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Simple Summary: Brain metastases occur in up to 40% of patients with non-small-cell
lung cancer (NSCLC). The majority of patients are treated with radiotherapy. Patient-
reported outcomes (PROs) provide information directly from the patients about their
perceived health status, level of function, and symptom burden. The aim of this study
was to identify patients that are unlikely to benefit from radiotherapy. We report PRO
scores at the start of radiotherapy and changes in scores after two months in a prospective
study cohort of 294 NSCLC patients. Patients with survival <6 months after radiotherapy
frequently reported worse PRO scores two months after treatment whereas those who
survived >6 months generally reported stable scores. Based on PRO scores, NSCLC
patients with brain metastases and a short expected survival do not seem to benefit
from radiotherapy. They should rather be offered optimized palliative care as a better
treatment alternative.

Abstract: Introduction: Radiotherapy (RT) is a frequently offered treatment option for
brain metastases (BMs) in patients with non-small-cell lung cancer (NSCLC). This study
presents patient-reported outcomes (PROs) in a cohort of NSCLC with BMs treated with RT.
This study researched how PRO scores at the start of RT may be useful in survival estimates
and how PROs change over time after RT. Methods: NSCLC patients with first-time BMs
treated with RT were identified in a prospective observational study. PROs were collected
at the start of RT and monthly for up to 1 year. Differences in PRO mean scores at the
start of RT (M0) and at month 2 (M2) after treatment are reported. Prognostic values of
PROs were analyzed in a stepwise adjusted Cox model. Results: Of 294 patients identified,
239 (81%) responded at M0; 105/239 (44%) responded at both M0 and M2. High scores for
weakness of legs at M0 were associated with short survival when adjusting for performance
status and status of extracranial metastases. Those responding at MO only had worse
mean scores for overall QoL and PF but similar scores for fatigue and dyspnea compared
to patients responding over time. At M2, patients with <6 months survival after RT
reported worse scores for overall QoL, PF, fatigue, and dyspnea; long-term survivors
reported stable scores. Conclusions: NSCLC patients diagnosed with BMs and expected
survival <6 months should be offered optimal palliative care rather than RT.
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1. Introduction

During the course of the disease, up to 40% of patients with non-small-cell lung
cancer (NSCLC) develop brain metastases (BMs). This rising incidence is due to improved
survival with new systemic treatments as well as more frequent screening and imaging
with MRI. BMs may cause multiple symptoms, significantly impacting the quality of life
(QoL), function, and symptoms [1]. As BMs are associated with limited life expectancy,
a systematic evaluation and follow-up of symptoms is important to preserve QoL, tailor
follow-up care, and avoid futile treatment [2]. This is also recommended in treatment
guidelines in oncology and palliative care [3,4]. Furthermore, it is a key component of
patient-centered care, where the patients” own perception of symptoms and functioning
should be considered in the decision-making processes. Notably, integrating palliative
care with systematic symptom follow-up both improved symptom control and survival in
NSCLC patients, regardless of BM status [5].

Although selected groups of NSCLC patients with BMs may be candidates for surgical
resection or targeted therapy, radiotherapy (RT) is the most frequently offered treatment
option. The purpose of RT is to control intracranial disease to reduce symptom intensity,
maintain or improve quality of life and function, and potentially prolong survival. How-
ever, RT frequently causes acute and long-term side effects that may impact QoL [6,7].
Stereotactic radiotherapy (SRT) has become the preferred RT modality for patients with
one to four BMs due to better preservation of cognitive function compared to whole brain
radiotherapy (WBRT). WBRT is mostly offered to patients with five or more BMs who are
not candidates for SRT or systemic treatment [8,9]. However, WBRT should be questioned
in patients with short expected survival, as the QUARTZ study found similar survival and
quality-adjusted life-years when comparing WBRT to the best supportive care in patients
unsuitable for surgical resection or SRT [10].

Patient-reported outcomes (PROs) of level of function and symptom severity provide
information about the patients” perceived health status, symptom burden, and level of
function. This information is important for treatment decisions and follow-up [11]. A
prospective study validated the combination of two questionnaires (EORTC QLQ-C15-PAL
and QLQ-BN20) in patients with BMs (58% lung cancer, 55% treated with WBRT only) [12].
After one month, overall QoL and most symptoms remained stable, with a few exceptions
of improvements (future uncertainty, insomnia, visual disorders, communication deficit,
and drowsiness). In contrast, a systematic review of NCSLC patients with BMs found that
WBRT generally resulted in stable or worsened QoL scores rather than improvements [7].
A systematic review of the literature prior to 2022 found no significant change in QoL after
SRT, but patients with poor physical function and advanced cancer disease before SRT
reported worsened QoL after SRT [13].

There are few recent prospective real-life studies reporting PROs in NSCLC patients
with BMs treated with RT, particularly in patients with an expected short survival. Knowl-
edge of real-life data regarding overall QoL in patients with brain metastases was called
for by the National Cancer Institute Collaborative Workshop on Shaping the Landscape of
Brain Metastases in 2023 [14]. Here, we present PROs from the start of RT and at month
2 after the start of RT in the NSCLC cohort of our large BM study, “Brain metastases in
Norway—A Prospective Cohort Study” [15]. By providing more information on overall
QoL, function, and symptoms before and after RT, we aim to identify patient groups with
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little evidence for improvement after RT in overall quality of life, physical function, fatigue,
and dyspnea. From a clinical point of view, we consider these as essential QoL items for
lung cancer patients. In this way, our (ultimate) goal is to facilitate treatment decision
making and reduce futile RT. The following research questions apply: Can PROs at the
start of RT be useful in survival estimates, and how do PROs change over time after RT?

2. Materials and Methods
2.1. Identification

Study design and identification of eligible patients in the prospective cohort study
“Brain metastases in Norway—A Prospective Cohort Study” have been described previ-
ously (Supplementary Figure S1) [16]. From November 2017 to March 2021, 407 lung cancer
patients newly diagnosed with BMs were included in the prospective study; 294 of these
had NSCLC, received RT, and were included in the present study.

2.2. Patient Characteristics

Details on patient characteristics were extracted as described previously [16]. Status
of the primary tumor was defined as controlled (present and stable or removed) or un-
controlled (progressive/synchronous/unknown). Extracranial metastases (ECMs) were
defined according to the most recent CT scan at the time of inclusion as controlled (no
metastases or stable) or uncontrolled (progressive/synchronous/unknown status). If no
brain MRI was available, the number of BMs was based on diagnostic CT. PD-L1 positivity
was defined as >1% [17]. For PD-L1 testing, we used the PD-L1 clone 22C3 pharmDx kit
from Dako (Glostrup, Denmark).

2.3. Treatment

The RT was performed on a linear accelerator system (LINAC). WBRT was given as
two opposing fields as 20 gray (Gy) in five fractions or 30 Gy in ten fractions. SRT was
given in 1-5 fractions with 3-25 Gy per fraction. Neither a gamma-knife nor cyber was
used, as these RT modalities were not available in the two healthcare regions.

2.4. Patient-Reported Outcome Measures

The EORTC QLQ-C15-PAL is a shortened version of the validated EORTC QLQ-C30
developed to reduce the assessment burden on patients with limited life expectancy [18].
The questionnaire consists of 15 questions: two multi-item function scales (physical and
emotional function), two multi-item symptoms scales (fatigue and pain), five single-item
symptom scales (dyspnea, sleep disturbance, appetite loss, nausea/vomiting, and constipa-
tion), and one regarding overall QoL.

The EORTC QLQ-BN20 was initially developed for patients with primary brain tu-
mors but has been validated in patients with BMs [12]. The questionnaire consists of
20 questions that constitute four multi-item symptom scales and seven single-item symp-
toms. In this study, three multi-item scales (visual disorder, communication deficit, and
motor dysfunction) and four single-item symptom scales (headache, seizures, drowsiness,
weakness of legs) were used.

Both questionnaires were completed at the start of RT (MO0), and subsequent forms
were sent by mail every month up to one year or death. When a questionnaire was not
returned, one additional form was sent by mail as a reminder to keep missing data at
a minimum. The patient rated 14 of the questions from 1 (not at all) to 4 (very much)
and overall QoL as 1 (poor) to 7 (excellent). Item scores were linearly transformed to
0-100 scales according to the conventional EORTC algorithm, with higher scores represent-
ing more symptoms or better function and overall QoL [19].
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2.5. Statistical Analysis

Overall survival was estimated by Kaplan-Meier analyses from the start of RT for
BMs to death or last follow-up, 1 October 2023. Descriptive statistics were used for pa-
tient characteristics and PROs. Patients who completed questionnaires at the start of RT
(MO) were classified as “responders”, otherwise as “non-responders”. In the analysis
of PRO scores, responders who completed questionnaires both at the start of RT and at
month 2 (M2) were analyzed in groups according to survival after the start of RT (<6 months:
short-term survivors; >6 months: long-term survivors) [16]. In a second analysis, patients
were grouped according to ECOG status at inclusion (ECOG 0-1, ECOG 2, and ECOG 3-4).

All PRO items were analyzed, but with a special focus on overall QoL, physical
function, fatigue, and dyspnea, reflecting our clinical experience with NSCLC patients.
Mean PRO scores are reported with standard deviations (SDs). The difference in mean PRO
scores at MO and at M2 after the start of RT is presented with a 95% confidence interval
(95% CI). Month 2 was selected for comparison due to a high attrition rate at later time-
points. A difference in mean scores >10 points in the transformed 0-100 scales was defined
as a clinically meaningful difference [20]. Missing data in the EORTC questionnaires were
processed in accordance with the EORTC scoring algorithms [19].

Uni- and multivariable survival analyses were performed using the Cox proportional
hazard model. A threshold for “poor function” was set at scores <66.7 for function scales
and scores >33.3 for “high symptom burden” for symptom scales. PROs with a p < 0.001
in univariable analyses were tested one-by-one/stepwise in the adjusted Cox models. All
analysis were performed by SPSS Statistics 29 (IBM Corp., Armonk, NY, USA).

2.6. Ethical Considerations

This study was approved by the Regional Committees of Medical and Health Research
Ethics in each participating health region (reference no. 2017/1358). Authorization for data
access was approved by the Data Protection Agency (reference No.18/05943). All data
were stored and handled according to General Data Protection Regulation (GDPR).

3. Results

3.1. Patient Characteristics

Of the 294 NSCLC patients treated with RT, 239 (81%) completed questionnaires at
the start of RT (responders) (Figure S1). Of these, 40% (n = 96) completed questionnaires
only at the start of RT (MO0). Further, 44% (n = 105) responded both at MO and M2, as
shown in Table 1. Compared to responders (median age 69 years (35-84)), non-responders
(n =55, median age 72 years (53-92)) had a lower proportion of patients with >5 BMs (22%
vs. 44%) and patients treated with WBRT (31% vs. 52%), as shown in Table 1.

Responders at M0 only had poorer ECOG status (ECOG 0-1 38% vs. 69%), had less
often controlled ECM (31% vs. 50%), and were more likely to be treated with WBRT (59%
vs. 42%) compared to patients responding both at M0 and M2 (Table 1).

Of the 239 responders, 138 (58%) survived <6 months (short-term survivors). Com-
pared to the 101 (42%) long-term survivors (survival >6 months), a lower percentage of
short-term survivors had ECOG 0-1 (38% vs. 77%) and controlled ECM (30% vs. 55%),
whereas a higher percentage had >5 BMs (44% vs. 32%) and received WBRT (62% vs. 39%)
(Table 1).
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Table 1. Patient characteristics at start of RT.
Non- Responders Responders ShorttTerm Long-.Term
Characteristic Responders Responders at MO Only at Both Survivors Survivors
n =239 (%) n = 55 (%) =96 (%) MO0 and M2 (<6 Months) (>6 Months)
TR TR n =105 (%) n =138 (%) n =101 (%)
Gender
Male 122 (51) 23 (42) 49 (51) 51 (49) 72 (52) 50 (50)
Age
<70 127 (53) 25 (46) 48 (50) 58 (55) 68 (49) 59 (58)
>70 112 (47) 30 (54) 48 (50) 47 (45) 70 (51) 42 (42)
ECOG
ECOG 0-1 131 (55) 27 (49) 36 (38) 72 (69) 53 (38) 78 (77)
ECOG 2 70 (29) 15 (27) 36 (38) 23 (22) 54 (39) 16 (16)
ECOG 3-4 35 (15) 12 (22) 23 (24) 8 (7) 30 (22) 5(5)
Unknown 3(1) 12 1 2(2) 1(1) 2(2)
Histology
Adenocarcinoma 180 (75) 40 (73) 69 (72) 85 (81) 94 (68) 86 (85)
Squamous cell
carcinoma 34 (14) 10 (18) 15 (16) 12 (11) 22 (16) 12 (12)
Others * 25 (11) 5(9) 12 (12) 8 (8) 22 (16) 3(3)
Mutation
status/PD-L1
status **
Present (EGFR
=16, ALK =4, 136 (57) 30 (55) 50 (52) 59 (56) 75 (54) 61 (60)
PD-L1 = 129)
Absent 103 (43) 25 (45) 46 (48) 46 (44) 63 (46) 40 (40)
Clinical status
primary tumor
Primary tumor
con- 69 (29) 17 (31) 25 (26) 35 (33) 36 (26) 33 (33)
trolled /removed
Uncontrolled 170 (71) 38 (69) 71 (74) 70 (67) 102 (74) 68 (67)
Extracranial
metastases
Controlled 97 (41) 27 (49) 30 (31) 52 (50) 41 (30) 56 (55)
Uncontrolled 142 (59) 28 (51) 66 (69) 53 (50) 97 (70) 45 (45)
Number of
BMs
1 70 (29) 19 (35) 29 (30) 32 (31) 33 (24) 37 (36)
2-4 76 (32) 24 (43) 25 (26) 38 (36) 44 (32) 32 (32)
>5 93 (39) 12 (22) 42 (44) 35 (33) 61 (44) 32 (32)
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Table 1. Cont.
. Non- Responders Responc:lers ShorttTerm Long-.Term
Characteristic Responders Responders at M0 Only at Bot Survivors Survivors
n =239 (%) n = 55 (%) =96 (%) MO0 and M2 (<6 Months) (>6 Months)
Bt B n=105(%) n=138(%)  n=101(%)
Largest
diameter of
BMs
<3 cm 163 (68) 39 (71) 62 (65) 74 (70) 89 (65) 74 (73)
>3 cm 68 (29) 12 (22) 31 (32) 27 (26) 44 (32) 24 (24)
Missing 8 (3) 4(7) 3(3) 4 (4) 5(3) 3(3)
Initial
treatment
WBRT 124 (52) 17 (31) 57 (59) 44 (42) 85 (62) 39 (39)
SRT 115 (48) 38 (69) 39 (41) 61 (58) 53 (38) 62 (61)

* Large cell ccarcinoma, unknown, others. ** PD-L1 positivity defined as >1%.

3.2. Survival

Thirty-three patients were alive at last follow up (1 October 2023), with a median
follow-up time of 51.0 months (range 27.0-64.6). Overall, 41% of the patients died within
3 months and 58% within 6 months, while 30% were alive 1 year after the start of
RT. For responders (n = 239), median overall survival (mOS) after the start of RT was
4.4 months (95% CI 3.4-5.4) compared to 4.0 months (2.5-5.5) for non-responders. For
patients completing questionnaires at the start of RT only, mOS was 1.4 months (95% CI
1.2-1.7) compared to 9.4 months (6.1-12.7) in patients who completed questionnaires at
later time-points. For short-term survivors, mOS was 1.8 months (95% CI 1.5-2.2) compared
to 24.9 months (95% CI 18.1-31.8) for long-term survivors.

3.3. PROs

In the 239 patients responding at the start of RT (MO0), the response rate declined
gradually: 62% (132/214 patients alive) at month 1, 63% (105/166) at month 2, 60% (61/101)
at month 6, and 52% (38/73) at month 12 (Table S1).

3.3.1. Association Between PROs at Start of Radiotherapy and Survival

In the univariable survival analyses, ECOG 2—4, uncontrolled ECM, PE, motor dys-
function, and weakness of legs were significantly associated with survival time (p < 0.001),
as shown in Table 2. In a stepwise Cox multiple regression model, adjusting for ECOG 24
and uncontrolled ECM, only weakness of legs remained associated with survival (HR 1.5
[95% CI1.1-2.0], p = 0.008).

Table 2. Prognostic factors for overall survival.

Univariable Multivariable
n HR 4 HR 4 HR 4 HR 4

(95% CI) Value (95% CI) Value (95% CI) Value (95% CI) Value
Baseline characteristic
and PROs
ECOG
ECOG 0-1 131 1 1 1 1
ECOG 24 105 3.0(2.2-4.0) <0.001 25(1.8-3.6) <0.001 2.8(2.0-37) <0.001 27(2.0-3.7) <0.001
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Table 2. Cont.
Univariable Multivariable
n HR p HR p HR p HR p
(95% CI) Value (95% CI) Value (95% CI) Value (95% CI) Value

Missing 3
ECM
Controlled 96 1 1 1 1
Uncontrolled 140 19(1.4-25) <0.001 19(1.4-26) <0.001 20(1.5-2.6) <0.001 19(1.4-25) <0.001
BMs
1-4 BMs 145 1
>5 91 1.5 (1.1-2.0) 0.005
Largest diameter of
BMs

<3 cm 163 1

>3 cm 68 1.4 (1.0-1.8) 0.044
Missing 8
Clinical status primary
tumor
Controlled /removed 69 1
Uncontrolled 167 1.1 (0.8-1.5) 0.622
EORTC QLQ-C15 PAL
Function scales (>66.7/<66.7) 2
Overall QoL 54/177 ¢ 1.2 (0.9-1.7) 0.279
Physical function 115/117 21(1.6-2.8) <0.001 1.3(1.0-1.9) 0.073
Emotional function 126/107 € 1.2 (0.9-1.5) 0.271
Symptom scales (<33.3/>33.3)b
Fatigue 50/183 f 1.3 (0.9-1.9) 0.112
Nausea/vomiting 155/77 & 1.2 (0.9-1.6) 0.294
Pain 121/111" 1.6 (1.2-2.1)  0.002
Dyspnea 80/153 1 1.1(0.8-1.5)  0.486
Sleep disturbance 89/144 0.8 (0.6-1.0) 0.101
Appetite loss 133/99 & 1.4 (1.1-1.9) 0.014
Constipation 104/127! 1.4 (1.0-1.8)  0.040
EORTC QLQ-BN20
Headaches 136/98 ™ 0.9 (0.7-1.2) 0.333
Visual disorder 179/55 ™ 1.4 (1.0-1.9) 0.035
Seizures 201/33° 1.1 (0.8-1.6) 0.632
Motor dysfunction 133/103 1.7 (1.3-2.2)  <0.001 1.3 (1.0-1.8) 0.053
Communication deficit 189/46 P 1.3 (1.0-1.9) 0.093
Drowsiness 56/177 1 1.5(1.1-2.2) 0.011
Weakness of legs 101/132* 1.8(1.4-24) <0.001 1.5 (1.1-2.0) 0.008

a8 Score >66.7/<66.7;
efhijqr Three patients not available, 1 Five patients not available, ™™° Two patients not available, P One patient
not available.

3.3.2. Patients Completing Questionnaires at MO Only

b Geore <33.3/>33; © Six patients not available, dgk Four patients not available,

Patients completing questionnaires at M0 only had worse mean scores (difference in

mean score > 10) for overall QoL and physical function, a similar mean score for fatigue,

and a borderline worse mean score for dyspnea (difference 9.7) compared to those with

subsequent completion of PROs (Table 3). They also reported worse mean scores for pain,
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loss of appetite, constipation, motor dysfunction, and weakness of legs. For the remaining
domains, mean scores were similar (difference in mean score < 10).

Table 3. Mean scores (SD) of EORTC QLQ-C15 PAL and EORTC QLQ-BN20 for all responders,
patients responding only at start of RT (MO0), and patients responding at both M0 and M2.

EORTC Scale Responders Responders at M0 Only Responders Both at M0 and M2

n =239 n=96 n =105

Mo MO M2

EORTC QLQ-C15 PAL Mean score (SD)
Overall QoL 54.1 (25.5) 47.7 (25.3) 58.5 (23.3) 53.6 (22.7)
Physical function 67.0 (27.0) 57.2 (26.8) 75.4 (24.3) 63.9 (30.7)
Emotional function 73.1(27.1) 70.3 (70.3) 78.8 (23.8) 78.6 (26.5)
Fatigue 44.6 (26.1) 495 (277) 42.0 (24.5) 51.6 (28.5)
Nausea/vomiting 15.2 (24.9) 20.0 (29.3) 11.8 (20.8) 221 (28.5)
Pain 30.5 (31.0) 38.9(33.7) 24.5(27.3) 26.9 (30.4)
Dyspnea 33.6 (30.7) 385 (33.3) 28.8 (27.4) 34.6 (30.1)
Sleep disturbance 33.9 (33.0) 344 (354) 34.3 (31.6) 25.6 (29.1)
Appetite loss 23.1 (31.6) 29.9 (34.4) 19.1 (29.6) 34.3 (36.1)
Constipation 27.8(30.9) 347 (33.1) 24.0 (30.4) 26.9 (32.5)
EORTC QLQ-BN20
Headaches 19.5 (26.9) 22.5(28.9) 18.3 (25.4) 15.7 (22.3)
Visual disorder 15.2 (22.5) 19.8 (27.4) 13.6 (20.3) 15.5 (20.1)
Seizures 6.5 (17.5) 5.9 (17.4) 7.4 (18.0) 7.4(19.1)
Motor dysfunction 29.1 (25.4) 37.8 (25.4) 222 (24.4) 25.1 (26.4)
Communication deficit 15.2 (21.7) 15.9 (20.4) 14.4 (23.6) 13.4 (22.0)
Drowsiness 38.3 (26.7) 42.8 (29.8) 36.2 (28.0) 45.1 (28.5)
Weakness of legs 29.0 (31.6) 382 (32.2) 22.8 (28.7) 36.5 (33.5)

3.3.3. Patients Completing Questionnaires at Both M0 and M2

At M2, the total group of responders (n = 105) reported worsened PF, nausea/vomiting,
loss of appetite, and weakness of legs compared to M0 (Table 3). For the remaining domains,
mean scores were similar.

Of those responding at both M0 and M2, 38 (36%) were short-term survivors and
67 (64%) were long-term survivors. There were no differences in mean scores for overall
QoL, PE, fatigue, and dyspnea between short-term and long-term survivors at M0 (Table S2
and Figure 1). For the remaining domains, mean scores were also similar except for more
constipation and borderline more weakness of legs in the short-term survivors (28.9 vs.
19.2). At M2, short-term survivors had worsened mean scores for overall QoL, physical
function, fatigue, and dyspnea compared to at M0. They also reported worse mean scores
for nausea/vomiting, pain, loss of appetite, motor dysfunction, drowsiness, and weakness
of legs. The remaining domains were stable, and no mean scores improved. In contrast,
at M2, long-term survivors reported stable mean scores for all domains, except for better
sleep, compared to at MO (Table S2 and Figure 1).
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Figure 1. Patient reported outcome scores (mean) at start of RT (M0) and month 2 (M2) by survival
time. Only patients responding at both MO and M2 were included in the analyses. Higher scores for
quality of life and physical function indicate better function. Higher scores for fatigue and dyspnea
indicate worse symptoms.

3.3.4. PROs According to ECOG Status

At the start or RT, of those responding at both M0 and M2, patients with ECOG 2
(n =23, 22%) reported worse mean scores for overall QoL, PF, and fatigue but similar a
mean score for dyspnea compared to patients with ECOG 0-1 (n = 72, 70%), as shown in
Table S3 and Figure 2. Patients with ECOG 3—4 (n = 8, 8%) reported worse PRO mean scores
for overall QoL and PF but similar mean scores for fatigue and dyspnea compared to the
ECOG 0-1 patients. When comparing scores between the ECOG 2 and ECOG 3-4 groups,
the first had worse mean score for fatigue, better PF, and similar mean scores for QoL

and dyspnea.
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Figure 2. Patient-reported outcome scores (mean) at start of RT (M0) and month 2 (M2) according to
ECOG status. Only patients responding at both MO and M2 were included in the analyses. Higher
scores for quality of life and physical function indicate better function. Higher scores for fatigue and
dyspnea indicate worse symptoms.
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At M2, mean overall QoL scores remained stable for all ECOG groups. Patients with
ECOG 0-1 at MO reported worsened PF and more fatigue but had stable scores for dyspnea
(Figure 2). Patients with ECOG 2 reported worsened PF and more dyspnea but stable scores
for fatigue, whereas patients with ECOG 3—4 reported worsened fatigue but stable scores
for PF and dyspnea. Of note, at M2, patients with ECOG 2 before the start of RT reported
deterioration in more domains than patients with ECOG 0-1.

3.3.5. PROs According to Number of BMs

At the start of RT, there were no differences in mean PRO scores between patients with
1 BM, 2—4 BMs, and >5 BMs (Table S4). At month 2, patients with 1 BM reported stable
mean PRO scores. Patients with 2-4 and >5 BMs reported worsened PF and more fatigue
compared to at M0. Also, patients with >5 BMs reported borderline worse mean score for
dyspnea. At M2, patients with >5 BMs reported worse scores for PF and fatigue compared
to patients with 1 BM.

4. Discussion
4.1. Major Findings

This study presents patient reported outcomes (PROs) in a real-life cohort of
239 NSCLC patients treated with radiotherapy (RT) for brain metastases (BM). Except
for weakness of legs, PRO scores at the start of RT did not add prognostic information.
Two months after RT, short-term survivors reported worsened function and higher symp-
tom burden than at the start of RT, while long-term survivors did not report clinically
significant changes.

4.2. Multivariable Analyses

It would be useful for clinical decision making to identify PROs that could add prog-
nostic information, as demonstrated in a study of patients with advanced melanoma [21].
Such information could help better identify BM patients with an expected short-term
survival and as such be an important factor to consider in treatment decision making.
Previous research from our group has shown that ECOG 2—4 and uncontrolled ECMs are
associated with poor survival in this NSCLC cohort [16]. When adjusting for these factors
in a step-wise, multivariate analysis, PRO scores at the start of RT were not associated with
survival except for high symptom scores for weakness of legs. Based on the present results,
a high symptom score on weakness of legs (i.e., high symptom burden) may add prognostic
information, perhaps capturing more information on functioning than what is captured in
ECOG status estimations alone.

4.3. PRO Scores

Grouping patients according to their response patterns revealed differences in clin-
ical characteristics and survival time after RT between response groups. Patients who
responded at the start of RT (M0) only reported worse mean PRO scores at M0 and had
shorter survival compared to patients who also responded at later time points. Shorter
survival in the group responding at MO only was consistent with a higher frequency of
clinical factors associated with poor survival (i.e., ECOG 2—4 and uncontrolled extracranial
metastases) in this group. When comparing short-term and long-term survivors who
responded at both M0 and M2, there was a higher frequency of poor prognostic factors
among those with a short survival time.

At MO, short-term and long-term survivors reported similar mean PRO scores. At M2,
short-term survivors reported worsened function and higher symptom burden compared
to at MO, whereas long-term survivors reported stable mean PRO scores. These findings
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are consistent with a prospective study by Otto-Vollaar et al. [22]. Here, patients (54% lung
cancer) were asked whether they experienced benefit from RT two months after WBRT.
Median OS was 2.9 months for patients who reported no benefit from WBRT; these patients
also reported decreased QoL at two months. In contrast, mOS was 8.1 months in patients
who reported a benefit of RT; this group reported increased QoL. Similar to our study,
they found no difference in mean PRO scores between the two groups at the start of RT.
Steinmann et al. found worsened PRO scores three months after WBRT in patients with a
median OS of 4.5 months, comparable to our short-term survivors (mOS 1.8 months) [6].
A recent prospective study (61% lung cancer) found no change or improvement in QoL
6 months after SRT in patients with a mOS of 27.3 months, which is comparable to our
long-term survivors (mOS of 24.9 months) [23]. Stable PRO scores in long-term survivors
may be partly affected by response shift, which occurs when patients adjust to cope with
their disease and symptoms [24].

The majority of cancer patients die from progressive extracranial disease [25]. As a
result, one may assume that patients experience worsened function and higher symptom
burden as they approach death. Additionally, BM patients frequently experience acute
negative side effects from intracranial RT. At M0, the majority of short-term survivors had
ECOG 2-4 (62%) and uncontrolled ECMs (70%), factors that are associated with a poor
prognosis. On the other hand, among the long-term survivors, 21% had ECOG 2-4 and
45% had uncontrolled ECMs. The worse mean PRO scores at M2 for short-term survivors
compared to long-term survivors are most likely due to differences in clinical status before
RT that may also influence their tolerance for RT’s side effects. This supports our suggestion
to avoid RT in NSCLC patients with an expected short survival (i.e., those with ECOG
2—4 and uncontrolled ECMs) [16]. These patients should be offered palliative care with a
systematic symptom follow up rather than RT. This is consistent with recommendations
in the QUARTZ study, which found no clinical or survival benefit from adding WBRT to
the best supportive care in patients with NSCLC who were not candidates for surgery or
SRT [10]. In contrast, long-term survivors (patients with good prognostic characteristics at
MO) appear to benefit from RT, as their PRO scores remain stable after RT. Additionally, long-
term survivors are more likely to be candidates for systemic treatment after RT, potentially
contributing to even longer survival [26].

Patients who responded at M0 only had worse mean PRO scores than patients who
responded also at M2. This finding is consistent with those of Steinmann et al., who found
worse mean PRO scores in patients who responded before the start of RT (56%) only [27]. As
in our study, these patients had a poorer performance status than those who responded at
later time points. In contrast, Komosinska et al. found no difference in baseline mean scores
between patients who only completed the first questionnaire and those who completed the
questionnaire one month after WBRT (65% lung cancer) [28]. All patients in Komosinska
et al.’s study had KPS < 60 (ECOG 2—4), which could explain the lack of difference between
the groups. Patients who responded at M0 only and those who were short-term survivors
had similar clinical characteristics. It is the fittest patients that are likely to respond over
time [29]. Short-term survivors had worsened mean PRO scores at M2, and it is likely
that patients who did not respond after M0 experienced even worse function and a higher
symptom burden at that time point than those that did respond. This strengthens our
recommendation to refrain from RT in NSCLC patients with BMs and a short expected
survival [16].

Different patterns in mean PRO scores at MO and two months after RT were found
when grouping patients according to ECOG status at the start of RT. At M0, patients with
ECOG 0-1 had better mean PRO scores than those with ECOG 2—4. This is consistent with
Caissie et al.’s finding that patients with a higher performance status had better PF and
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overall QoL before RT [12]. Furthermore, from the start of RT to M2, overall QoL remained
stable across ECOG groups, despite all groups having worsened PRO scores in one or
more domains. As mentioned above, stable overall QoL scores might be explained by a
response shift [24]. That patients with ECOG 2 before the start of RT reported worse scores
in more domains at M2 than those with ECOG 0-1 supports that RT should be questioned
in patients with ECOG 2—4, despite challenges with concluding specifically for the small
ECOG 34 group.

Different patterns in mean PRO scores at MO and at month 2 were also found when
grouping patients according to number of BMs at the start of RT. At M0, mean PRO scores
were similar among patients with 1 BM, 2—4 BMs, and >5 BMs. Worsened PRO scores at
month 2 in patients with multiple BMs may reflect a higher intracranial tumor burden and
that these patients are more likely to be treated with WBRT. This finding also corresponds
to the fact that almost two-thirds of these patients were short-term survivors who reported
worsened function and higher symptom burden at month 2.

4.4. Strengths and Limitations

Some strengths and limitations of this population-based prospective cohort study
have already been discussed [16]. A relatively large sample size and a real-life cohort is a
clear strength of this study. Other strengths include assessment of questionnaires at early
time points and monthly after RT. To our knowledge, this is one of few prospective studies
which report PROs of patients that complete questionnaires at the start of RT only. Patients
who do not complete follow-up questionnaires are usually excluded from study analyses
due to difficulties with interpretation of data and statistical analyses. Moreover, patients
with characteristics associated with short survival (ECOG 2—4 and uncontrolled ECM) are
often ineligible for clinical studies [30]. As a result, important information about many
real-life patients is often missing.

It is also a strength that responders and non-responders were similar in terms of
clinical characteristics, except there were more patients with 1-4 BMs and more use of SRT
in the non-responders. This indicates that the study findings may only to a small extent be
affected by selection bias, resulting in a good internal validity. Nevertheless, a high attrition
rate is the major limitation of this study, although it corresponds to other studies in patients
with advanced cancer [6,12,22]. A high attrition rate can first and foremost be explained by
the fact that 40% of the patients died within three months, reflecting the vulnerability of
NSCLC patients with BMs. Using the short EORTC QLQ-C15-PAL and selected items of
the EORTC QLQ-BN20 to shorten the questionnaire completion time and lessen the burden
may have counteracted even higher attrition.

5. Conclusions

Patients who died within 6 months after RT for BMs reported worsened PRO scores
two months after RT. This indicates that patients diagnosed with BMs and a short expected
survival—those with ECOG 2—4 and uncontrolled extracranial disease—do not benefit from
RT and should rather be offered optimal palliative care. Patients with a longer expected
survival (>6 months) appear to benefit from RT. Upon determining expected survival,
clinicians can use our findings on PRO data after RT to supplement information to patients
about their likely trajectory and expected quality of life. Further studies investigating PROs
as prognostic factors at the time of brain metastases diagnosis are warranted.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers17091529/s1, = Figure S1: Treatment breakdown;
Table S1: Mean scores (SD) of EORTC QLQ-C15 PAL and EORTC QLQ-BN20 for the total num-
ber of responders at each time point; Table S2: Patient-reported outcome scores (mean) at start of RT
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(M0) and month 2 (M2) by survival time; Table S3: Change in PROs from start of RT (MO0) to month 2
(M2) for complete responders at M0 and M2 by ECOG status. Table S4: Patient reported outcome
scores (mean) at start of RT (M0) and month 2 (M2) by number of BM.

Author Contributions: Conceptualization, S.K.; data curation, A.T.K. and G.L.A.; formal analysis,
A.TK,; funding acquisition, M.].H. and S.K.; investigation, A.T.K.; methodology, A.T.K., M.].H.,
G.L.A., SK. and O.E.Y,; project administration, M.J.H.; resources, A.T.K. and O.E.Y,; software, A.TK.;
supervision, M.J.H., N.A. and O.E.Y,; validation, E.S.; visualization, A.T.K.; writing—original draft,
A.TK.; writing—review and editing, M.J.LH., N.A. and O.E.Y. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Norwegian Cancer Society (project no. 182832) and the
South Eastern Norway Regional Health Authority (2017113).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and received ethical approval from the Regional Committees of Medical and Health
Research Ethics in each health region on 26 September 2017 [reference no. 2017/1358].

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data from this study may be made available upon request to the
corresponding author who will review and seek approval from the study investigators.

Acknowledgments: We thank the oncological centers in the South-Eastern Norway Regional Health
Authority (HS0) and Mere og Romsdal Hospital Trust (HMR) for their support.

Conlflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

References

1.

Berghoff, A.S.; Schur, S.; Fuireder, L.M.; Gatterbauer, B.; Dieckmann, K.; Widhalm, G.; Hainfellner, J.; Zielinski, C.C.; Birner, P;
Bartsch, R.; et al. Descriptive statistical analysis of a real life cohort of 2419 patients with brain metastases of solid cancers. ESMO
Open 2016, 1, €000024. [CrossRef] [PubMed]

Silva, S.B.; Barreto, R.B.; de Oliveira, F.C.G.; Martin, G.S.D.; Takiguchi, O.M.Y,; Chirichela, I.A.; Miranda, M.H.F,; Bodnar, D.;
Alves Reis, L.A.; Pereira, G.C.B,; et al. Radiotherapy for Brain Metastases Near the End of Life: Characterizing Patients and
Tumor Features. JCO Glob. Oncol. 2023, 9, €2300143. [CrossRef]

Di Maio, M.; Basch, E.; Denis, E.; Fallowfield, L.].; Ganz, P.A.; Howell, D.; Kowalski, C.; Perrone, F.; Stover, A.M.; Sundaresan, P.;
et al. The role of patient-reported outcome measures in the continuum of cancer clinical care: ESMO Clinical Practice Guideline.
Ann. Oncol. 2022, 33, 878-892. [CrossRef] [PubMed]

Sanders, J.J.; Temin, S.; Ghoshal, A.; Alesi, E.R.; Ali, Z.V,; Chauhan, C.; Cleary, ].F; Epstein, A.S.; Firn, J.I; Jones, J.A.; et al.
Palliative Care for Patients With Cancer: ASCO Guideline Update. J. Clin. Oncol. 2024, 42, 2336-2357. [CrossRef]

Temel, ].S.; Greer, ].A.; Muzikansky, A.; Gallagher, E.R.; Admane, S.; Jackson, V.A.; Dahlin, C.M.; Blinderman, C.D.; Jacobsen, J.;
Pirl, W.E,; et al. Early palliative care for patients with metastatic non-small-cell lung cancer. N. Engl. ]. Med. 2010, 363, 733-742.
[CrossRef]

Steinmann, D.; Vordermark, D.; Gerstenberg, W.; Aschoff, R.; Gharbi, N.; Miiller, A.; Schifer, C.; Theodorou, M.; Wypior, HJ,;
Geinitz, H. Quality of life in patients with limited (1-3) brain metastases undergoing stereotactic or whole brain radiotherapy:
A prospective study of the DEGRO QoL working group. Strahlenther. Onkol. 2020, 196, 48-57. [CrossRef]

Peters, S.; Bexelius, C.; Munk, V.; Leighl, N. The impact of brain metastasis on quality of life, resource utilization and survival in
patients with non-small-cell lung cancer. Cancer Treat. Rev. 2016, 45, 139-162. [CrossRef]

Vogelbaum, M.A.; Brown, P.D.; Messersmith, H.; Brastianos, PK.; Burri, S.; Cahill, D.; Dunn, LE; Gaspar, L.E.; Gatson, N.T.N.;
Gondi, V,; et al. Treatment for Brain Metastases: ASCO-SNO-ASTRO Guideline. J. Clin. Oncol. 2022, 40, 492-516. [CrossRef]
Brown, P.D.; Ballman, K.V.; Cerhan, J.H.; Anderson, S.K.; Carrero, X.W.; Whitton, A.C.; Greenspoon, ].; Parney, L.F.,; Laack, N.N.I;
Ashman, ].B.; 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, 1049-1060.
[CrossRef]


https://doi.org/10.1136/esmoopen-2015-000024
https://www.ncbi.nlm.nih.gov/pubmed/27843591
https://doi.org/10.1200/GO.23.00143
https://doi.org/10.1016/j.annonc.2022.04.007
https://www.ncbi.nlm.nih.gov/pubmed/35462007
https://doi.org/10.1200/JCO.24.00542
https://doi.org/10.1056/NEJMoa1000678
https://doi.org/10.1007/s00066-019-01506-w
https://doi.org/10.1016/j.ctrv.2016.03.009
https://doi.org/10.1200/JCO.21.02314
https://doi.org/10.1016/S1470-2045(17)30441-2

Cancers 2025, 17,1529 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mulvenna, P.; Nankivell, M.; Barton, R.; Faivre-Finn, C.; Wilson, P.; McColl, E.; Moore, B.; Brisbane, 1.; Ardron, D.; Holt, T.;
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—2014. [CrossRef]

Kaasa, S.; Loge, ].H.; Aapro, M.; Albreht, T.; Anderson, R.; Bruera, E.; Brunelli, C.; Caraceni, A.; Cervantes, A.; Currow, D.C,;
et al. Integration of oncology and palliative care: A Lancet Oncology Commission. Lancet Oncol. 2018, 19, e588-e653. [CrossRef]
[PubMed]

Caissie, A.; Nguyen, J.; Chen, E.; Zhang, L.; Sahgal, A.; Clemons, M.; Kerba, M.; Arnalot, PF,; Danjoux, C.; Tsao, M.; et al. Quality
of life in patients with brain metastases using the EORTC QLQ-BN20+2 and QLQ-C15-PAL. Int. |. Radiat. Oncol. Biol. Phys. 2012,
83, 1238-1245. [CrossRef] [PubMed]

Bunevicius, A.; Donovan, L.; Sheehan, J. Health related quality of life trajectories after stereotactic radiosurgery for brain
metastases: A systematic review. J. Neurooncol. 2022, 159, 319-331. [CrossRef] [PubMed]

Kim, M.M.; Mehta, M.P,; Smart, D.K,; Steeg, P.S.; Hong, ].A.; Espey, M.G.; Prasanna, P.G.; Crandon, L.; Hodgdon, C.; Kozak, N.;
et al. National Cancer Institute Collaborative Workshop on Shaping the Landscape of Brain Metastases Research: Challenges and
recommended priorities. Lancet Oncol. 2023, 24, e344—354. [CrossRef]

Yri, O.E.; Astrup, G.L.; Karlsson, A.T.; van Helvoirt, R.; Hjermstad, M.].; Husby, K.M.; Loge, ].H.; Lund, J.; Lundeby, T.; Paulsen,
@.; et al. Survival and quality of life after first-time diagnosis of brain metastases: A multicenter, prospective, observational study.
Lancet Reg. Health Eur. 2025, 49, 101181. [CrossRef]

Karlsson, A.T.; Hjermstad, M.].; Aass, N.; Skovlund, E.; Kaasa, S.; Yri, O.E. Overall Survival after Radiotherapy for Brain
Metastases According to ECOG Status—A Prospective Study of 294 NSCLC Patients. Cancers 2024, 16, 1486. [CrossRef]
Sperduto, PW.; De, B.; Li, J.; Carpenter, D.; Kirkpatrick, J.; Milligan, M.; Shih, H.A.; Kutuk, T.; Kotecha, R.; Higaki, H.; et al.
Graded Prognostic Assessment (GPA) for Patients With Lung Cancer and Brain Metastases: Initial Report of the Small Cell Lung
Cancer GPA and Update of the Non-Small Cell Lung Cancer GPA Including the Effect of Programmed Death Ligand 1 and Other
Prognostic Factors. Int. ]. Radiat. Oncol. Biol. Phys. 2022, 114, 60-74. [CrossRef]

Groenvold, M.; Petersen, M.A.; Aaronson, N.K,; Arraras, ].I; Blazeby, ]. M.; Bottomley, A.; Fayers, PM.; de Graeff, A.; Hammerlid,
E.; Kaasa, S.; et al. EORTC QLQ-C15-PAL: The new standard in the assessment of health-related quality of life in advanced
cancer? Palliat. Med. 2006, 20, 59-61. [CrossRef]

EORTC QLQ-C30 Scoring Manual Brussels, Belgium: EORTC. Third. 2001. Available online: https://www.eortc.org/app/
uploads/sites/2/2018/02/SCmanual.pdf (accessed on 11 November 2024).

Osoba, D.; Rodrigues, G.; Myles, |.; Zee, B.; Pater, ]. Interpreting the significance of changes in health-related quality-of-life scores.
J. Clin. Oncol. 1998, 16, 139-144. [CrossRef]

Aamdal, E.; Skovlund, E.; Jacobsen, K.D.; Straume, O.; Kersten, C.; Herlofsen, O.; Karlsen, J.; Hussain, I.; Amundsen, A.; Dalhaug,
A; et al. Health-related quality of life in patients with advanced melanoma treated with ipilimumab: Prognostic implications and
changes during treatment. ESMO Open 2022, 7, 100588. [CrossRef]

Otto-Vollaard, L.; Quint, S.; de Pree, LM.N.; Steinvoort, I.N.; Tims, O.].L.; Nuyttens, J.J. Brain Metastases: Patient-Reported
Outcome and Quality of Life after Whole-Brain Radiotherapy. J. Palliat. Med. 2022, 25, 1533-1539. [CrossRef] [PubMed]

Pham, D.Q.; Sheehan, D.E.; Sheehan, K.A.; Katsos, K.; Fadul, C.E. Quality of life after stereotactic radiosurgery for brain metastasis:
An assessment from a prospective national registry. J. Neurooncol. 2024, 171, 383-391. [CrossRef] [PubMed]

Ilie, G.; Bradfield, J.; Moodie, L.; Lawen, T.; Ilie, A.; Lawen, Z.; Blackman, C.; Gainer, R.; Rutledge, R.D.H. The Role of Response-
Shift in Studies Assessing Quality of Life Outcomes Among Cancer Patients: A Systematic Review. Front. Oncol. 2019, 9, 783.
[CrossRef]

Schnurman, Z.; Mashiach, E.; Link, K.E.; Donahue, B.; Sulman, E.; Silverman, J.; Golfinos, J.G.; Oermann, E.K.; Kondziolka, D.
Causes of Death in Patients With Brain Metastases. Neurosurgery 2023, 93, 986-993. [CrossRef]

Vermassen, T.; Van Parijs, C.; De Keukeleire, S.; Vandecasteele, K.; Rottey, S. Prognostication of Brain-Metastasized Patients
Receiving Subsequent Systemic Therapy: A Single-Center Long-Term Follow-Up. Curr. Oncol. 2025, 32, 74. [CrossRef]
Steinmann, D.; Paelecke-Habermann, Y.; Geinitz, H.; Aschoff, R.; Bayerl, A.; Bolling, T.; Bosch, E.; Bruns, F.; Eichenseder-Seiss,
U.; Gerstein, |.; et al. Prospective evaluation of quality of life effects in patients undergoing palliative radiotherapy for brain
metastases. BMC Cancer 2012, 12, 283. [CrossRef]

Komosinska, K.; Kepka, L.; Niwinska, A.; Pietrzak, L.; Wierzchowski, M.; Tyc-Szczepaniak, D.; Kaczmarczyk, A.; Bujko, K.
Prospective evaluation of the palliative effect of whole-brain radiotherapy in patients with brain metastases and poor performance
status. Acta Oncol. 2010, 49, 382-388. [CrossRef]


https://doi.org/10.1016/s0140-6736(16)30825-x
https://doi.org/10.1016/S1470-2045(18)30415-7
https://www.ncbi.nlm.nih.gov/pubmed/30344075
https://doi.org/10.1016/j.ijrobp.2011.09.025
https://www.ncbi.nlm.nih.gov/pubmed/22172909
https://doi.org/10.1007/s11060-022-04067-8
https://www.ncbi.nlm.nih.gov/pubmed/35788469
https://doi.org/10.1016/S1470-2045(23)00297-8
https://doi.org/10.1016/j.lanepe.2024.101181
https://doi.org/10.3390/cancers16081486
https://doi.org/10.1016/j.ijrobp.2022.03.020
https://doi.org/10.1191/0269216306pm1133xx
https://www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf
https://www.eortc.org/app/uploads/sites/2/2018/02/SCmanual.pdf
https://doi.org/10.1200/JCO.1998.16.1.139
https://doi.org/10.1016/j.esmoop.2022.100588
https://doi.org/10.1089/jpm.2021.0533
https://www.ncbi.nlm.nih.gov/pubmed/35482284
https://doi.org/10.1007/s11060-024-04854-5
https://www.ncbi.nlm.nih.gov/pubmed/39432027
https://doi.org/10.3389/fonc.2019.00783
https://doi.org/10.1227/neu.0000000000002542
https://doi.org/10.3390/curroncol32020074
https://doi.org/10.1186/1471-2407-12-283
https://doi.org/10.3109/02841860903352942

Cancers 2025, 17, 1529 15 of 15

29.  Ahlner-Elmqvist, M.; Bjordal, K.; Jordhey, M.S.; Kaasa, S.; Jannert, M. Characteristics and implications of attrition in health-related
quality of life studies in palliative care. Palliat. Med. 2009, 23, 432—440. [CrossRef]

30. Al-Baimani, K,; Jonker, H.; Zhang, T.; Goss, G.D.; Laurie, S.A.; Nicholas, G.; Wheatley-Price, P. Are clinical trial eligibility criteria
an accurate reflection of a real-world population of advanced non-small-cell lung cancer patients? Curr. Oncol. 2018, 25, e291-e297.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/0269216309104057
https://doi.org/10.3747/co.25.3978

	Introduction 
	Materials and Methods 
	Identification 
	Patient Characteristics 
	Treatment 
	Patient-Reported Outcome Measures 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Patient Characteristics 
	Survival 
	PROs 
	Association Between PROs at Start of Radiotherapy and Survival 
	Patients Completing Questionnaires at M0 Only 
	Patients Completing Questionnaires at Both M0 and M2 
	PROs According to ECOG Status 
	PROs According to Number of BMs 


	Discussion 
	Major Findings 
	Multivariable Analyses 
	PRO Scores 
	Strengths and Limitations 

	Conclusions 
	References

