis is considered pallia-

tive, invasive local treatments must be individualized. Cerebral metastases occur in 15%-30% of cancer

Patients with lesions requiring emergency decompresPpatients during the course of their diseadeAp-

sion because of intracranial hypertension were ex-proximately half of these patients have single me-

cluded from thercTs, but should be considered tastasis as shown by computed tomograpty (

candidates for surgery. imaging® Patients with single metastasis tend to
To reduce the risk of tumour recurrence for pa- undergo more aggressive therapy than do those with

tients who have undergone resection of a single brairmultiple metastases; treatment guidelines should

metastasis, postoperatiwert should be considered, therefore be specific to this patient group.

The optimal dose and fractionation scheduleviarr Because the distinctions between intracranial pri-

is 3000 cGy in 10 fractions or 2000 cGy in 5 fractions. mary and metastatic cancer and between single and
As an alternative to surgical resectiamrT fol- multiple metastases frequently determine choice of

lowed bysrsboost should be considered for patients treatment, care must be taken in the initial diagnosis

with single brain metastasis. The evidence is insuffi- of a suspected metastasis. Contrast-enhatciea-

cient to recommendrs alone as a single-modality aging or magnetic resonance imagingi) are the

therapy. standard diagnostic tests for individuals suspected of
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intracranial primary or metastatic cancer. In individy- Care éeec), using the methods of the practice guide-
als that appear to have a single metastasis and ifines development cycle Evidence was selected and
whom the primary tumour site is controlled or un- reviewed by members of theesc Neuro-oncology
known, high-dose contrast imaging studies are ap-bsc and by methodologists. Members of the Neuro-
propriate. These studies may be accomplished withoncologypsc disclosed potential conflicts of inter-
iodinated contrast and a repeascan. Alternatively, | est. Theeescis editorially independent of Cancer Care
high-dose contrast gadolinium-enhaneedmay be Ontario and the Ontario Ministry of Health and Long-
used, because it has demonstrated increased sendierm Care.
tivity in detecting smaller lesions. However, in sev- This systematic review is a convenient and up-
eral studies usingiri, between 2% and 11% of to-date source of the best available evidence on the
patients were misdiagnosed as having single braimmanagement of single brain metastasis and is intended
metastasi®® Surgical resection or stereotactic biopsy to promote evidence-based practice in Ontario,
should be used if a solitary lesion with characteris- Canada. Because the body of evidence in this review
tics of a cancer is seen with no known primary to includes maturect data, the Neuro-oncologysc
establish tissue diagnosis before other treatmentgrovides recommendations.
commence. Final approval of the guideline report was obtained
In Ontario, management of patients with suspectedfrom the Report Approval Pan&ap) and the Neuro-
single brain metastasis currently varies. The Neuro-oncologypsc. External review by Ontario practitio-
oncology Disease Site Groups), which represents| ners was obtained through an electronic survey.
9 regional cancer centres, conducted an informal

ings were categorized by patient prognosis (good vsThewmebpLine (1966 through December 2005)B8AsE
poor) based on the Karnofsky performance seor® ( | (1980 through week 52, 2005)aNcERLIT (1983
and the status of the underlying primary disease. How-through October 2002), and the Cochrane Library
ever, it should be noted that no formal criteria for prog- (2005, Issue 4) databases were searched with no lan-
nosis have been established. guage restrictions. “Brain neoplasms” [medical sub-
Patients with a “good” prognosis would gener- ject heading MesH)], “brain adj2 metastas#s” (text
ally undergo resection by craniotomy, followed by word), “cerebral adj2 metastas#s” (text word), or
weRrT 3000 cGy in 10 fractions, although patients “metastatic brain” were combined with “single” or
treated at 2 regional cancer centrescg§) receive “solitary” used as text words. These search terms were
2000 cGy in 5 fractions, and at 2 others, the dose | combined with “radiotherapy, adjuvantiésH),
varies. At somerccs, patients receive boost radia- “combined modality therapy’MesH), and “radiosur-
tion orsrsif the lesion is unresectable. gery” (vesH), and the following text words: “surgery,”
At mostrccs, patients with a “poor” prognosis “radiation,” “radiotherapy,” and “radiosurgery.”
do not undergo resection. ARécs, patients receive| Those terms were then combined with the search
2000 cGy in 5 fractions, but at the other 2 centers,terms for the following study designs: practice guide-
the dose varies depending on the pathology. Patientines, meta-analyses;Ts, clinical trials, cohort stud-
are referred for surgical consideration based both|ories, and retrospective studies. In addition, the
tumour-specific factors (location, size, or degree of proceedings of major conferences, including the an-
mass effect) and on patient-specific factors (age, conual meetings of the American Society of Clinical
morbid medical conditions, or extracranial disease).Oncology (1997—2005) and the American Society for
The decision to operate is also based on the foregoTherapeutic Radiology and Oncology (1998—2004),
ing factors, with local physician referral patterns and were also searched for reports of new or ongoing tri-
individual judgments about the patient, rather thanals. Relevant articles and abstracts were selected and
rcc-specific guidelines, being the rule. reviewed, and the reference lists from those sources
Based on the conflicting results from the three ran-were searched for additional trials.
domized trials of surgery and radiation therapy as com-
pared with radiation therapy alone, the increasing use3.3 Study Selection Criteria
of srg and the variation in treatment acresss in
Ontario, the Neuro-oncologysc felt that a system-| Articles were selected for inclusion in this system-
atic review and practice guideline were warranted.| atic review of the evidence if they

3. METHODS « were fully published reports or published ab-
stracts of meta-analyses, systematic reviews, and
3.1 Guideline Development rcTs addressing specific guideline questions. If

no studies of those types were available, non-
The present practice guideline report was developed randomized prospective studies and retrospective
by Cancer Care Ontario’s Program in Evidence-based reviews were eligible for inclusion.
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included these outcomes of interest: survival, log
control of disease, quality of life, and adverse €
fects. Studies had to report data on at least oné
these outcomes to be eligible for inclusion.

Articles were excluded from this systematic re
view of the evidence if they

were letters or editorials.
were published in a language other than Englis
were studies of patients with metastatic lym
phoma, small-cell lung cancer, germ-cell tumou
leukemia, and sarcoma.
included patients with multiple brain metastase
and did not separately report results for patiern
with single brain metastasis.

3.4 Synthesizing the Evidence

The results from threects of surgical resection of
single brain metastasi§-8were not pooled because
a published meta-analysis using summary data fr
those three trials was availaBle

4. RESULTS
4.1 Literature Search Results

Tablei outlines, by question, the type and number
studies included in this practice guideline.

4.2 Outcomes

4.2.1 Should Patients with Confirmed Single Brain
Metastasis Undergo Surgical Resection?

Threercts compared surgery plugrt with werT
alone in the treatment of single brain metastfsfs
(Tablen). All three trials required patients to hav
histologically verified extracranial cancer and radic
graphic evidence of a surgically resectable sing
brain metastasis. Patients with certain radiosensit
tumours such as lymphoma and small-cell lung c4
cer were excluded from all trials. In the trial b
Patchellet al.>, patients were stratified by tumou
location, extent of disease, and type of primary t
mour. Stratification in the trial by Veclet al.8 was

TABLE | Studies included in the present systematic review

DELINE SERIES

alby centre, site of extracranial disease, and status of

f- extracranial disease. Min&t al.® stratified patients

> oby type of cancer, size of metastasis, and extent of
primary cancer. In all trials, most patients had non-
small-cell lung cancer; other primary tumours types

- included breast, gastrointestinal, genitourinary, and
melanoma. All patients randomized to the surgery
pluswsrT groups in the trials by Patchell al.> and
Vechtet al.8 underwent surgical resection, but treat-

sh.ment compliance witkvert was not reported. In the

1- trial by Mintz and colleagué’s 6 patients in the sur-

r, gery pluswert group did not receivesrT and 2 pa-
tients did not undergo surgery. In therTt alone

=S group, 1 patient did not receiwerT, and 10 patients

1tsunderwent a surgical procedure.

Analyses for all threects used the intent-to-treat

principle.

D

Survival Two randomized trials demonstrated a sig-
nificant survival benefit for patients who received
» surgery pluswert as compared with patients who
bnfeceivedwert alone™8, and one randomized trial de-
tected no significant survival difference between the
treatment group% In the trial by Patchelkt al.5,
median survival was 9.2 months for patients who re-
ceived surgery as compared with 3.5 months for pa-
tients who receivedsrT alone p < 0.01); in the trial
by Vechtet al.8, median survival was 10 months as
of compared with 6 monthg € 0.04). Also in the trial
by Vechtet al., the difference in survival was most
robust in a subgroup of patients with stable or absent
extracranial disease (median survival: 12 months vs.
7 months;p = 0.02). No significant survival differ-
ence was observed in patients with active extracra-
nial disease (median survival: 5 months in both
treatment groupg = 0.88).

In thercT by Mintz et al.6, median survival was
not statistically different between the surgery plus
D- werT arm and thewvsrt-only arm (5.6 months and
jle6.3 months respectivelg,= 0.24). In addition, most
vepatients died within the first year (69.8% in thT
in-arm, 87.8% in the surgery plugrt arm). In a
Y univariate Cox proportional hazard model, the sys-
I temic extent of primary disease was identified as a
u- major contributing factor and predictor of mortality

(relative risk:1.86p = 0.006).

-l
-

Question Study type Reference
1. Should patients with confirmed single brain metastases undergo surgical resection? rRcts 3 56,8
1 meta-analysis 9
2. Should patients with single brain metastases undergoing surgical resection receive rRct 1 10
adjuvantwsrT?
3. What is the role ofrsin the management of patients with single brain metastases? rRcT 1 11
3 prospective case series 12-14
7 retrospective reviews 15-21

rcT = randomized controlled trialysrt = whole-brain radiation therapyrs= stereotactic radiosurgery.
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TABLE I Randomized trials of surgery plus radiation therapy as

compared with radiation therapy alone

Reference Treatment Patients Eligibility  Steroids Median Local Median functionally
(n) criteria survival recurrence  independent survival
(months) (%) (months)
Patchellet al. 1990° WBRT 23 kps>70, All 3.5 52 1.8
WBRT + surgery 25 agel8 9.2 20 8.8
p<0.01 p<0.02 p<0.005
Vechtet al. 19938 WBRT 31 WHO P<2, Most 6 NR 3.5
WBRT + surgery 32 agel8 10 7.5
p=0.04 p=0.06
Mintz et al. 1996° WBRT 43 kP<>50, All 6.3 NR NR
WBRT + surgery 41 age<80 5.6
p=0.24

weRT = Whole-brain radiation therapyes = Karnofsky performance statugsio ps= World Health Organization performance statuss

not reported.

A Cochrane collaboration meta-analysis of tH
published survival data from the three trials indicate
no significant difference in overall survival, with &

hazard ratio of 0.74 [95% confidence interval (ClI):

0.39to 1.4p = 0.35]°. A high degree of heterogene
ity for survival was detected between trials.

Neurologic Control of Diseaséd.ocal recurrence of
disease was reported in only one randomizedttrial
the trial by Patchelét al., recurrence or progressior
at the site of the original metastasis was less frequ
in the surgery plug/BrT group than in thevsrT-only
group (20% vs. 52%g < 0.02). The median length of
time from treatment to recurrence of the brain metas
sis was significantly longer in patients who underwe
surgery than in patients who receivedrT alone
(>59 weeks vs. 21 weeks< 0.0001).

None of the three randomized trials reported
significant difference between neurologic and sy
temic causes of death between the treatment grou
Mintz et al.® reported that the cause of death wz
systemic disease in 46% of the surgical group ang
35% of the radiation group (= 0.42). Death from
neurologic causes alone was 15% in the surgi
group and 28% in the radiation groygp=0.30). The
remaining patients died of a combination of neur
logic and systemic causes or an unknown cause. Ve
et al.8 reported no difference in systemic or neur
logic causes of death between the treatment grou
with neurologic death being approximately one thi
in both treatment groups. Patcletlial.® reported that
71% of patients in the surgical group and 50% in t
weRrT-0ONnly group died of systemic caus@s=(0.26).
The Cochrane meta-analysis indicated that patie
who were treated with surgery were somewhat le
likely to die from neurologic causes [odds ratia)(
0.57; 95%ci: 0.29 to 1.10p = 0.09], but this trend
was not statistically significafit

Quality of Life and Performance Statu3wo ran-
domized trials demonstrated a benefit in quality
life for patients who received surgery plusrt as

e compared with patients who receiweskT alone®g,
~dand one randomized trial showed no significant dif-
1 ference between the groupsn the trial by Patchell
et al.5, the length of functional independence (de-
fined as aps = 70), was significantly improved in
the surgical group (8.8 months vs. 1.8 months,
0.005). Multivariate analysis showed that surgical
treatment was the only factor associated with a better
quality of life (p < 0.007). In the trial by Veclet al.8,
eng:edian functionally independent survival (defined in
at trial as a World Health Organization performance
status< 1) was somewhat longer in patients who re-
ta_ceived surgery than in patients who receivatgr
nt &@lone (7.5 months vs. 3.5 montpss 0.06).
The analysis of patients with progressive extrac-
ranial disease demonstrated no difference in function-
aally independent survival between treatment groups
s-(p = 0.88), but the analysis of patients with stable
ipEXtracranial disease demonstrated a significant ben-
hs efit for patients who received surgery as compared
invith patients who receivessrT alone p = 0.01). In
the trial by Mintzet al.b, no statistically significant
~adifferences were observed in the mean Spitzer qual-
ity-of-life score or th&ps between treatment groups.

O- Adverse Effectdn the trials by Patcheét al.> and
Chiintz et al.®, surgical mortality (defined as death
P~ within 30 days following surgery) did not differ sig-
IPShificantly from 30-day mortality in theverT-only
d groups. In the trial by Veclat al.8, 30-day mortality
was 9% in the combined treatment group and 0% in
etheWBRT—Omy group; however, death within 2 months
did not differ between the groups. In one §j&0-day
Pt%orbidity was 8% in the surgery plusrT group
S%and 17% in theverT-only group, and in another trial
it did not differ between the groups.

In the trial by Vechet al.8, postoperative com-
plications included respiratory problems in 4 pa-
tients, intracerebral hemorrhage in 1 patient,

of infectious disease in 3 patients, and other complica-
tions in 9 patients. Postoperative morbidity affected

h
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13 patients, and those complications were serious iranial disease were excluded from the study. Patients
4 patients. Complications of radiotherapy, including randomized t@rsboost receivedrswithin 1 week
nausea, vomiting, and headache, did not differ be-afterwsrt. Fourteen patients with a single metastasis
tween the treatment groups (10 patients in the sur{15%) randomized tsrsboost did not receive radio-
gery pluswerT group vs. 9 patients in tliesrT-only surgery, but were included in the analysis in an in-
group). In the Cochrane meta-analysis, no signifi- tent-to-treat approach. As compared with patients
cant difference in adverse effects was detected bereceivingwsrT alone, patients receiving boterr
tween the groupso&: 1.25; 95%ci: 0.68 to 2.66; andsrsin cases of single brain metastasis showed a

p = 0.39)°. significant improvement in median survival
(6.5 months vs. 4.9 monthg,= 0.039). The causes
4.2.2 Should Patients with Single Brain Metastasis of death and the rates of adverse effects did not differ
Undergoing Surgical Resection Receive Adjuvant between treatment groups. Local control and qual-
WBRT? ity-of-life results were not reported separately for

Although all threercts examining the efficacy of| patients with a single brain metastasis.
surgery for single brain metastasis also administe
waRT to the surgical treatment aff8 the need for
postoperativeverT had not been established throug
randomized trials. Patchedl al.1° conducted a fol-

low-up rcT comparing surgery plusert with sur- The study by Muaceviet al.1® reviewed 108

gery alone to determine whether postoperatisrer - patients with a single metastasis no larger than 3.5 cm

increases survival or the neurologic control of dis- ! diameter and stable svstemic disease who received
ease. The researchers randomly assigned 49 pati ntd y

; ; ; SRs alone or surgery plusert. Patients in thers
to postoperativevsrr and 46 patients to observatio ._group had significantly smaller tumours than did the

after complete resection of a single brain metastasis; atients in the suraery pluss roup (mean size:
Contrast-enhancedki was performed after resectio P gery PIMERT group :
. 2.07 cm vs. 2.7 cnp < 0.001). Thesrs group also

to confirm complete resection and to rule out addi- ; ; - . .
tional lesions, and resected tissue was examined t§°Ntained a higher proportion of patients with mela-
confirm that all patients had metastatic tumours. Joma. Although median survival was 15.7 r_nonths
tients were required to havekas of =70. Patients in the surgery pIUWBRT group and 8.1 months in t_he_
with small-cell lung cancer, germ-cell tumours, lym- SRs group, _that SUW'V?" c_h_fferenc_e was not statisti-
homa. leukemia. or mul'ti le mveloma Wer’e ex- cally significant. No significant differences in local
gluded ’ and the in’cluded pzftientsywere stratified control or complications were observed between the
tvpe aﬁd extent of extracranial disease groups, but a higher incidence of distant recurrences
yp ’ was reported in thersgroup.

Recurrence of a tumour at the site of the origina . - 19 .
metastasis (10% vs. 469%5,< 0.001) or anywhere The review b_y Schoggtt al. . retrospect!vely
else in the brain (18% vs. 70%< 0.001) was less matched 1:_33 patients who receiweskT and either
frequent in theverT group than in the observatio Gamma}lfnlfﬁ (Elekta, Stogkhqlmi St;/ve_demz)s or
groupl®. Patients in the radiation group were less SU9ery for the treatment of a single brain metastasis
likely to die of neurologic causes than were patie tsIeSS than 3 cm n d'a”.“etef- Med'f%” _sgrvwal and

1-year overall survival did not differ significantly be-

in the observation group (14% vs. 4486+ 0.003); ;
however, no significant difference was observed in tween the groups, however, the authors repo_rted that
srswas superior for local control and morbidity.

overall length of survival or length of time that pa- To be included in the review by O’Neét al.?1

tients remained functionally independent. patients had to be candidates for kasttand surgical
resection. Tumour size had to be no larger than 3.5 cm
in diameter, and patients with deep-seated tumours or
ventricular obstruction were excluded. These inclu-
sion criteria were met by 23 patients who had received
srsand 74 patients who had received surgery, most of

e%RS Versus Surgical Resectiddo randomized tri-

h als comparedrswith traditional surgical resection;
however, three retrospective reviews compared those
treatment modalitie’$:1921

4.2.3 What Is the Role of SRS in the Management of
Patients with Single Brain Metastasis?

WBRT With or Without SRSOnercT compared the
use ofwsrt plus srs boost withwert alone in pa-
tients with brain metastas€sThe Radiation Therapy| whom had also receivedsrr. Significantly fewer
Oncology Group 950&cT by Andrewset al. ran- patients in thersgroup had a good performance score
domized patients with 1-3 brain metastases, inclyd{p = 0.0016). No significant differences in survival or
ing 186 patients with a single metastasis, to receljvecause of death were detected between the groups, and
eitherwsrT plussrsorwsRrT alone. The target sample the authors concluded that neithesnor surgical re-
size was calculated to provide sufficient statistical section was superior in that study.
power to detect a survival difference between treat-  No conclusions can be drawn from the results of
ment arms in patients with single brain metastasis. the foregoing studies because of the inherent limita-
Patients with aps of <70, with lesions greater| tions associated with comparisons that use retrospec-
than 4 cm in diameter, or with known active extrac- tive data. Those reviews were subject to selection bias,
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and the patients in the two groups differed in impadr- A second retrospective review by Alexander
tant prognostic factors such as performance status [anet al.1® included 171 patients with single brain me-
tumour size. In addition, small sample sizes limited tastasis. Most of the patients in that review received
the ability of the studies to detect significant differ- srsto treat recurrent lesions. All patients received
ences between treatment groups for key outcomes.wsrrT, either as part of their initial therapy or in com-

- . . . bination withsrs Median survival for patients with
goRn§ \éx‘é&g; W&?ﬁgéﬂf;g?ogihi%wez\?;trslzls_ single brain metastasis was 10.3 months. A small pro-
eral rr)etros egtive reviews addreséed the ef;‘icac pective case series of 24 patients who received

with or I\:/)vithoutvv A subaroun analvsis of th luswerT 12 reported a median survival of 10 months
SRS . BRT. 29 P Y and tumour shrinkage in 58% of patients for whom
largest review by Sneest al.<® compared 168 pa- :
c : . : - - data were available.
tients with single brain metastasis who receises

. : : . Two single-arm prospective studi€s*investi-
alone with 175 patients who receivaxk with werT . .
as initial treatmr()ent To be included in thes plus gated the efficacy ofrs alone. The case series by

; | Sturmet al.1® of 30 patients with inoperable single
werT arm Of the study, patients had to have receivedy ain metastasis reported mean survival of
both radiosurgery andert within a period of | g 5 5nths, improvement of clinical symptoms in 18
1 mo_n_th, although th‘? order of treatment was not 57 patients, and tumour regression in 13 of 22 pa-
specified. Overall, patients who receiverbalone | jons A subgroup analysis of the study by Lutterbach
included a higher percentage of patients more tharny 5| 14 reported median survival of 7.7 months for
65 years old and with s of <70, but whether that

. i . ) ) patients with single brain metastasis.
imbalance was also present in patients with single

metastasis is unclear. A number of patients, particus  p|SCUSSION

larly those who initially receivedrs alone, under-

went one or more salvage therapies for recurrenc 0K 1 Should Patients with Confirmed Single Brain

new metastases. No significant survival difference Metastasis Undergo Surgical Resection Before
was detected between the groups (TahleTumour Radiation Therapy?

control results were not reported for patients with
single brain metastasis.

ed

Sl o . . . Definitive conclusions about using resection before
_ Flickinger et al.™ reviewed 116 patients with| ragiation therapy are difficult to reach. The thzees
single metastasis treated with linear accelerater that compared surgery phsrTt with werT alone were
Of those patients, 56% also received fractionated rarelatively small, and they varied with respect to im-
diation therapy. In that study population, 45 patients portant baseline patient characteristics. The largest
(39%) had tumours that recurred after previossr, trial by Mintzet al.® was calculated to have only 50%
and 71 (61%) were treated wighs as initial man- | gtatistical power to detect a 50% difference in me-
agement for their metastasis. The median survival wasjian survival between treatment arfasThe two
11 months, with local tumour control in 85% of pa- major differences between the results of the thees
tients. Recurrence was documented in 15%. In agre the reduced survival time for the surgery plrs
multivariate analysis, local tumour control was sig- group in the Mintzet al. rcT® and the diminished
nificantly better in patients receiving both fraction- syrvival time reported by Patchetlal.5 for thewsrt-
ated radiation therapy ardsas compared withrs only group.
alone p =0.011), but no effect on survival wa Several factors may have contributed to the re-
observed. duced survival time for thesrT-0only group in the
Two non-comparative retrospective reviews’ Patchellet al.® trial.
and one single-arm prospective case séfiges- Macdonald and Cairncrod$suggest that that
tigated the efficacy ofrs pluswert. The study by | trial may have had a referral bias. Patients in the trial
Auchteret al.'’ retrospectively reviewed 122 patients were recruited from a cohort of patients referred to
who matched the eligibility criteria for entry into the the neurosurgery service; thus, they represented a
randomized trial by Patcheadt al.® and who had been| selected group of patients who were thought to be
treated withsrs followed by wsrt. None of those | likely to benefit from surgery or who required more
patients had received prior surgery or radiation urgent surgery. Referral bias of that kind was mini-
therapy. Median survival was 12.9 months, and themized in the trial by Mintzt al.®, in which eligible
1- and 2-year survival rates were 53% and 30% re-patients were identified by oncologists, neurologists,
spectively. Complete response was observed in 25%and surgeons rather than being identified from among
of patients, and partial response in 34%. Local con-patients referred to the neurosurgery service.
trol rates at 1 and 2 years were 85% and 77% respec- Differences in the proportions of primary tumour
tively. Intracranial recurrence outside g®asvolume histologies are another explanation for the lower sur-
was experienced by 22% of patients. Median dura-vival for the radiation-only group in the Patchell
tion of functionally independent survival, defined as et al.5 trial. That trial had a large proportion of pa-
akps> 70, was 10.2 months. tients with non-small-cell lung cancer (77.0%) as
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TABLE Il Studies investigating stereotactic radiosurgerg (

Reference Study Treatment Patients Metastasis Median Comments
type 6) diameter survival
(cm) (months)

WBRT With or withoutsrs
Andrewset al. 2004 RrcT WBRT 94 <4 4,92 Patients with prior surgery not excluded.
WBRT + SRS 92 6.52  Patients with active disease excluded.
p=0.0393 werT: 37.5 Gy in 15 fractions
srs 15-24 Gypinac or GammakKnifé
SRsVersus surgical resection

Muacevicet al. 199918  Rrr SRS 56 <3.5 8.1  srsgroup: No surgery OmBrT.
Surgery +wBRT 52 15.7 Surgical re-treatment not excluded from surgery
group.

waRT: 40 Gy + 10-Gy boost.
srs 14-27 Gy, GammaKnife

Schogglet al. 20001° RR SRS+ WBRT 67 <3 12 Limited systemic disease.
Surgery +wBrT 66 9 werT: 30 Gy in 10 fractions.
p=0.55 srs median 17 Gy, GammakKnife
O'Neill et al.2003%! RR SR® 23 <35 13 No prior treatment.
Surgery* 74 16 Patients are candidates $esand surgery.

Patients with active systemic disease included.
srswith or withoutwsrT
Sneedet al. 20022° RR SRS 168 NR 8.3 No prior surgery.
SRS+ WBRT 175 8.4  srs+wsRrT within 1 month.
p=0.94 Some patients received salvage therapy
>1 month after initial treatment.
SRs LINAC Or GammakKnife

Coffey et al. 199112 cs SRS+ WBRT 24 <3 10 3 patients received priosrr.
srRs margin, 16—20 Gy; centre, 18-40 Gy;
GammakKnife?
Auchteret al. 19967 RR SRS+ WBRT 122 NR 12.9  All metastases resectable.

No prior treatment.

weRT: 2540 Gy; fractions: 2-3 Gy.

srs 10-27 Gy (median: 17 GWINAC.

Flickingeret al. 199415  Rrr srRs+some 116 <3.6 11 39% of patients treated for recurrent tumours

WBRT following prior werT.

56% of patients receivegks pluswarr.

SRS mean minimum dose, 17.9 Gy; mean

maximum dose, 34.8 Gy; GammaKrtife

Alexanderet al. 199516  rr SRS+ WBRT 171 NR 10.3  srs minimum dose, 9-25 Gy; maximum dose,
14-31.23 Gy.
Sturmet al. 199113 cs SRS 30 NR 6.52  All patients inoperable.
srs 20-30 GyLINAC.
Lutterbachet al. 2003  cs SRS 55 <3 7.7 No prior treatment.

srs 18 Gy,LINAC.

2 Mean survival time.

b Elekta, Stockholm, Sweden.

¢ Most patients also received whole-brain radiation therapy (82% of surgery group and $&%rofip).

rRcT = randomized controlled trialyert = whole-brain radiation therapyg = retrospective reviewyr = not reported;inac = linear accel-
erator;cs = case series.

compared with the trials by Veo#tt al. (52.3%) and The benefit of surgery may be lost in patients with
Mintz et al. (53.6%)°. Because non-small-cell lung poor prognostic factors such as advanced extracra-
cancer is a relatively radioresistant tumour, the highemial disease or lower performance status. Decreased
proportion of that tumour type may have biased themedian survival was reported in two randomized tri-
results againstert alone. Patchedit al.reported that | als®8in patients with greater systemic involvement
lung cancer was not found to be a significant vari- for their primary malignancy. Of the patients in the
able in a multivariate analysis of survival, but their study by Mintzet al.?, 45% had extracranial me-
small sample size may have had low statistical powertastases; in the trial by Patchetlal.®, this number

to detect a difference. was only 37.5%, and in the trial by Vedctal.8, it
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was 31.7%. In the report by Mirgt al.,the univariate
Cox regression model identified extent of disease
the most significant variable, with a relative risk g
1.86 p = 0.006). Vechet al. reported no difference
in median survival for patients with progressive e
tracranial disease in the two groups; however, a g
nificant survival advantage was reported for patien
with stable disease who received surgery plersr
as compared with patients who receivwedT alone.

In the trial by Mintzet al.®, 21% of patients had
a kps of <70, but patients in the trials by Patche
et al.> and Vechtet al.® had performance scores
equivalent to apsof =70. In addition, patients in the
trials by Patchelkt al.and Vechet al.were required
to have a minimum life expectancy of 6 months, b
that expectation was not required by Miatzal.® in
their trial. The increased proportion of patients wit
poor prognoses in the Min& al. trial, and the fact
that 10 patients in theerT-Oonly arm underwent a
surgical procedure may have made it more difficy
to detect a survival advantage for surgery.

A pooled analysis of the three trials showed 1
significant overall survival advantage for the surgic
group as compared with therT-only group®. How-
ever, the key differences in patient baseline char
teristics between the studies and the wide confider
limits around the pooled estimate of effect allow fc
the possibility that surgery may have a beneficial ¢
fect on survival in selected groups of patients and
provide no survival benefit for others. The pooled r
sults suggest that surgery may reduce mortality frg
neurologic causes, but in those studies, the differer
with surgery was not statistically significant.

The evidence to determine whether surgical 1
section, as compared with treatment wittkT alone,

has a benefit on quality of life is limited. However

two rcts 38 reported that surgery plugsrT signifi-
cantly prolonged functionally independent survivi

as compared witkverT alone. The published metar

analysis reported no significant increase in adve
effects for patients who underwent surgical resecti
as compared with those who receivagkT alone.
Surgical excision should be considered for patier
with prognostic factors that would increase the p
tential benefit of such aggressive treatment, beca
randomized trials have demonstrated a benefit in th
patients. The applicable prognostic factors inclu
good performance status, minimal or no evidence
extracranial disease, and a surgically accessible sin
brain metastasis amenable to complete excision.
cause treatment in this disease is considered pal
tive, invasive local treatments must be individualize

5.2 Should Patients with Single Brain Metastasis
Undergoing Surgical Resection Receive
Adjuvant WBRT?

The one randomized trial examining surgery plu

WBRT Versus surgery alo@supports the use of post;

operativewsrT. Tumour recurrence was significantly
ageduced at the original and distant sites alike, and
f patients were less likely to die of neurologic causes
if radiation therapy was used postoperatively. How-
X- ever, no significant differences were observed in over-
igall survival or in maintenance of functional
itsindependence between the two groups. The use of
postoperative radiation is supported by that trial as a
preventive for central nervous system relapse and
neurologic death rather than as a contributor to sur-
Il vival time or maintenance of functional independence.
In its radiation component, the trial by Patchell
et al.109 used 5040 cGy in 28 fractions, where the
current standard management of patients with single
ut brain metastasis in the United States is 3000 cGy in
10 fractions. The latter dosage is typically used in
h the standard arm of randomized studies of radiation
in patients with brain metastases. Based solely on
evidence, no reason exists to choose 3000 cGy in
ilt 10 fractions over 2000 cGy in 5 fractions, but frac-
tion size is believed to be important and 300 cGy
no daily (3000/10) is believed to be associated with
al fewer long-term neurocognitive effects than is
400 cGy daily (2000/5) in the occasional long-term
acsurvivor, which is the reason that many radiation
ncencologists in Ontario prefer 3000 cGy in 10 frac-
br tions. Because no data exist to either support or re-
>f- fute that preference, there is no way to resolve this
ayquestion of fractionation at present. More random-
e- ized trials examining various radiation therapy doses
mfor patients with single brain metastasis are neces-
nceary to determine the optimal dose to maximize sur-
vival and minimize toxicity. The Neuro-oncologyc
e-will update the recommendations as new evidence
becomes available.

D

5.3 What Is the Role of SRS in the Management of
al Patients with Single Brain Metastasis?
rseThe randomized trial by Andrewet al.'* demon-
onstrated a significant survival benefit for patients with
single brain metastasis who receiweskT plussrs
ntsboost as compared with patients who receivesir
0- alone. With that evidence, it is reasonable to con-
uselude thatrsshould be considered for patients with
ps@ small single brain metastasis, good performance
de status, and controlled extracranial disease who also
ofmeet additional eligibility criteria fogrs
gle The evidence comparing the efficacysagwith
Bethat of surgery in the treatment of single brain me-
liatastasis is limited to retrospective reviews. Radiosur-
d. gery has been used increasingly in recent years
because of minimal invasiveness, low risk, and abil-
ity to treat metastases considered surgically
unresectable. No significant difference in survival was
detected for patients receivisgsas compared with
surgery in the three studies included in the present
Is review!8.19.22 however, one study suggested a ben-
efit for srsin local control and morbidit}?. Those
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studies were limited by small sample size and differ-6. NEURO-ONCOLOGY DSG CONSENSUS
ences between treatment cohorts in key prognostic PROCESS
factors such as tumour size and performance status.
Patients in those studies represent a highly selegtedhe Neuro-oncologypsc decided to limit the target
study population, and the results therefore need tg b@opulation for the present guideline by excluding
interpreted cautiously. Preliminary evidence suggestgatients with metastatic lymphoma, small-cell lung
a similar efficacy fosrsand surgery, but direct com+1 cancer, germ-cell tumour, leukemia, and sarcoma
parisons using random patient allocation are neededbecause these primary tumours are radiosensitive and
to determine which treatment should be administeredrespond differently to radiation therapy than do other
to patients who are candidates for both modalities. tumours.

The evidence comparirggs pluswserT with srs After reviewing the guideline report, thesc
alone is of poor quality and should be viewed only members discussed the role of postoperatire in
as hypothesis-generating. The additiorwekT to terms of increased survival. Other issues addressed
srshas yet to be clarified through randomized trials. includedsrsversus surgical resection and the use of
The rationale for usingyerT in addition tosrsover wBRT plussrs The Neuro-oncologpsc drafted rec-
srsalone is similar to the reasons presented for theommendations based on the evidence and attempted

use of radiation therapy following surgery. Use
waRT allows for irradiation of any microscopic in
tracranial tumour deposits not revealed by neuro-
imaging studie$*and metastases that have infiltrated 7.
into the brain beyond thersmargins. An additional
theoretic consideration for using combirssd and

f to draft recommendations based on perceived prac-
tice variations within Ontario.

EXTERNAL REVIEW OF THE PRACTICE
GUIDELINE

wBRT relates to tumour shrinkage, which may occur 7.1 Report Approval Panel Process

after initial treatment with fractionatessrt. The

smaller radiosurgical target may provide better local Before the present practice guideline was submitted
control and reduced complication rates. Although thefor external review, the report was reviewed and ap-

addition ofwsRrT to srsappears to increase local an

proved by theeBcrar, which consists of two mem-

distant intracranial controlygrtr may be associated bers, including an oncologist with expertise in clinical
with adverse effects such as radiation-induced de-and methodology issues. Key issues raised bysthe

mentia, particularly in long-term survivors. No qua
ity data exist to help determine whetha&rT should
be given before or aftersor whether selected pa
tients should receivesrT at recurrence or progres
sion only.

A recentrcT by Aoyamaet al.?® that compared
srspluswerT with srsalone in patients with 1—4 brai
metastases did not meet the inclusion criteria for the
present systematic review because it did not sepa-
rately report results for patients with single metas
sis; however, 64 of 132 patients had single br
metastasis. The study did not detect a significant
ference in overall survival between the treatm
groups, but 1-year rates of brain tumour recurre
(46.8% vs. 76.4%p < 0.001) and development o
new brain metastases (41.5% vs. 63.p%,0.003)
were lower in patients who receiveds plus wert
than in those who receivedsalone. Salvage treat-
ment for brain tumour progression was required more
frequently in patients who receivedsalone than in
those who receiveskspluswerT (p < 0.001).

The maximum size of lesions treatable wits
is not well established, although larger tumour val-
umes seem to be associated with poorer response ard
local control, and with higher complication rates.
Radiosurgical treatment of larger metastases may/|in-
crease the risk for development of necrotic lesions.
Most studies included in the present review set li
its for lesion diameter up to a maximum of 3 cm
4 cm.

- included these points:

For the first question on surgical resection, three
smallrcTts were included. Analyses by both in-
tent to treat and actual treatment received would
be helpful. Thepsc should indicate compliance
with the assigned therapy and expand the inter-
pretations in the Discussion section if the data
demonstrate compliance problems.

The subsection on quality of life cites only data
regarding performance status. If these are the only
data available, thesc should consider renaming
the section and address the topic as a perfor-
mance-status outcome evaluation rather than as
an assessment of quality of life.

The psc should consider a more definitive rec-
ommendation stating that the data are insufficient
to recommendrsas single-modality therapy.

In response to this feedback, the Neuro-oncol-

ogy bsc made the following modifications to the re-
port and guideline:

Information regarding treatment compliance was
added to the Results section and to the Discus-
sion of the systematic review. The threes did

not perform analyses according to treatment
received.

The authors changed the title of the quality of
life subsection to Quality of Life and Performance
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Status to reflect the performance status focus| of
most of the data.

e Thepsc added a statement to the recommenda-
tions to emphasize that the evidence is insuffi-
cient to recommendrs as single-modality
therapy.

7.2 Practitioner Feedback

7.2.1 Methods
Practitioner feedback on the draft practice guideline
report was obtained through an electronic survey|ofe
98 practitioners in Ontario (medical oncologists, ra-
diation oncologists, neurologists, and neurosurgeons).
The survey consisted of items evaluating the meth-
ods, results, and discussion used to inform the draft
recommendations and whether the draft recommen-
dations should be approved as a practice guideline.
Written comments were invited. Follow-up remind-
ers were sent at 4 weeks and 6 weeks.

7.2.2 Results
Of the 23 practitioners who responded, 16 indicated
that the report was relevant to their clinical practice,
and they completed the survey. The other 7 practitio-
ners indicated that they were not able to complete
the survey or that the report was not relevant to their

should be included in the systematic review. Al-
though the full publication was outside the scope
of the literature review, results were available in
abstracts from the 2004 American Society of
Clinical Oncology annual meeting.

One respondent suggested that the study by
Auchteret al.'” would be more appropriately in-
cluded and discussed in the SRS Versus Surgical
Resection subsection, because it describes a pa-
tient population that would have been eligible for
surgery but that was treated with radiosurgery.
One respondent commented that few high qual-
ity data support the statements made in the re-
port and that the data comparexgwith surgery

are as good as any of these. The limited evidence
suggests thatksand surgery are roughly equiva-
lent, andsrs (with or withoutwsrT) should be
strongly considered for single lesions that are not
amenable to surgery. The report should mention
this consideration.

One respondent found it difficult to comment on
the draft recommendations because they were not
clear and because no definitive recommendation
was made for each of the questions. The respon-
dent suggested that a summary of the recommen-
dations would be helpful.

clinical practice. These were the key results of the7.2.4 Modifications or Actions

practitioner feedback survey:

Number surveyed: 98

Number of responses: 23 (23%)

Number who completed the survey: 16 (70%)
Written comments attached: 6 (38%)
Agreement with the summary of the evidence:
(88%)

Agreement with the recommendations: 12 (75%)
Approval of the recommendation as a practice guide-
line: 12 (75%)

7.2.3 Summary of Main Findings
Of respondents who completed the survey, 6 (38%)
provided written comments. The main points con-
tained in the written comments are summarized
below.

e One respondent commented that the draft
very good.

< One respondent stated that the recommendations
were as clear as possible given the vagueness of
the literature. This respondent felt that the data
regarding surgical excision and adjuvant radia-
tion were clear enough and agreed fully with this
aspect of the report.

e One respondent commented that implementa-
tion of srs would require significant resourc
allocation.

e« Two respondents stated that tlwr by Aoyama
et al.?5> comparingsrs pluswerT with srsalone

8.

Based on the practitioner feedback survey, the fol-
lowing actions were taken or modifications made:

The text was amended to state that issues of cost
of treatment and resource allocation are beyond
the scope of this evidence-based guideline.

The rcT by Aoyamaet al.?®> was still excluded
from the systematic review because it did not re-
port results for patients with single brain metasta-
sis separately from those for patients with multiple
metastases. A paragraph regarding tkiswas
added to the Discussion section of the system-
atic review.

The study by Auchteet al.1” was a single-arm
study ofsrspluswerT for patients whose tumours
were considered resectable. This study was not
included in the surgery verssisssubsection be-
cause it was not a comparative study and patients
did not undergo surgical resection.

The recommendations state that following
wBRT should be considered for any patients with
a tumour whose size and location are suitable
for srs The authors did not feel that a separate
recommendation fogrs specifically in patients
with a single lesion not amenable to surgery was
necessary.

PRACTICE GUIDELINE

The present practice guideline integrates the draft
recommendations with the feedback obtained from
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the external review process. It has been approved
the Neuro-oncologysc and therEBcRAP.

by.

8.1 Target Population

PRACTICE GUIDELINE DATE

Approved on August 16, 2006. Practice guidelines
developed by Cancer Care Ontaripigc are regu-
larly reviewed and updated. Please visit the Web site

The recommendations that follow apply to adults with of Cancer Care Ontaric®ssc (www.cancercare.on.ca/
confirmed cancer and a single brain metastasis. Thisndex_AboutthePEBC.htm) for updates of this
practice guideline does not apply to patients with guideline.

metastatic lymphoma, small-cell lung cancer, germ-
cell tumour, leukemia, or sarcoma.

8.2 Recommendations 1.

Surgical excision should be considered for patients 2.
with good performance status, minimal or no evidence
of extracranial disease, and a surgically accessible3.
single brain metastasis amenable to complete exci-
sion. Because treatment in cases of single brain me-
tastasis is considered palliative, invasive local 4.
treatments must be individualized. Patients with le-
sions requiring emergency decompression because
of intracranial hypertension were excluded from the 5.
RCTS, but should be considered candidates for surg

Postoperativevert should be considered to re
duce the risk of tumour recurrence for patients who 6.
have undergone resection of a single brain metasta-
sis. The optimal dose and fractionation schedule for
weRrT is 3000 cGy in 10 fractions or 2000 cGy i
5 fractions.

As an alternative to surgical resectiamrT fol-
lowed bysrsboost should be considered for patients
with single brain metastasis. The evidence is insuffi-
cient to recommendrs alone as single-modality
therapy.

8.

8.3 Qualifying Statements

No high-quality data are available regarding the
choice of surgery versus radiosurgery for single brain
metastasis. In general, size and location of the
tastasis determine the optimal approach.

The standaraverTt regimen for management o

patients with single brain metastasis in the United 11.

States is 3000 cGy in 10 fractions, and this treatment
is usually the standard arm in randomized studies of
radiation in patients with brain metastases. Based
solely on evidence, the understanding that no reason

exists to choose 3000 cGy in 10 fractions over12.

2000 cGy in 5 fractions is correct; however, fractign
size is believed to be important, and therefore 300 cGy
daily (3000/10) is believed to be associated with fewer

long-term neurocognitive effects than is 400 cGy daily 13.

(2000/5) in the occasional long-term survivor. For that
reason, many radiation oncologists in Ontario prefer

3000 cGy in 10 fractions. No data exist to either sup-14.

port or refute that preference; therefore, finding a reso-
lution to this issue is not currently possible. The
Neuro-oncologysc will update the recommendation
as new evidence becomes available.

10.

ed0.

15.
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