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Abstract 

Background There is considerable variability in the management of patients with advanced lung cancer referred 
for palliative radiotherapy owing to uncertainties in prognosis and the benefit of treatment. This study presents 
the outcomes of patients seen in the Fast Track Lung Clinic, an urgent access palliative radiotherapy clinic, and aims 
to identify factors associated with treatment response and survival.

Methods Consecutive patients with advanced lung cancer seen in the Fast Track Lung Clinic between January 2014 
and July 2020 were included. Patients who underwent radiotherapy were contacted beginning 30 days after radio-
therapy to evaluate treatment response. Cluster bootstraps were used to compute confidence intervals for treatment 
response rate. Prognostic factors for treatment response and overall survival were identified using multivariable gen-
eralized estimating equations and Cox regression models, respectively.

Results A total of 558 patients were included, of whom 459 (82.3%) consented to palliative radiotherapy for 1053 
indications. The overall treatment response rate was 70.0% (95% CI, 65.8-74.2) for indications with follow-up (70.8%). 
Higher response rates were observed in patients with better ECOG performance status (OR per point, 0.71; 95% CI, 
0.55-0.93; P = 0.01 ) and EGFR-mutant non-small cell lung cancer (OR vs wild-type, 2.46; 95% CI, 1.35-4.51; P = 0.003 ), 
whereas patients treated for neurological symptoms had lower response rates (OR, 0.27; 95% CI, 0.16-0.45; P < 0.001 ). 
There was no difference in response rate between patients who died within 30 days of starting radiotherapy 
and those who survived longer (OR, 0.83; 95% CI, 0.42-1.67; P = 0.61 ). Age; ECOG performance status; smoking his-
tory; pathology; EGFR or ALK mutation status; and the presence of liver, adrenal, or brain metastases were associated 
with overall survival.

Conclusions Palliative radiotherapy was effective for patients with advanced lung cancer, although response rates 
varied by patient characteristics and treatment indication. This study identified prognostic factors for radiotherapy 
response and overall survival that can inform treatment decisions in this population.
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Background
Lung cancer is the second most common cancer diag-
nosis worldwide and the leading cause of cancer mor-
tality, partly due to the late stage at which most patients 
are diagnosed. Patients with advanced lung cancer often 
experience complex symptomatology that can be respon-
sive to palliative radiotherapy, yet limited life expectancy 
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and the inconvenience of treatment frequently lead them 
to forego treatment [1, 2].

The Fast Track Lung Clinic at the Tom Baker Can-
cer Centre was established to improve the accessibility 
and expediency of palliative radiotherapy for patients 
with incurable lung cancer. The clinic receives referrals 
of patients who may benefit from radiotherapy but are 
not eligible for curative-intent treatment, stereotactic 
radiosurgery (SRS), or stereotactic ablative radiotherapy 
(SABR). Patients who consent to radiotherapy undergo 
CT simulation on the same day of assessment and begin 
treatment between the same day and four business days 
later.

Determining the optimal management strategy for 
each patient is challenging, with options ranging from 
supportive care alone to protracted radiotherapy regi-
mens intended to achieve enduring local control. Ideally, 
treatment decisions should be tailored to a patient’s life 
expectancy, particularly for symptoms with strong evi-
dence supporting the efficacy of shorter fractionation 
schedules [3, 4]. However, difficulties in prognostication, 
uncertainties in the benefit of treatment near the end of 
life, an inability to generalize trial findings, and finan-
cial considerations have led to widely divergent practices 
[5–9].

The purpose of this observational study is to charac-
terize the case mix, treatments delivered, and outcomes 
of patients seen in the Fast Track Lung Clinic. It aims to 
inform treatment decisions by identifying factors associ-
ated with response to radiotherapy and overall survival.

Methods
The study included consecutive patients referred to the 
Fast Track Lung Clinic between January 1, 2014, and 
July 31, 2020. Baseline demographic information, date 
of diagnosis, pathology, stage, sites of metastases, previ-
ous therapy, and Eastern Cooperative Oncology Group 
(ECOG) performance status were recorded at the initial 
consultation and updated on follow-up visits. Factors 
that influenced the decision to offer palliative radio-
therapy included treatment indication, age, performance 
status, comorbid conditions, local and distant tumor bur-
den, availability of additional lines of systemic therapy, 
anticipated treatment toxicities, and patient wishes. All 
patients who were offered palliative radiotherapy were 
counseled about the potential risks and benefits of treat-
ment. If a decision is made by the patient to proceed 
with radiotherapy, then the treatment indication, radio-
therapy schedule, and treatment completion status were 
documented.

Attempts were made to contact patients beginning 30 
days  after the completion of radiotherapy to evaluate 
treatment response and identify potential indications for 

further treatment. If the goal of treatment was to palliate 
an existing symptom, then the patient was reminded of 
their description of the symptom prior to radiotherapy, 
including its frequency, numerical rating or other meas-
ure of intensity, and functional impact. The patient was 
then asked whether the symptom improved, remained 
stable, or worsened overall. Patients who were treated 
prophylactically were asked about the development of 
symptoms that could be attributed to progression at the 
treatment site. Treatment response was defined as an 
improvement in the patient’s treated symptom if one 
existed or the absence of new symptoms attributable to 
disease progression at the treatment site if radiotherapy 
was given prophylactically.

A proxy with direct knowledge of the patient’s status 
was used to evaluate treatment response when the patient 
could not be reached. If the patient was deceased at the 
time of follow-up, the proxy was asked if the patient had 
reported any response to treatment before their demise.

Provincial electronic medical records were queried 
until December 31, 2022, to document the date of death 
of deceased patients. Patients who were not deceased on 
December 31, 2022, were censored on the date of their 
last known encounter with the provincial health care 
system.

Statistical analysis
Descriptive statistics were used to characterize the 
study cohort, including the subgroup of patients who 
died within 30 days of starting treatment. To evaluate 
response to radiotherapy, treatments were considered on 
a per-indication basis. Treatment indications were clus-
tered by patient to account for within-patient correlation 
arising from situations in which a patient is given radio-
therapy for multiple indications at the same or different 
times. Confidence intervals on binomial proportions 
were computed by bootstrapping to account for clusters.

To identify factors associated with response to radio-
therapy, generalized estimating equations were used 
to extend univariable and multivariable logistic regres-
sion models in the setting of clustered data [10, 11]. The 
variables of interest were patient age, sex, ECOG perfor-
mance status, smoking history, pathology, chemotherapy 
history, and radiotherapy dose-fractionation scheme. The 
response of patients who died within 30 days of start-
ing treatment was separately compared to patients who 
survived longer. Treatment indication was included as a 
covariate in multivariable analyses.

Kaplan–Meier estimates were used to assess overall 
survival after the initial consultation. Univariable and 
multivariable Cox regression models were then used 
to identify factors associated with overall survival, and 
logistic regression models were used to identify factors 
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associated with mortality within 30 days of consultation. 
The variables that were evaluated were age, sex, ECOG 
performance status, smoking history, pathology, sites 
of metastases, and chemotherapy history. ECOG per-
formance status was modelled as a categorical variable 
owing to a violation of the linearity assumption when 
modelled as a continuous variable.

All analyses were performed based on intention to treat 
using an α of 0.05. Statistical computations were com-
pleted using R version 4.3.0 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Study population
A total of 558 patients were eligible for analysis with a 
median time from initial consultation to death or cen-
sorship of 3.5 months. The median age at first consulta-
tion was 69 years. Functional status was frequently poor; 
48.8% of patients presented with an ECOG performance 
status of 3 or 4. The vast majority of patients (92.5%) had 
stage IV non-small cell lung cancer (NSCLC) or extensive 
stage small cell lung cancer (SCLC). The most common 
sites of metastases were bone (58.2% of patients), lung 
(36.0%), and brain (20.4%). Median time from diagnosis 
to first consultation was 21 days, and only a minority of 
patients had undergone systemic therapy (20.1%) or sur-
gical resection (6.8%) beforehand.

Of the referred patients, 459 (82.3%) consented to pal-
liative radiotherapy for a total of 1053 indications during 
752 initial and follow-up assessments. The most com-
mon treatment indications were pain (60.5%), shortness 
of breath (10.4%), brain metastases (7.7%), and cough 
(5.7%). Radiation was given prophylactically for 4.7% of 
indications. The most common dose-fractionation sched-
ule was 20 Gy in 5 fractions (58.7%). Radiotherapy was 
terminated prematurely in 25 patients receiving treat-
ment for 41 (3.9%) indications because of changes in 
clinical status. Baseline patient and treatment character-
istics are shown in Table 1 and Supplemental Table A1, 
respectively.

Response to treatment
Assessments of treatment response were obtained from 
356 (77.6%) patients treated for 746 (70.8%) indications. 
Proxies provided information on treatment response in 
26.9% of indications. The overall response rate to radio-
therapy for all indications was 70.0% (95% CI, 65.8–74.2).

Response rates varied by indication (Supplemental 
Table  A2). Patients who received treatment prophy-
lactically had the highest response rate at 84.4%, which 
compared favourably to that of symptomatic patients 
at 69.3%, although the difference was not significant in 
either univariable (OR, 2.39; 95% CI, 0.92–6.23; P = 0.08 ) 

or multivariable (OR, 2.59; 95% CI, 0.94–7.12; P = 0.06 ) 
analyses. The lowest response rates were seen in patients 
treated for symptoms explained by an underlying neuro-
logical etiology, including hoarseness secondary to recur-
rent laryngeal nerve compression (29.4%), symptomatic 
peripheral nerve or nerve root compression (36.8%), 
symptomatic brain metastases (49.1%), and symptomatic 
spinal cord compression (50.0%). A post-hoc analysis 
showed that neurological symptoms had significantly 
lower odds of response to treatment compared to non-
neurological symptoms on univariable (43.3% vs. 73.4%; 
OR, 0.28; 95% CI, 0.17–0.45; P < 0.001 ) and multivari-
able (OR, 0.27; 95% CI, 0.16–0.45; P < 0.001 ) analyses.

ECOG performance status was strongly associated with 
response to palliative radiotherapy. The response rates of 
patients with ECOG performance status 0, 1, 2, 3, and 4 
were 85.7%, 77.3%, 74.4%, 63.0%, and 50.0%, respectively. 
Each numerical increase in ECOG performance status 
was associated with a reduction in response on univari-
able (OR per point, 0.68; 95% CI, 0.53–0.86; P = 0.002 ) 
and multivariable (OR per point, 0.71; 95% CI, 0.55–0.93; 
P = 0.01 ) analyses.

Response rates also varied with pathology. In particu-
lar, patients with NSCLC harbouring a targetable EGFR 
mutation had higher response rates than those with 
NSCLC but no targetable mutation on univariable (80.8% 
vs. 67.6%; OR, 2.02; 95% CI, 1.21–3.38; P = 0.008 ) and 
multivariable (OR, 2.46; 95% CI, 1.35–4.51; P = 0.003 ) 
analyses.

Female sex was associated with response on univariable 
(73.9% vs. 65.3%; OR, 1.50; 95% CI, 1.01–2.24; P = 0.045 ) 
but not multivariable (OR, 1.35; 95% CI, 0.86–2.13; 
P = 0.19 ) regression. There was no association between 
age, smoking history, previous chemotherapy use and 
treatment response. There were also no differences in 
response between single-fraction and fractionated radio-
therapy (Table 2).

Treatment within 30 days of death
Of the 459 patients treated with radiotherapy, 92 patients 
(20.0%) died within 30 days of starting treatment. These 
patients received treatment for a total of 157 indications 
(14.9%); as in the overall population, the most common 
indications in this subgroup were pain (64.3%), dyspnea 
(11.5%), symptomatic brain metastases (5.7%), and cough 
(3.8%).

Assessments of treatment response were obtained for 
49 patients (53.3%) treated for 84 indications (53.5%), 
compared to 73.9% of indications in patients who sur-
vived longer than 30 days after the start of treatment 
(OR, 0.41; 95% CI, 0.25–0.66; P < 0.001).

The treatment response rate of patients who died less 
than 30 days after starting radiotherapy was 60.7% (95% 
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Table 1 Baseline characteristics of all patients seen in the Fast Track Lung Clinic

Abbreviations: ECOG Eastern Cooperative Oncology Group, AJCC American Joint Committee on Cancer, EGFR epidermal growth factor receptor, ALK anaplastic 
lymphoma kinase

Number of patients
Characteristics (n = 558) %

Age, years

 Median (interquartile range) 69 (61–76)

Sex

 Male 288 51.6

 Female 270 48.4

ECOG performance status on first visit

 0 7 1.3

 1 105 18.8

 2 173 31.0

 3 256 45.9

 4 17 3.0

Smoking history

 Current smoker within past year 202 36.2

 Former smoker 274 49.1

 Never smoker 82 14.7

Pathology

 Non-small cell 488 87.5

 Small cell carcinoma 38 6.8

 Mesothelioma 12 2.2

 Not histologically confirmed 20 3.6

Mutation status among non-small cell lung cancers (n = 488)

 Targetable EGFR mutation 82 16.8

 ALK mutation 4 0.8

 No known targetable mutation 402 82.4

AJCC 8th edition stage

 Stage II-III 34 6.1

 Stage IV or extensive stage 516 92.5

 Not completely staged 8 1.4

Sites of metastases

 Bone 325 58.2

 Lung 201 36.0

 Brain 114 20.4

 Adrenal 95 17.0

 Liver 87 15.6

 Malignant pleural effusion 84 15.1

Time since diagnosis

 Median, days 21

 ≤ 30 days 344 61.6

 31–90 days 56 10.0

 >90 days 158 28.3

Previous treatment

 Surgery 38 6.8

 Systemic therapy 112 20.1

  Cytotoxic chemotherapy or immunotherapy only 77 13.8

  Tyrosine kinase inhibitors only 27 4.8

  Cytotoxic chemotherapy and tyrosine kinase inhibitors 8 1.4
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CI, 46.5–74.9). In comparison, the response rate was 
71.2% (95% CI, 66.8–75.5) among patients who survived 
longer than 30 days. There were no significant differences 
in response rate between patients who died within 30 
days and those who lived longer than 30 days on univari-
able (OR, 0.63; 95% CI, 0.33–1.18; P = 0.15 ) or multivari-
able (OR, 0.83; 95% CI, 0.42–1.67; P = 0.61 ) analyses.

Overall survival
There were 535 deaths (95.9%) among the 558 patients 
enrolled in the study. Median survival was 3.5 months 
from the time of initial consultation (Fig. 1).

On univariable Cox regressions, older age, male 
sex, poorer ECOG performance status, smoking his-
tory, small cell histology, and the presence of metasta-
ses involving the liver or adrenal glands were associated 
with poorer survival, whereas the presence of a targeta-
ble EGFR or ALK mutation was associated with superior 
survival among patients with NSCLC (Table 3; Figs. 2, 3; 
Supplemental Figures A1-4).

In the multivariable Cox model, increased age contin-
ued to be associated with shorter survival (HR per year, 
1.02; 95% CI, 1.01–1.02; P < 0.001 ). Each numerical 

increase in ECOG performance status from 1 to 4 was 
associated with shorter survival; the same effect was 
not observed from 0 to 1, but only seven patients had 
an ECOG performance status of 0. Current smokers 
(HR, 1.42; 95% CI, 1.06–1.90; P = 0.02 ) or former smok-
ers (HR, 1.38; 95% CI, 1.04–1.83; P = 0.03 ) had poorer 
prognoses than never smokers. Patients with NSCLC 
harbouring a targetable EGFR mutation had superior 
survival to those without a targetable mutation (HR, 
0.49; 95% CI, 0.37–0.65; P < 0.001 ). ALK mutations were 
also associated with better prognosis (HR, 0.21; 95% 
0.05–0.85; P = 0.03 ). In contrast, survival was poor for 
patients with mesothelioma (HR, 2.63; 95% CI, 1.46–4.73; 
P = 0.001 ). Finally, survival was poorer among patients 
with metastases to the liver (HR, 1.82; 95% CI, 1.41–2.35; 
P < 0.001 ), adrenal glands (HR 1.75; 95% CI, 1.38–2.22; 
P < 0.001 ), and brain (HR, 1.26; 95% CI, 1.00–1.58; 
P = 0.048).

The factors associated with 30-day mortality were 
largely a subset of those associated with overall survival 
in the Cox models. On univariable analyses, older age, 
male sex, poor ECOG performance status, smoking his-
tory, small cell histology, and liver or brain metastases 

Table 2 Association between patient characteristics at the time of radiotherapy and response to treatment

Abbreviations: ECOG Eastern Cooperative Oncology Group, NSCLC Non-small cell lung cancer, EGFR epidermal growth factor receptor, ALK anaplastic lymphoma kinase, 
TKI tyrosine kinase inhibitor

Univariable model Multivariable model

Variable Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age (per year) 0.99 (0.98–1.01) 0.39 0.99 (0.97–1.01) 0.50

Sex

 Male 1 (Reference) 1 (Reference)

 Female 1.50 (1.01–2.24) 0.045 1.35 (0.86–2.13) 0.19

ECOG performance status (per point) 0.68 (0.53–0.86) 0.002 0.71 (0.55–0.93) 0.01

Smoking history

 Nonsmoker 1 (Reference) 1 (Reference)

 Active smoker 1.02 (0.55–1.88) 0.96 1.79 (0.89–3.60) 0.10

 Former smoker 1.13 (0.62–2.04) 0.69 1.72 (0.88–3.35) 0.11

Pathology

 NSCLC without targetable mutation 1 (Reference) 1 (Reference)

 NSCLC with targetable EGFR mutation 2.02 (1.21–3.38) 0.008 2.46 (1.35–4.51) 0.003

 NSCLC with ALK mutation 0.32 (0.02–5.17) 0.42 0.53 (0.06–4.57) 0.56

 Small cell carcinoma 0.70 (0.25–1.95) 0.50 0.93 (0.31–2.83) 0.90

 Mesothelioma 1.08 (0.43–2.75) 0.87 1.49 (0.50–4.41) 0.47

 Not histologically confirmed 3.36 (0.71–15.85) 0.13 3.11 (0.60–16.22) 0.18

Prior chemotherapy lines, excluding TKIs

 None 1 (Reference) 1 (Reference)

 At least 1 0.87 (0.53–1.43) 0.57 0.76 (0.45–1.29) 0.31

Radiotherapy fractions

 Single 1 (Reference) 1 (Reference)

 Multiple 0.76 (0.45–1.28) 0.30 1.03 (0.60–1.78) 0.92
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were associated with higher odds of 30-day mortality. By 
contrast, NSCLC patients with targetable EGFR muta-
tions had lower odds of 30-day mortality. On multivari-
able analyses, patients with poor ECOG performance 
status and metastases to the liver or brain continued to 
have higher odds of 30-day mortality, while targetable 
EGFR mutations were again associated with lower odds 
of 30-day mortality in patients with NSCLC (Supplemen-
tal Table A3).

Discussion
This large observational study found that palliative radi-
otherapy effectively treated symptoms associated with 
advanced lung cancer, even in patients who died less than 
30 days after starting treatment. Additionally, we identi-
fied prognostic factors for treatment response and overall 
survival in this population.

While radiotherapy can be effective for all indications 
examined, response rates varied with treatment indica-
tion. The high response rate for prophylactic indications 
suggests that radiotherapy was effective in preventing the 
onset of symptoms related to local progression. Impor-
tantly, prophylactic radiotherapy was only offered in the 
Fast Track Lung Clinic to patients expected to become 
symptomatic imminently. Our findings support the 
emerging evidence for an expanded role of prophylactic 
radiotherapy in preventing symptomatic disease progres-
sion [12]. However, patient selection remains critical; 
for instance, no quality-of-life or survival benefits were 
observed in unselected asymptomatic patients treated 

with palliative thoracic radiotherapy [13]. Further stud-
ies are required to delineate the patients who can benefit 
from prophylactic treatment in the presence of increas-
ingly effective systemic therapies [14, 15]. A post-hoc 
analysis in the present study found that neurological 
symptoms were less likely to improve with radiotherapy. 
This may stem from the limited capacity of neurons to 
regenerate, particularly under conditions of chronic 
injury, and it underscores the need for effective prophy-
laxis and early detection [16, 17].

Response rates differed significantly depending on 
patient characteristics. We found that poorer ECOG per-
formance status was associated with a lower response 
rate, corroborating observations from a recent clinical 
trial assessing pain response after radiotherapy [18]. A 
potential explanation could lie in the differences in etiol-
ogy and complexity of symptoms experienced by patients 
with poor performance status, rendering them less 
responsive to treatment [19]. We also found that patients 
with a targetable EGFR mutation were more likely to 
benefit from radiotherapy, which may be a consequence 
of the increased radiosensitivity of EGFR-mutant lung 
cancer [20]. Clinically, EGFR mutations have been asso-
ciated with greater responsiveness to cranial irradiation 
[21], and our study suggests that this may be generaliz-
able to other treatment indications.

Patients who receive radiotherapy near the end of life 
have historically been poorly studied, likely owing to the 
difficulties of appropriately timing follow-up. We found 
that the response rate of patients starting radiotherapy 

Fig. 1 Kaplan–Meier plot showing the overall survival of all patients referred to the Fast Track Lung Clinic. Median overall survival was 3.5 months
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in the last 30 days of life was not significantly lower than 
those surviving beyond 30 days, with approximately 
60% responding to treatment. The rapidity of benefits 
experienced by patients in this study aligns with previ-
ous studies of longer-lived patients, which have reported 
response rates exceeding 40% by 10 days and 50% to 
60% by one month [22–25]. Importantly, the cognitive 
and physiological changes in patients near the end of 
life do not appear to significantly impede patients’ abil-
ity to respond to treatment. These findings suggest that 
selected patients near the end of life may still be suitable 
candidates for palliative radiotherapy.

Mortality within 30 days of treatment (TM-30) is a 
common indicator of poor quality of care in medical 

oncology [26, 27], and there have been efforts to use this 
benchmark to identify overly aggressive use of radio-
therapy near the end of life. The TM-30 in our cohort was 
20%, which is in line with rates of 8% to 24% in the radio-
therapy literature [28–35] but considerably higher than 
most benchmark rates for palliative systemic therapy in 
lung cancer [27, 36]. However, whereas systemic therapy 
is unlikely to confer any survival or palliative benefits 
to patients in their last 30 days of life, our study sug-
gests such patients may still derive a benefit from radio-
therapy. As such, an excessively low TM-30 may not be 
entirely desirable. Furthermore, attempts to lower TM-30 
may increase the risk of denying treatment to patients 
who outlive their life expectancy. Caution is therefore 

Table 3 Association between patient characteristics at the time of consultation and overall survival

Abbreviations: ECOG Eastern Cooperative Oncology Group, NSCLC Non-small cell lung cancer, EGFR epidermal growth factor receptor, ALK anaplastic lymphoma kinase, 
TKI tyrosine kinase inhibitor

Univariable model Multivariable model

Variable Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (per year) 1.02 (1.01–1.02) <0.001 1.01 (1.01–1.02) <0.001

Sex

 Male 1 (Reference) 1 (Reference)

 Female 0.72 (0.61–0.85) <0.001 0.85 (0.71–1.01) 0.07

ECOG performance status

 0 0.98 (0.46–2.12) 0.97 0.86 (0.40–1.85) 0.69

 1 1 (Reference) 1 (Reference)

 2 1.53 (1.19–1.97) 0.001 1.37 (1.06–1.77) 0.02

 3 2.96 (2.33–3.78) <0.001 2.63 (2.04–3.37) <0.001

 4 13.81 (8.11–23.50) <0.001 13.75 (7.90–23.94) <0.001

Smoking history

 Nonsmoker 1 (Reference) 1 (Reference)

 Former smoker 1.85 (1.43–2.39) <0.001 1.38 (1.04–1.83) 0.03

 Current smoker 1.94 (1.49–2.54) <0.001 1.42 (1.06–1.90) 0.02

Pathology

 NSCLC without targetable mutation 1 (Reference) 1 (Reference)

 NSCLC with targetable EGFR mutation 0.47 (0.36–0.60) <0.001 0.49 (0.37–0.65) <0.001

 NSCLC with ALK mutation 0.16 (0.04–0.66) 0.01 0.21 (0.05–0.85) 0.03

 Small cell carcinoma 1.76 (1.26–2.44) <0.001 1.29 (0.90–1.85) 0.16

 Mesothelioma 1.78 (1.02–3.11) 0.04 2.63 (1.46–4.73) 0.001

 Not histologically confirmed 1.54 (0.93–2.54) 0.09 1.34 (0.79–2.26) 0.28

Sites of metastases (present vs absent)

 Liver 1.75 (1.39–2.21) <0.001 1.82 (1.41–2.35) <0.001

 Adrenal 1.64 (1.31–2.05) <0.001 1.75 (1.38–2.22) <0.001

 Brain 1.22 (0.99–1.50) 0.06 1.26 (1.00–1.58) 0.048

 Lung 1.03 (0.86–1.22) 0.78 1.11 (0.92–1.35) 0.28

 Bone 0.96 (0.81–1.14) 0.66 1.11 (0.91–1.34) 0.30

Prior chemotherapy (excluding TKIs)

 No 1 (Reference) 1 (Reference)

 Yes 1.11 (0.88–1.40) 0.39 1.04 (0.80–1.34) 0.77
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warranted in adopting this metric for palliative radiother-
apy until studies validating its utility as an indicator for 
quality of care have been completed.

In addition to concerns about efficacy, travel require-
ments, treatment expenses, and toxicities have also been 
cited as barriers to radiotherapy near the end of life [2]. 

Fig. 2 Kaplan–Meier plot comparing overall survival of all referred patients by ECOG performance status

Fig. 3 Kaplan–Meier plot comparing overall survival of non-small cell lung cancer patients with a targetable EGFR mutation (EGFR+) to patients 
without targetable mutations
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These concerns can be alleviated by shorter courses of 
radiotherapy, the efficacy of which is well established for 
several common indications [37–39]. We similarly failed 
to detect a difference in response rate between single-
fraction and multiple-fraction palliative radiotherapy 
across all indications in this study. Patients near the end 
of life may be especially suited for single-fraction radio-
therapy, wherein the full treatment dose is deposited 
earlier than in fractionated radiotherapy and concerns 
about the duration of response are secondary. Addition-
ally, toxicities may be less pronounced in patients treated 
with single fraction radiotherapy [40, 41]. This contrasts 
with the frequent use of heavily fractionated radiother-
apy schedules internationally [5]. Several contemporary 
approaches have also shown promise in mitigating the 
adverse impacts of radiotherapy. Diagnostic imaging-
based planning can streamline the planning process and 
reduce operational costs, while highly conformal radio-
therapy including intensity-modulated radiotherapy and 
particle therapy can potentially improve normal tissue 
sparing to tilt the benefit-risk balance in favor of treat-
ment in selected patients [42–45]. However, further stud-
ies to confirm the safety and cost-effectiveness of these 
techniques are required to facilitate more widespread 
adoption.

Reducing the burdens of palliative radiotherapy can be 
highly consequential, as large swaths of the population 
with advanced cancer are not currently offered an oppor-
tunity for treatment for these very concerns. In a survey 
of hospices in the United States, fewer than 3% of patients 
received radiotherapy despite an average stay of 45 days 
for cancer patients [2, 46]. Further studies emphasizing 
quality of life are required to identify the patients suitable 
for palliative radiotherapy near the end of life among the 
majority who appear to respond positively to treatment.

Our data support the notion that overall survival is lim-
ited in this population. Median survival was 3.5 months 
from the time of consultation, which is consistent with 
previous reports of patients receiving palliative radio-
therapy that ranged from 2 to 9 months [28–30, 47–49]. 
The short survival is likely explained in part by the 
advanced disease (92% stage IV or extensive stage) and 
poor performance status (49% ECOG 3–4) of patients in 
our study; patients with better prognoses are more likely 
to be referred for SRS or SABR, which the Fast Track 
Lung Clinic does not provide.

The difficulties in estimating the longevity of patients 
referred for palliative radiotherapy can limit the use of 
shorter fractionation schedules, with previous studies 
indicating a tendency toward excessive optimism [6–8]. 
One series on patients receiving radiotherapy within 
the last 30 days of life found that 84% of estimates of 
longevity were too optimistic, which may explain why 

more than 90% of these patients received at most 3 Gy 
per fraction instead of a more hypofractionated regi-
men [50]. This highlights the need for a better under-
standing of factors that predict survival and, ultimately, 
validated models. Chow et  al developed a model strati-
fying patients referred for radiotherapy into three groups 
with median survivals of 3, 6, and 12 months based on 
primary malignancy, Karnofsky performance status, 
and the presence of extraosseous metastases [51]. The 
TEACHH model similarly stratified patients into three 
groups with median survivals of 2, 5, and 20 months 
using an extended collection of variables, including type 
of primary tumour, ECOG performance status, age, prior 
chemotherapy, prior hospitalizations, and the presence of 
hepatic metastases [52]. A third model focusing primar-
ily on biochemical parameters found that primary lung 
cancer, peripheral blood neutrophil-to-lymphocyte ratio, 
plasma urea, and plasma bilirubin were predictive of 
mortality in the 30 days following palliative radiotherapy 
[53].

Consistent with the Chow and TEACHH models, we 
found that age, ECOG performance status, pathology, 
and the presence of liver metastases were associated with 
survival in our lung cancer-specific cohort. Our analy-
ses identified additional prognostic factors that may be 
relevant in this population. We found that patients with 
NSCLC harbouring targetable EGFR or ALK mutations 
had markedly longer survival than those without such 
a mutation, likely reflecting the efficacy of EGFR and 
ALK tyrosine kinase inhibitors available to most of these 
patients. On the other hand, patients with mesothelioma 
had significantly shorter life expectancies, as did current 
and former smokers compared to never smokers. We also 
found that adrenal and, to a lesser extent, brain metas-
tases were associated with worse survival. Contrary to 
the TEACHH cohort, we did not observe an association 
between previous use of chemotherapy and survival. This 
may reflect the expanding arsenal of systemic therapies 
for lung cancer.

The results of our survival analyses can guide patient 
selection and inform radiotherapy planning. Patients 
with poor prognoses are typically better suited to hypo-
fractionated radiotherapy, particularly single-fraction 
treatment, when evidence of efficacy exists for the treat-
ment indication. The subset of these patients whose 
prognosis is less than 30 days, which this study helped 
to identify, can be especially challenging. Although we 
found that selected patients may benefit from radiother-
apy, the limited duration of benefit should be weighed 
carefully against the risk of acute toxicities that may 
diminish quality of life. Other treatment strategies with 
fewer short-term toxicities should be considered before 
the decision to proceed with radiotherapy is made, 
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although it should be acknowledged that many patients 
with advanced lung cancer near the end of life are bur-
dened with complex symptomatology that is difficult to 
control without multimodal therapy [54–56]. Conversely, 
identification of patients with favorable prognoses may 
help to select patients who may benefit from dose esca-
lation to achieve prolonged local control and potentially 
reduce the risk of symptom recurrence [57–59].

To our knowledge, this is the first study that determined 
treatment response to radiotherapy using proxies when 
the patient was not reachable. While patient-reported 
outcomes are the gold standard in measuring symptoms 
and quality of life [60], they also constrain patient eli-
gibility and elevate the risk of non-response bias. Prox-
ies can be used to overcome these challenges, and they 
are particularly valuable in providing information about 
treatment response among patients who are deceased at 
the time of follow-up, as was the case for patients in our 
study who died within 30 days of treatment. To minimize 
the risk of bias arising from proxy responses, answers to 
the questions posed in this study were designed to be 
straightforward, observable, and readily communicated 
by patients to their proxies [61–64]; and we found that 
response rates were reassuringly in line with the pub-
lished literature [22–25]. Validation of the use of proxies 
to assess treatment response is nonetheless warranted in 
future studies.

There are several other limitations in this study. First, 
we did not attempt to characterize the severity of patient 
symptoms or the magnitude and duration of treatment 
responses, as we were concerned about the reliability of 
proxies in answering subjective questions [61]. Second, 
we did not perform adjustments for multiple compari-
sons. Third, our 30-day mortality analyses were limited 
by a relatively low event rate; this may help to explain the 
detection of fewer prognostic factors that influenced sur-
vival compared to the Cox models. Lastly, the non-rand-
omized nature of this study is a limitation despite efforts 
to adjust for patient characteristics; in exchange, the 
unselected patients in this study are more likely to reflect 
those seen in day-to-day practice.

Conclusions
This study supports the use of palliative radiotherapy 
for patients with advanced lung cancer, although pre-
dicting which patients will benefit from treatment 
remains challenging. Ultimately, decisions to offer pal-
liative radiotherapy should account for both likelihood 
of response and life expectancy. We found that better 
ECOG performance status, targetable EGFR mutations, 
and non-neurologic treatment indications were associ-
ated with higher response rates to palliative radiother-
apy. Response rates were not significantly lower among 

patients who died within 30 days of starting treatment, 
suggesting that patients with limited life expectancies 
still benefit from palliative radiotherapy, if only for a 
shorter duration. These patients may be better suited 
to single-fraction treatment, which was not associated 
with a lower response rate in this study. Prognostic fac-
tors for overall survival in this population included age, 
ECOG performance status, smoking history, pathol-
ogy, and sites of metastases. These findings can guide 
patient selection for palliative radiotherapy, although 
additional studies-particularly those evaluating the 
magnitude of symptom response and impact on quality 
of life-are needed to validate our results and more pre-
cisely delineate the patients who will derive a net ben-
efit from treatment.
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