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B
rain metastasis represents one of the most com-
mon tumors seen in adult patients. The incidence 
of brain metastases ranges from 8.3 to 14.3 per 

100,000 patients, and following the initial diagnosis, many 
patients will develop additional brain metastasis within 
the course of their disease.10 Goals of care for brain metas-

tasis patients frequently place a premium on quality of life 
(QOL). However, most studies evaluate progression-free 
survival as the primary endpoint.5,7,20,22

Stereotactic radiosurgery (SRS) is utilized with in-
creasing frequency for brain metastasis patients. It has 
been shown to offer a high rate of local tumor control and 
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OBJECTIVE Stereotactic radiosurgery (SRS) is increasingly used for the treatment of brain metastasis. To date, most 
studies have focused on survival, radiological response, or surrogate quality endpoints such as Karnofsky Performance 
Scale status or neurocognitive indices. The current study prospectively evaluated pre-procedural factors impacting qual-
ity of life in brain metastasis patients undergoing SRS.

METHODS Using a national, cloud-based platform, patients undergoing SRS for brain metastasis were accrued to the 
registry. Quality of life prior to SRS was assessed using the 5-level EQ-5D (EQ5D-L) validated tool; additionally, patient 
and treatment attributes were collected. Patient quality of life was assessed as part of routine follow-up after SRS. 
Factors predicting a difference in the aggregate EQ5D-L score or the subscores were evaluated. Pre-SRS covariates 
impacting changes in EQ5D-L were statistically evaluated. Statistical analyses were conducted using multivariate linear 
regression models.

RESULTS EQ5D-L results were available for 116 patients. EQ5D-L improvement (average of 0.387) was noted in pa-
tients treated with earlier SRS (p = 0.000175). Worsening overall EQ5D-L (average of 0.052 per lesion) was associated 
with an increased number of brain metastases at the time of initial presentation (p = 0.0399). Male sex predicted a risk of 
worsening (average of 0.347) of the pain and discomfort subscore at last follow-up (p = 0.004205). Baseline subscores of 
pain/discomfort were not correlated with pain/discomfort subscores at follow-up (p = 0.604), whereas baseline subscores 
of anxiety/depression were strongly positively correlated with the anxiety/depression follow-up subscores (p = 0.0039).

CONCLUSIONS After SRS, quality of life was likely to improve in patients treated early with SRS and worsen in those 
with a greater number of brain metastases. Sex differences appear to exist regarding pain and discomfort worsening 
after SRS. Those with high levels of anxiety and depression at SRS may benefit from medical treatment as this particular 
quality of life factor generally remains unchanged after SRS.
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typically avoids treatment-related neurocognitive decline 
that has been associated with whole-brain radiotherapy 
(WBRT).4,22 Compared to resection, radiosurgery can be 
performed in the ambulatory setting for most patients and 
avoids appreciable interruption of systemic therapy. Ra-
diosurgery also offers durable control of most intracranial 
tumors well beyond the median survival for brain metas-
tasis.4,22

Few studies to date have examined the changes in QOL 
for patients treated with SRS for brain metastasis.11,16 In 
the current study, we examine prospective QOL outcomes 
in brain metastasis patients treated with SRS. Patients 
were accrued as part of the national SRS registry for the 
American Association of Neurological Surgeons (AANS) 
and American Society for Radiation Oncology (ASTRO). 
The validated 5-level EQ-5D (EQ5D-L) assessment tool 
was used to assess patients prior to SRS and then at fol-
low-up appointments longitudinally thereafter.14 EQ-5D 
differences following SRS and pre-SRS factors associated 
with these differences were examined in registry patients.

Methods
Registry Initiative

As previously described, the NeuroPoint Alliance 
(NPA), in conjunction with physicians from the AANS and 
ASTRO, created a national quality registry for SRS.15 The 
registry’s primary focus was quality of care and, therefore, 
it was deemed institutional review board (IRB) exempt by 
the Western IRB and by the IRBs of participating centers.

Radiosurgical Selection and Treatment

From a total of 24 centers, the patients were accrued 
to the registry in a consecutive fashion at the time of SRS 
treatment. Selection of brain metastasis patients for SRS 
was as per the institutional protocol. Radiosurgery was 
delivered using various devices that were present at the 
accruing site, and these included linear accelerator–based 
SRS systems such as BrainLab’s Novalis or the Gamma 
Knife. Dose planning was generally performed in a mul-
tidisciplinary fashion with the input of a neurological 
surgeon, radiation oncologist, and medical physicist. The 
dose selection, critical structure constraints, and fraction-
ation scheme, if any, were decided upon by the local treat-
ing physicians.

Study Patient Cohort and Data Collection

Patients were accrued in a prospective fashion, and pa-
tient, clinical, and radiological responses were assessed 
and collected in a longitudinal fashion from the time of 
SRS. Using a common data dictionary and online soft-
ware platforms, data were uploaded by participating sites 
to a central repository. Data veracity was checked by 
software range checking and periodic queries by registry 
coordinators to clinicians and data-coordinating staff at 
individual sites. Data were then aggregated by the NPA. 
The data were extracted from the repository on December 
13, 2017, and then sent to two biostatisticians (H.D. and 
A.B.) for analysis.

Inclusion criteria for this study were patients treated 
with SRS for the diagnosis of brain metastasis and EQ5D-

L testing shortly before the time of SRS and then EQ5D-L 
testing at least one time post-SRS.6 Patients were excluded 
from this analysis if they had an SRS indication in the 
registry that was something other than brain metastasis or 
if they had no pre-SRS or post-SRS EQ5D-L score.

Data fields collected included patient attributes, tumor 
and treatment variables, and EQ5D-L at SRS and follow-
up points, and these are detailed in Table 1. Time from 
diagnosis of brain metastasis to initial SRS in days was 
evaluated as a continuous variable. Early SRS was defined 
as SRS within 60 days of initial brain metastasis diagno-
sis. Pre-SRS attributes were evaluated for their effect on 
overall EQ5D-L and subscores of EQ5D-L at last follow-
up. The follow-up interval was as per the discretion of the 
treating physicians’ recommendations and the clinical 
needs of the treated patient.

Participating Sites

At the time of the data cut from the registry, the fol-
lowing institutions were participating sites in the registry 
and had contributed patient data for the study purposes: 
University of Virginia, William Beaumont Hospital, New 
York University, Yale University, University of Colorado, 
Vanderbilt University, Duke University, University of Cal-
ifornia Los Angeles Medical Center, Carolinas Medical 
Center, University of Florida Cancer Center at Orlando 
Health, Penn State Medical Center, University of Roch-
ester Medical Center, Mayfield Clinic, Jefferson Hospi-
tal, University of Utah, Valley Hospital of New Jersey, 
Semmes Murphey neurosurgical group, NewYork-Pres-
byterian/Weill Cornell Medical Center, and University of 
Southern California in Los Angeles.

Statistical Methods

Utilizing pre-SRS attributes, changes in EQ5D-L 

TABLE 1. Patient and treatment parameters for the study cohort

Factor Value SD

Median age at SRS, yrs 59 15.29

Sex, no. of patients

 Female 73

 Male 43

Median follow-up, days 105 92.7

Median EQ5D-L at SRS 1 0.14

Median EQ5D-L at last follow-up   0.86  0.165

SRS tumor margin dose, Gy

 Median 21.5

 Mean 22.1 5.85

SRS tumor volume, cm3

 Median 0.3

 Mean 4.9

Mean no. of lesions treated per patient 2.3 1.68

No. of SRS fractions

 Median 1

 Mean 1.3 0.94
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scores and dimension subscores were analyzed with a 
multivariate linear regression model following a reproduc-
ible statistical workflow using R v3.4.3 (https://www.R-
project.org) and R Markdown v1.8 (https://CRAN.R-
project.org/package=rmarkdown). All patients with one 
or more metastatic tumors at the time of index SRS and 
with QOL evaluations were included. A multiple-record 
data set was created with one record per follow-up visit 
distinguished by the time in days post-SRS of the record. 
Changes in the EQ5D-L score and subscores were mod-
eled with covariate predictors of age, sex, diagnosis histo-
ry, follow-up time, time from initial diagnosis to SRS, pre-
SRS (i.e., neoadjuvant) brain metastasis resection, number 
of lesions, and log total tumor volume. Separate models 
analyzed the total score and each of the 5 subscores. Ad-
ditional models considered the effect of baseline EQ5D-L 
scores on subsequent follow-up scores.8

Results
Patient and Treatment Attributes

One hundred sixteen brain metastasis patients who had 
EQ5D-L data prior to SRS and at follow-up as well were 
included in the study. The patient and treatment attributes 
are detailed in Table 1. Gamma Knife was used to treat 
64.5% of patients, whereas a linear accelerator was used to 
treat the remaining 35.5%. Immobilization was performed 
with a rigid stereotactic frame in 59.1% of cases and mask-
based systems in the remaining 40.9% of cases. The me-
dian age was 59 years (SD 15.29 years). Median follow-up 
was 105 days (SD 92.7 days). The median EQ5D-L total 
scores at initial SRS and last follow-up were 1 and 0.86, 
respectively.

For the brain metastasis patients included in the study, 
the primary cancer histology was 52.9% lung, 13.3% mel-
anoma, 14.2% breast, and 5.1% kidney, and in the remain-
ing patients the cancer histologies comprised more rare 
types (e.g., gastrointestinal, genitourinary). The mean SRS 
margin dose was 22.1 Gy, and the mean number of lesions 
treated per patient was 2.3. The mean number of fractions 
per SRS was 1.3.

QOL Changes and Pre-SRS Factors Impacting QOL

One hundred sixteen brain metastasis patients had 
EQ5D-L data prior to SRS and at follow-up as well as 
pre-SRS covariate data during the time of the data cut. At 
last follow-up, 49 patients (42%) exhibited a decrease in 
the aggregate EQ5D-L score from the time of initial SRS. 
Covariates collected as part of the registry and included 
in the analysis of EQ5D-L differences included age, his-
tological diagnosis, length of follow-up, sex, age at initial 
diagnosis, neoadjuvant (i.e., pre-SRS) resection, and total 
brain metastasis volume (Table 2). The change in EQ5D-L 
score for individual patients as recorded at each time point 
after initial SRS is depicted by the scatterplot in Fig. 1 up-
per. Differences in overall EQ5D-L scores for the entire 
cohort from pre-SRS EQ5D-L score to EQ5D-L at last 
follow-up are depicted in Fig. 1 lower.

Stability or improvement in overall EQ5D-L score at 
last follow-up was statistically associated with earlier use 
of SRS from the time of initial brain metastasis diagnosis 

(p = 0.000175). Worsening overall EQ5D-L score at last 
follow-up was associated with increased number of brain 
metastases at the time of initial presentation of intracra-
nial disease (p = 0.0399). Regarding the impact of other 
covariates on the difference in EQ5D-L before and after 
SRS, age (p = 0.100), sex (p = 0.403), and length of fol-
low-up (p = 0.378) were not significantly associated with 
changes in EQ5D-L scores at last follow-up.

QOL Subscores and Pre-SRS Factors Impacting QOL 
Subscores

Differences in pain and discomfort subscores of EQ5D-
L from time of initial SRS to last follow-up are depicted in 
Fig. 2. Multivariate analysis of factors affecting differences 
in pain and discomfort subscores of EQ5D-L were evaluat-
ed, and male sex (p = 0.004205) predicted a decrease (i.e., 
worsening) of the pain and discomfort subscore by 0.35.

Differences in anxiety and depression subscores of the 
EQ5D-L from the time of initial SRS to last follow-up are 
depicted in Fig. 3. For the anxiety and depression subscore 
at baseline just prior to SRS, this was statistically predic-
tive of the anxiety and depression subscore at last follow-
up (p = 0.00386) for brain metastasis patients.

Discussion
Survival is frequently used as the primary endpoint in 

brain metastasis studies.17,18,20,22 Nevertheless, there has 
been increasing interest in QOL as an indicator of outcome 
in studies of advanced cancer patients.2,18 In the EORTC 
(European Organisation for Research and Treatment of 
Cancer) phase III trial of adjuvant WBRT versus obser-
vation in patients with 1 to 3 brain metastases, health-
related QOL (HRQOL) results were used as a secondary 
endpoint, and those patients in the observation-only arm 
(i.e., resection or SRS alone) demonstrated significantly 
higher HRQOL scores than did patients who underwent 
WBRT.17,18 Despite the widespread and growing use of 
SRS for brain metastasis, a recent Cochrane review of 5 
randomized trials concluded that there was a relative lack 
of meaningful QOL outcomes data that could be derived 
from the use of SRS for brain metastasis patients.19,21

In a single-center study of 67 brain metastasis patients 

TABLE 2. Multivariate analysis of factors associated with 

differences in overall EQ5D-L scores

Prognostic Factor p Value

Age 0.100000

Initial cancer diagnosis to brain metastasis dates 0.979000

Histological diagnosis 0.150000

Follow-up length 0.378000

Male sex 0.403000

Neoadjuvant (prior to SRS) resection 0.138000

No. of brain metastases at initial diagnosis 0.039900

Log (total brain metastasis volume) 0.536000

Early use of SRS from the time of initial brain 

metastasis diagnosis

0.000175
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treated with SRS, 12-month EQ-5D index score preserva-
tion was 79%. However, patients with more than 3 brain 
metastases had a greater deterioration in EQ-5D score 
than patients with only a single metastasis.9 In another 
study of 44 lung cancer brain metastasis patients treated 
with SRS, the Functional Assessment of Cancer Thera-
py–Brain (FACT-BR) was used to monitor QOL.3 In that 
study, the mean brain cancer subscale (BRCS) of the 
FACT-BR remained stable from baseline up to 1 year after 
SRS and improved for 72.3% of patients with a total brain 
metastasis volume of up to 5 cm3. Also, a higher or stable 
QOL was most predicted by a lower recursive partition-
ing analysis (RPA) classification, a higher Karnofsky Per-
formance Scale (KPS) status, and an asymptomatic brain 
metastasis.

In an additional study of 97 brain metastasis patients 
treated with SRS who were assessed during follow-up by 

use of the BRCS of FACT-BR, 66% of BRCS scores in 
patients were improved and 6% of patient scores were un-
changed at 9 months post-SRS.16 High KPS score, asymp-
tomatic brain metastasis, absence of cognitive deficits, and 
seizure freedom were predictors of high or stable BRCS 
at 12 months following SRS. In another study by Pan et 
al. (2008), decreased T1-weighted imaging and FLAIR 
volume (p < 0.001) were associated with an improvement 
in the QOL of patients post-SRS as assessed by the Brain 
Cancer Module 20 questionnaire.11 Improved QOL post-
SRS was associated with extended overall survival in that 
same study.11

In the current study, age, sex, and total tumor volume 
at baseline were not associated with decreased QOL. This 
suggests that within the current contemporary practice of 
SRS for brain metastasis, these factors should not neces-
sarily be used as a primary determinant of SRS eligibility, 

FIG. 1. Upper: Scatterplot of change in EQ5D-L score from time of initial assessment to the last follow-up time point for individual 
patients as recorded in the registry’s database. Data are plotted as a function of the time elapsed from each individual patient’s 
time of initial SRS. Lower: Differences in overall EQ5D-L score from the time of initial SRS to last follow-up for the overall cohort 
of 116 patients.
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at least when QOL is the principal factor determining a pa-
tient’s treatment approach. However, the number of brain 
metastases at the time of SRS did adversely impact QOL 
in the current study. Many studies have demonstrated the 
survival benefits of single or fractionated SRS for more 
than 5 metastases.7,22 Although the number of brain me-
tastases at the time of SRS may not significantly constrain 
procedural feasibility with contemporary SRS platforms, it 
did appear to negatively impact the QOL of patients stud-
ied prospectively in this registry. Further study of the im-
pact of the number of brain metastases on QOL in SRS pa-
tients seems warranted. The SRS registry effort is ongoing 
and the continued accrual of patients will permit further 
explorative studies into the factors impacting QOL for not 
only SRS patients with metastatic disease but also those 
undergoing radiosurgery for more benign indications. 
While tumor volume and age may impact overall survival, 
they need not necessarily be construed as factors that pre-
dict an appreciable risk for worsening QOL after SRS.5

Early use of SRS from the time of initial brain metas-

tasis diagnosis was also a predictor of stable or improv-
ing EQ5D-L at last follow-up. The implications of this are 
unclear and could point to a benefit of earlier control of 
the intracranial disease. Alternatively, some patients may 
have had SRS delayed in this study due to the need for 
treatment of systemic disease, and this active systemic dis-
ease could adversely impact the QOL of the patients. Fur-
ther study is required to elucidate the potential underlying 
mechanisms of this finding.

Additionally, the current study suggests the existence 
of sex differences in QOL after SRS. Sex differences in 
QOL for cancer patients have been previously observed 
and studies frequently adjust for age and sex differences 
that can impact QOL.12–14 While the current findings need 
to be validated by other studies of brain metastasis pa-
tients, the sex differences found herein as related to pain 
and discomfort may be cause for increased recognition 
and, if present, medical treatment in men suffering from 
these problems during the course of their care for brain 
metastasis.

FIG. 3. Differences in EQ5D-L pain and discomfort subscores from the time of initial SRS to last follow-up for the overall cohort of 
116 patients. Circles represent patients tested.

FIG. 2. Differences in EQ5D-L anxiety and depression subscores from the time of initial SRS to last follow-up for the overall cohort 
of 116 patients. Circles represent patients tested.
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Lastly, the study suggests that anxiety subscores at 
baseline are frequently predictive of anxiety subscores 
at last follow-up. Thus, despite the frequently successful 
radiosurgical treatment of the underlying brain metasta-
ses, patient anxiety persists and often remains minimally 
changed during their disease course. In those patients with 
high EQ5D-L anxiety subscores at the time of SRS, medi-
cal management, cognitive behavioral therapy, support 
groups, and nontherapeutic tools may prove useful for im-
proving this aspect of QOL.1

Study Limitations

The current study suffers from many limitations. While 
the study accrued at many sites across the country, the sites 
were not chosen randomly. Thus, site selection may have 
biased the patient cohort. While sites were encouraged to 
include EQ5D-L scores on all brain metastasis patients, 
not all sites were compliant in this regard and patients 
clinically doing well are more likely to return for follow-
up and complete QOL reassessments. Brain metastasis pa-
tients who did not have initial or post-SRS EQ5D-L scores 
were excluded from the analysis, and this may have intro-
duced a bias. Patients were treated per the standard of care 
at the respective treating sites. While this may introduce 
some real-world perspective to the treatment approach, the 
treatment paradigms for selection, delivery, and follow-up 
of brain metastasis patients undergoing SRS varied from 
site to site, and such variations could introduce effects 
within the study population and endpoints.

The use of EQ-5D as a QOL metric for SRS brain me-
tastasis patients is common and has been recently demon-
strated by Miller et al. (2017) and Zindler et al. (2017).9,23 
However, other QOL metrics, such as the EORTC-BM22, 
could be utilized to study patients. Also, specific neuro-
cognitive assessments of patients were lacking in the reg-
istry-based study but warrant consideration in this patient 
population.

As the current study was intended only to evaluate pre-
SRS attributes and their impact on QOL, we did not as-
sess post-SRS parameters that may impact QOL, such as 
adverse SRS effects (e.g., necrosis), local or distant intra-
cranial disease progression, systemic disease progression, 
and need for further procedures. These parameters will be 
assessed in future registry-based studies.

The effect of number of brain tumors and lower QOL 
may be linked to systemic disease progression or need 
to change systemic therapy. Unfortunately, this informa-
tion is not complete for many patients and, therefore, the 
interactions between these variables and QOL were not 
evaluated. Lastly, the study time period was selected based 
upon statistical guidance that a sufficiently powered co-
hort of brain metastasis patients had been achieved. How-
ever, many of these patients remain alive and part of the 
registry for which additional patient data will be accrued. 
Thus, unlike with a fixed endpoint to a clinical trial, ad-
ditional changes in QOL as a function of time will need to 
be explored in this registry-based study.

Conclusions
In brain metastasis patients, earlier treatment with SRS 

after diagnosis of brain metastasis led to improved QOL, 
and an increased number of tumors at presentation pre-
dicted a decrease in QOL. Men appear to be at greater 
risk for poor QOL associated with pain and discomfort. 
Anxiety at the time of SRS appears to predict anxiety at 
last follow-up, and those with high anxiety at baseline may 
benefit from approaches to mitigate this detrimental factor 
in their overall QOL.
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