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ABSTRACT
The treatment of metastatic brain lesions remains a
central challenge in oncology. Because most
chemotherapeutic agents do not effectively cross the
blood–brain barrier, it is widely accepted that radiation
remains the primary modality of treatment. The mode by
which radiation should be delivered has, however,
become a source of intense controversy in recent years.
The controversy involves whether patients with a limited
number of brain metastases should undergo whole brain
radiation therapy (WBRT) or stereotactic radiosurgery
(SRS) delivered only to the radiographically visible
tumours. Survival is comparable for patients treated
with either modality. Instead, the controversy involves
the neurocognitive function (NCF) of radiating cerebrum
that appeared radiographically normal relative to effects
of the growth from micro-metastatic foci. A fundamental
question in this debate involves quantifying the effect of
WBRT in patients with cerebral metastasis. To
disentangle the effects of WBRT on neurocognition from
the effects inherent to the underlying disease, we
analysed the results from randomised controlled studies
of prophylactic cranial irradiation in oncology patients as
well as studies where patients with limited cerebral
metastasis were randomised to SRS versus SRS+WBRT.
In aggregate, these results suggest deleterious effects
of WBRT in select neurocognitive domains. However,
there are insufficient data to resolve the controversy of
upfront WBRT versus SRS in the management of patients
with limited cerebral metastases.

INTRODUCTION
Metastatic tumours to the cerebrum constitute one
of the most common oncological conditions of the
adult central nervous system.1 Though the exact
incidence of cerebral metastases remains unknown,
some estimates suggest an annual incidence of
200 000 cases per year in the USA.2 Between 9%
and 17% of all cancer patients will develop cerebral
metastases during their clinical course.3 4 The man-
agement of patients with cerebral metastasis
remains a major challenge in general and neuro-
logical oncology.
The incidence of cerebral metastases is projected

to increase in the upcoming years for the USA.3

There are several reasons that underlie this projec-
tion. First, cancer is generally a disease of the

elderly, and the average age of the US population is
steadily increasing.5 As the population of patients
at risk for cancer increases, the number of patients
at risk for brain metastasis increases. Second, many
systemic therapies that are highly effective in treat-
ing cancer at its primary site do not penetrate the
blood–brain barrier.6 7 For instance, the introduc-
tion of trastuzumab, an antibody that interferes
with HER2/neu receptor function, has led to sig-
nificant improvement in the overall survival of
patients with breast cancer overexpressing this
receptor.8 However, as an antibody, trastuzumab
penetrates poorly through the blood–brain barrier,
and the increased survival in these patients is often
associated with elevated risk for cerebral
metastasis.3 6 9

The prognosis of patients who develop cerebral
metastases remains poor. The median survival is
approximately 7 months.10 Most studies suggest
that cerebral metastases constitute a harbinger of
systemic disease progression and that effective
chemotherapy remains the key to improving sur-
vival in terms of controlling systemic disease pro-
gression.11 12 Despite the poor overall survival, a
small subset of patients with metastatic cancer
(1.3%–4.2%) survive beyond 5 years from the time
of the diagnosis of cerebral metastasis.11 13 While
various prognostic scores have been developed for
patients of cerebral metastasis, it remains difficult
to identify the subset of long-term survivors based
on clinical criteria.14 15 In general, younger age,
good performance status, single metastasis, surgical
resection, whole brain radiation therapy (WBRT),
chemotherapy and lack of extra-cranial disease have
been associated with prolonged survival.11 15 16

In the context of this historically poor survival,
the long-term consequences of the various treat-
ments have not been a major focus of oncological
research. Major investigative efforts in the past
were instead directed toward improving the overall
prognosis.15 16 Emerging data suggest that these
efforts are beginning to bear fruition with
improved survival in a subset of patients with cere-
bral metastasis. For instance, the 1-year survival of
patients with cerebral metastasis treated between
2005 and 2009 was approximately 34%. This
prognosis compared favourably with those of
patients treated during the 1983–1989 period,
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where the 1-year survival was approximately 15%.17 It is likely
that this trend will continue in the future. In this context, there
is a renewed interest in assessing the secondary late effects of
the various treatment modalities.18 Much of this effort has
centred on how therapies impact patients’ neurocognitive func-
tion (NCF).

RADIATION IN THE MANAGEMENT OF CEREBRAL
METASTASES
Therapeutic approaches to cerebral metastases include surgery,
radiation therapy, chemotherapy, stereotactic radiosurgery (SRS)
or some combination thereof.12 19 Of these modalities, radiation
remains the core component of current mainstay therapies with
other options serving as adjuncts.12 19

WBRT is defined as small doses (1.5–2 Gy) of generalised
irradiation delivered over 10–30 sessions. The principle behind
this form of therapy is that it targets rapidly dividing tumour
cells by exploiting the ‘4Rs of Radiobiology’:20

▸ Repair—small doses limit DNA damage allowing normal
cells to repair.

▸ Reoxygenation—areas of hypoxia in the tumour are radiore-
sistant, but small doses allow for increased circulation.

▸ Redistribution—cells in late S phase are most resistant to
radiation, so time must be given between doses to allow for
cells to redistribute through the cell cycle.

▸ Repopulation—irradiated cells repopulate quickly, so treat-
ment must not be excessively delayed.
The efficacy of WBRT in the treatment of cerebral metastases

is documented in a large body of literature.21 WBRT increases
the median survival time by 3–6 months—a therapeutic effect
that is unmatched by the other adjunctive modalities, including
surgery.22 The appropriate combination of WBRT and surgical
resection, however, confers significant survival benefits in
patients with solitary metastasis.12 23

With the development of SRS as a platform for radiation
delivery, debate emerged as to whether WBRT is necessary.24

SRS delivery techniques use multiple radiation beams to deliver
a single large, highly cytotoxic dose of radiation to a discrete
tumour target with high precision, thus minimising the radiation
dose to the surrounding normal tissue.24 25 While many centres
favour WBRT in the treatment of patients with cerebral metasta-
ses, a growing number of practitioners are opting to treat with
focal irradiation.

The issue of controversy generally does not involve survival
considerations since the preponderance of data suggests that both
modalities yield comparable patient survival.26–28 The contro-
versy centres on the issue of cognitive and neurological preserva-
tion. Proponents of SRS point to literature suggesting that (1)
focal radiation is highly effective in preventing tumour progres-
sion in the irradiated volume28 and (2) irradiation of normal or
near-normal brain tissue increases the risk of cognitive decline in
a brain that is already burdened with disease.27 These advocates
favour a strategy of focal radiation to the radiographically
defined lesion followed by close imaging surveillance, with subse-
quent focal radiation if new lesions arise.27 28 On the other hand,
proponents of WBRTargue that focal radiation does not address
potential micro-metastatic foci that are invisible to conventional
imaging. In the absence of radiation treatment, these foci can
develop into larger lesions, and it is this disease progression that
compromises the patient’s neurological and cognitive function.12

For WBRTsupporters, the risk of disease progression in the brain
is thought to outweigh the potential cognitive impairments
related to WBRT.12 Ultimately, the debate revolves around the
tradeoff between preserving the function of cerebrum that is not

grossly infiltrated with tumour and the harmful effect of tumour
growth from micrometastatic foci.

EFFECTS OF RADIATION ON NEUROCOGNITION
Fuelling this controversy is an expanding understanding of the
importance of neurogenesis in the adult brain as it relates to
NCF29 and how this process is compromised by radiation.30 It
is well accepted that radiation exerts particularly deleterious
effects on the neurogenesis that occurs in the developing brain
of the paediatric population. There are many studies that docu-
ment long-term intellectual impairment in paediatric patients,
especially younger children, who receive cranial irradiation.31 32

As an example, Mulhern et al33 showed a 14-point reduction in
IQ for younger children who received WBRT when compared
with children irradiated at an older age.

Until recently, it was thought that neurogenesis did not occur
in the adult brain. As such, WBRT in adults was assumed to be
free of the many deleterious cognitive effects observed in the
paediatric population. However, there is growing evidence of
actively dividing progenitor cells in regions of the adult brain
responsible for memory formation.29 There are now compelling
data that neural stem cells reside in the human hippocampus
and produce dentate granule neurones throughout the entire
lifespan.34 In experimental models, manipulations that decrease
this neurogenesis can impair an animal’s performance in
hippocampal-dependent behavioural tasks.29 35 Conversely,
manipulations that increased adult neurogenesis improved cog-
nitive performance in tasks dependent on hippocampal
performance.36

Importantly, radiation severely compromises the capacity of
the hippocampal region to carry out neurogenesis in adult
murine models. Monje and Palmer30 demonstrated that a single
dose of 10 Gy radiation ablated adult neurogenesis in vivo in
murine models. This ablative effect can largely be attributed to
changes related to radiation induced inflammatory effects.
Accordingly, administration of an anti-inflammatory agent, indo-
methacin, restored hippocampal neurogenesis in irradiated
animals.37 Other studies showed that adult mice given 10 Gy of
cranial irradiation to the hippocampus exhibited cognitive
impairments in select tasks.35 Although these large single frac-
tion experiments may serve as a poor model for clinical practice,
other studies have shown similar results using lowered doses of
radiation.38 Consistent with these findings, postmortem tissue
studies showed significantly reduced expression of markers of
neurogenesis (eg, doublecortin) in the dentate gyrus of patients
who received radiation treatment when compared with age- and
sex-matched controls who did not undergo such treatment.39

In addition to the compromising effects of irradiation on hip-
pocampal function, there is mounting evidence that irradiation
can produce widespread white matter damage by inducing death
of the oligodendrocyte progenitor cells and injury to the cerebral
vasculature.40 Recent studies have shown regions of microscopic
white matter changes following irradiation, reflecting demyelin-
ation and axonal degradation of the affected tissue.41–43 These
findings were supported by histological evidence of demyelin-
ation, axonal degeneration and necrosis by 48 weeks following
irradiation. In aggregate, these studies suggest that irradiation
produces white matter damage that may underlie the frontal-
subcortical impairments described in patients following
irradiation.

NEUROCOGNITIVE DOMAINS AND ASSESSMENT TOOLS
Because NCF is at the heart of the controversy between upfront
WBRT versus and serial SRS, an understanding of the cognitive
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domains thought to be most affected by WBRT is a prerequisite
to subsequent discussions. These domains include: global cogni-
tive function, memory, executive functioning, attention and gra-
phomotor speed.44 In general, effects of WBRTon hippocampal
functioning are likely associated with impairments in learning
and memory; the effects that WBRT has on frontal-subcortical
white matter are likely associated with impairments in verbal
retrieval, executive functioning, attention and processing/motor
speed.45 Here, we review the tools used to assess the domains
of cognitive function that are most relevant in oncological
patients.

Global neurocognitive functioning
The Mini-Mental State Exam (MMSE) is perhaps the most used
exam for measuring gross NCF in patients with brain metasta-
ses. The test can be administered in minutes and can provide
some insight into the overall neurological functioning of the
patient. Questions are designed to screen the patient’s visuocon-
structional and language skills, memory, orientation in time and
space, and ability to calculate and sustain attention. The MMSE
has high test–retest reliability, and is sensitive and specific to
diagnoses of dementia.46 Of note, the available data reveal that
higher MMSE score is associated with improved survival in
patients with brain metastasis.47 The major criticism of MMSE
relates to its insensitivity to all but the most severe cognitive dys-
function.48 For example, Meyers and Wefel49 reported that
MMSE identified only 26 out of 52 patients classified as abnor-
mal based on more sophisticated neuropsychological batteries as
having NCF deficits.

Verbal and non-verbal memory
Memory impairment is among the most frequently reported
cognitive complaints of patients following WBRT.50 The
Hopkins Verbal Learning Test (HVLT) is a quick, repeatable
measure of verbal learning and memory,51 and is the most fre-
quent verbal memory measure used in brain tumour clinical
trials. Patients are read word lists and are tested on their ability
to recall and identify these words. In the HVLT-R, a 20–25 min
delayed recall trial is added before the final recognition task.52

The HVLT-R has been found to be valid and capable of sensitive
and specific discrimination of patients with vascular dementia
and Alzheimer’s from normal individuals.53 The Auditory
Verbal Learning Test (AVLT) is a similar measure of verbal learn-
ing designed to assess immediate memory, interference and
retention of information.54

Non-verbal memory is less frequently evaluated in the
context of neuro-oncology clinical trials, but the Rey-Osterrieth
Complex Figure Test (CFT), which requires the examinee to
reproduce a complicated drawing by copying and from memory,
is occasionally used to evaluate memory for both visual details
and their spatial location.55

Executive function
Executive dysfunction is also commonly reported in patients
receiving WBRT treatment and may manifest as difficulties with
fluency, set-shifting and planning. The Controlled Oral Word
Association (COWA) Test provides a relatively quick test of
verbal fluency and is believed to place high demands on execu-
tive control processes.56 In this test, individuals are given 1 min
to name as many words as possible beginning with predetermine
letters. The Trail-Making Test (TMT) is a measure of graphomo-
tor speed and set-shifting57 and is also used to measure execu-
tive functioning. In Part A, patients are asked to draw sequential
connections between 20 circled numbers (from 1 to 20) on a

piece of paper. In Part B, both numbers and letters are spread
around the sheet, and the patient is asked to alternate between
the two (eg, 1, A, 2, B). The executive component of the task is
often isolated by subtracting the TMT-A time from the TMT-B
time.58 This subtraction is performed to remove the effects of
psychomotor speed (TMT-A) from those that likely represent
increased time due to problem with set-shifting (TMT-B).

Sustained attention and information processing speed
Although less frequently used in clinical trials, the Paced
Auditory Serial Addition Test (PASAT) is a challenging measure
of sustained attention and information processing speed.59 The
subjects are given a number every 3 s and are asked to add the
number they just heard with the number they heard before.
This is a challenging task that involves sustained attention,
working memory and arithmetic capabilities.

Core assessment of NCF in patients with cerebral metastasis
For the most part, most NCF measures were designed to assess
patients without oncological disease burden. It is not until
recently that many of these measures were validated in patients
with cerebral metastasis.60 Recent efforts have focused on estab-
lishing consensus regarding which combination of tools is
optimal for assessing NCF in brain tumour clinical trials.48 61

An unique challenge in the metastatic population is that the
patients are often undergoing concurrent chemotherapy and are
battling fatigue related to therapy. In this context, it is some-
times difficult to determine whether an aberrant NCF score is
related to general fatigue or anatomic disruption related to radi-
ation. As such, it is critical to select a panel of assay that care-
fully balances between NCF information acquired with the
duration of the testing. In this regard, we favour the panel of
tests proposed by Meyers et al.48 The author demonstrated that
this panel of tests is not terribly time consuming, highly sensi-
tive and minimises training effects from repeated administration.
The core measurement tool incorporates assessments of
memory using the HVLT, verbal fluency using COWA, visuo-
motor speed using TMT-A and executive function using
TMT-B.48 61 The core composite battery also includes assess-
ment of symptom severity, ability to complete activities of daily
living and quality of life.61

ASSESSMENT OF NEUROCOGNITION AFTER WBRT
Disentangling the direct effects of WBRT on neurocognition
from the neurocognitive effects of the underlying disease is a
complicated issue.62 It is well documented that patients with
brain tumours (primary or metastatic) frequently suffer from
impaired cognitive function.62–65 This impairment is magnified
with tumour progression.12 Given the further confounding dele-
terious effects of chemotherapy, seizures and anticonvulsant
medication on neurocognition, cognitive status for the brain
tumour patients is likely a complex function of the intrinsic
effects of the tumour, pertinent neuro-anatomy, patient’s psy-
chological state and effect of chemo/radiation as modulated by
the patient’s inherent sensitivity to these DNA damaging
agents.66–71 In this context, it is not surprising that the true
effect of WBRT on neurocognition remains an area of active
controversy. Retrospective or prospective studies have yielded
results ranging from those finding that WBRT has no detectable
effect on neurocognition to those finding strong correlations
between WBRTand life-compromising cognitive decline.72 73

Given the complexity of this issue, we do not believe reso-
lution can be easily reached by analysis of the various retrospect-
ive series. Here we focus on neurocognitive data derived from
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randomised controlled trials designed to evaluate the effect of
WBRT on neurocognition as either primary or secondary out-
comes.63 74–76 We selected studies where objective neurocogni-
tive assessment (rather than patient report) was performed at
baseline and after WBRT. In an attempt to isolate the intrinsic
effect of the brain tumour versus the effect of WBRT, we identi-
fied studies that investigated the effect of prophylactic cranial
irradiation (PCI). In these studies, all patients underwent a pre-
treatment MRI to exonerate them from cerebral metastases. We
felt that this patient population, while imperfect, gives us the
most pristine view of the clinical effect of WBRT on NCF.
There have been four randomised controlled trials of PCI in
patients with small cell lung cancer (SCLC) that used objective
measures to assess neurocognitive outcomes, and one for
patients with non-small cell lung cancer (NSCLC).

The first study (Arriagada et al) assessed 294 patients rando-
mised to PCI (24 Gy in eight fractions) or no radiation.76 The
primary end point was occurrence of brain metastasis, and the
secondary end point was neurological complication rate and sur-
vival. The authors defined ‘higher function’ (or NCF) using a
non-standardised survey including ‘temporo-spatial orientation,
memory, judgment (critique of an absurd story), language (spon-
taneous, dictated sentence, and object names), praxis (drawing,
dressing, and ideomotor praxis), and mood status.’ No informa-
tion was provided as to how these assessments were performed.
Initial assessment was available for 229 patients, and of those
individuals a total of 58 were available at 18 months (14%), and
35 were available at 30 months (10%). Cumulative incidence of
patients suffering a change in ‘higher function’ was reported at
2 years. The incidence of such change was comparable between
the two groups (30% of the PCI group and 36% of the
non-PCI group, p=0.58). While this study is the first published
randomised study to examine the effect of PCI on NCF, the
instruments used to assess NCF were non-standardised and
poorly described. Thus, it is difficult to interpret the results of
this study in the context of other studies.

A second study (Gregor et al) randomised 314 SCLC patients
to PCI or non-PCI of whom 125 (76 PCI, 49 control) were
given a baseline evaluation of cognitive functioning.63 Primary
end points of the study were cranial relapse and survival, and
secondary end points were neurological complication rate and
survival. A variety of radiation regimens were used based on the
preference of the clinician. The regimen of 30 Gy in 10 frac-
tions was most commonly used, but the range was 8–36 Gy
delivered (over the course of 1–18 fractions). Neurocognitive
assessments included measures of sustained attention and pro-
cessing speed (PASAT), non-verbal memory (CFT) and verbal
memory (AVLT). Approximately 20% of the patients remained
alive at the 2-year follow-up (25% in the PCI group and 19% in
the no PCI group). Data were available for 125 patients at base-
line and approximately 50% of the living patients thereafter (59
of 106 patients at 6 months; 32 of 54 patients at 1 year). There
were no significant differences in overall survival between the
cohorts.

The Gregor et al study is the first study to use standardised
NCF measure to assess the effect of PCI in a randomised study.
The authors reported no statistically significant difference (at
1 year) in the proportion of patients whose NCF were initially
intact but became impaired during follow-up. PCI treated
patients were more often compromised on measures of sus-
tained attention and verbal memory relative to the non-
irradiated patients, though statistical significance is not reported
(table 1). Specifically, 31% of the PCI group was impaired on
the PASAT (compared with 17% of the non-PCI group), and

69% of the PCI group was impaired on the AVLT learning com-
ponent (compared with 40% of the non-PCI group). However,
0% of the PCI group was impaired on the AVLT retention com-
ponent (compared with 38% among the non-PCI group).
Because the authors did not report statistical values with regard
to the NCF comparisons, it is difficult to determine the strength
of these trends.

A third study (Wolfson et al) examined neurocognitive effects
of PCI on 264 SCLC patients who were randomised to either
25 Gy PCI (in 10 fractions) or 36 Gy PCI (in 18 once-daily or
24 twice-daily fractions).74 Neurocognitive outcomes were
assessed using measures of fluency, set-shifting and verbal
memory (ie, COWAT, TMT and HVLT). The primary outcomes
were incidence of chronic neurotoxicity and impact on quality
of life. There were no significant differences in overall survival
between the cohorts. Approximately 50% of the patients were
alive at 1 year (112 out of 264). Neurocognitive data were col-
lected in >90% of the participating patients, at baseline. At
12 months, there was a significant increase in the proportion of
cognitive decline in the 36 Gy cohort, as defined as a decrease
in performance on at least one cognitive measure in the absence
of brain metastases (p=0.02). Approximately 90% of the
patients undergoing 36 Gy PCI suffered cognitive decline as
compared with approximately 60% of the 25 Gy cohort.

A fourth study (Le Pechoux et al) examined NCF in a group
of 720 patients who were randomised to receive either 25 or
36 Gy PCI.77 The primary end point of their study was the inci-
dence of brain metastases at 2 years. Secondary end points were
overall disease-free survival at 2 years, neurological functions
and quality of life. Though much of this analysis focused on
subjective measures of quality of life and cognitive function,
three variables were objectively assessed by a physician, includ-
ing cognitive functions. The cognitive functions were rated by
the physicians based on a scale from 0 to 4 (grade 0: normal;
grade 1: minor loss of memory, reason and/or judgment; grade
2: moderate loss of memory, reason and/or judgment; grade 3:
major intellectual impairment; grade 4: complete memory loss/
incapable of rational thought). Of the 720 initial patients, 322
had an initial evaluation with at least one follow-up at 12, 24 or
36 months. There was a trend towards significance with the
36 Gy cohort receiving higher ratings of cognitive impairment
than the 25 Gy cohort (p=0.08), especially at 12 and
24 months. While the cognitive measure used by Le Pechoux
et al77 is less rigorous and likely more subjective relative to
those used by Wolfson et al,74 it is notable that the general
trend of the Le Pechoux study is in agreement with the results
presented by Wolfson et al, suggesting that patients subjected to
a 36 Gy WBRT regimen are at a greater risk for cognitive
decline at 1 year after treatment.

In addition to the data available for PCI of SCLC, one study
recently examined the effect of prophylactic WBRT in patients
with NSCLC.75 In this study, 356 patients with Stage IIIA/B
NSCLC were randomised to PCI (30 Gy over 15 fractions) or
observation. The primary end point was overall survival, and
secondary end points were disease-free survival, NCF and
quality of life. Neurocognitive assessments were performed
using the MMSE and HVLT, and functional status was assessed
using the Activities of Daily Living Scale. Neurocognitive data
were collected in >90% of the participating patients. The study
found no significant differences in MMSE or the Activities of
Daily Living Scale at 1 year between the cohorts. However,
there was a significant decline in memory performance (as mea-
sured by HVLT immediate recall, p=0.03, and delayed recall,
p=0.008) among those who received PCI at 1 year. In all, 7%
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Table 1 Summary of randomised controlled trials examining the effect of PCI on NCF and SRS versus WBRT+SRS

Reference Patients
Primary end
point Dose Baseline Main results

Statistical
significance

PCI: Arriagada et al76 n=294, SCLC Survival 24 Gy Baseline for ‘higher functions’ unpublished. Entire
neuropsychological examination: #free from any abnormalities
Control: 44 PCI: 50

% With cognitive impairment assessed by ‘cumulative incidence
of changes in neuropsychological assessment’ (higher functions)*
Control: 36% PCI: 30%

N

PCI: Gregor et al63 n=314, SCLC Survival 8–36 Gy PASAT
Control: 24% PCI: 24%
CFT
Control: 41% PCI: 42%
AVLT learning
Control: 31% PCI: 38%
AVLT retention
Control: 27% PCI: 24%

% With cognitive impairment assessed by
PASAT (1 year)
Control: 17% PCI: 31%
CFT (1 year)
Control: 17% PCI: 15%
AVLT learning (1 year)
Control: 40% PCI: 69%
AVLT retention (1 year)
Control: 38% PCI: 0%

N

PCI: Wolfson et al74 n=264, SCLC NCF 25 versus
36 Gy

Statistically significant differences for the COWAT (p=0.03) and
TMT-A (adjusted p=0.03) at baseline among the three treatment
groups

% With cognitive impairment as defined by significant decrease in
at least one NCF measure (HVLT, COWAT, TMT-A or TMT-B)
25 Gy: 62%; 36 Gy: 85%

Y

PCI: Le Pechoux et al77 n=720, SCLC Survival 25 versus
36 Gy

% Of patients with abnormal QoL-cognitive functioning (scale <75)
25 Gy: 23%; 36 Gy: 25%

% With cognitive impairment at 36 months as assessed by a
physician using a scale of 1–4 at 2 years†
25 Gy: 35%; 36 Gy: 47%

N

PCI: Sun et al75 n=340, NSCLC Survival 30 Gy Unavailable. Baseline used for measurement of decline % With cognitive impairment at 1 year as assessed by HVLT
Control: 12% PCI: 41%

Y

SRS versus WBRT+SRS:
Aoyama et al26 78

n=132, misc.
metastases

Survival 30 Gy
WBRT

Insignificant
SRS: 27 WBRT+SRS: 27
p=0.86

Median MMSE score at 12 months
SRS: 28 SRS+WBRT: 27
% With cognitive impairment assessed at 12 months as assessed
by MMSE*
SRS: 32.5% SRS+WBRT: 48.1%
% With cognitive impairment assessed at 36 months as assessed
by MMSE1

SRS: 48.1% SRS+WBRT: 85.3%

N

SRS versus WBRT+SRS:
Chang et al27

n=58, misc.
metastases

NCF 30 Gy
WBRT

HVLT (total recall)
SRS: –0.80 (1.53)
SRS+WBRT: –1.12 (1.50)
HVLT (delayed recall)
SRS: –0.73 (1.31)
SRS+WBRT: –1.32 (1.74)

% With cognitive impairment assessed at 3 months by
HVLT (total recall)
SRS: 24% SRS+WBRT: 52%
HVLT (delayed recall)
SRS: 6% SRS+WBRT: 22%

Y

*Assessment described as temporo-spatial orientation, memory, judgment (critique of an absurd story), language (spontaneous, dictated sentence and object names), praxis (drawing, dressing and ideomoter praxis) and mood status. Details of how
these assessments were made were absent in the manuscript.
†Patients could either be rated as normal or have a grade 1 (minor loss of memory, reason and/or judgment), grade 2 (moderate loss of memory, reason and/or judgment), grade 3 (major intellectual impairment) or grade 4 (complete memory loss/
incapable of rational thought) cognitive impairment.
AVLT, Auditory Verbal Learning Test; CFT, Complex Figure Test; COWAT, Controlled Oral Word Association; HVLT, Hopkins Verbal Learning Test; MMSE, Mini-Mental State Exam; NCF, neurocognitive function; NSCLC, non-small cell lung cancer; PASAT,
Paced Auditory Serial Addition Test; PCI, prophylactic cranial irradiation; QoL, quality of life; SCLC, small cell lung cancer; SRS, stereotactic radiosurgery; TMT, Trail-Making Test; WBRT, whole brain radiation therapy.
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of the patients alive at 1 year suffered significant HVLT decline
in immediate recall as compared with 26% of the patients who
underwent PCI. Overall, 5% of the patients alive at 1 year suf-
fered a significant decline in delayed recall as compared with
32% of the patients who underwent PCI.

In summary, we identified five studies that randomised
patients (all with SCLC or NSCLC) to PCI (table 1). NCF was
the secondary end point in all but one of the studies (Wolfson
et al74). Two of these studies (Arriagada et al,76 Le Pechoux
et al77) did not employ a standardised NCF assessment tool.
Two studies used standardised NCF tools to compare PCI
treated patients versus patients without PCI. Of these two
studies, one study (Sun et al) showed that PCI was associated
with significant decline in verbal memory 1 year after PCI
(p=0.008).75 The other study (Gregor et al) showed trends
toward worsened decline in attention and verbal memory at
1 year after PCI.63

Two studies compared the NCF effect of 36 versus 25 Gy
PCI. NCF was the primary end point in one study74 and sec-
ondary end point in another study.77 The former study
(Wolfson et al) used a rigorous NCF scale and showed that
36 Gy PCI was associated with significant verbal memory and
executive functioning decline (p=0.02). The second study (Le
Pechoux et al) used a less rigorous NCF scale and demonstrated
a trend toward worsened NCF decline in patients treated with
36 Gy PCI (p=0.08).

COMPARISON OF WBRT AND SRS
To move toward a resolution of WBRT versus SRS in the treat-
ment of cerebral metastasis, the NCF deficits associated with
WBRT need to be weighed against the NCF deficit associated
with tumour progression. Here we focus on NCF data derived
from two randomised controlled studies designed to evaluate
this issue.26 27 78

In the first study, Aoyama et al randomised 132 patients with
one to four cerebral metastases with lesions <3 cm to either
SRS or SRS+WBRT (30 Gy in 10 fractions).26 The primary end
point was overall survival, and NCF was a secondary end point.
The study showed no significant difference between the therap-
ies in terms of survival (8 months in the SRS group and
7.5 months in the SRS+WBRT group). Salvage therapy was
required more frequently for SRS patients due to tumour
growth outside of the SRS volume (29 vs 11 patients), but death
from neurological cause was comparable between the two
groups (19.3% SRS and 22.8% WBRT+SRS patients). Of the
44 patients who lived 12 months or longer (19 SRS and 25
WBRT+SRS), MMSE data were available for 28 patients. The
median pretreatment and post-treatment MMSE at 1 year was
comparable in these two populations.

Interestingly, a bi-phasic difference in MMSE score was noted
in a 3-year follow-up.78 In the first 18 months, the MMSE
appeared better preserved in the WBRT+SRS group. However,
this trend is reversed in the long-term survivors. Of the patients
who survived >36 months, only 22.5% of the WBRT+SRS
patients exhibited preservation of MMSE (defined as a decrease
of MMSE to >26) as compared with 42.6% of the SRS
patients. The data suggest that the patients who underwent SRS
+WBRT developed precipitous MMSE decline between 27 and
31 months. It is important to note that the number of patients
surviving longer than 36 months was quite small and the finding
constituted a trend that failed to reach statistical significance.

Based on these data, Aoyama et al26 78 proposed that
although the addition of WBRTwas effective in preventing the
immediate (within 18 months) deterioration of NCF relating to

microscopic tumour foci, WBRT was a possible cause of con-
tinuous deterioration of MMSE scores in long-term survivors.
This hypothesis is consistent with the known delayed neurotox-
icity associated with WBRT, which may occur 6 months to
several years after treatment.79

In a second study, Chang et al randomised 58 patients to SRS
and SRS+WBRT (30 Gy in 12 fractions).27 In contrast to the
Aoyama et al study, the primary end point of this study was
NCF, and rather than just using the fairly rudimentary MMSE,
NCF was assessed using HVLT-R, WAIS-III, TMT-Part A and
COWA. The trial was stopped early due to the observation that
patients assigned to the WBRT+SRS group were significantly
more likely to exhibit a decline in NCF than the SRS-alone
group at 4 months as gauged by HVLT-R. At the termination of
this study, 89% of the WBRT+SRS patients had died as com-
pared with 67% of the SRS patients (p>0.05). As in the
Aoyama et al study, salvage therapy was required more fre-
quently for SRS patients due to tumour growth outside of the
SRS volume (29 vs 11 patients), but death from neurological
cause was comparable between the two groups (26% SRS and
25% WBRT+SRS patients). At 4 months, 52% of the WBRT
+SRS patients suffered significant declines in immediate verbal
recall compared with 24% of SRS patients.

There are several limitations to this study. First, the partici-
pants were not stratified to groups based on cognitive perform-
ance (and there was a trend toward worse baseline cognition on
TMT-Part A in the WBRT+SRS group); nevertheless, all para-
meters of the HVLT-R were comparable between the two groups.
Second, the study lacked follow-up beyond 4 months. Armstrong
et al

80

studied 20 patients who underwent partial radiation
therapy for primary brain tumours with a panel of NCF tests,
and showed that patients underwent a clinically significant
decline and subsequent rebound in verbal retrieval in the first
year (as measured by the AVLT). There is therefore reason to
believe that the 4-month end point is premature for understand-
ing the full trajectory of NCF change following WBRT. A third
key issue with the Chang et al study is that patients receiving
WBRT+SRS had a significantly shorter median survival than the
SRS group, suggesting patient selection bias may offer an alter-
nate explanation for the observed effect.81

CONCLUSIONS AND FUTURE PERSPECTIVES
Given the heterogeneity of study design and patient population,
meaningful synthesis of the data is difficult. The overall trend
seems to suggest that WBRT is associated with deleterious
effects on NCF, particularly in the domains of verbal memory,
executive functioning and processing speed. This effect
appeared particularly evident for the long-term survivors. The
observation that higher dose regimen (36 vs 25 Gy) is associated
with worsened NCF, despite having comparable dose-fractions,
and in fact higher per fraction radiation for the lower dose
regimen (1.5–2 vs 2.5 Gy per fraction), is rather instructive.74 It
is well appreciated that genetic variations render individuals dif-
ferentially sensitive to radiation.82 The most extreme illustrative
case of such phenomenon involves the disruption of DNA
repair genes, such as ataxia telangiectasia mutated, where the
inactivating mutation renders the patient highly sensitive to radi-
ation.83 There are other polymorphisms within the human
genome that may similarly moderate radiation sensitivity to a
lesser, though still clinically pertinent, extent.67–71 In this
context, it is possible that the biological effect of 25 Gy in an
individual may equate to that of a higher dose in another. As
such and given the dose-dependent neurotoxicity of radiation,
judicious consideration with regard to WBRT is warranted. It is
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further worth noting that the effect of radiation in the oncology
patient is possibly exacerbated by the known neurocognitive
effects of chemotherapy.66

At the present time, we feel that there are insufficient data to
decisively weigh the relative merits of upfront WBRT versus
serial SRS in the management of patients with limited cerebral
metastasis. We have provided an exhaustive review of the
highest available quality evidence with regard to this question of
growing concern: what are the neurocognitive effects related to
WBRT and to what extent does SRS provide a rational alterna-
tive? Notably, the evidence lends no unambiguous support to
the all-too-prevalent thesis that WBRT has negligible effects on
NCF. Though this conclusion is necessarily modest, it is import-
ant even if it is inconclusive. Given the complexity of the issues
reviewed in this article, including patient selection bias and
inherent deficits associated with cerebral metastasis, we believe
that this issue can only be resolved in a thoughtfully designed,
randomised clinical trial, with NCF as a primary end point, and
using standardised, rigorous and generally accepted NCF mea-
sures.49 84 Validated NCF measures in patients with cerebral
metastasis, including HVLT, COWA and TMT, warrant consider-
ation as primary end points of such trials.48 84

Given the potential deleterious effects of WBRT on NCF,
efforts should be made to mitigate such effects in clinical scen-
arios where WBRT is warranted. Pharmacological agents such as
the NMDA receptor antagonist, memantine, are currently
undergoing clinical trials for mitigating cognitive dysfunction in
patients receiving WBRT.18 Efforts to improve the focal tumour-
icidal effect of radiation by concurrent use of tumour-specific
radiosensitising agent, motexafin gadolinium, may afford oppor-
tunities to decrease the overall dose of radiation delivered to the
cerebrum that is unaffected by metastasis.85 The finding that
adult neurogenesis occurs in the region of the hippocampus sug-
gests that hippocampal sparing WBRT warrants consideration,
especially since the hippocampus is rarely the site of metastatic
spread.86 87 Finally, an improved understanding of how genetic
polymorphisms influence radiation sensitivity will yield oppor-
tunities to ‘individualise’ radiation treatment so as to minimise
the risk of NCF decline.
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