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Introduction

Brain metastases affect 20% to 40% of all cancer patients 
and are associated with poor outcomes, as with any form 
of metastases, the patient transitions from curative to 
palliative management (1,2). However, advancements in 
systemic treatment have improved the survival rate in this 
patient population. As a result, there has been increasing 
concern regarding treatment effects on neurocognitive 
function and health related quality of life (HRQoL) (2,3). 
Clinical radiation therapy trials that compare different 
treatment regimens have typically included endpoints of 
survival and toxicity. More recently, studies have begun to 

report neurological symptoms, functional independence, 
and quality of life (QoL) metrics (3,4). While the inclusion 
of these metrics has the potential to improve patient care, 
there remains a need to evaluate the reliability and validity 
of these tests (3). 

As the predominant route of metastatic dissemination 
is hematogenous, the entire brain may potentially harvest 
micro-metastatic disease (5). Consequently, whole-
brain radiotherapy (WBRT) has historically been the 
standard of care in brain metastases to treat both macro 
and microscopic disease in the brain (1,5). The benefits 
of WBRT have come under scrutiny in recent years as 
clinical trials have failed to show a survival benefit while 
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its deleterious effects on the brain have become more clear 
(1,4,5). Several randomised studies comparing stereotactic 
radiosurgery (SRS) with SRS plus WBRT have found an 
increase in risk of intracranial failure (both local and distant) 
without WBRT, but no statistically important overall 
survival difference. Additionally, WBRT was associated with 
a decline in patients’ neurocognitive function and HRQoL 
(1,4,5). As a result, SRS alone is the current standard of care 
for patients with limited brain metastases. 

Over the years, we could see the shift to replace WBRT 
with SRS to reduce the long-term neurotoxicity that affects 
HRQoL and this also allows implementation of salvage 
treatment in cases of recurrence (6-8). Maintenance of 
neurocognitive function and HRQoL in patients with brain 
metastases is important especially in the era of emerging 
systemic agents, as patients are surviving longer (9). It 
is therefore pertinent to establish the effects of brain 
irradiation on neurocognition and HRQoL of patients 
with brain metastases. The quality and validity of findings 
in clinical radiation therapy trials rest on the rigor of the 
study methodology. This review aims to appraise and 
summarize the neurocognitive function and HRQoL tools 
used in brain metastases trials. We present the following 
article in accordance with the NARRATIVE REVIEW 
reporting checklist (available at http://dx.doi.org/10.21037/ 
apm-20-1036).

Neurocognitive measures
 

Brain tumour patients typically experience cognitive 
dysfunction associated with the disease itself and the 
effects of treatment such as surgery, radiotherapy, and 
chemotherapy (10). This section will focus on radiation-
induced impairment to neurocognit ive funct ion. 
The existing body of research on radiation-induced 
neurocognitive decline has demonstrated that WBRT 
impairs learning and memory, as well as functions driven by 
frontal-subcortical white matter, including verbal retrieval, 
attention, processing speed, and executive function (10,11). 
As patients with brain metastases are surviving longer due 
to current advancements in treatment, numerous clinical 
trials in radiation therapy have included measures of 
neurocognitive function as an endpoint (1,4-6,12) (Table 1). 

A multicentre Japanese randomised study JROSG-99-1 
reported by Aoyama et al. in 2006 was the very first 
major comparative trial published. This study looked at 
132 patients with 1–4 brain metastases randomised to 
WBRT plus SRS or SRS alone and found no differences 

in OS with the addition of WBRT (1). JROSG-99-1 
assessed neurological function with the mini-mental 
state examination (MMSE) and illustrated no differences 
in MMSE scores between WBRT plus SRS and SRS 
alone groups before treatment and at the final follow up. 
Comparably, patients with 1–3 brain metastases enrolled 
in EORTC 22952-26001 were initially treated with SRS 
or surgical resection followed by randomization to WBRT 
or observation. This study found that WBRT resulted 
in reduction of CNS progression events, however there 
was no differences in OS (6). The EORTC 22952-26001 
trials validated that WBRT did not appreciably affect 
OS, cognitive effect from WBRT could not be addressed 
because the collection of rigorous cognitive data was 
limited. 

It  is  important to highlight that the MMSE is 
optimized for the detection of dementia, for performance 
in an abnormal range, and lacks the sensitivity to detect 
more subtle neuropsychological changes (15). MMSE 
is an insufficient tool to capture varying degrees of 
neurocognitive decline in patients with brain metastasis. 
Comparative assessments to discern the sensitivity of the 
MMSE have found that the MMSE detects impairment 
in only 77.6% of patients with a brain tumour (15). The 
MMSE underperforms when compared a battery of 
neuropsychological tests, as the MMSE only detected 50% 
of patients which the test battery found to be functioning 
abnormally (15). This suggests that the MMSE is an 
insensitive measure on par with chance (15). Additionally, 
the components that the MMSE assesses (orientation, 
attention, aphasia and apraxia) do not align with radiation-
induced cognitive decline (executive function, processing 
speed, fine motor control, learning and memory) (15). 
Therefore, we should be mindful of clinical trials that 
assess the neurocognitive impact of WBRT using MMSE, 
as the metric fails to capture the neurocognitive decline 
experienced by the patients. MMSE has to be either 
replaced with or accompanied by other neurocognitive tests. 
A robust battery of neurocognitive tests has been suggested 
by the International Cognition and Cancer Task Forces, and 
these include the Hopkins Verbal Learning Test Revised 
(HVLT-R) to assess immediate recall, delayed memory, 
and recognition; Controlled Oral Word Association test 
(COWA) for verbal fluency and Trial Making Test Part 
A (TMT-A) for executive functioning; Part B (TMT-B) 
for delayed memory (3). This array of tests is better 
aligned with the symptomatology of radiation-induced 
neurocognitive decline, and there is substantial evidence to 
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support their reliability and validity (3).
In 2009, Chang et al. (5) randomised patients with 

1–3 brain metastases to SRS plus WBRT vs. SRS alone, 
importantly, with neurocognitive function as their primary 
endpoint. Neurocognition was assessed with HVLT-R, 
TMT-A/B, COWA, with the addition of two other tools; 
the Wechsler Adult Intelligence Scale-III (WAIS-III) to 
assess IQ and Lafayette Grooved Pegboard to measure 
fine motor skills (5). At 4 months, the study was halted 
early as measures of total recall found SRS alone to be 

superior to SRS plus WBRT, an effect that persisted beyond 
6 months in the follow-up period (5). Evidenced as the 
mean probability of decline in total recall, delayed recall, 
and delayed recognition, for SRS alone was 24%, 6%, 
0% respectively, compared with 52%, 22%, and 11% for 
patients treated with SRS plus WBRT (5). This study also 
found that patients that only received SRS had a higher 
overall intracranial recurrence compared to patients treated 
with SRS plus WBRT, which continued at the 6-month 
follow-up (5). 

Table 1 Summary of neurocognitive assessments 

Study Modality n Overall survival Neurocognitive test Neurocognitive outcome 

NCCTG N107C/
CEC.3, Brown et al., 
2017 (12)

SRS alone to surgical 
cavity 

194 SRS:12.2 months HVLT-R WBRT is associated with significant 
cognitive deterioration at 6 months 

WBRT alone WBRT: 11.6 months TMT-A/B

COWA

NCCTG N0574, 
Brown et al.,  
2016 (4) 

SRS alone 213 SRS: 10.4 months HVLT-R SRS + WBRT is associated with 
significant cognitive deterioration at 3 
months 

SRS + WBRT SRS + WBRT: 7.4 months TMT-A/B

COWA

Grooved pegboard 
test

RTOG 0614, Brown 
et al., 2013 (13)

WBRT + Memantine 508 WBRT + Memantine:  
6.7 months 

HVLT-R MMSE and TMT showed cognitive 
improvement at 24 weeks in 
Memantine group 

WBRT + placebo WBRT + Placebo:  
7.8 months 

TMT-A/B

COWA COWA showed significant 
improvement at 8 weeks in 
Memantine group 

MMSE

Sun et al., 2011 (14) PCI 340 NA HVLT MMSE showed no significant 
difference 

OBS MMSE HVLT showed significant 
improvement in immediate recall and 
delayed recall in OBS group 

Chang et al.,  
2009 (5) 

SRS alone 58 NA HVLT-R At 4 months SRS + WBRT showed 
reduced learning and memory 
function (mean posterior probability 
of decline 52%) 

SRS + WBRT TMT-A/B

COWA

WAIS-III digit symbol

Grooved pegboard

JROSG-99-1, 
Aoyama et al.,  
2006 (1) 

SRS alone 132 SRS: 8.0 months MMSE No difference between the two 
groups 

SRS + WBRT WBRT: 7.5 months

SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy; PCI, prophylactic cranial irradiation; OBS, observation; n, number of 
participants; HVLT, Hopkins Verbal learning test; TMT, trial making test; COWA, controlled oral word association; WAIS-III, Wechsler Adult 
Intelligence Scale-3; NA, not available. 
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A multicentre randomised study NCCTG N0574 by 
Brown et al., (4) investigated neurocognitive function as 
the primary endpoint of SRS plus WBRT vs. SRS alone for 
patients with 1–3 brain metastases. This study employed a 
rigorous battery of cognitive tests including the HVLT-R, 
COWA, TMT-A, TMT-B and Grooved Pegboard Test. 
The authors determined that a decline greater than one 
standard deviation from baseline on one or more cognitive 
test was indicative of cognitive deterioration. At 3 months 
post treatment, they found less cognitive deterioration for 
patients that received SRS alone compared with SRS plus 
WBRT (63.5 vs. 91.7%, P<0.001). A further assessment 
of cognitive deterioration was conducted at 12 months in 
long-term survivors, which found persistent variation in 
cognitive decline (60 vs. 94.4%, P=0.04) (4). 

A subsequent study by Brown et al., NCCTG N107C/
CEC.3 (12) compared WBRT to SRS alone treatment for 
the surgical cavity in patients with resected brain metastases, 
by applying a similar battery of cognitive tests. The primary 
endpoints for this study were overall survival time and 
cognitive deterioration-free survival. This study found that 
WBRT decreased cognitive-deterioration-free survival (3.7 
vs. 3.0 months, HR 0.47, 95% CI: 0.35–0.63, P<0.0001), 
and increased cognitive deterioration at 6 months in 
patients who received WBRT (52% vs. 85%, P<0.001). 
Consistent with previous literature presented in this review, 
there was no significant difference in OS (12). 

PCI is a pre-emptive radiation treatment, used 
commonly in cases of small-cell lung cancer due to high 
rates of brain metastasis (16). Gondi et al. conducted one of 
the largest analyses of cognitive impact of PCI (17). Their 
comparative pooled analysis of PCI vs. no-PCI outcomes, 
revealed a decline in cognitive function at 6 and 12 months. 
The patient-reported cognitive outcomes had a more than 
threefold decrease in the PCI group (17). Similarly, Sun 
et al. (14) evaluated the effect of PCI on neurocognitive 
function and HRQoL in patients with stage III non-
small cell lung cancer and found no significant differences 
between the two treatment groups (PCI vs. observation) (14). 
HVLT assessment tool was also included as an additional 
measure of cognitive function and patients who received 
PCI were found to have a statistically significant 
deterioration (P=0.03) in immediate and delayed recall at 
1 year (14). The disparity between the two neurocognitive 
assessment tools may be due to the fact HVLT has superior 
sensitivity compared to the MMSE in detecting mild 
dementia (18) and hence a more superior tool to assess 
neurocognitive function. 

 In recent years, interest has grown for the use of 
neuroprotective agents to preserve cognitive function 
for patients requiring WBRT. The use of memantine, an 
N-methyl-D-aspartate (NMDA) receptor antagonist, is 
known for its neuroprotective properties and has been 
investigated in RTOG 0614 by Brown et al. (13) in patients 
receiving WBRT. This randomized placebo control trial of 
554 patients, found that patients treated with memantine 
had lower cognition function failure 54% compared to 64% 
in patients treated without memantine, based on HVLT-R 
assessments. Despite the primary endpoint falling short of 
significance, there was a strong trend towards significance 
(P=0.059) supporting the use of memantine in patients 
receiving WBRT. Their secondary endpoints analysis 
showed that memantine treated patients had greater 
cognitive function over time; specifically, memantine was 
found to delay time to cognitive decline and is associated 
with a reduction of the rate of memory decline, processing 
speed, and executive function at 24 weeks (13). 

Memory function has been localized to dentate gyrus 
of the hippocampus, specifically pyramidal and granule  
cells (19). Mitotically active neural stem cells found in the 
sub granular zone of the dentate gyrus of the hippocampus, 
produce new granule cells (20,21). Preclinical work by 
Monje et al. has provided evidence that pathogenesis of 
radiation induced neurocognitive decline is due to radiation 
induced injury to this neural stem cell compartment (22). 
Subsequently, Monje et al. showed that inflammation 
surrounding neural stem cells inhibits neurogenesis (23). 
Hence, inflammatory injury induced by radiation to the 
proliferating sub granular neural stem cells compartment 
of the hippocampus has been hypothesized to represent 
one of the mechanisms contributing to neurocognitive 
decline. Notably, the primary driver behind neurocognitive 
decline is the dose received by the hippocampus, as 
irradiation results in the deficiency of the progenitor  
cells (10). Providing evidence in support of these 
hypotheses, a multi-institutional single-arm phase II trial 
RTOG 0933 found that hippocampal avoidance WBRT 
offered superior cognitive preservation on the HVLT-R, 
compared to traditional WBRT protocols (24). 

The NRG oncology CC001, subsequently tested this in 
a multi-institutional Phase III RCT (25). They confirmed 
that applying IMRT during WBRT for conformal avoidance 
of the hippocampal neurodegenerative stem cell resulted 
in superior conservation of patient’s cognitive function and 
reported symptoms (25). This trial randomized patients 
with brain metastases to hippocampal avoidance WBRT 
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plus memantine or WBRT plus memantine. The risk of 
cognitive failure was significantly lower in hippocampal 
avoidance WBRT plus memantine (adjusted hazard ratio, 
0.74; 95% CI, 0.58 to 0.95; P=0.02). Evidenced at 4 and 
6 months as patients experienced less deterioration in 
executive function (23.3% vs. 40.4%; P=0.01), and learning 
and memory, respectively (11.5% vs. 24.7%; P=0.049 
and 16.4% vs. 33.3%; P=0.02). There was however no 
significant difference in OS, intracranial PFS, or toxicity 
between the two treatment arms. Patients who received 
hippocampal avoidance WBRT plus memantine also 
noted decreased fatigue (P=0.04), less memory difficulties 
(P=0.01), less trouble speaking (P=0.049), reduced impact 
of neurologic symptoms on daily activities (P=0.008), and 
fewer cognitive symptoms (P=0.01), at 6 months (25).

As discussed above, multiple randomized trials report 
that WBRT offers improved CNS control rates without 
OS benefits, albeit are associated with neurocognitive 
function decline (1,4-6,12). Furthermore, the QUARTZ 
trial, investigating the value of supportive care plus WBRT 
vs. supportive care alone in patients with non-small cell 
lung cancer suggested that WBRT can be omitted as there 
was no important QoL or overall survival benefits between 
the two groups. The difference in QoL years QALYs 
for the omission of WBRT was −4.7 days. Equally, the 
median survival rate between groups was approximately 
5 days difference, underlining both the poor prognosis 
of this patient group and minimal benefit of WBRT (26). 
An individual patient meta-analysis by Sahgal et al. also 
reported no benefit in overall OS and suggested that 
WBRT resulted in a decrement in OS for patients <50 years 
old (27). These studies essentially highlight the clinical 
importance of neurocognitive decline after WBRT, coupled 
with improved CNS control but no OS benefit have failed 
to validate the routine administration of WBRT in patients 
with limited CNS disease.

The evidence to date demonstrates that management 
of brain metastases is evolving quickly, since WBRT is 
no longer the default treatment for patients. Owing to 
better understanding of the negative effect of WBRT 
on neurocognitive function, SRS alone is the preferred 
treatment option particularly in patients with limited 
brain metastases. The use of SRS has been validated for 
use in patients with multiple brain metastases (>4). This 
was investigated by a Japanese multicentre prospective 
study incorporating patients with <10 brain metastases that 
showed patients with 5–10 brain metastases who undergo 
SRS experience comparable survival outcomes to patients 
with 2–4 brain metastases (28). To further justify the use of 
SRS in patients with multiple brain metastases (>4), several 
other studies investigating the efficacy and safety of SRS vs. 
SRS plus WBRT these patients are ongoing (Table 2). 

QoL measures

Measures of health-related QoL (HRQoL) complement 
neurocognitive assessments, as it provides context to how 
cognitive decline affects patient’s daily life (29). Given 
the correlation between neurological morbidity and poor 
prognosis, it is pertinent to provide effective treatment 
while being mindful of patients’ QoL especially in the 
current era where life expectancy of patients with brain 
metastases is increasing as a result of improvements in 
systemic treatment (30) (Table 3). 

SRS with adjuvant WBRT translates to significantly 
greater neurocognitive decline versus SRS alone, and is 
reputed to a HRQoL detriment (5). It should be noted 
that baseline HRQoL outcomes in patients with brain 
metastases are impaired to begin with, in all aspects of daily 
life, including physical and mental functioning (8) (Table 4). 

Chang et al. (5) utilized the Functional Assessment of 
Cancer Therapy-Brain (FACT-Br) assessment tool in a 

Table 2 Ongoing clinical trials comparing SRS with WBRT plus SRS in patients with multiple brain metastases (4–20 lesions) 

Trial identifier Organisation Modality 
Number of  
lesions treated

Primary outcome

NCT03775330 Sunnybrook Odette Cancer Centre SRS vs. WBRT plus SRS 5–20 Neurocognition

NCT03550391 Canada Cancer Trial Group SRS vs. WBRT plus Memantine 5–15 OS, neurocognition

NCT01592968 MD Anderson Cancer Centre SRS vs. WBRT 4–15 LC, neurocognition

NCT03075072 Brigham and Women’s Hospital/Dana Farber 
Cancer Institute 

SRS vs. WBRT 5–20 QoL 

OS, overall survival; QoL, quality of life; LC, local control; SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy.
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randomized trial of 58 patients, split into 2 cohorts SRS 
alone or SRS plus WBRT. The HRQoL revealed no 
difference between the cohorts, despite that the combination 
group experienced greater neurocognitive function decline. 
Miller et al. found that prior WBRT was correlated with 
inferior HRQoL in a linear mixed model (β = –0.040±0.017; 
P=0.02), which offers support for the association between 
neurocognitive function decline and QoL detriment (29). 
To further support the correlation between neurocognition 
and HRQoL, a study by Li et al. observed that a decreasing 
neurocognitive function scores from prior visits were 

predictive of future decline in activities of daily living scores 
and patient self-reported QoL (40). 

Soffietti et al. (8) compared HRQoL in the two cohorts 
(WBRT plus SRS vs. SRS alone) with other popular 
metrics, the EORTC Quality of Life Questionnaire C-30 
(EORTC QLQ C-30) and the EORTC QLQ-Brain Cancer 
Module (EORTC QLQ-BN20). Components of HRQoL 
assessment tools used in selected trials are summarized 
in Table 4. The patients were evaluated every 3 months 
from baseline for up to three years. The collective score 
of the test revealed a clinically significant improvement 

Table 3 Summary of QoL assessments in selected trials

Study Modality n Primary endpoint Quality of life tool Quality of life outcome

NCCTG 
N0574, Brown 
et al., 2016 (4) 

SRS alone 213 Cognition function FACT-Br At 3 months quality of life was higher with SRS 
alone, including overall quality of life (P=0.001)

SRS + WBRT

EORTC  
22952-26001, 
Soffietti et al., 
2013 (8)

WBRT 359 Duration of functional 
independence (WHO 
performance status 
deterioration >2) 

EORTC QLQ C30 OBS only arm reported better HRQOL scores

EORTC QLQ-BN-20 These differences were both statistically significant 
and clinically relevant seen in early follow-up 
period (global health status at 9 months, physical 
functioning at 8 weeks, cognitive functioning at  
12 months, and fatigue at 8 weeks)

OBS

Slotman et al., 
2009 (31)

PCI 286 Development of 
symptomatic brain 
metastases 

EORTC QLQ C30 PCI had a negative impact on HRQOL scales. 
The greatest difference was observed for hair loss 
fatigue, and global health status at 6 weeks and  
3 months in favour of the control arm (OBS)

OBS EORTC QLQ-BN-20

Chang et al., 
2009 (5)

SRS alone 58 Neurocognition function 
at 4 months

FACT-Br At 4 months WBRT was significantly more likely to 
show a decline in learning and memory function 
(mean probability of decline 52%) than patients 
that receive SRS alone (mean probability of decline 
24%)

SRS + WBRT

Miller et al., 
2017 (29)

SRS alone 
single arm trial 

67 Time to health state  
(EQ-5D index failure)

EQ-5D At patient’s last follow up patients had worse 
scores on all dimensions (analysed on the basis of 
122 treatments)

Bragstad  
et al., 2017 
(32)

SRS single arm 
study

44 HRQoL FACT-Br Stable HRQoL up to 12 months after SRS

An improved HRQoL was reported by 23 (60.0%) 
of the 39 patients surviving more than 1-month 
SRS, an unchanged HRQoL by 6 (15.4%), and a 
reduced HRQoL by 9 (23.1%)

Skeie et al., 
2017 (33)

SRS single arm 
study 

97 HRQoL FACT-Br Stable HRQoL after up to 12 months after SRS

HRQoL was improved or unchanged compared 
with baseline for 64%, 60%, 66%, 72%, and 
60% of the patients at 1, 3, 6, 9, and 12 months, 
respectively

SRS, stereotactic radiosurgery; WBRT, whole brain radio therapy; PCI, prophylactic cranial irradiation; OBS, observation; n, number 
of participants; EORTC, European Organisation of Research and Treatment of Cancer; QLQ, quality of life questionnaire; BN-20, brain 
module; FACT-Br, functional assessment of cancer therapy-brain.
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Table 4 Summary of HRQoL questionnaires in selected trials

HRQoL tools Description Scales/components Used by

FACT-Br The FACT-Br was designed for primary brain 
tumours patients. Each question is answered by 
a rating on a 5-point Likert scale ranging from 0 
(not at all) to 4 (very much). The FACT-Br consists 
of 5 subscales, 2 total scales, and 1 index

	Five subscales Chang, 2007 (5)

o	Physical well-being Bragstad, 2017 (32)

o	Social/family well-being Slotman, 2017 (31)

o	Emotional well-being Brown, 2016 (4)

o	Functional well-being

o	Brain cancer subscale (additional concerns 
specific for patients with brain tumours)

The FACT-General captures general HRQoL and 
may be used on diverse patient groups. The 
FACT-Br combines the FACT-G with a  
disease-specific subscale score for patients with 
a brain tumour. Higher scores on each subscale 
reflect better health-related quality of life

	Two total scales 

o	FACT-general (FACT-G; physical + social + 
emotional + functional well-being)

o	FACT-brain (FACT-Br; FACT-G + brain cancer 
subscale)

The FACT-Br has high validity and reliability 
coefficients thus, it is an appropriate measure for 
use in patients with brain metastases (34,35)

	One index

o	Trial outcome index (TOI; physical + 
functional well-being + brain cancer 
subscale)

EORTC-QLQ-C30 The EORTC QLQ-C30 consists of 5 functional 
scales, 3 symptom scales, 1 global health/quality 
of life scale and 6 single items. All of the scales 
and single-item measures range in scores from 0 
to 100, severe symptoms are indicated by higher 
scores.

	Five functional scales Habets, 2016 (36)

o	Physical functioning Soffietti, 2013 (8)

o	Role functioning Slotman, 2009 (31)

o	Cognitive functioning

o	Emotional functioning

o	Social functioning

In the case of functional scales, higher scores 
reflect better functioning. The EORTC QLQ-C30 
is a reliable and valid measure of the quality of life 
of patients with cancer (5)

	Three symptom scales

o	Fatigue

o	Pain

o	Nausea and vomiting

	One global quality of life scale

	Six single items (dyspnea, insomnia, appetite 
loss, constipation, diarrhea, financial 
difficulties)

EORTC-QLQ-
BN20

The EORTC-QLQ-BN20 was specifically  
designed for brain cancer patients and to 
complement the QLQ-C30. The test includes 20 
items and four subscales. All items and scale 
scores are linearly transformed to a 0–100 scale, 
more severe symptoms are reflected by higher 
scores

	Four subscales Habets, 2016 (36)

o	Future uncertainty Soffietti, 2013 (8)

o	Motor dysfunction Slotman, 2009 (31)

o	Visual disorder

o	Communication deficit

The BN20 has adequate psychometric  
properties for assessment of HRQoL of brain 
cancer patients in international studies (4,37)

	Seven single items (headaches, hair loss, 
weakness of legs, seizures, itchy skin, bladder 
control, drowsiness)

Table 4 (continued)
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in HRQoL for patients who received SRS alone at  
9 months (8,9). At eight weeks post-treatment, the SRS 
alone group presented with better mean scores in physical 
and role functioning (the patient’s ability to perform their 
occupational and social roles). Patients that underwent 
WBRT plus SRS also experience statistically significant 
worse scores for independent measures of bladder control, 
weakness in legs, motor dysfunction, constipation, appetite 
loss, nausea and vomiting, pain, and social functioning 
(8,9). To date, several studies have explored HRQoL as 
their primary outcome measure (29,32,33). A prospective 
single arm study by Skeie et al. (33) used FACT-Br to 
assess 97 patients with 1–6 brain metastases treated with 
SRS alone, have found that overall HRQoL remained 
stable in their cohort up to 12 months. Similarly, Bragstad 
et al. (32) employed FACT-Br to assess 44 lung cancer 
patients’ (non-small cell lung cancer =39; small cell lung 
cancer =5) HRQoL. The QoL improved in 23 (60.0%) 
of the 39 patients surviving more than 1 month post SRS,  
6 patients reported unchanged QoL (15.4%), and 9 patients 
experienced reduced QoL (23.1%). As their primary 
outcome was to determine the impact of SRS on HRQoL, 
the authors found that mean values for all HRQoL 
dimensions remained unchanged from baseline to up to  
12 months post SRS (32).

Aforementioned study NCCTG N0574, by Brown  
et al. (4) studied HRQoL as their secondary endpoint. The 
HRQoL of patients with limited [1–3] brain metastases 

treated with SRS vs. SRS plus WBRT was assessed using 
the FACT-Br, the scores range from 0 to 200 with higher 
scores indicating a better QoL (4). The authors found that 
HRQoL was higher at 3 months with SRS alone, which 
includes overall QoL (mean difference, 11.9; 95% CI, 
4.8–19.0 points; P=0.001). A list of selected trials, HRQoL 
tools used and outcomes are summarized in Table 3. 
Conversely, 2 additional studies have reported a statistically 
significant decline in patient’s overall HRQoL after SRS 
at the last follow up (29,39). It should be noted that the 
latter two studies used EORTC-QLD-C30 and EuroQol 
5 Dimensions questionnaire (EQ-5D) and reported a 
decline in physical aspects of HRQoL (29,39) while other 
studies that used FACT-Br recorded stable scores over time 
(32,33). This is likely seen because, HRQoL was assessed 
at periods of progressive disease, as no subsequent follow 
up assessment could be completed, which is in line with 
other studies (33,36) showing a decline in HRQoL after 
progressive disease. 

When interpreting results from studies on HRQoL after 
brain irradiation, it is important to consider a number of 
factors beyond the intended treatment. Other factors like 
effect of treatment for the primary tumour (e.g., systemic 
therapy, immunotherapy, radiotherapy, surgery), pseudo-
progression or true disease progression, pre-treatment 
HRQoL, baseline cognitive function, medication use 
(e.g., steroids) and survival should be considered. Studies 
have demonstrated that HRQoL post SRS was associated 

Table 4 (continued)

HRQoL tools Description Scales/components Used by

EQ-5D The EQ-5D is a standardized measure of health 
state, and in applied in a variety of patient 
populations. It consists of 5 items representing  
5 dimensions. Each item is answered on a  
3-point scale; 1 no problems, 2 some problems, 
and 3 extreme problems. The index score  
overall health state consists of all 5 items and 
ranges between 0 (dead) and 1 (best possible 
health). Self-perceived health state is measured 
on a 20 cm vertical scale with endpoints 0  
(worst imaginable health) and 100 (best 
imaginable health) (3,38)

	Five subscales Kotecha, 2017 (39)

o	Mobility Miller, 2017 (29)

o	Self-care

o	Usual activities

o	Pain/discomfort

o	Anxiety/depression

	One index

o	Overall health state (all 5 subscales)

	One vertical visual analogue scale

o	Self-perceived health state

FACT-Br, functional assessment of cancer therapy-brain; FACT-G, FACT-General; EORTC-QLQ-C30, European Organisation for Research 
and Treatment of Cancer Quality of Life Questionnaire Core 30; EORTC-QLQ-BN20, European Organisation for Research and Treatment of 
Cancer Quality of Life Questionnaire Brain Cancer Module; EQ-5D, EuroQoL 5 Dimensions.
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with performance status, total tumour volume in the 
brain, symptomatic brain metastases, interval since SRS 
and overall disease progression while number of brain 
metastases and patients’ demographics did not seem to 
influence HRQoL (32,33,36). However, we are unable to 
draw to a reliable conclusion owing to the differences across 
these studies in statistical techniques used, and disparity in 
the predictor factors chosen. 

A phase III RCT by Slotman et al. (31) randomised 
patients with extensive stage small cell lung cancer who 
responded to chemotherapy to PCI or observation. 
Secondary endpoints of this study were HRQoL and 
patient-reported symptoms, assessed using EORTC-
QLQ-C30 and the EORTC-QLQ-BN20. The key HRQoL 
results, at 6 weeks and 3 months post random assignment, 
revealed an eight-point difference in observed mean scores 
in global health status in favour of the control arm. The 
PCI arm had 12.5% more patients that experienced severe 
worsening (>20 points) in global health status from baseline 
up to 3 months. Prior to dropout at 6 months, average 
scores of cognitive functions decreased sharply. The rapid 
deterioration of patients may have caused an informative 
dropout for components of the HRQoL scores, which led 
the authors to perform a sensitivity analysis with HRQoL 
data cut off at 3 months (31). 

For a vast majority of patients with brain metastases, 
survival is measured in months and therefore maintenance 
of HRQoL is prudent. High attrition rate and low response 
rates are commonly seen in studies that include patients 
whose life expectancy is short (3,41). There would be 
a reduction in compliance and sample size of the study 
population over time, making study of this kind inadequately 
powered (42). Unfortunately, the nature of patient-reported 
outcomes, such as the FACT-Br and EORTC-BN, is limited 
by a couple of factors. Firstly, patients adapt to the symptom 
burden over time, which biases their scoring. Secondly, 
high patient dropout rates as discussed above make it 
difficult to establish significance of symptoms between 
treatment modalities (3). Nonetheless, the results are still 
very encouraging especially in the subgroup of patients who 
survive longer, and it is imperative to report on reasons for 
dropout to properly interpret study results.

Discussion

Given the heterogeneity of study designs, patient selection 
bias and inherent deficits associated with brain metastases, 
meaningful synthesis of the data from this group can 

be challenging. This may be resolved by employing 
thoughtfully designed, randomised clinical trial, with 
neurocognitive function as a primary end point, and using 
standardised, rigorous and well established neurocognitive 
function measures (15,43) (Table 5). 

The use of tools not designed to detect smaller 
differences in neurocognitive function, such as the MMSE 
which is not sensitive and therefore not considered suitable. 
The International Cognition and Cancer Task Force, has 
suggested a battery of validated tests that should be used 
in clinical trials including: the Hopkins Verbal Learning 
Test Revised (HVLT-R) to assess immediate recall, 
delayed memory, and recognition; Controlled Oral Word 
Association test (COWA) for verbal fluency and Trial 
Making Test Part A (TMT-A) for executive functioning; 
Part B (TMT-B) for delayed memory. In regard to 
HRQoL, future studies should consider the results over 
a longer period of time, this includes after treatment, 
with incorporation of both individual changes HRQoL 
and influencing factors (Table 5). To obtain accurate 
assessments of this patient population, brain cancer-specific 
self-report HRQoL questionnaires should be utilized to 
capture different aspects of HRQoL (44). It is advised 
that studies report within-group changes, distinctively 
describe statistical analyses, and reasons for patients’ 
dropout. In order to mitigate patients’ burden and prevent 
high dropout rates, it is recommended that HRQoL 
questionnaires and follow up assessments are conducted 
directly before standard hospital visits after SRS, by 
designated personnel. (3,42). Lastly, future studies should 
aim to recruit adequate sample sizes at long-term follow-
ups (>6 months) to analyse different aspects of HRQoL 
and neurocognition, especially since radiation-induced 
brain injury is progressive and irreversible, which typically 
emerges >6 months after treatment (45). Implementing 
the above strategies in future trials is challenging, but this 
will undoubtedly increase our ability ascertain the effect 
of the disease and its treatment on the functional health, 
neurocognitive function, symptom burden, and well-
being of our patients. In the clinical context this facilitates 
patient-physician communication, which improves patients 
access to the necessary supports to cope with changes 
to their QoL. This presents a convincing argument 
for the incorporation of neurocognition function and 
HRQoL measures as standard part of clinical care in brain 
metastases patients. 

Finally, with advances in novel agents in recent 
years, there has been an increase role of systemic 
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therapy in management of brain metastases patients 
and specific patient groups are surviving longer (46-48).  
Nonetheless, physicians should exercise caution when 
withholding cranial radiotherapy (SRS or WBRT). As 
we see a shift to SRS in the treatment of this patient 
population, the combination of novel agents with SRS, and 
specifically the order which interventions are administered 
comes into question. This approach is especially interesting 
due to the potential for enhanced systemic antitumor 
immunity following the delivery of SRS to one or more 
lesions, known as the abscopal effect (49). It is noteworthy 
that the risk of toxicities might increase with concurrent 
delivery of novel agents and SRS. Thus, this combination 
approach should be evaluated for efficacy and safety in a 
prospective trial, with incorporation of neurocognitive and 
HRQoL tools, to provide a standard for management of 
patients with brain metastases. 

Acknowledgments

Funding: None. 

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Annals of Palliative Medicine for the 
series “Palliative Care in Neuro-Oncology”. The article has 
undergone external peer review. 

Reporting Checklist: The authors have completed the 
NARRATIVE REVIEW reporting checklist. Available at 
http://dx.doi.org/10.21037/apm-20-1036

Peer Review File: Available at http://dx.doi.org/10.21037/
apm-20-1036

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/apm-20-1036). The series “Palliative Care 
in Neuro-Oncology” was commissioned by the editorial 
office without any funding or sponsorship. HS served as 
the unpaid Guest Editor of the series. The authors have no 
other conflicts of interest to declare.

Table 5 Summary of recommendations for neurocognitive and QoL assessments

Measure Tests Recommendations 

Neurocognitive measures MMSE MMSE lacks sensitivity and should be replaced by a battery of neurocognitive test 

HVLT-R As per the International Cognition and Cancer Task Force, a combination of the 
HVLT-R, COWA & TMT-A&B should be used 

COWA Long term follow-up is recommended (>6 months) 

TMT-A&B

WAIS-III digit symbol

Grooved pegboard

Quality of life measures EORTC QLQ C30 Site specific HRQoL questionnaires should be used

EORTC QLQ-BN-20 Conduct HRQoL assessment before patients’ hospital visits to decrease burden on the 
patient 

FACT-Br Increase transparency of study by reporting in group changes, methods for statistical 
analysis, and reasons for patient drop out

Data should be collected over an extended period of time (including after treatment)

MMSE, mini mental state examination; HVLT, Hopkins Verbal learning test; TMT, trial making test; COWA, Controlled Oral Word 
Association; WAIS-III, Wechsler Adult Intelligence Scale-3; FACT-Br, functional assessment of cancer therapy-brain; FACT-G,  
FACT-general; EORTC-QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; 
EORTC-QLQ-BN20, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Brain Cancer Module;  

EQ-5D, EuroQoL 5 dimensions.

http://dx.doi.org/10.21037/apm-20-1036
http://dx.doi.org/10.21037/apm-20-1036 
http://dx.doi.org/10.21037/apm-20-1036 
http://dx.doi.org/10.21037/apm-20-1036
http://dx.doi.org/10.21037/apm-20-1036


933Annals of Palliative Medicine, Vol 10, No 1 January 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(1):923-935 | http://dx.doi.org/10.21037/apm-20-1036

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Aoyama H, Shirato H, Tago M, et al. Stereotactic 
radiosurgery plus whole-brain radiation therapy vs. 
stereotactic radiosurgery alone for treatment of brain 
metastases: a randomized controlled trial. JAMA 
2006;295:2483-91.

2. Marko NF, Weil RJ. Radiotherapy: Neurocognitive 
considerations in the treatment of brain metastases. Nat 
Rev Clin Oncol 2010;7:185-6.

3. Lin NU, Wefel JS, Lee EQ, et al. Challenges relating 
to solid tumour brain metastases in clinical trials, part 
2: neurocognitive, neurological, and quality-of-life 
outcomes. A report from the RANO group. Lancet Oncol 
2013;14:e407-16.

4. Brown PD, Jaeckle K, Ballman KV, et al. Effect of 
Radiosurgery Alone vs. Radiosurgery With Whole Brain 
Radiation Therapy on Cognitive Function in Patients 
With 1 to 3 Brain Metastases: A Randomized Clinical 
Trial. JAMA 2016;316:401-9.

5. Chang EL, Wefel JS, Hess KR, et al. Neurocognition in 
patients with brain metastases treated with radiosurgery or 
radiosurgery plus whole-brain irradiation: a randomised 
controlled trial. Lancet Oncol 2009;10:1037-44.

6. Kocher M, Soffietti R, Abacioglu U, et al. Adjuvant whole-
brain radiotherapy versus observation after radiosurgery 
or surgical resection of one to three cerebral metastases: 
results of the EORTC 22952-26001 study. J Clin Oncol 
2011;29:134-41.

7. Soussain C, Ricard D, Fike JR, et al. CNS complications 
of radiotherapy and chemotherapy. Lancet 
2009;374:1639-51.

8. Soffietti R, Kocher M, Abacioglu UM, et al. A European 

Organisation for Research and Treatment of Cancer 
phase III trial of adjuvant whole-brain radiotherapy versus 
observation in patients with one to three brain metastases 
from solid tumors after surgical resection or radiosurgery: 
quality-of-life results. J Clin Oncol 2013;31:65-72.

9. Robin TP, Rusthoven CG. Strategies to Preserve 
Cognition in Patients With Brain Metastases: A Review. 
Front Oncol 2018;8:415.

10. Saad S, Wang TJ. Neurocognitive Deficits After Radiation 
Therapy for Brain Malignancies. Am J Clin Oncol 
2015;38:634-40.

11. Meyers CA, Geara F, Wong PF, et al. Neurocognitive 
effects of therapeutic irradiation for base of skull tumors. 
Int J Radiat Oncol Biol Phys 2000;46:51-5.

12. Brown PD, Ballman KV, Cerhan JH, et al. Postoperative 
stereotactic radiosurgery compared with whole brain 
radiotherapy for resected metastatic brain disease 
(NCCTG N107C/CEC.3): a multicentre, randomised, 
controlled, phase 3 trial. Lancet Oncol 2017;18:1049-60.

13. Brown PD, Pugh S, Laack NN, et al. Memantine for the 
prevention of cognitive dysfunction in patients receiving 
whole-brain radiotherapy: a randomized, double-blind, 
placebo-controlled trial. Neuro Oncol 2013;15:1429-37.

14. Sun A, Bae K, Gore EM, et al. Phase III trial of 
prophylactic cranial irradiation compared with observation 
in patients with locally advanced non-small-cell lung 
cancer: neurocognitive and quality-of-life analysis. J Clin 
Oncol 2011;29:279-86.

15. Meyers CA, Wefel JS. The use of the mini-mental state 
examination to assess cognitive functioning in cancer 
trials: no ifs, ands, buts, or sensitivity. J Clin Oncol 
2003;21:3557-8.

16. Yin X, Yan D, Qiu M, et al. Prophylactic cranial irradiation 
in small cell lung cancer: a systematic review and meta-
analysis. BMC Cancer 2019;19:95.

17. Gondi V, Paulus R, Bruner DW, et al. Decline in 
tested and self-reported cognitive functioning after 
prophylactic cranial irradiation for lung cancer: pooled 
secondary analysis of Radiation Therapy Oncology Group 
randomized trials 0212 and 0214. Int J Radiat Oncol Biol 
Phys 2013;86:656-64.

18. Wade DT. Measurement in Neurological Rehabilitation. 
New York, NY: Oxford University Press, 1992.

19. Collier TJ, Quirk GJ, Routtenberg A. Separable roles of 
hippocampal granule cells in forgetting and pyramidal 
cells in remembering spatial information. Brain Res 
1987;409:316-28.

20. Eriksson PS, Perfilieva E, Bjork-Eriksson T, et al. 

https://creativecommons.org/licenses/by-nc-nd/4.0/


934 Ariello et al. Neurocognitive and quality of life tools used in brain metastases trials

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(1):923-935 | http://dx.doi.org/10.21037/apm-20-1036

Neurogenesis in the adult human hippocampus. Nat Med 
1998;4:1313-7.

21. Gould E, Beylin A, Tanapat P, et al. Learning enhances 
adult neurogenesis in the hippocampal formation. Nat 
Neurosci 1999;2:260-5.

22. Monje ML, Mizumatsu S, Fike JR, et al. Irradiation 
induces neural precursor-cell dysfunction. Nat Med 
2002;8:955-62.

23. Monje ML, Toda H, Palmer TD. Inflammatory blockade 
restores adult hippocampal neurogenesis. Science 
2003;302:1760-5.

24. Gondi V, Pugh SL, Tome WA, et al. Preservation of 
memory with conformal avoidance of the hippocampal 
neural stem-cell compartment during whole-brain 
radiotherapy for brain metastases (RTOG 0933): a phase 
II multi-institutional trial. J Clin Oncol 2014;32:3810-6.

25. Brown PD, Gondi V, Pugh S, et al. Hippocampal 
Avoidance During Whole-Brain Radiotherapy Plus 
Memantine for Patients With Brain Metastases: 
Phase III Trial NRG Oncology CC001. J Clin Oncol 
2020;38:1019-29.

26. Mulvenna P, Nankivell M, Barton R, et al. Dexamethasone 
and supportive care with or without whole brain 
radiotherapy in treating patients with non-small cell lung 
cancer with brain metastases unsuitable for resection 
or stereotactic radiotherapy (QUARTZ): results from 
a phase 3, non-inferiority, randomised trial. Lancet 
2016;388:2004-14.

27. Sahgal A, Aoyama H, Kocher M, et al. Phase 3 trials of 
stereotactic radiosurgery with or without whole-brain 
radiation therapy for 1 to 4 brain metastases: individual 
patient data meta-analysis. Int J Radiat Oncol Biol Phys 
2015;91:710-7.

28. Yamamoto M, Serizawa T, Shuto T, et al. Stereotactic 
radiosurgery for patients with multiple brain metastases 
(JLGK0901): a multi-institutional prospective 
observational study. Lancet Oncol 2014;15:387-95.

29. Miller JA, Kotecha R, Barnett GH, et al. Quality of 
Life following Stereotactic Radiosurgery for Single and 
Multiple Brain Metastases. Neurosurgery 2017;81:147-55.

30. Jensen CA, Chan MD, McCoy TP, et al. Cavity-directed 
radiosurgery as adjuvant therapy after resection of a brain 
metastasis. J Neurosurg 2011;114:1585-91.

31. Slotman BJ, Mauer ME, Bottomley A, et al. Prophylactic 
cranial irradiation in extensive disease small-cell lung 
cancer: short-term health-related quality of life and patient 
reported symptoms: results of an international Phase III 
randomized controlled trial by the EORTC Radiation 

Oncology and Lung Cancer Groups. J Clin Oncol 
2009;27:78-84.

32. Bragstad S, Flatebo M, Natvig GK, et al. Predictors of 
quality of life and survival following Gamma Knife surgery 
for lung cancer brain metastases: a prospective study. J 
Neurosurg 2018;129:71-83.

33. Skeie BS, Eide GE, Flatebo M, et al. Quality of life 
is maintained using Gamma Knife radiosurgery: a 
prospective study of a brain metastases patient cohort. J 
Neurosurg 2017;126:708-25.

34. Chen E, Nguyen J, Zhang L, et al. Quality of life in 
patients with brain metastases using the EORTC QLQ-
BN20 and QLQ-C30. J Radiat Oncol 2012;1:179-86.

35. DiBiase SJ CL, Ma L. Influence of gamma knife 
radiosurgery on the quality of life in patients with brain 
metastases. Am J Clin Oncol 2002;25:131-4.

36. Habets EJ, Dirven L, Wiggenraad RG, et al. 
Neurocognitive functioning and health-related quality 
of life in patients treated with stereotactic radiotherapy 
for brain metastases: a prospective study. Neuro Oncol 
2016;18:435-44.

37. Koo K, Kerba M, Zeng L, et al. Quality of life in patients 
with brain metastases receiving upfront as compared to 
salvage stereotactic radiosurgery using the EORTC QLQ-
C15-PAL and the EORTC QLQ BN20 + 2: a pilot study. J 
Radiat Oncol 2012;2:217-24.

38. Schwartz CE, Bode R, Repucci N, et al. The clinical 
significance of adaptation to changing health: a meta-
analysis of response shift. Qual Life Res 2006;15:1533-50.

39. Kotecha R, Damico N, Miller JA, et al. Three or More 
Courses of Stereotactic Radiosurgery for Patients with 
Multiply Recurrent Brain Metastases. Neurosurgery 
2017;80:871-9.

40. Li J, Bentzen SM, Renschler M, et al. Regression after 
whole-brain radiation therapy for brain metastases 
correlates with survival and improved neurocognitive 
function. J Clin Oncol 2007;25:1260-6.

41. Leung A, Lien K, Zeng L, et al. The EORTC QLQ-
BN20 for assessment of quality of life in patients receiving 
treatment or prophylaxis for brain metastases: a literature 
review. Expert Rev Pharmacoecon Outcomes Res 
2011;11:693-700.

42. Lien K, Zeng L, Nguyen J, et al. FACT-Br for assessment 
of quality of life in patients receiving treatment for brain 
metastases: a literature review. Expert Rev Pharmacoecon 
Outcomes Res 2011;11:701-8.

43. Correa DD, Maron L, Harder H, et al. Cognitive 
functions in primary central nervous system lymphoma: 



935Annals of Palliative Medicine, Vol 10, No 1 January 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(1):923-935 | http://dx.doi.org/10.21037/apm-20-1036

Cite this article as: Ariello K, Tan H, Soliman H. Narrative 
review of neurocognitive and quality of life tools used in brain 
metastases trials. Ann Palliat Med 2021;10(1):923-935. doi: 
10.21037/apm-20-1036

literature review and assessment guidelines. Ann Oncol 
2007;18:1145-51.

44. Verhaak E, Gehring K, Hanssens PEJ, et al. Health-related 
quality of life in adult patients with brain metastases after 
stereotactic radiosurgery: a systematic, narrative review. 
Support Care Cancer 2020;28:473-84.

45. Greene-Schloesser D, Robbins ME, Peiffer AM, et al. 
Radiation-induced brain injury: A review. Front Oncol 
2012;2:73.

46. Venur VA, Ahluwalia MS. Targeted Therapy in Brain 
Metastases: Ready for Primetime? Am Soc Clin Oncol 

Educ Book 2016;35:e123-30.
47. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus 

Docetaxel in Advanced Nonsquamous Non-Small-Cell 
Lung Cancer. N Engl J Med 2015;373:1627-39.

48. Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. 
Pembrolizumab plus Chemotherapy in Metastatic Non-
Small-Cell Lung Cancer. N Engl J Med 2018;378:2078-92.

49. Reynders K, Illidge T, Siva S, et al. The abscopal effect of 
local radiotherapy: using immunotherapy to make a rare 
event clinically relevant. Cancer Treat Rev 2015;41:503-10.


