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A B S T R A C T

Purpose
This European Organisation for Research and Treatment of Cancer phase III trial assesses whether
adjuvant whole-brain radiotherapy (WBRT) increases the duration of functional independence after
surgery or radiosurgery of brain metastases.

Patients and Methods
Patients with one to three brain metastases of solid tumors (small-cell lung cancer excluded) with stable
systemic disease or asymptomatic primary tumors and WHO performance status (PS) of 0 to 2 were
treated with complete surgery or radiosurgery and randomly assigned to adjuvant WBRT (30 Gy in 10
fractions) or observation (OBS). The primary end point was time to WHO PS deterioration to more than 2.

Results
Of 359 patients, 199 underwent radiosurgery, and 160 underwent surgery. In the radiosurgery group,
100 patients were allocated to OBS, and 99 were allocated to WBRT. After surgery, 79 patients were
allocated to OBS, and 81 were allocated to adjuvant WBRT. The median time to WHO PS more than
2 was 10.0 months (95% CI, 8.1 to 11.7 months) after OBS and 9.5 months (95% CI, 7.8 to 11.9
months) after WBRT (P � .71). Overall survival was similar in the WBRT and OBS arms (median, 10.9
v 10.7 months, respectively; P � .89). WBRT reduced the 2-year relapse rate both at initial sites
(surgery: 59% to 27%, P � .001; radiosurgery: 31% to 19%, P � .040) and at new sites (surgery: 42%
to 23%, P � .008; radiosurgery: 48% to 33%, P � .023). Salvage therapies were used more frequently
after OBS than after WBRT. Intracranial progression caused death in 78 (44%) of 179 patients in the
OBS arm and in 50 (28%) of 180 patients in the WBRT arm.

Conclusion
After radiosurgery or surgery of a limited number of brain metastases, adjuvant WBRT reduces
intracranial relapses and neurologic deaths but fails to improve the duration of functional
independence and overall survival.

J Clin Oncol 29:134-141. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Brain metastases are a frequent cause of morbidity
and mortality in patients suffering from a variety
of solid tumors. Surgery, radiosurgery, and
whole-brain radiotherapy (WBRT) are the main
treatment options.1-8 A point of controversy is
whether adjuvant WBRT, the rationale for which
is destroying microscopic disease at the original
tumor site or at distant intracranial locations, is
necessary after complete surgical resection or ra-
diosurgery. The risk of long-term neurotoxicity

and availability of effective salvage treatments9,10

are the main arguments against adjuvant WBRT,
whereas the negative impact of CNS progression
on neurologic and neurocognitive function when
omitting initial WBRT and the uncertainty re-
garding the value of salvage treatments in revers-
ing neurologic symptoms are arguments in favor
of WBRT.11

Two randomized trials12,13 reported that the
omission of WBRT in patients with newly diagnosed
brain metastases after either surgery or stereotactic
radiosurgery results in a significantly worse local and
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distant control, although it does not affect overall and functionally
independent survival. These studies included patients with both stable
and progressive systemic cancer.

This article reports the results of a randomized phase III trial
of the European Organisation for Research and Treatment of Can-
cer (EORTC; 22952-26001) that investigated the role of adjuvant
WBRT after either surgery or radiosurgery of a limited number of
brain metastases from solid tumors, focusing on patients in good
condition with stable systemic cancer. It was hypothesized that
these patients would have the greatest benefit from the expected
increase in intracranial tumor control after WBRT and would thus
keep their functional independence for a longer time period.

PATIENTS AND METHODS

Eligibility Criteria

Patients with one to three brain metastases in good condition (WHO
performance status [PS] of 0 to 2) and with stable systemic disease or asymp-
tomatic synchronous primary tumor were included. For the diagnosis of brain
metastases, magnetic resonance imaging (MRI) not older than 6 weeks was
required. Patients with progressive systemic disease were excluded. Eligibility
criteria are listed in Table 1. All patients gave written informed consent accord-
ing to International Conference on Harmonisation/Good Clinical Practice
and national regulations. The protocol was reviewed and approved by the
ethics committee in each institution. The study was conducted according to
the Declaration of Helsinki.14

Radiosurgery

Both linear accelerators and gamma-knife devices were allowed. The
planning target volume consisted of the gross tumor volumes of all (up to
three) metastases surrounded by a margin of 1 to 2 mm around each
metastasis. A dose of 25 Gy was prescribed to the center of each metastasis.
The minimum dose at the surface of each planning target volume had to be
20 Gy. For the gamma-knife, a peripheral dose of 20 Gy to the 50% isodose
was allowed. Size limits were 35 mm (maximal diameter) for singular
metastases and 25 mm for multiple metastases. Dose limits for organs at

risk were as follows: brainstem, 8 Gy; optic chiasm or optic nerves, 8 Gy;
other cranial nerves, 12 Gy; and sensorimotor cortical areas, 18 Gy.

Surgery

The main prerequisite for entering patients onto the study was the
complete resection of the brain metastases, judged either by the surgeon’s
impression or early (� 24 hours) postoperative contrast-enhanced com-
puted tomography and/or MRI. There were no limitations regarding size
of the metastases.

Random Assignment to WBRT or Observation

For the radiosurgery patients, measurement of WHO PS and random
assignment to WBRT or observation (OBS) were performed before radiosur-
gery. For the surgery patients, measurement of WHO PS and random assign-
ment were performed after surgery. WBRT was applied using standard
techniques. The prescribed dose was 30 Gy in 10 fractions of 3 Gy at the
midline, five fractions per week. A maximum of 6 weeks between radiosurgery/
surgery and WBRT was allowed.

Follow-Up, Evaluation of Toxicity, and Quality of Life

Follow-up visits with clinical (including WHO PS) and neurologic
examination and MRI scans were scheduled every 3 months. Acute and late
toxicity was assessed using the Late Effects of Normal Tissues–Subjective,
Objective, Management, Analytic scales,15,16 and health-related quality of
life was assessed using the EORTC Quality of Life Questionnaire C3017 and
brain tumor module.18 All intra- and extracranial progressions had to
be reported.

Statistical Methods

Within 4 weeks after surgery or within 2 weeks before radiosurgery,
patients were allocated to WBRT or OBS by a minimization algorithm19

stratifying for institution, brain metastases (one v � one metastasis), local
treatment (radiosurgery v surgery), macroscopic tumor outside the brain
(present v absent), and initial WHO PS (0 to 1 v 2). The trial primary end
point (duration of functional independence) was measured from the day of
random assignment to the first report of deterioration to a WHO PS of
more than 2. The trial was designed to detect a difference of 11% in the
proportion of patients alive with PS � 2 at 6 months, from 50% on OBS to
61% with WBRT (hazard ratio [HR], 0.714), with 80% power and a
two-sided 5% significance level. To achieve this, 280 events (death or
PS � 2) were needed, and 340 patients were planned to be recruited.

Secondary end points were frequency of intracranial relapse at ini-
tially treated and at new sites, progression-free and overall survival, late
toxicities, and quality of life. The analysis was performed by intention to
treat. Survival (until WHO PS � 2) was estimated using the Kaplan-Meier
method20 and compared using the log-rank test stratified for prior treat-
ment.21 Sensitivity analyses were conducted by Cox model adjusted for the
stratification factors except institution and by location of the primary
tumor (lung v other).22 Cumulative incidence curves and the Gray test
were used to compare the intracranial or extracranial relapse rates account-
ing for death as competing risk.23 All analyses were conducted in the
intent-to-treat population. Quality of life will be reported separately.

RESULTS

Patients Characteristics

In total, 359 patients were recruited from November 1996 to
November 2007. In patients who were alive, the minimum
follow-up was 4 months, except for three patients who had 1 day, 1
month, and 2 months of follow-up. In the radiosurgery group, 100
patients were assigned to OBS, and 99 were assigned to WBRT. In
the surgery group, 79 patients were assigned to OBS, and 81 pa-
tients were assigned to adjuvant WBRT. The patient and lesion
characteristics are listed in Tables 2 and 3 and were well balanced

Table 1. Eligibility Criteria

Eligibility Criteria

Inclusion criteria
Age � 18 years
WHO performance status � 2
1-3 brain metastases
Radiosurgery: single metastasis � 3.5 cm, multiple metastases � 2.5 cm in

diameter
Surgery: complete surgical resection
Radiosurgery: histologic confirmation of primary tumor or other

metastases � 4 years ago, stereotactic biopsy of the brain metastasis
otherwise

Stable systemic cancer for � 3 months and/or asymptomatic
synchronous primary tumor without metastases outside the CNS or
unknown primary tumor

Exclusion criteria
Brain metastasis of small-cell lung cancer, lymphoma, leukemia,

myeloma, germ cell tumors
Brain stem metastases
Leptomeningeal metastases
Recurrent brain metastases after surgery and/or radiosurgery and/or

brain irradiation
Inability to interrupt chemotherapy during whole-brain radiotherapy

Adjuvant Whole-Brain Radiotherapy for Brain Metastases
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between the random assignment arms. Patients who entered after
surgery more often had a single metastasis with a larger diameter
(up to 70 mm), and lesions were more frequently located in the
posterior fossa.

Compliance With Eligibility Criteria and

Protocol Treatment

The CONSORT diagram is shown in Figure 1.24 Only six patients
were ineligible. For five patients in the radiosurgery group, the reasons
of ineligibility were as follows: primary treatment before random
assignment (n � 3), lymphoma (n � 1), and too large brain metastasis
(n � 1). One patient in the surgery group had an incomplete surgery.

In the radiosurgery group, 185 (93%) of 199 patients underwent
radiosurgery for primary treatment. The median target dose to all
lesions was 25 Gy (range, 19 to 37 Gy), and the median surface dose
was 20 Gy (range, 14 to 25 Gy). The treatment device was a linear
accelerator in 132 patients (71%) and a gamma knife in 53 patients
(29%). Two patients had resection and one patient had seed implan-
tation instead of radiosurgery because the lesion grew beyond the
limits before initiation of radiosurgery. Eleven patients did not receive
radiosurgery because of rapid progression (n�5), early death (n�4),
refusal (n � 1), or inadequate tumor type (lymphoma; n � 1).

All 160 patients in the surgery group (and two patients in the
radiosurgery group) had their lesion(s) removed. The resection was
assumed to be complete in 161 (99%) of 162 patients. Assessment of
completeness was based on the surgeon’s impression in 42 (26%) of
162 patients, on the postoperative computed tomography/MRI in 14
(9%) of 162 patients, and on both criteria in 105 (65%) of 162 patients.

WBRT (30 Gy) was applied to 88 (89%) of 99 patients randomly
assigned to radiosurgery/WBRT. The reasons for not receiving WBRT
after radiosurgery were as follows: progression (n � 4), refusal by the
patient (n � 4) or oncologist (n � 1), infection (n � 1), and unknown
(n � 1). In four patients, treatment was stopped after 9 to 27 Gy as a
result of extracranial progression (n � 2), hemorrhage into the me-
tastasis (n � 1), or worsening because of anemia (n � 1). In the
surgery/WBRT group, 78 (96%) of 81 patients received WBRT, and
three patients (4%) refused it. In two patients, WBRT was stopped
after 9 to 20 Gy because of leptomeningeal tumor spread (n � 1) or
general deterioration (n � 1).

In the 100 patients treated with radiosurgery and randomly
assigned to OBS alone, three patients had adjuvant WBRT in
opposition to the random assignment as a result of rapid growth of

Table 2. Patient Demographics and Clinical Characteristics

Characteristic

Observation
(n � 179)

WBRT
(n � 180)

Total
(N � 359)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Age, years
Median 61 60 60
Range 37-80 26-81 26-81

Sex
Male 122 68 113 63 235 65
Female 57 32 67 37 124 35

WHO performance status
0 82 46 75 42 157 44
1 78 44 84 47 162 45
2 19 11 21 12 40 11

Neurologic status
No deficit 97 54 97 54 194 54
Some deficit, useful work 52 29 54 30 106 30
Moderate impairment 29 16 29 16 58 16
Major impairment 1 1 0 0 1 0

Localization of primary tumor
Lung (NSCLC) 93 52 97 54 190 53
Breast 20 11 22 12 42 12
Kidney 13 7 16 9 29 8
Colorectal 16 9 14 8 30 8
Melanoma 8 5 10 6 18 5
Other 15 8 12 7 27 8
CUP 14 8 9 5 23 6

Macroscopic tumor outside
the brain

Absent 89 50 79 44 168 47
Present 82 46 91 51 173 48
Unknown 8 4 10 6 18 5

Abbreviations: WBRT, whole-brain radiotherapy; NSCLC, non–small-cell lung
cancer; CUP, cancer of unknown primary tumor.

Table 3. Lesion Characteristics

Characteristic

RS/Observation
(n � 90)�

S/Observation
(n � 81)† RS/WBRT (n � 95)� S/WBRT (n � 81) Total (N � 347)

No. of Patients % No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Size of largest lesion, mm
Median 20 30 18 30
Range 4-40 10-60 5-34 11-70

No. of lesions
1 61 68 76 94 63 66 79 98 279 81
2 20 22 5 6 23 24 2 2 50 14
3 9 10 0 0 9 10 0 0 18 5

Location of largest lesion
Supratentorial lobes 73 81 59 73 84 88 59 73 275 79
Posterior fossa 9 10 17 21 7 7 20 25 53 15
Other/unknown 8 9 5 6 4 4 2 2 19 6

Abbreviations: RS, radiosurgery; S, surgery; WBRT, whole-brain radiotherapy.
�Only patients who received RS were shown.
†Two patients who received S instead of RS were shown.
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the lesion (n � 1), early progression with intratumoral hemorrhage
(n � 1), and patient refusal of OBS (n � 1). In patients treated by
surgery and randomly assigned to OBS alone, one patient refused OBS
and received WBRT.

Acute Toxicity

Acute toxicity of WBRT was mild. Regarding the skin, 11% of the
treated patients (11 of 88 patients in radiosurgery/WBRT arm and
eight of 78 patients in surgery/WBRT arm) had severe erythema and
2% had dry desquamation. Otitis developed in 5% of patients, includ-
ing 1% who required the help of an otolaryngologist. Moderate vom-
iting was seen in 9% of patients, and severe vomiting was seen in 1%.

Mild headache was observed in 28% of patients, and moderate to
severe headache was observed in 4%. Other mild acute reactions
occurred in 27% of patients, mainly asthenia and fatigue.

Serious Adverse Events and Late Toxicity

Late effects were reported on the Late Effects of Normal Tissues–
Subjective, Objective, Management, Analytic brain toxicity scales. In
summary, 2% to 22% of the patients had grade 3 late effects, and 1% to
4% had grade 4 adverse effects without clear differences between the
OBS and WBRT arms (Table 4).

Serious acute toxicities related to surgery and radiosurgery were
evaluated by serious adverse event forms. In total, 16 serious adverse

Table 4. Objective and Subjective Late Toxicities According to the LENT/SOMA Scales

Toxicity

Observation WBRT

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

Objective
Neurologic deficit 68 38 32 18 23 13 25 14 7 4 73 41 39 22 15 8 24 13 7 4
Cognitive functions 85 48 50 28 11 6 9 5 0 0 78 43 50 28 12 7 17 9 0 0
Mood and

personality 86 48 43 24 19 11 4 2 3 2 92 51 38 21 11 6 16 9 1 1
Seizures 109 61 23 13 14 8 10 6 23 13 117 65 17 9 10 6 14 8 22 12

Subjective
Headache 58 32 61 34 26 15 10 6 1 1 73 41 54 30 22 12 7 4 2 1
Somnolence 74 41 42 24 26 15 12 7 2 1 60 33 48 27 30 17 16 9 4 2
Intellectual deficit 99 55 33 18 13 7 10 6 1 1 92 51 36 20 15 8 14 8 1 1
Functional

competence 76 43 30 17 31 17 18 10 1 1 69 38 45 25 19 11 22 12 3 2
Memory 78 44 56 31 13 7 7 4 2 1 68 38 66 37 8 4 15 8 1 1

Abbreviations: LENT/SOMA, Late Effects of Normal Tissues–Subjective, Objective, Management, Analytic scales; WBRT, whole-brain radiotherapy.

Assessed for eligibility
(N = 359 )

Patients randomly assigned
before radiosurgery

(n = 199)

Patients randomly assigned
after surgery

(n = 160)

Allocated to observation (n = 100)
Prior treatment received
  Radiosurgery (n = 90)
  Surgery (n = 2)
  Seed implant (n = 1)
  No prior treatment (n = 7)
Treatment received
  Observation (n = 97)
  WBRT (n = 3)
Ineligible (n = 3)

Allocated to WBRT (n = 99)
Prior treatment received
  Radiosurgery (n = 95)
  No prior treatment (n = 4)
Treatment received
  Observation (n = 11)
  WBRT (n = 88)
Ineligible (n = 2)

Allocated to observation (n = 79)
Prior treatment received
  Surgery (n = 79)
Treatment received
  Observation (n = 78)
  WBRT (n = 1)
Ineligible (n = 0)

Allocated to WBRT (n = 81)
Prior treatment received
  Surgery (n = 81)
Treatment received
  Observation (n = 3)
  WBRT (n = 78)
Ineligible (n = 1) 

Allocated to WBRT
Analyzed in intent to treat (n = 180)
Treated per protocol (n = 164)

Allocated to observation
Analyzed in intent to treat (n = 179)
Treated per protocol (n = 166)

Fig 1. CONSORT diagram showing compliance to eligibility criteria and protocol treatment. WBRT, whole-brain radiotherapy.
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events were reported, 13 in the WBRT arm (epileptic seizures, n � 3;
radionecrosis, of which one patient probably died, n � 2; infection,
n � 2; hemorrhage into brain metastasis, n � 1; hospitalization as a
result of intracranial progression, n � 2; general deterioration, n � 1;
stroke, n � 1; and erythema multiforme, n � 1) and three in the OBS
arm (radiation necrosis, n � 1; leukoencephalopathy with memory
loss after salvage WBRT, n � 1; and hydrocephalus as a result of
cerebellar tumor dissemination, n � 1). Besides the reported incidents
of symptomatic radionecrosis, contrast-enhancing lesions suspicious
of radiation-induced breakdown of the blood-brain barrier were ob-
served in seven (8%) of 90 patients after radiosurgery and in 12 (13%)
of 95 patients after radiosurgery/WBRT.

Progression Status

At the time of final analysis, 292 (81%) of 359 patients had died,
and 67 (19%) of 359 patients were alive. The median follow-up time of
the surviving patients was 49 months in the WBRT arm and 40
months in the OBS arm (P � .17).

Extracranial progressions were reported in 115 (64%) of 179
patients in the OBS arm and 119 (66%) of 180 in the WBRT arm. The
cumulative incidence rates of extracranial progression (with death as
competing risk) at 6 months were 37% (95% CI, 30% to 44%) in the
OBS arm and 38% (95% CI, 31% to 45%) in the WBRT arm. At 2
years, the rates were 63% (95% CI, 56% to 70%) in the OBS arm and
65% (95% CI, 58% to 72%) in the WBRT arm (P � .73, Gray test).

Progression at intracranial sites occurred both at the sites treated
primarily by radiosurgery or surgery (initial sites) and at new sites not
treated before. Overall, intracranial progression was significantly
more frequent in the OBS arm (139 of 179 patients, 78%) than in the
WBRT arm (87 of 180 patients, 48%; P � .001, Gray test). After
surgery, at 2 years, WBRT reduced the probability of relapse at initial
sites from 59% (95% CI, 48% to 71%) to 27% (95% CI, 17% to 37%;
P � .001) and at new sites from 42% (95% CI, 31% to 53%) to 23%
(95% CI, 14% to 33%; P � .008). After radiosurgery, at 2 years, WBRT
reduced the probability of relapse at initial sites from 31% (95% CI,
22% to 40%) to 19% (95% CI, 11% to 27%; P � .040) and at new sites
from 48% (95% CI, 38% to 58%) to 33% (95% CI, 24% to 43%;
P � .023; Figs 2A and 2B).

Salvage Therapy

The protocol allowed any type of salvage therapy for both intra-
cranial and extracranial relapses. Salvage therapies for intracranial
relapses were more frequently used in patients after OBS (92 of 179
patients, 51%) than in those who received adjuvant WBRT (29 of 180
patients, 16%). Salvage WBRT was used in 31% of patients in the OBS
arm but in only 3% of patients in the WBRT arm (Table 5).

Survival With Functional Independence (Time to

WHO PS > 2)

For the main end point of the study, no difference was found
between the two random assignment arms. The median time to WHO
PS more than 2 was 10.0 months (95% CI, 8.1 to 11.7 months) in the
OBS arm and 9.5 months (95% CI, 7.8 to 11.9 months) in the WBRT
arm (P � .71; HR � 0.96; 95% CI, 0.76 to 1.20; Fig 3A). At 2 years,
22.3% and 22.6% of the patients were alive and functionally indepen-
dent in the OBS and WBRT arms, respectively.

In a multivariate analysis, the only factors with a significant
impact on survival with WHO PS � 2 were the initial WHO PS (0 v 2,
P � .004) and the presence of macroscopic tumor outside the brain
(absent v present P � .001). Treatment was not statistically significant
(P � .53). Heterogeneity of treatment effects in subgroups defined by
the following factors was considered: prior treatment (radiosurgery v
surgery), initial WHO PS (0 v 1 v 2), number of brain metastases
(single v multiple), localization of the primary tumor (lung v other),
and macroscopic tumor outside the brain (absent v present); however,
no heterogeneity and no treatment effect for the primary end point in
any subset was observed.

Progression-Free Survival

Median progression-free survival was slightly longer in patients
receiving WBRT (4.6 months; 95% CI, 3.9 to 6.1 months) compared
with those on OBS alone (3.4 months; 95% CI, 3.1 to 3.9 months;
P � .020, Wald test).

Overall Survival

Overall survival did not differ (HR � 0.98; 95% CI, 0.78 to 1.24;
P � .89) between the two arms, with a median survival of 10.9 months
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adjuvant whole-brain radiotherapy (WBRT). Patients who died before the event
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(95% CI, 9.5 to 14.2 months) in the OBS arm and 10.7 months (95%
CI, 9.0 to 14.4 months) in the WBRT arm (Fig 3B). Malignant disease
was the dominant cause of death in both arms (OBS, 129 of 143
patients; WBRT, 127 of 149 patients). In the radiosurgery/WBRT

group, one patient probably died of toxicity (radionecrosis; see Serious
Adverse Events and Late Toxicity). Neurologic death, defined as intra-
cranial failure as a component of cause of death, was more frequent in
the OBS arm (78 of 179 patients, 44%; 95% CI, 36% to 51%) than in
the WBRT arm (50 of 180 patients, 28%; 95% CI, 21% to 34%;
P � .002 �2 test). The subgroup analysis for the previously mentioned
factors did not detect any significant survival advantage for adjuvant
WBRT in any of the subgroups.

DISCUSSION

This study shows that after radiosurgery or surgery of a limited num-
ber of brain metastases (one to three metastases) in patients with stable
or asymptomatic solid tumor outside the brain, standard adjuvant
WBRT reduces the probability of intracranial relapses from nearly
80% to approximately 50%. This effect is most pronounced after
surgery, where the frequency of recurrence in the resection bed is
reduced from 60% to less than 30%. Although it translated into a
modest increase in progression-free survival, the increased intracra-
nial tumor control did not translate into a prolonged survival time
with functional independence or into a prolonged overall sur-
vival time.

The issue of adjuvant WBRT after resection of brain metastases
has been addressed in several retrospective studies.25-28 It seemed that
adjuvant WBRT could reduce intracranial relapses and improve sur-
vival in some patients. The only randomized study so far has been
published by Patchell et al.12 This study randomly assigned 95 patients
with a single brain metastasis to receive surgery plus adjuvant WBRT
or surgery alone. Patients were observed closely by MRI. Relapses at
the resection site were reduced by WBRT from 46% to 10%, and new
intracranial metastases developed in only 14% of patients compared
with 37% of patients without postoperative WBRT. A significant
reduction in neurologic death by WBRT was also observed. As in the
present study, median survival was approximately 10 months, with no
difference between the two arms.

Several retrospective studies were undertaken to explore the role
of adjuvant WBRT after radiosurgery, suggesting an increase in tumor
control at the radiosurgical sites and a prevention of new brain

Table 5. Intracranial Progression and Salvage Therapy

Progression and Salvage
Therapy

Observation WBRT

No. of
Patients

% of Patients Who
Experienced

Progression (n � 139)
% of Total

Patients (n � 179)
No. of

Patients

% of Patients Who
Experienced

Progression (n � 87)
% of Total

Patients (n � 180)

Site of intracranial progression
New sites 60 43 34 44 51 24
Initial sites 54 39 30 31 36 17
Both 19 14 11 7 8 4
Unknown 6 4 3 5 6 3

Salvage treatment
WBRT 56 40 31 6 7 3
Radiosurgery 21 15 12 20 23 11
Surgery 11 8 6 3 3 2
Radiosurgery � WBRT 1 1 1
Surgery � WBRT 3 2 2

Abbreviation: WBRT, whole-brain radiotherapy.
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Fig 3. (A) Survival with WHO performance score � 2 and (B) overall survival
after observation or adjuvant whole-brain radiotherapy (WBRT). O, number of
events; N, number of patients.
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metastases.29-32 This observation was confirmed in a phase III trial
from Japan13 that randomly assigned 132 patients with one to four
metastases to radiosurgery alone (18 to 25 Gy) or to radiosurgery plus
WBRT (30 Gy in 3-Gy fractions); patients were observed by repeated
MRI. At 2 years, adjuvant WBRT resulted in an increased control rate
at the radiosurgical sites of 80%, versus 50% for radiosurgery
alone, and a decreased risk for new brain metastases of 50%, versus
75% for radiosurgery alone. No significant reduction in neurologic
deaths was observed. Overall survival (8 months) was not pro-
longed. Similar results were found in a three-armed phase III trial
and in a small trial of the Trans-Tasman Radiation Oncology
Group that was closed early.33,34

From the present study, it seems that although the risk for intra-
cranial relapse is significantly reduced by adjuvant WBRT, the time
period with functional independence is not increased. In addition, in
the study of Aoyama et al,13 the proportion of patients with a Karnof-
sky performance score � 70 at 12 months was also not significantly
increased by WBRT added to radiosurgery (27% for radiosurgery
alone v 34% for WBRT and radiosurgery).

Three factors probably explain the lack of efficacy of WBRT on
both functionally independent and overall survival. First, WHO PS is
subject to some interpretive variability, which makes it a soft end
point. Second, if follow-up imaging is regularly performed, brain
recurrences are often detected by MRI before becoming symptomatic.
Approximately 30% to 40% of patients without initial WBRT will
receive salvage WBRT at recurrence, and in addition, salvage radio-
surgery can be used for patients with a limited number of recurrent
metastases independently of initial treatment. Thus, irreversible neu-
rologic deterioration will not develop. Third, patients with brain me-
tastases have a high risk for systemic progression requiring treatments
that causes deterioration of the functional status independent of the
type of initial treatment of the brain disease. The situation looks
different in trials that studied the role of surgery or radiosurgery added
to WBRT,2,3,35 where functional competence,35 survival in sub-
groups,35 and overall survival2,3 were increased.

In the present study, severe acute toxicity was slightly more fre-
quent in the WBRT arm, but the long-term effects of WBRT are of
more concern because it has been shown that WBRT may significantly
impair learning and memory function.36 A serial monitoring of cog-
nitive functions was not performed, so future trials will have to gather

information on the risk of late neurotoxicity from WBRT in long-
term survivors.

In conclusion, it seems that in well-performing patients with
otherwise stable systemic disease and a limited number of brain me-
tastases (one to three metastases), who are initially treated with either
radiosurgery or surgery, WBRT can be withheld if serial imaging for
follow-up is performed. Regarding the patients undergoing resection
of a single lesion, because adjuvant irradiation substantially reduces
the risk of recurrence in the tumor bed, postoperative local irradia-
tion37,38 should be an option that is investigated.
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