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Background: To examine radiotherapy (RT) patterns-of-care and utilization at the end of life (EOL) 
among non-small cell lung cancer (NSCLC) patients with brain metastasis (BrM) in an integrated health 
care system.
Methods: Central tumor registry identified 5,133 patients diagnosed with NSCLC from 2007–2011. BrM 
were determined by imaging. Patient and clinical characteristics were obtained by chart abstraction. In 
addition to abstracted variables, graded prognostic assessment (GPA) score of 0-1 was derived by collected 
data and tested as a predictor of death within 14 or 30 days of RT.
Results: On NSCLC presentation, 10% harbored BrM while 7% developed BrM thereafter. Of 900 BrM 
patients, 15% were not referred for RT, with median time to death of 21 days. Median time to death for 5% 
not recommended RT was 48 days. Among those receiving brain RT, 11.9% died within 14 days and 23.3% 
(cumulatively) died within 30 days of treatment. Over 50% with GPA score 0–1 received RT, 11% within  
14 days and 21% within 30 days of death; median survival of GPA score 0–1 patients was 49 days. GPA score 
0–1 independently predicted for death within 30 days of RT receipt.
Conclusions: BrM are common in NSCLC, and most patients are referred for brain RT. A surprising 
proportion of patients received treatment near the EOL, as 23% died within 30 days of RT. GPA score of 0–1 
predicted for death within 30 days of treatment. RT referral, recommendation, and timing should be better 
tailored to life expectancy, and additional benchmarks for quality of care are needed.
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Introduction

Lung carcinoma remains the leading cause of cancer death 
worldwide (1,2). Brain metastasis (BrM) are expected in 20–
30% of patients (3,4), with prevalence likely to grow over 
time given the advent of more effective local and systemic 
therapies as well as increasingly sensitive imaging modalities 
that improve early/subclinical detection (5).

With over half of metastatic lung cancer patients at 

some point receiving palliative radiotherapy (RT) (6), 

the current and projected burden of BrM upon patients, 
caregivers, and health services is non-trivial. Brain RT has 
long been considered a standard of care (7,8); its receipt 
has been adopted as a quality indicator by the Veterans 
Health Administration (9), and it has been a focus for timely 
intervention by the Rapid Response Radiotherapy Program 
in Canada, where 54% of patients started brain RT on the 
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day of consultation (10). 
However, in a group bearing relatively poor prognosis 

(8,11,12), over-treatment and aggressive care at the end of 
life (EOL) pose questions of concern since the purported 
benefits of RT may not be realized when life expectancy is 
short, as demonstrated recently by the Quality of Life after 
Treatment for Brain Metastases (QUARTZ) trial (5,13,14). 
Poor prognostication on the part of providers, inaccurate 
perceptions of disease curability by patients, and overly 
optimistic expectations of RT by referring physicians (15-18)  
may, in part, explain increasing use of RT for metastatic 
lung cancer within days of death (14,15,19-22). While these 
accounts raise the spectre of poor quality, akin to measures 
of inappropriate EOL cancer care (23,24), whether 
similar indications and time frames apply to RT is less  
clear (18-19,22).

The intuition that RT received within days of death 
constitutes suboptimal care warrants not only evaluation 
of treatment outcomes, but better understanding of health 
services that BrM patients receive—processes not well-
described in the literature, especially with regard to events 
leading to radiation treatment (20). In an effort to parse 
these patterns-of-care, we assessed BrM incidence among 
non-small cell lung cancer (NSCLC) patients diagnosed 
within an integrated, multi-facility health care system 
of a diverse metropolitan area and observed referral, 
consultation, and treatment rates. To gain further insight 
on RT near the EOL, we identified those at highest short-
term risk of death as predicted by diagnosis-specific Graded 
Prognostic Assessment (GPA) (11) score of 0–1 (median 
survival 3 months) to evaluate whether this would impact 
RT receipt within 14 or 30 days of death.

Methods

All incident NSCLC cases diagnosed in 2007–2011 were 
identified by cancer registry of the Kaiser Permanente 
Southern California integrated healthcare system, which 
retains enrollees for an average of 14 years (25). BrM were 
determined by reports on all imaging performed from  
1 month prior to diagnosis up to 03/31/2013 and confirmed 
by clinical documentation in the electronic health  
record (EHR). 

Data collection

Demographic  information and vi ta l  s tat i s t ics  up 
to 03/31/2015 were obtained through clinical and 

administrative data collected by Kaiser Permanente; 
minimum follow-up was 4.25 years from NSCLC diagnosis 
and 2 years from BrM diagnosis. Disease histology and 
stage were established by cancer registry. Other tumor, 
clinical, treatment, and health services information was 
abstracted manually from the EHR (JJR). 

Health services

Rates of referral to radiation oncology (RO), consultation 
fulfillment, recommendation for brain RT, and receipt of 
RT were assessed. Documented reasons were examined 
for lack of referral, lack of consultation, recommendation 
against brain RT, and lack of recommended RT receipt. 
While one internal RO department serves the regional 
healthcare system, private radiation facilities are contracted 
for services to patients at the metropolitan margins, 
where distance may be a barrier to provider access and 
treatment; external RO consultation and treatment were 
also examined. Treatment factors included type of RT 
[whole brain (WBRT) or stereotactic radiosurgery (SRS )], 
planned number of radiation fractions, and whether RT was 
completed as planned.

Outcomes

Treatment near the EOL was measured from date of last 
RT fraction received to date of death, with examination of 
radiation receipt within 14 and 30 days of death.

Covariates

Patient characteristics included age at NSCLC and at 
BrM diagnosis, sex, race/ethnicity, marital status, and 
median income for residence census block. Charlson 
comorbidity score was derived by inpatient diagnosis coding 
from administratively collected data (26). Tumor/clinical 
characteristics included group stage at NSCLC diagnosis, 
number of BrM lesions, primary disease control at time 
of BrM diagnosis, number of extracranial metastatic sites, 
and presence of liver metastases. Performance status (PS) 
was categorized as good (ECOG PS 0–1, Karnofsky score 
90–100%, qualitative statement of “excellent” or “good”), fair 
(ECOG PS 2, Karnofsky score 70−80%, qualitative statement 
of “fair”), poor (ECOG PS 3–4, Karnofsky score <70%, 
qualitative statement of “poor”), or unknown. Other factors 
included advanced directives and/or Do Not Resuscitate/
Do Not Intubate (DNR/DNI) code status established prior 
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to RO consultation, RO consultation while hospitalized, and 
RO consultation/RT received at external RO facilities.

GPA

NSCLC-specific GPA score based on age, PS, presence/
absence of extracranial metastasis, and number of BrM 
lesions was derived based on collected data (for example: 
age >60 years, poor PS, extracranial metastasis, and >3 BrM 
lesions would yield a score of 0) (11). Initially developed 
from a Radiation Therapy Oncology Group (RTOG)
database analysis and validated in an independent cohort of 
BrM patients, the GPA predicts poorest median survival of 
3 months when the score is 0−1. GPA score 0−1 was used as 
a covariate in analyses.

Statistical analyses

Bivariate analyses of outcomes were performed by all 
covariates. Multivariate logistic regression models for death 
within 14 and 30 days of RT were developed for BrM 
patients who received at least one fraction of radiation. 
Covariates significantly correlated with dependent variables 
in bivariate analyses or deemed requisite for adjustment 
from conceptual standpoints were included in the models. 
All analyses were performed using Stata statistical software, 
version 13.1 (College Station, TX, USA).

This study was approved by the Kaiser Permanente 
Southern California Institutional Review Board (No. 6434).

Results

Of 5,133 NSCLC patients, median age at diagnosis 
was 71 years (SD 10.8), 52% were male, 63% white, 
and 56% had stage IV disease at diagnosis. BrM were 
found on presentation in 10%, while 7% developed BrM 
subsequently. At minimum follow-up of 4.25 years from 
diagnosis, 83% of patients had died. 

Referral patterns

Among 900 patients with BrM, 135 (15%) were not 
referred to RO for reasons such as patient preference (n=68), 
deterioration/death (n=28), or clinical judgments (n=26) 
(Figure 1). Post-operative referrals were made for 71 (8%); 
RO consultation was not fulfilled in 26 (3%) due to patient 
preference (n=19) or deterioration/death (n=7). Among 

738 patients who received RO consultation, 39 (5%) were 
not recommended RT, largely based on clinical factors/
judgments (n=30); 7 patients received RT despite this. 
In total, 639 patients received RT (91 of whom received 
>1 episode of treatment): 597 patients WBRT (17 on 
>1 occasion), 126 SRS (30 on >1 occasion), and 54 both 
WBRT and SRS. 

Patient characteristics

In this racially diverse sample, non-white patients were 
significantly more likely to receive RT than whites (Table 1).  
Among those receiving RT, PS was better, single brain 
lesions more prevalent, metastatic sites fewer, and 
extracranial disease more often controlled, while the 
proportion of patients with liver metastases and advanced 
directives or DNR/DNI code status established prior to RO 
consultation lower among those receiving RT (Table 1). 

EOL RT

Of 639 patients receiving at least one fraction of RT, 11.9% 
died within 14 days and 23.3% (cumulatively) within 30 days  
of last treatment. SRS was received by 2 patients dying 
within 14 days and 3 within 15–30 days of RT. Poorer 
PS, increasing metastatic sites, establishment of DNR/
DNI code status prior to RO consultation, and inpatient 
RO consultation were significantly more likely among 
those dying within 14 or 30 days of RT than among those 
surviving beyond those timeframes (Table 2). In addition, 
those dying within 30 days of RT receipt were more 
likely to have uncontrolled extracranial disease and liver 
metastasis. 

On multivariate analysis, poor PS, ≥2 extracranial 
metastatic sites, DNR/DNI code status established prior to 
RO consultation, and RO consultation while hospitalized 
incurred higher odds of death within 14 days of RT (Table 3).  
Similarly, poor PS, ≥2 extracranial metastatic sites, and 
inpatient RO consultation predicted for higher odds of 
death within 30 days of RT receipt, as did age >60 years and 
fair PS (Table 3).

Treatment completion and planned fractionation

Among 50 patients who did not complete RT as planned, 
mean time from RT to death was 19 days (SD 35); 32% 
dying within 14 days and 39% within 30 days of RT did 



Annals of Palliative Medicine, Vol 6, Suppl 1 August 2017

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2017;6(Suppl 1):S28-S38apm.amegroups.com

S31

Figure 1 Radiation oncology referral patterns and services. Reasons against referral, consultation fulfillment, and radiation recommendation 
were largely due to clinical judgments or patient preference. PS, performance status, CMO, comfort measures only.
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not complete treatment as planned. Reasons for incomplete 
treatment were death in 42%, deterioration in 34%, and 
patient preference in 14%; 1 patient ceased treatment due 
to disease progression.

Of those whose last treatment was WBRT, 363 (65%) 
were planned for 10 fractions and 121 (22%) for 5. Mean 
time from RT to death was shorter when 5 vs. 10 fractions 
were planned (78 vs. 179 days, P<0.01).

While the maximum number of planned WBRT fractions 
was 15 among those with internal RO providers, 10 of  
129 patients with external RO providers were planned 
for 16–25 fractions. Though at external RO facilities, the 
number of planned fractions was higher and patients less 
likely to complete RT as planned (P<0.01), the number 
of deaths during treatment and near the EOL was not 
significantly different from those treated within the 
healthcare system on multivariate analysis.

Survival

Mean time to death from date of BrM diagnosis for 
patients: referred and not referred for RT was 208 days 
(95% CI: 190–227) vs. 43 days (95% CI: 31–55), P<0.001; 
receiving and not receiving RO consultation was 214 days 
(95% CI: 195–233) vs. 48 days (95% CI: 35–61), P<0.001; 
receiving and not receiving brain RT was 231 days (95% 
CI: 209–252) vs. 69 days (95% CI: 56–83), P<0.001. Median 
time from BrM diagnosis to death for those advised against 
RT was 48 days (range, 13–764 days).

Among 135 patients not referred for brain RT, the 
decision to forego referral was made during hospital 
admission for 72% and mean time from BrM to death was 
43 days (SD 67). For 39 patients not recommended RT on 
consultation, mean time from BrM diagnosis to death was 
96 days (SD 139). 
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Table 1 Patient, tumor, and treatment characteristics for those without and with brain metastases.

Patient, tumor, treatment characteristics No BrM (n=4,233)
BrM (n=900)

No RT (n=261) RT (n=639)

Age, years (mean, SD) 71.2 (10.5) 69.2 (11.2)* 65.4 (10.7)*

Male (n, %) 2,218 (52.0) 127 (49.0) 332 (52.0)

Race/ethnicity (n, %)

White 2,777 (65.0) 165 (64.0)* 339 (53.0)*

Black 547 (13.0) 31 (12.0)* 97 (15.0)*

Latino 470 (11.0) 30 (12.0)* 109 (17.0)*

Asian 328 (8.0) 21 (8.0)* 71 (11.0)*

Other/unknown 122 (3.0) 14 (4.0)* 23 (4.0)*

Married/domestic partner/common law (n, %) 1,386 (33.0) 143 (55.0) 385 (60.0)

Income for residential zip code, $ (median, range) 62,113 (12,499−274,733) 64,197 (12,891−220,455) 63,562 (11,432−318,807)

Charlson comorbidity index (n, %)

0-1 204 (5.0) 9 (3.0) 4 (1.0)

2-3 1,647 (39.0) 114 (44.0) 312 (49.0)

≥4 2,337 (56.0) 138 (53.0) 323 (50.0)

Stage at NSCLC diagnosis

I 832 (20.0) 9 (3.0) 29 (5.0)

II 292 (7.0) 6 (2.0) 16 (2.0)

III 980 (23.0) 42 (16.0) 84 (13.0)

IV/unknown 2,149 (50.0) 204 (78.0) 510 (80.0)

Performance status 

Good – 15 (6.0)* 193 (30.0)*

Fair – 18 (7.0)* 126 (20.0)*

Poor – 91 (35.0)* 59 (9.0)*

Undocumented/unknown – 137 (52.0)* 261 (41.0)*

Number of brain lesions

1 – 97 (37.0) 202 (32.0)

2 – 37 (14.0) 106 (17.0)

3 – 24 (9.0) 75 (12.0)

4+ and/or leptomeningeal spread – 126 (45.0) 278 (44.0)

Number of extracranial metastatic sites

0 – 78 (30.0)* 217 (34.0)*

1 – 70 (27.0)* 177 (28.0)*

2+ – 112 (43.0)* 245 (38.0)*

Extracranial disease controlled at BrM diagnosis – 16 (6.0)* 115 (18.0)*

Table 1 (continued)
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GPA

Based on available information, it was possible to determine 
that at least 202 (22%) patients bore a GPA score of 0–1, 
corresponding to median survival of 3 months by RTOG 
patients from whom the classification was derived (11). 
Patients of GPA score 0–1 in our study had a median 
survival of 49 days (range, 0–1,188 days). Of these patients, 
119 (59%) received RT, 22 (11%) within 14 days and 43 
(21%) within 30 days of death. On adjustment, GPA score 
0–1 was significantly associated with death ≤30 days of RT; 
male sex, liver metastasis, DNR/DNI code status established 
prior to consultation, and inpatient RO consultation were 
also independent predictors of death within 30 days of RT 
(Table 4).

Discussion

In this diverse cohort of NSCLC patients, BrM were 
present at diagnosis or developed in 17%. This resulted in 
referrals for over 700 patients during the follow-up period 
and many recommendations for brain RT. 

Alarmingly, close to 12% of the 639 patients who 
received at least one fraction of RT died within 14 days of 
treatment, while 23% died within 30 days of treatment. 

As trends in EOL care grow increasingly aggressive 
(19,20,23,24,27), striking the balance between palliation and 
overtreatment in a patient’s final days is imperative. Quality 
measures have sought to discourage use of chemotherapy 
within 14 days of death, while researchers in RO have 
pointed to RT within 14 to 30 days of death or greater than 
10% of remaining lifespan spent in treatment as potential 
indications of poor quality care (19-22,27).

When palliation is the goal of treatment, however, 

and patients are by nature of disease near the EOL, time 
standards are difficult to define. On the one hand, there 
have been reasonable concerns for underuse of an efficacious 
modality to palliate symptoms and improve quality of life 
(28,29), such as the National Hospice Study revealing <3% 
of patients received RT despite over half of their surveyed 
providers indicating BrM merited RO referral (30). On the 
other, poor prognosis and outcomes of BrM patients with or 
without treatment has led to Phase III comparison of brain 
RT versus best supportive care (QUARTZ trial) (5). 

Given frequencies in the literature ranging from 1% of 
patients dying within 14 days (14) and 17% within 6 weeks 
of RT initiation (31), our findings may signal overuse that 
proffers a significant opportunity for improvement. As 
survival of patients treated near the EOL is comparable 
to that of the 15% not referred for RT (largely for clinical 
and patient preference reasons that seem appropriate given 
mean time from BrM to death of 43 days), underutilization 
of RT does not appear as problematic in our system. 

Of interest, 72% of decisions to forego referral were 
made during patient hospitalization. Though decisions in 
hospital not to refer patients seem apropos, decisions to 
offer RT after evaluation in that same setting should give 
pause based on our experience, as such was associated with 
a 2-fold increase in odds for death within 14 or 30 days  
of treatment. This may reflect greater inaccuracy in 
assessing life expectancy when patients bear acute 
conditions requiring admission and may speak to value in 
the outpatient “litmus test” of ability to undergo not only 
treatment itself, but its often taxing logistics.

Other predictors of EOL RT in our analysis, such as poor 
PS and increasing metastatic sites, are in keeping with well-
established prognosticators for limited survival. Though we 
found GPA not once explicitly documented in EHR review, 

Table 1 (continued)

Patient, tumor, treatment characteristics No BrM (n=4,233)
BrM (n=900)

No RT (n=261) RT (n=639)

Liver metastasis present at BrM diagnosis – 60 (23.0)* 106 (17.0)*

Advanced directive present prior to RO consultation – 139 (53.0)* 267 (42.0)*

Code status DNR/DNI prior to RO consultation – 109 (42.0)* 85 (13.0)*

Inpatient RO consultation – 42 (16.0)* 166 (26.0)*

RO consultation by external facility – 11 (4.0)* 124 (19.0)*

*, P<0.05 for bivariate comparison, t-test or chi-square as appropriate. BrM, brain metastasis; DNR/DNI, do not resuscitate/do not 
intubate; NSCLC, non-small cell lung cancer; RO, radiation oncology; RT, radiotherapy.
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Table 2 Patient, tumor, and treatment characteristics for those receiving radiation beyond or within 30 and 14 days of death

Patient, tumor, treatment characteristics
RT >30 d of death 

(N=490)
RT ≤30 d of death 

(N=149)
RT >14 d of death 

(N=563)
RT ≤14 d of death 

(N=76)

Age at BM diagnosis, years (mean, SD) 64.5 (10.7)* 68.3 (10.5)* 65.1 (10.6)* 67.5 (11.4)*

Male (N, %) 243 (50)* 89 (60)* 292 (52) 40 (53)

Race/ethnicity (N, %)

White 250 (51) 87 (58) 295 (52) 42 (55)

Black 76 (16) 21 (14) 85 (15) 12 (16)

Latino 85 (17) 24 (16) 95 (17) 14 (18)

Asian 60 (12) 11 (7) 66 (12) 5 (7)

Other/unknown 19 (4) 6 (5) 22 (4) 3 (4)

Stage at NSCLC diagnosis

I 23 (5) 6 (4) 25 (4) 4 (5)

II 13 (2) 3 (2) 14 (3) 2 (3)

III 67 (14) 16 (11) 77 (14) 6 (8)

IV/unknown 387 (79) 124 (83) 447 (79) 64 (84)

Performance status 

Good 165 (34)* 28 (19)* 179 (32)* 14 (19)*

Fair 90 (18)* 36 (24)* 109 (19)* 17 (22)*

Poor 29 (6)* 30 (20)* 39 (7)* 20 (26)*

Undocumented/unknown 206 (42)* 55 (37)* 236 (42)* 25 (33)*

Number of brain lesions

1 163 (33) 39 (26) 180 (32) 22 (29)

2 83 (17) 23 (15) 96 (17) 10 (13)

3 58 (12) 17 (11) 66 (12) 9 (12)

4+ and/or leptomeningeal spread 186 (38) 70 (47) 221 (39) 35 (46)

Number of extracranial metastatic sites

0 181 (37)* 36 (24)* 200 (36)* 17 (22)*

1 143 (29)* 34 (23)* 161 (29)* 16 (21)*

2+ 166 (34)* 79 (53)* 202 (36)* 43 (57)*

Extracranial disease control 96 (20)* 19 (13)* 108 (19) 7 (9)

GPA score 0–1 76 (16)* 43 (29)* 97 (17)* 22 (29)*

Liver metastasis 72 (15)* 34 (23)* 88 (16) 18 (24)

Code status DNR/DNI 53 (11)* 32 (21)* 63 (11)* 22 (29)*

Inpatient RO consultation 101 (21)* 65 (44)* 131 (23)* 35 (46)*

RO consultation and/or treatment at external facility 93 (19) 31 (21) 108 (19) 16 (21)

*, P<0.05 for bivariate comparison, t-test or chi-square as appropriate. BrM, brain metastasis; DNR/DNI, do not resuscitate/do not 
intubate; GPA, graded prognostic assessment; NSCLC, non-small cell lung cancer; RO, radiation oncology; RT, radiotherapy.
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GPA score 0–1 derived from collected data showed at 
least one-fifth of patients fell in this category, with median 
survival of 49 days from BrM discovery. Over one-quarter 
of those dying within 14 or 30 days of treatment bore GPA 
score 0–1. Further supporting the prognostic accuracy 
of GPA classification in the real-world clinical setting, 
GPA score 0–1 predicted for receipt of RT within 30 days  
of death.

With availability of validated prognostication tools such 
as the GPA (11), decisions for treatment and fractionation 
theoretically should be made with greater objectivity and 
lend to improved outcomes. However, as the growing body 
of literature suggests, accurate estimations of life expectancy 
and treatment efficacy still remain elusive to referring 

providers, patients, and radiation oncologists themselves 
(15-18). The optimism is tremendous: 87% of surveyed 
referring providers believed WBRT would improve PS and 
41% that it would increase survival (18); 78% of surveyed 
metastatic lung cancer patients believed palliative RT would 
prolong life (17); and 67% of surveyed radiation oncologists 
overestimated life expectancy despite recognizing that PS, 
BrM, and primary site are significant prognosticators (16). 
In another study of patients who died within 30 days of 
evaluation for palliative RT, life expectancy was accurately 
predicted by radiation oncologists in only 16%, while 
that of 21% was overestimated by >6 months (15). Only 
26% of patients in this study indicated that symptoms 
were alleviated with RT and 52% reported progressive 

Table 3 Predictors of death within 30 and 14 days of brain radiotherapy

Covariates Odds ratio (95% CI), death ≤30 d of RT Odds ratio (95% CI), death ≤14 d of RT

Age at BrM diagnosis

≤60 years 1.0 1.0

>60 years 2.45 (1.50–4.00) 1.63 (0.87–3.03)

Male 1.48 (0.99–2.23) 0.98 (0.58–1.64)

Race/ethnicity

White 1.0 1.0

Black 0.88 (0.48–1.60) 1.08 (0.51–2.27)

Latino 0.75 (0.43–1.30) 1.08 (0.54–2.14)

Asian 0.49 (0.23–1.05) 0.55 (0.19–1.58)

Other/unknown 0.75 (0.27–2.12) 0.92 (0.24–3.49)

Performance status 

Good 1.0 1.0

Fair 2.43 (1.34–4.40) 1.84 (0.85–4.00)

Poor 5.34 (2.65–10.74) 4.85 (2.15–10.94)

Undocumented/unknown 1.56 (0.92–2.66) 1.22 (0.60–2.49)

Number of extracranial metastatic sites

0 1.0 1.0

1 1.32 (0.74–2.34) 1.08 (0.50–2.32)

2+ 2.93 (1.69–5.07) 2.35 (1.16–4.77)

Extracranial disease control 1.35 (0.78–2.34) 0.73 (0.31–1.72)

Liver metastasis present at BrM diagnosis 1.18 (0.68–2.05) 1.12 (0.56–2.23)

Code status DNR/DNI prior to RO consultation 1.36 (0.79–2.35) 2.06 (1.10–3.87)

Inpatient RO consultation 1.87 (1.29–2.72) 1.88 (1.19–2.97)

BrM, brain metastasis; DNR/DNI, do not resuscitate/do not intubate; RO, radiation oncology; RT, radiotherapy.
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Table 4 Graded prognostic assessment 0 as a predictor of death within 30 and 14 days of brain radiotherapy

Covariates Odds ratio (95% CI), death ≤30 d of RT Odds ratio (95% CI), death ≤14 d of RT

GPA score 0–1 1.99 (1.26–3.14) 1.69 (0.95–3.00)

Male 1.51 (1.02–2.24) 1.04 (0.63–1.73)

Race/ethnicity

White 1.0 1.0

Black 0.88 (0.50–1.55) 1.13 (0.55–2.31)

Latino 0.85 (0.50–1.44) 1.15 (0.59–2.24)

Asian 0.51 (0.25–1.05) 0.57 (0.21–1.54)

Other/unknown 0.94 (0.35–2.53) 1.20 (0.33–4.37)

Liver metastasis present at BrM diagnosis 1.64 (1.01–2.66) 1.70 (0.92–3.12)

Code status DNR/DNI prior to RO consultation 1.84 (1.10–3.07) 2.71 (1.50–4.89)

Inpatient RO consultation 2.01 (1.41–2.86) 2.04 (1.32–3.16)

BrM, brain metastasis; DNR/DNI, do not resuscitate/do not intubate; GPA, graded prognostic assessment; RO, radiation oncology; RT, 
radiotherapy.

complaints after RT—striking since median treatment time 
“resemble(d) median survival time” (15). These findings are 
supported by a systematic review of WBRT clinical trials 
showing mixed results on whether quality of life improved 
with treatment (32), as well as by the QUARTZ trial 
showing best supportive care to be non-inferior to WBRT 
with regard to quality-adjusted life-years (5).

Despite the frequency of EOL RT in our study, signs 
of clinical acumen were not altogether absent. For the 5% 
advised against RT, median time from BrM to death was 
48 days, which sits comfortably below the 3-month life-
expectancy cutoff suggested by some for consideration of 
palliative RT (33,34). Mean time from RT to death was also, 
perhaps, acceptable (<10% remaining days in treatment) 
and shorter when 5 vs. 10 fractions were planned (78 vs. 
179 days, P<0.01), intimating that providers had a sense of 
prognosis. 

Undoubtedly, it is challenging for providers to make 
accurate assessments and deliver difficult news, especially 
when best supportive care is perceived as a loss of hope (18), 
but as Chen et al. astutely remark, measured deliberation 
of treatment is paramount as “we may also put many patients 
with limited prognosis through more treatment than necessary, 
which can lead to undue burden on families, unnecessary adverse 
effects, and excessive costs to an already-stretched health care 
system, with unclear benefits” (35). Greater heed with regard 
to radiation recommendations for the NSCLC population 
is crucial, and benchmarks for quality of palliative radiation 

care are sorely needed.
In reporting EOL RT outcomes, this study aims 

to provide more evidence in support of creating such 
benchmarks, but it bears limitations. Being retrospective, 
data are restricted to documentation in the medical record; 
inconsistency across providers was observed for prognostic 
factors such as PS, which appeared well-documented only 
when exceptionally good or exceptionally poor. Information 
regarding quality of life and cause of death was not always 
available, so conclusions could not be made regarding 
other important outcomes associated with RT. Pathological 
features affecting prognosis, such as EGFR mutation status, 
were not accessible. Drawing patients and care patterns 
from an integrated health care system, this study may 
not generalize well to the community at large given the 
uncommon setting in which no financial incentive exists 
to treat at the provider level. That said, the population 
served is diverse in age and race/ethnicity; coupled with 
minimal loss to follow-up and lengthy follow-up time, these 
are important strengths, in addition to insight gained on 
reasons for healthcare decisions made by providers (referral, 
consultation, RT recommendation) and patients (acceptance 
of referral, consultation, and RT). Future inquiries would 
benefit from evaluating the role of early palliative care, 
which could not be assessed, as well as its influence on 
referral rates and RT recommendations.

In summary, BrM incidence in this sample was 17%, 
with the majority harboring BrM on initial NSCLC 
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presentation. While 15% were not referred for RT, this 
appears appropriate given the limited remaining lifespan 
of these patients who largely declined referral based on 
preference or were deemed unfit for clinical reasons to 
undergo treatment. A surprising proportion of patients 
recommended brain RT was treated near the EOL: 12% 
died within 14 days and 23% (cumulatively) within 30 days 
of last treatment. GPA score 0–1 independently predicted 
for death within 30 days of RT. While palliative therapies 
by nature may occur near the EOL, careful consideration 
of radiation recommendation, timing, and fractionation 
scheme—especially during hospitalization—should aim to 
minimize the projected proportion of remaining days spent 
in active treatment and to maximize quality of life. Use of 
validated prognostication tools for objective measurement 
of life expectancy should aid in this endeavor as benchmarks 
for quality of palliative radiation care are explored and 
developed.
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