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Abstract
Purpose  This study aimed to assess health-related quality of life (HRQoL) in patients with brain metastases treated with 
stereotactic radiosurgery (SRS) and to identify factors associated with this.
Methods  HRQoL was measured pre-SRS, at 3- and 6-month follow-up. Physical functioning, cognitive functioning, role 
functioning, and fatigue were analyzed with the EORTC QLQ-C30 questionnaire. Motor dysfunction, future uncertainty, 
visual disorder, communication deficit, and headaches were analyzed with the EORTC QLQ-BN20. Clinically important 
symptom or functional impairment was assessed following set thresholds. Factors associated with impairment were identi-
fied through multivariable logistic regression analyses.
Results  At baseline, 178 patients were included; 54% (n=96) completed questionnaires at 3 months and 39% (n=70) at 6 
months. Before SRS, 29% of linear accelerator (LINAC) patients reported physical and cognitive impairment, while 25% 
reported impairment for fatigue. At 6 months, 39%, 43%, and 57% of LINAC patients reported impairment respectively. 
Forty-five percent of Gamma Knife (GK) patients reported impairment pre-SRS for physical, cognitive functioning, and 
fatigue. At 6 months, 48%, 43%, and 33% of GK patients reported impairment respectively. Except for role functioning, 
pre-SRS symptom and functioning scores were associated with impairment at 3 months, whereas scores at 3 months were 
associated with impairment at 6 months. Age, gender, systemic therapy, and intracranial progression were not associated 
with clinically important impairment.
Conclusion  As 33–57% of patients with brain metastases reported symptom burden and functional impairments that were of 
clinical importance, it is recommended to pay attention to the HRQoL outcomes of these patients during clinical encounters.

Keywords  Brain metastases · Health-related quality of life · Stereotactic radiosurgery · Gamma Knife radiosurgery · 
LINAC radiosurgery

Introduction

Brain metastases (BM) are the most common intracranial 
tumors, occurring in an estimated 20% of all adult cancer 
patients [1]. An aging population, improved systemic disease 
control that increases survival as well as the risk of develop-
ing BM, and advanced imaging techniques (such as mag-
netic resonance imaging (MRI)) enabling the identification 
of small and asymptomatic metastases are all contributing 
factors to the increasing number of patients with BM [2, 3]. 
BM are an important cause of morbidity and mortality in 
patients [4]. Although the prognosis for patients with BM is 
poor, their life expectancy is increasing due to improvements 
in local treatment with radiotherapy and systemic treatment 
of primary tumor and BM [5].
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Whole brain radiation therapy (WBRT), which targets the 
entire brain, has been the standard of care for treating BM. 
Deterioration in health-related quality of life (HRQoL) is sig-
nificantly associated with the development of BM and treat-
ment for this [6, 7]. Up to 3 months post-WBRT, 31–39% of 
patients reported symptoms such as headache, motor weak-
ness, and altered mental status, which can lead to detriments 
in psychological, emotional, and social functioning [8].

Importantly, HRQoL appears to be an independent prog-
nostic factor for survival [9, 10]. Patients with BM rated 
HRQoL as the most important factor to take into account 
while deciding between available treatments options [9]. In 
the treatment of BM, clinicians are focusing on both optimal 
tumor control and the maintenance of a good HRQoL during 
their remaining lifespan [9].

In the past decades, there has been a trend to move from 
WBRT towards stereotactic radiosurgery (SRS) [11]. This 
treatment offers delivery of a precisely localized dose of 
radiation, while sparing healthy tissue in the rest of the 
brain. The linear accelerator (LINAC) and the Gamma Knife 
(GK) are principal modalities for delivery of SRS. The GK 
is a dedicated system designed for intracranial radiosurgery, 
with a steeper dose fall-off than the LINAC. Consequently, 
radiation dose to healthy brain tissue is lower in the GK. 
Comparing SRS and WBRT, SRS results in fewer symptoms 
like appetite loss, drowsiness, and hair loss. WBRT reported 
advantages in global health status, physical functioning, and 
future uncertainty [12]. Furthermore, WBRT can result in a 
decreased occurrence of intracranial relapses and the neces-
sity for salvage treatments, which can lead to less effect on 
HRQoL [13]. However, there are limited prospective stud-
ies on HRQoL for patients with BM receiving WBRT or 
SRS and an ongoing trial is evaluating the effect of both 
treatments [14]. According to previous research, patients 
with BM treated with the GK reported reduced emotional 
functioning pre-SRS and patients treated with the LINAC 
experienced reduction in their physical functioning 6 months 
after treatment [15, 16]. However, interpretation of clini-
cal importance of deteriorated functioning was lacking [9]. 
Therefore, the aim of this prospective study was to assess 
HRQoL and clinically important symptom and functional 
impairment in patients with BM up to 6 months after LINAC 
or GK SRS and to identify factors associated with impair-
ment. We applied established thresholds to examine clinical 
relevance of symptom and functional impairment.

Method

Study population

At the Netherlands Cancer Institute (NKI), a representative 
sample of cancer patients with BM receiving SRS who had 

their HRQoL assessed as part of clinical care was included. 
Furthermore, patients were included when they (i) com-
pleted baseline HRQoL questionnaires (pre-SRS) between 
September 2016 and March 2020 and (ii) received either 
LINAC SRS (standard care from September 2016 to January 
2018) or GK (standard care from February 2018). Patients 
were excluded if they (i) did not accept the use of their data 
for scientific research, (ii) had their BM resected, or (iii) 
had additional radiotherapy (including “staged” GK [17]) 
following SRS at baseline. The local Institutional Review 
Board approved the study protocol (IRBd20-089).

Procedure and measures

Baseline HRQoL questionnaires were administered in the 
week preceding SRS. Follow-up assessments were admin-
istered approximately 3 and 6 months after SRS treatment 
(with a range of ±2 months). Sociodemographic and clinical 
characteristics were retrieved from patients’ medical health 
records. Tumor volume of the GK group was derived from 
the Leksell GammaPlan® for each BM separately, from 
which a total tumor volume was calculated. Gross tumor vol-
ume (GTV) of the LINAC group was derived from Pinnacle 
SmartEnterprise version 9.10 (Philips Healthcare, Andover, 
MA, USA) treatment planning system.

HRQoL was assessed through two validated patient-
reported outcome measures: (i) The European Organisation 
for Research and Treatment of Cancer Quality of Life Ques-
tionnaire C30 (EORTC QLQ-C30), a 30-item questionnaire 
applicable for cancer patients in general, from which four 
domains were selected: physical functioning, role function-
ing, cognitive functioning, and fatigue [18]. Based on lit-
erature, we expected that these domains were most relevant 
to patients’ daily life [6, 16]. (ii) The EORTC QLQ-Brain 
Cancer Module 20 (BN20), a 20-item questionnaire specific 
for brain cancer patients, from which four domains were 
selected based on similar studies involving patients with pri-
mary central nervous system malignancies and BM: motor 
dysfunction, future uncertainty, visual disorder, and com-
munication deficit [14, 16, 19, 20].

Symptoms over the past week were scored in a range from 
1 (not at all) to 4 (very much). According to guidelines, all 
raw scores were linearly transformed and scored from 0 to 
100 [18]. A higher score on the functional domains indicates 
higher HRQoL, whereas a higher score on the symptom 
domains indicates poorer HRQoL.

Treatment

Up to 2018, patients were treated with the LINAC Syn-
ergy Agility TM (Elekta A.B., Stockholm, Sweden) at the 
NKI. All patients underwent a computed tomography (CT) 
scan in a supine position using a mask for fixation [21]. CT 
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scan was registered with a 1-mm-thick contrast-enhanced 
T1-weighted MRI-scan, which was used for the delinea-
tion of GTV. Planning target volume (PTV) was created by 
expanding GTV with 2 mm [22]. Dose prescribed to PTV 
was either 18–24 Gy in a single fraction, 21–27 Gy in 3 
fractions, or 25–30 Gy in 5 fractions. A treatment plan was 
created to such that a minimum of 95% of PTV received 
100% of the prescribed dose [21].

As of February 2018, patients were treated with the 
Leksell Gamma Knife® Icon™ (Elekta A.B., Stockholm, 
Sweden). Immobilization was performed using a mask or 
rigid headframe. Patients received a dose of 18–25 Gy, with 
99–100% coverage of the target and no setup margin was 
used [21].

Statistical analysis

Analyses were done separately for patients treated with the 
LINAC versus the GK. In February 2018, GK was intro-
duced at the NKI. Over time and due to technical possibili-
ties of GK indications for SRS of BM, broadened and larger 
number and smaller volumes of BM were treated with SRS. 
Differences in sociodemographic and clinical character-
istics between responders and non-responders at 6-month 
follow-up were tested through independent samples t-tests. 
Mean scores were analyzed pre-SRS, 3-month and 6-month 
follow-up.

Thresholds for clinical importance (TCIs) following Gies-
inger et al. (2020) [23] were applied to determine clinically 
relevant symptom and functional impairments. TCIs have 
been developed for absolute scores, based on anchor items 
reflecting symptoms and functions that deserve attention 
during clinical encounters [23]. No TCIs are applicable for 
domains of the EORTC QLQ-BN20 yet.

Multivariable logistic regression analyses were performed 
to estimate variables associated with clinically important 
symptom and functional impairment and were run for each 
outcome (i.e., HRQoL domain) separately. Regression anal-
yses were run for patients treated with the LINAC and the 
GK combined, due to limited number of patients in each 
group, including age, gender, systemic treatment (chemo-
therapy, hormone therapy, immune checkpoint inhibitors 
(ICI), or targeted therapy), intracranial tumor progression, 
and pre-SRS scores of physical functioning, role function-
ing, cognitive functioning, emotional functioning, and 
fatigue. We made the decision to include all a priori selected 
variables since prior research indicates that they have an 
impact on symptom and function impairment and therefore 
should be considered [15, 24–26]. Level of significance was 
set at P<0.05. Regression analyses were done separately 
for symptom and functional impairment at 3 months and 6 
months post-SRS. Statistical analyses were performed using 
SPSS version 25.

Results

Patient characteristics

Pre-SRS, 178 patients were included (Fig. 1), of whom 
96 (54%) completed questionnaires at 3 months and 70 
(39%) at 6 months. Reasons for non-completion were death 
(n=35), being too ill (n=8), or finding the assessment too 
burdensome (n=10) (Fig. 1). Patients who completed ques-
tionnaires pre-SRS and at 3 months had a median overall 
survival of 14.0 months (SD=11.8) and a 1-year survival 
rate of 33.3%; patients who completed questionnaires at all 
measurement moments had a median overall survival of 16.2 
months (SD=12.7), with a 1-year survival rate of 41.4%.

Pre-SRS sociodemographic and clinical characteristics 
are summarized in Table 1. In the LINAC group, patients 
were diagnosed most often with lung cancer (n=25, 37%) 
and melanoma (n=21, 31%). Patients had an average of 1.9 
BM, with a volume of 7.1 cm3, and 28% (n=19) of them 
reported symptomatic BM. Intracranial progression was 
observed in 7.5% (n=3) at 3 months and in 18% (n=5) at 6 
months. Most patients were treated with ICI (n=15, 22%).

Patients in the GK group were most frequently diagnosed 
with lung cancer (n=50, 45%) and melanoma (n=32, 29%). 
Patients had an average of 4.1 BM, with 4.4 cm3 in volume, 
and 32% (n=36) of them experienced symptomatic BM. 
During follow-up, intracranial progression was observed in 
8.9% (n=5) at 3 months and 9.5% (n=4) at 6 months. The 
majority of patients was treated with ICI (n=30, 27%).

There were no statistically significant differences 
in patient characteristics between responders and non-
responders at 6-month follow-up.

Mean HRQoL scores and clinically relevant symptom 
and functional impairment in the LINAC group

Patients treated with the LINAC reported mean scores 
below the TCI for physical functioning (78.8) (Table 2).

Among patients who completed questionnaires pre-SRS 
and at 3 months, pre-SRS mean scores for physical func-
tioning remained above the TCI (84.7), but scored below 
the TCI at 3 months (81.1). Overall, patients did not report 
any poor pre-SRS HRQoL scores (Table 2). Furthermore, 
pre-SRS, 28% reported clinically important symptom and 
functional impairment for physical functioning, 20% for 
role functioning, 48% for cognitive functioning, and 23% 
reported symptom impairment for fatigue (Fig. 2). At 3 
months, percentage of patients with symptom and function 
impairment had increased for physical functioning to 43%, 
increased for role functioning to 33%, decreased for cogni-
tive functioning to 43%, and increased for fatigue to 45%.
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Among patients who completed questionnaires at all three 
time points, mean scores below the TCI were reported for 
cognitive functioning (74.4) and not among other domains 
(Table 2). Furthermore, pre-SRS, 29% reported clinically 
important symptom and functional impairment for physi-
cal functioning, 21% for role functioning, 29% for cogni-
tive functioning, and 25% reported symptom impairment 
for fatigue (Fig. 2). Percentages of patients with functional 
impairment for physical functioning decreased at 3 months 
and increased at 6 months. For role functioning, cognitive 
functioning, and fatigue, percentage of patients with symp-
tom and functional impairment increased over time. Pre-
selected BN20 domains are presented in Fig. 2. A complete 
overview is presented in Supplementary Figures 1 and 2 and 
Supplementary Tables 1, 2, and 3.

Mean HRQoL scores and clinically relevant symptom 
and functional impairment in the GK group

Patients treated with the GK reported mean scores below the 
TCI for physical functioning (76.6) and cognitive function-
ing (72.6) and above the TCI for fatigue (44.7) (Table 2).

Among patients who completed questionnaires pre-
SRS and at 3 months, mean scores below the TCI were 
reported for physical functioning (79.8 and 74.8 resp.) and 
cognitive functioning (73.8 and 73.8 resp.) and above the 
TCI for fatigue (40.5 and 39.1 resp.) (Table 2). Further-
more, pre-SRS, 43% of the patients who completed their 
questionnaire pre-SRS and at 3 months reported clinically 

important symptom and functional impairment for physi-
cal functioning, cognitive functioning, and fatigue (Fig. 2). 
Thirty-eight percent reported functional impairment for 
role functioning. At 3 months, percentage of patients with 
symptom and functional impairment increased for physical 
functioning to 54%, decreased for role functioning to 34%, 
and remained stable for cognitive functioning and fatigue.

Among patients who completed questionnaires at all 
three time points, pre-SRS mean scores below the TCI 
were reported for physical functioning (78.2) and cog-
nitive functioning (71.4) and above the TCI for fatigue 
(41.8) (Table 2). At 3 months, mean scores below the TCI 
were reported for physical functioning (76.9) and cogni-
tive functioning (73.8). At 6 months, only mean scores for 
physical functioning (75.7) were reported below the TCI. 
Furthermore, pre-SRS, 45% reported of the patients who 
completed questionnaires at all three time points clini-
cally important symptom and functional impairment for 
physical functioning, cognitive functioning and fatigue. 
Forty-one percent reported functional impairment for role 
functioning (Fig. 2). Percentages of patients with clini-
cally important functional impairment for physical func-
tioning increased at 3 and 6 months. For role functioning 
and fatigue, percentages decreased over time. For cogni-
tive functioning, percentages decreased at 3 months and 
increased at 6 months. Mean scores of BN20 domains are 
presented in Fig. 2. A complete overview is presented 
in Supplementary Figures 1 and 2 and Supplementary 
Tables 1, 2, and 3.

Fig. 1   Flowchart study. Pre-
SRS, before treatment with 
linear accelerator (LINAC) or 
Gamma Knife (GK) stereotactic 
radiosurgery; FU, follow-up. 
Note: A pause of assessment 
due to SARS-CoV-2 took place 
between March 2020 and June 
2021. Consequently, patients 
were not able to do a follow-up 
assessment in this period



Supportive Care in Cancer (2023) 31:720	

1 3

Page 5 of 13  720

Table 1   Pre-SRS baseline characteristics for patients treated with the LINAC and the GK

Pre-SRS group Group present at 3 
months

Group present at 3 and 
6 months

Patients present at 6 months ver-
sus patients who drop-out after 3 
months, P-value

LINAC
N= 67

GK
N= 111

LINAC
N= 40

GK
N= 56

LINAC
N= 28

GK
N= 42

Age in years
  Mean (SD)
  Range

61.8 (10.3)
40–85

59.9 (12.0)
27–85

59.5 (9.0)
40–77

59.9 (10.6)
38–85

57.8 (9.7)
40–77

60.2 (10.3)
39–85

0.571

Gender
  Male

36 (54) 45 (41) 21 (53) 28 (50) 16 (57) 19 (45) 0.985

Educational levelA
  Low
  Middle
  High
  Missing

12 (18)
28 (42)
26 (39)
1 (1.5)

23 (21)
33 (30)
55 (50)
-

5 (13)
16 (40)
19 (48)
-

10 (18)
18 (32)
28 (50)
-

3 (11)
12 (43)
13 (46)
-

10 (24)
11 (26)
21 (50)
-

0.554

Marital status
  Not married
  Married
  Live together
  Widow
  Other
  Missing

12 (18)
38 (57)
7 (10)
3 (4.5)
2 (3.0)
5 (7.5)

23 (21)
51 (46)
9 (8.1)
9 (8.1)
1 (0.9)
18 (16)

8 (20)
22 (55)
6 (15)
1 (2.5)
1 (2.5)
2 (5.0)

11 (20)
25 (45)
6 (11)
5 (8.9)
1 (1.8)
8 (14)

6 (21)
14 (50)
4 (14)
1 (3.6)
1 (3.6)
2 (7.1)

7 (17)
18 (43)
5 (12)
4 (9.5)
1 (2.4)
7 (17)

0.907

Karnofsky Performance Scale
  <70
  ≥70
  Missing

4 (6.0)
43 (64)
20 (30)

6 (5.4)
95 (86)
10 (9.0)

3 (7.5)
35 (88)
2 (5.0)

1 (1.8)
54 (96)
1 (1.8)

1 (3.6)
27 (96)
-

1 (2.4)
40 (95)
1 (2.4)

0.399

Primary tumor
  Melanoma
  Lung
  Breast
  Kidney
  Other

21 (31)
25 (37)
3 (4.5)
10 (15)
8 (11.9)

32 (29)
50 (45)
14 (13)
6 (5.4)
8 (7.2)

15 (38)
13 (33)
3 (7.5)
5 (13)
3 (7.5)

22 (39)
26 (46)
3 (5.4)
4 (7.1)
1 (1.8)

13 (46)
5 (18)
2 (7.1)
4 (14)
4 (14)

16 (38)
20 (48)
2 (4.8)
4 (9.5)
-

0.492

Main target location SRS
  Frontal
  Parietal
  Occipital
  Temporal
  Cerebellar
  Subcortical
  Other
  Missing

27 (40)
21 (31)
12 (18)
16 (24)
9 (13)
5 (7.5)
3 (4.5)
7 (10)

60 (54)
34 (31)
31 (28)
31 (28)
36 (32)
11 (9.9)
9 (8.1)
12 (11)

17 (43)
12 (30)
7 (18)
11 (28)
6 (15)
2 (5.0)
2 (5.0)
1 (2.5)

34 (61)
23 (41)
18 (32)
16 (29)
22 (39)
7 (13)
6 (11)
-

12 (43)
10 (36)
3 (11)
9 (32)
3 (11)
2 (7.1)
2 (7.1)
1 (3.6)

23 (55)
18 (43)
14 (33)
12 (29)
17 (41)
6 (14)
4 (9.5)
-

0.283
0.155
0.496
0.563
0.788
0.230
0.960

BM tumor load
  Volume (cm3), mean± SD
  Number, mean± SD
    1
    2
    3
    4
    >4
    Missing

7.1 (11.1)
1.9 (1.6)
38 (57)
7 (10)
11 (16)
1 (1.5)
4 (6.0)
6 (9.0)

4.4 (4.7)
4.1 (4.4)
35 (32)
17 (15)
13 (12)
8 (7.2)
30 (27)
8 (7.2)

8.2 (13.0)
1.7 (1.3)
27 (68)
4 (10)
7 (18)
-
2 (5.0)
-

4.0 (4.8)
4.6 (4.9)
16 (29)
9 (16)
7 (13)
5 (8.9)
19 (34)
-

6.4 (10.5)
1.8 (1.4)
19 (68)
2 (7.1)
5 (18)
-
2 (7.1)

3.5 (4.2)
4.7 (5.2)
12 (29)
7 (17)
5 (12)
3 (7.1)
15 (36)
-

0.144
0.705

BM symptoms at diagnosis
  SymptomaticB

  Missing

19 (28)
7 (10)

36 (32)
18 (16)

11 (28)
-

13 (23)
-

9 (32)
-

9 (21)
-

0.563

Timing of BM diagnosisC

  Synchronous
  Metachronous
  Missing

3 (4.5)
58 (87)
6 (9.0)

18 (16)
85 (77)
8 (7.2)

1 (2.5)
39 (98)
-

6 (11)
50 (89)
-

-
28 (100)
-

6 (14)
36 (86)
-

0.487

ChemotherapyD

  Yes
2 (3.0) 15 (14) - 5 (8.9) - 5 (12) 0.162
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Associated factors with clinically important 
symptom and functional impairment for LINAC 
and GK patients combined

Results of univariate and multivariable analyses for clini-
cally important symptom and functional impairment at 3 
months are presented in Table 3. Patients who completed 
questionnaires pre-SRS and at 3 months were included in 
the analyses. Physical functioning impairment was associ-
ated with lower levels of physical functioning pre-SRS. 
Role functioning impairment was not associated with any 
of the included factors. Cognitive functioning impairment 
was associated with lower levels of cognitive function-
ing pre-SRS. At last, fatigue improvement was associated 
with lower levels of pre-SRS fatigue. The multivariable 
model was overall significant (P<0.05).

Univariate and multivariable analyses for clinically 
important symptom and functional impairment at 6 
months are presented in Table 4. Patients who completed 
questionnaires all three time points were included in the 
analyses. Physical functioning impairment was associated 
with lower levels of physical functioning at 3 months, but 
not with lower levels pre-SRS. Role functioning impair-
ment was not associated with any included factors. Cogni-
tive functioning impairment was associated with cognitive 
functioning pre-SRS and at 3 months. Fatigue improve-
ment was associated with levels of fatigue at 3 months. 
The multivariable model was overall significant (P<0.05).

Age, gender, systemic therapy, and intracranial tumor 
progression were not significantly associated with clini-
cally important symptom and functional impairment at 3 
or 6 months.

Discussion

This prospective study aimed to assess HRQoL and clini-
cally important symptom and functional impairment in 
patients with BM up to 6 months after LINAC or GK SRS.

We found that patients treated with SRS reported clini-
cally important symptom and functional impairment on 
multiple domains. Furthermore, virtually all HRQoL scores 
prior to SRS were associated factors for clinically important 
symptom and functional impairment at 3 and 6 months post 
SRS. Age, gender, systemic therapy, and intracranial tumor 
progression were no associated factors for clinically impor-
tant symptom and functional impairment at any time point.

Around one-third of LINAC patients who completed 
questionnaires at all three time points reported clinically 
important functional impairment for physical, role, and 
cognitive functioning at 3 and 6 months post-SRS. More-
over, the percentage of patients with clinically important 
symptom impairment of fatigue doubled between pre-SRS 
and 6 months’ time. A study by van der Meer et al. (2018) 
investigated HRQoL among patients with BM treated with 
LINAC-based SRS up to 6-month follow-up. These authors 
used a different method to interpreted the importance of 
scores (i.e., a change of >10 points), as the clinically impor-
tant thresholds we used were not yet been established at 
that time. The domains in which they found an increase in 
symptoms and a decrease in functioning corresponded to the 
domains in which we observe the most important clinically 
important problems, i.e., physical functioning, role function-
ing, and cognitive functioning [27]. Interestingly, van der 
Meer et al. observed a decrease over time in the percent-
age of patients with fatigue, while we observe a doubling 

A The 7 categories to classify the level of education of the Verhage scale were merged into low (Verhage 1–4), middle (Verhage 5), and high 
(Verhage 6 and 7) educational level. BPatients with epilepsy are categorized as symptomatic. CSynchronous are brain metastases found <30 days 
after diagnosis of primary tumor. Metachronous are brain metastases found ≥ 30 days after diagnosis of primary tumor. DAlone or in combina-
tion with other systemic therapies. SD, standard deviation; LINAC, linear accelerator; SRS, stereotactic radiosurgery; BM, brain metastases; GK, 
Gamma Knife; ICI, immune checkpoint inhibitors

Table 1   (continued)

Pre-SRS group Group present at 3 
months

Group present at 3 and 
6 months

Patients present at 6 months ver-
sus patients who drop-out after 3 
months, P-value

LINAC
N= 67

GK
N= 111

LINAC
N= 40

GK
N= 56

LINAC
N= 28

GK
N= 42

Hormone therapyD

  Yes
2 (3.0) - 1 (2.5) - 1 (3.6) - 0.540

ICI therapyD

  Yes
15 (22) 30 (27) 11 (28) 14 (25) 9 (32) 11 (26) 0.354

Targeted therapyD

  Yes
11 (16) 23 (21) 10 (25) 18 (32) 8 (29) 11 (26) 0.474
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of patients with clinically important impaired fatigue over 
time [27]. Another study (Habets et al., 2015) who inves-
tigated HRQoL in patients with BM undergoing SRS did 
not apply a criterion to interpret severity of scores, but used 

means scores only [16]. When we compare our mean scores 
of HRQoL with mean scores reported in the study of Habets 
et al., we observe higher scores on physical functioning, role 
functioning, and cognitive functioning pre-SRS and up to 6 

Table 2   Mean scores of the EORTC QLQ-C30 and BN20 of group present at baseline, 3 months, and 6 months for each time measurement

Mean scores in red indicate scores under the TCI for functional domains or above the TCI for symptom domains. *Based on thresholds by Gies-
inger et al. (2020). Patients who score below the threshold for clinical importance for functioning domains or above the threshold for symptom 
domains indicate clinically important symptom or functional impairment. AFunctional domain: scores from 0 to 100. Higher scores reflect better 
perceived health-related quality of life. BSymptom domain: scores from 0 to 100. Higher score scores reflects poorer health-related quality of life
N, number; GK, Gamma Knife; LINAC, linear accelerator; pre-SRS, before treatment of the LINAC or the GK stereotactic radiosurgery; SD, 
standard deviation; TCI, threshold for clinical importance

Pre-SRS
mean (SD)

3 months
mean (SD)

6 months
mean (SD)

TCI*

LINAC GK LINAC GK LINAC GK

Patients at pre-SRS baseline (N= 178)
  EORTC QLQ-C30 functioning domains
    Physical functioningA 78.8 (21.4) 76.6 (21.8) <83
    Role functioningA 67.2 (29.2) 63.2 (33.4) <58
    Cognitive functioningA 76.3 (22.8) 72.6 (25.3) <75
  EORTC QLQ-C30 symptom domain
    FatigueB 31.4 (24.8) 44.7 (27.1) >39
  EORTC QLQ-BN20 symptom domains
    Motor dysfunctionB 19.8 (19.3) 20.5 (24.9) N.A.
    Future uncertaintyB 39.1 (23.5) 40.5 (24.9) N.A.
    Visual disorderB 12.3 (20.7) 11.9 (16.7) N.A.
    Communication deficitB 12.8 (18.6) 15.2 (21.8) N.A.
Patients at 3 months (N= 96)
  EORTC QLQ-C30 functioning domains
    Physical functioningA 84.7 (18.5) 79.8 (20.4) 81.1 (20.1) 74.8 (22.5) <83
    Role functioningA 73.3 (24.7) 66.1 (33.3) 69.6 (26.4) 61.0 (35.4) <58
    Cognitive functioningA 78.8 (21.0) 73.8 (26.2) 79.2 (18.0) 73.8 (26.6) <75
  EORTC QLQ-C30 symptom domain
    FatigueB 28.1 (25.5) 40.5 (28.5) 35.3 (26.0) 39.1 (27.0) >39
  EORTC QLQ-BN20 symptom domains
    Motor dysfunctionB 16.4 (17.6) 12.3 (17.8) 12.8 (19.9) 11.5 (16.4) N.A.
    Future uncertaintyB 36.0 (22.2) 40.0 (24.2) 32.2 (21.0) 30.8 (22.6) N.A.
    Visual disorderB 10.8 (21.9) 9.5 (13.1) 5.3 (12.8) 7.9 (15.7) N.A.
    Communication deficitB 10.3 (15.8) 13.3 (19.2) 9.7 (15.1) 10.7 (15.3) N.A.
Patients at 6 months (N=70)
  EORTC QLQ-C30 functioning domains
    Physical functioningA 84.0 (20.2) 78.2 (22.2) 87.4 (13.9) 76.9 (22.6) 84.3 (17.0) 75.7 (24.1) <83
    Role functioningA 71.4 (25.6) 65.1 (36.2) 72.6 (26.5) 63.1 (36.0) 72.6 (24.1) 68.3 (32.5) <58
    Cognitive functioningA 80.4 (22.2) 71.4 (29.1) 81.0 (16.2) 73.8 (28.1) 74.4 (25.8) 77.4 (22.3) <75
  EORTC QLQ-C30 symptom domain
    FatigueB 28.2 (26.8) 41.8 (30.4) 31.0 (21.9) 38.9 (28.2) 36.5 (24.4) 36.2 (29.0) >39
  EORTC QLQ-BN20 symptom domains
    Motor dysfunctionB 13.1 (17.4) 14.0 (19.6) 8.7 (14.6) 10.1 (16.4) 15.9 (19.7) 9.7 (15.0) N.A.
    Future uncertaintyB 35.9 (22.0) 40.9 (25.5) 29.4 (16.9) 30.2 (23.6) 31.3 (19.0) 28.4 (23.3) N.A.
    Visual disorderB 9.9 (24.8) 10.6 (13.2) 5.6 (14.0) 7.9 (16.5) 13.1 (20.3) 12.4 (17.4) N.A.
    Communication deficitB 7.1 (15.5) 14.6 (20.9) 7.9 (12.8) 10.3 (15.4) 8.3 (14.7) 11.4 (16.0) N.A.
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months post-SRS, indicating better functioning. Habets et al. 
found intracranial progression in 52% of patients following 
6-month follow-up. The lower occurrence of progressive dis-
ease reported in our study (13%) as well as the high number 
of asymptomatic patients (around 70%) might explain why 
we found more favorable HRQoL outcomes.

In the GK group, pre-SRS clinically important functional 
impairment for all HRQoL domains was identified in nearly 
half of all patients who completed all three questionnaires. 

Percentage of patients with clinically important impairment 
in physical and cognitive functioning remain stable up to 
6 months post-SRS and for role functioning and fatigue 
the percentage decreased to around one-third at 6 months. 
The decrease in percentage of GK patients with clinically 
important impaired fatigue over time is in contrast with the 
reported doubling in percentage of LINAC patients who suf-
fered from impaired fatigue 6 months post-SRS. Qiu et al. 
(2020) measured HRQoL among 162 patients with BM 

Fig. 2   Unadjusted mean func-
tioning scores on the EORTC 
QLQ-C30 and BN20 of patients 
present at 3 months and patients 
present at 3 and 6 months, 
among different time measure-
ments. Note: Scores of function-
ing domains (A–C) range from 
0 to 100. Higher scores reflect 
better perceived health-related 
quality of life. Score of symp-
tom domain (D) range from 0 
to 100. Higher scores reflect 
poorer health-related quality 
of life. Thresholds for clini-
cal importance are defined by 
horizontal, dotted black lines. 
These are not developed yet for 
domains of the EORTC QLQ-
BN20 (E–H). GK, Gamma 
Knife; LINAC, linear accel-
erator; TCI, threshold clinical 
importance; pre-SRS, before 
treatment of the LINAC or the 
GK stereotactic radiosurgery
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Table 3   Multivariable logistic regression analyses of associated factors with clinical important HRQoL scores of the EORTC QLQ-C30 (based 
on TCI Giesinger et al. 2020) at 3 months post-SRS

N, number; HRQoL, health-related quality of life; OR, odds ratio; 95% CI, 95% confidence interval; SRS, stereotactic radiosurgery; TCI, thresh-
old clinical importance. AReference category for “gender” is “man.” BReference category for “systemic therapy” is “not receiving systemic ther-
apy.” CVariables of the EORTC QLQ-C30 functioning domains and symptom domain are presented with a 10-point scale

Univariate model Multivariable model

Physical func-
tioning

Role function-
ing

Cognitive 
functioning

Fatigue Physical func-
tioning

Role function-
ing

Cognitive 
functioning

Fatigue

Model sum-
mary

  Adjusted R2

  P-value
  N

96 96 96 95 0.188
0.014
95

0.191
0.030
96

0.304
<0.001
96

1.159
0.035
95

Clinical factors
  Age
    OR
    P-value
    95% CI

0.966
0.108
0.926–1.008

1.017
0.453
0.974–1.062

0.998
0.932
0.958–1.040

1.013
0.524
0.973–1.056

0.971
0.205
0.927–1.016

1.014
0.580
0.966–1.063

0.985
0.543
0.939–1.034

1.003
0.893
0.960–1.048

  GenderA

    OR
    P-value
    95% CI

1.180
0.686
0.529–2.628

0.882
0.773
0.377–2.064

1.650
0.228
0.730–3.729

0.767
0.520
0.342–1.722

0.890
0.801
0.359–2.204

1.466
0.448
0.545–3.943

0.730
0.542
0.266–2.006

1.481
0.392
0.603–3.638

  Systemic 
therapyB

    OR
    P-value
    95% CI

1.278
0.550
0.572–2.857

1.879
0.150
0.797–4.433

1.737
0.185
0.767–3.932

1.136
0.757
0.506–2.552

1.377
0.482
0.564–3.360

1.740
0.250
0.677–4.468

2.566
0.063
0.950–6.931

1.154
0.752
0.476–2.798

  Intracranial 
progression

    OR
    P-value
    95% CI

0.535
0.411
0.120–2.378

0.791
0.759
0.176–3.546

0.638
0.706
0.166–3.010

0.424
0.260
0.095–1.886

0.418
0.280
0.086–2.034

0.518
0.430
0.101–2.649

0.402
0.297
0.072–2.228

0.334
0.170
0.070–1.601

HRQoL factors
  Pre-SRS 

physical 
functioningC

    OR
    P-value
    95% CI

1.515
0.003
1.148–2.001

1.479
0.004
1.129–1.937

  Pre-SRS role 
functioningC

    OR
    P-value
    95% CI

1.242
0.004
1.070–1.441

1.172
0.062
0.992–1.385

  Pre-SRS 
cognitive 
functioningC

    OR
    P-value
    95% CI

1.584
<0.001
1.255–2.000

1.633
<0.001
1.252–2.130

  Pre-SRS 
fatigueC

    OR
    P-value
    95% CI

0.786
0.004
0.666–0.927

0.773
0.003
0.651–0.919

  Pre-SRS 
emotional 
functioningC

    OR
    P-value
    95% CI

1.291
0.005
1.079–1.545

1.209
0.027
1.022–1.432

1.213
0.076
0.980–1.501

1.000
0.997
0.807–1.240
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Table 4   Multivariable logistic regression analyses of associated factors with clinical important HRQoL scores of the EORTC QLQ-C30 (based 
on TCI Giesinger et al. 2020) at 6 months post-SRS

Univariate model Multivariable model

Physical func-
tioning

Role function-
ing

Cognitive 
functioning

Fatigue Physical func-
tioning

Role function-
ing

Cognitive 
functioning

Fatigue

Model sum-
mary

  Adjusted R2

  P-value
  N

70 70 70 70 0.321
0.005
70

0.258
0.093
70

0.538
<0.001
70

0.437
<0.001
70

Clinical factors
  Age
    OR
    P-value
    95% CI

0.979
0.385
0.933–1.027

0.204
0.966
0.915–1.019

0.988
0.604
0.942–1.035

1.014
0.573
0.967–1.063

0.996
0.896
0.942–1.053

0.945
0.092
0.885–1.009

0.965
0.248
0.908–1.025

1.001
0.977
0.942–1.064

  GenderA

    OR
    P-value
    95% CI

1.417
0.471
0.550–3.652

1.547
0.422
0.534–4.482

1.263
0.629
0.489–3.261

1.598
0.335
0.616–4.148

0.757
0.637
0.237–2.413

0.569
0.399
0.153–2.110

1.486
0.605
0.331–6.683

0.591
0.405
0.171–2.038

  Systemic 
treatmentB

    OR
    P-value
    95% CI

1.348
0.538
0.521–3.486

0.885
0.823
0.305–2.568

1.905
0.189
0.728–4.981

0.452
0.113
0.170–1.206

1.782
0.323
0.566–5.610

0.795
0.719
0.228–2.776

1.797
0.415
0.440–7.346

0.325
0.079
0.093–1.139

  Intracranial 
progression

    OR
    P-value
    95% CI

0.579
0.497
0.119–2.806

0.239
0.081
0.048–1.192

1.029
0.972
0.212–4.988

0.270
0.135
0.049–1.504

0.886
0.896
0.144–5.450

0.193
0.082
0.030–1.232

0.890
0.926
0.077–10.323

0.423
0.398
0.058–3.103

HRQoL factors
  Pre-SRS 

physical 
functioningC

    OR
    P-value
    95% CI

1.267
0.064
0.986–1.626

1.011
0.954
0.736–1.389

  3-month 
physical 
functioningC

    OR
    P-value
    95% CI

1.957
0.001
1.339–2.858

1.902
0.003
1.250–2.894

  Pre-SRS role 
functioningC

    OR
    P-value
    95% CI

1.147
0.098
0.975–1.349

1.084
0.452
0.878–1.338

  3-month role 
functioningC

    OR
    P-value
    95% CI

1.213
0.022
1.029–1.432

1.185
0.122
0.956–1.469

  Pre-SRS 
cognitive 
functioningC

    OR
    P-value
    95% CI

1.636
<0.001
1.255–2.131

1.410
0.040
1.016–1.958
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pre-GK-based SRS [28]. Qiu’s study did not report whether 
scores were clinically relevant, so we were not able to com-
pare this to our study. If we compare mean scores of our 
patients with mean scores of patients in Qiu’s study, we see 
that our patients reported higher, thus better, mean scores for 
most of the functioning scales and comparable scores for the 
symptom scale of fatigue. There are several potential expla-
nations for this difference: [1] different exclusion criteria 
were used. We excluded for example patients who received 
surgery and/or additional radiation (including “staged” GK 
[17]) following SRS, while Qiu et al. excluded patients 
with disturbed consciousness or a mental diagnosis. [2] We 
administered HRQoL questionnaires as part of usual care 
and therefore provide a representative sample of patients 
with BM. Qiu et al. included a study sample of patients.

Patients treated with the LINAC reported less often 
clinically important functional impairment for physical 
functioning and cognitive functioning compared to patients 
treated with the GK. However, since patient characteristics 
of individuals treated with the LINAC or the GK differed 

significantly, direct comparison of the two treatment options 
should be done with caution. GK patients were diagnosed 
with a higher number of BM than LINAC patients (4.1 ver-
sus 1.9 resp.). This may be partially explained by expanded 
GK indications over time in comparison to the LINAC, 
allowing the GK to treat patients with more BM. As of Feb-
ruary 2018, the GK was introduced at the NKI. We were not 
able to correct for change in treatment indications for the 
GK, which may have affected results presented in this study.

Furthermore, outcomes of this study could have been 
influenced by a number of additional factors, which could 
complicate the interpretation of symptom and functional 
impairment. First, around 70% of patients showed asymp-
tomatic BM at diagnosis. It is likely that asymptomatic 
patients with local tumor control in general do not report 
symptom and functional impairment. Second, response shift, 
which refers to the possibility that patients’ internal stand-
ards, values, and conceptions of HRQoL can alter over the 
course of their illness, may have influenced our findings [29, 
30]. In addition, the noncompliance theory may be relevant: 

N, number; HRQoL, health-related quality of life; OR, odds ratio; 95% CI, 95% confidence interval; SRS, stereotactic radiosurgery; TCI, thresh-
old clinical importance. AReference category for “gender” is “man.” BReference category for “systemic therapy” is “not receiving systemic ther-
apy.” CVariables of the EORTC QLQ-C30 functioning domains and symptom domain are presented with a 10-point scale

Table 4   (continued)

Univariate model Multivariable model

Physical func-
tioning

Role function-
ing

Cognitive 
functioning

Fatigue Physical func-
tioning

Role function-
ing

Cognitive 
functioning

Fatigue

  3-month 
cognitive 
functioningC

    OR
    P-value
    95% CI

2.018
<0.001
1.430–2.849

1.591
0.045
1.010–2.508

  Pre-SRS 
fatigueC

    OR
    P-value
    95% CI

0.808
0.019
0.676–0.965

0.949
0.644
0.759–1.186

  3-month 
fatigueC

    OR
    P-value
    95% CI

0.569
<0.001
0.423–0.765

0.571
0.001
0.406–0.802

  Pre-SRS 
emotional 
functioningC

    OR
    P-value
    95% CI

1.233
0.039
1.011–1.503

1.462
0.001
1.167–1.832

1.109
0.513
0.813–1.512

1.129
0.560
0.751–1.698

  3-month 
emotional 
functioningC

    OR
    P-value
    95% CI

1.121
0.336
0.888–1.416

1.813
0.001
1.295–2.537

0.950
0.788
0.656–1.378

1.254
0.439
0.707–2.225
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some patients with a short life expectancy may no longer 
record symptom and functional impairment if they have 
accepted the unavoidable course of their illness, leading to 
changing HRQoL scores being reported over time [31].

Along with the above-described potential factors influ-
encing our findings, the following limitations need to be 
considered: (i) KPS is associated with HRQoL in patients 
with BM [16, 32]. However, our study included only a small 
number of patients with a KPS score <70 (n=10) [26]. We 
therefore were unable to include KPS score as an associated 
factor in our multivariable regression analyses. (ii) Symptom 
and functional impairment are not only a result of treatment 
with SRS, but also reflects effects of systemic therapies dur-
ing the course of patients’ disease. In this study, between 22 
and 27% of patients were treated with immune checkpoint 
inhibitors. Combination of this treatment with SRS can have 
both a synergistic negative effect on HRQoL of patients due 
to side effects and a positive synergistic effect due to bet-
ter tumor control, which can influence the reported HRQoL 
scores over time.

This study presents the first interpretation of clinical rel-
evance of symptoms and functional impairments in patients 
with BM treated with SRS. This gives a better understanding 
of patients’ HRQoL and can serve as valuable guidance for 
healthcare providers in identifying and addressing impair-
ments reported by patients with BM. Clinical interpretation 
was investigated by using thresholds for clinical importance 
developed by Giesinger et al. [23]. These thresholds provide 
an estimate in response to the question: “Does the patient 
need follow-up care for their symptom or functional impair-
ment?,” and as such aid in the interpretation of absolute 
scores obtained from an individual patient in daily clinical 
practice. Furthermore, these thresholds can be applied to 
absolute scores recorded in patient-reported outcome meas-
ures (PROMs), which are increasingly used in daily clinical 
practice for individual patient management [33]. PROMs 
incorporate the patient’s perspective on their health status 
and can detect issues that are most bothersome to the patient 
and therefore should be discussed during clinical encounters.

In conclusion, patients with BM treated with LINAC or 
GK SRS exhibit clinically important symptom and func-
tional impairments, particularly with regard to their physical 
and cognitive functioning. This suggests that SRS affects 
HRQoL outcomes of individual patients. The results of 
this study can serve as guidance on structuring health care 
services for patients with BM by integrating HRQoL as a 
clinical consideration and help to address impairments in 
patients with BM, ultimately leading to improved personal-
ized follow-up care.
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