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Abstract 

Background:  

Choosing the optimal palliative lung radiotherapy regimen is challenging. The Royal College of 

Radiologists guidance recommends treatment stratification based on patients’ performance status. 

The aim of palliative treatment is to alleviate symptoms, but evidence suggests higher radiotherapy 

doses are associated with survival benefits.  

Methods:  

Retrospective univariable analysis of the prognostic significance of baseline patient characteristics 

and treatment prescription on overall survival was performed on patients with non-small cell lung 

cancer and small cell lung cancer (N=925) who were treated with palliative lung radiotherapy. 

Covariates investigated included: sex, age, performance status, histology, comorbidities, stage, 

tumour location, tumour side, smoking status, pack year history, primary radiotherapy technique and 

fractionation scheme (8Gy/1F, 10Gy/1F, 20Gy/5F, 30Gy/10F). 

Multivariable analysis of patients with a complete data set (N=422). The same covariates were used 

as in the univariable analysis.  

Results:  

Univariable analysis revealed that performance status (p<0.001), fractionation scheme (p<0.001) and 

comorbidities (p=0.02) were significantly associated with survival.  

Multivariable analysis: better performance status (p=0.02) and increased dose/fractionation 

regimens of up to 30Gy/10F (p<0.001) were the only covariates that significantly correlated with 

increased survival.  
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Conclusion:  

In this retrospective single centre analysis of palliative lung radiotherapy, we found increased 

fractionation regimens (up to and including 30Gy/10F) were associated with better survival 

regardless of performance status.  
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Background 

Lung cancer is the malignancy with the highest incidence worldwide and the leading cause of cancer 

death.1 In the UK lung cancer accounts for 13% of new cancer cases and 22% of cancer death and 

85% of these cases are non-small cell lung cancer (NSCLC). At presentation, 75-85% of patients are 

not candidates for curative therapy due to tumour size, metastases, patient fitness or 

comorbidities.2 These patients are mostly stage III and IV.  Incorporating all stages, median overall 

survival (OS) in NSCLC is 7 months without treatment.3 Median OS of patients of all stages treated 

with chemotherapy is 8-10 months, although an increasing number of patients are receiving 

immunotherapy or tyrosine kinase inhibitors which have been shown to improve survival.4,5 For 

those who are not eligible for therapy with curative intent it is estimated that 56% of patients should 

be offered palliative radiotherapy (RT) at some point during the disease process.6 

For patients with stage IV NSCLC, those with severe comorbidities that contra-indicate curative 

intent treatments or those patients who do not wish to attempt curative treatment there are several 

palliative options. These patients are often now primarily treated with systemic therapy (including 

chemotherapy, immunotherapy and targeted agents). However, palliative RT still has a role for those 

who are unresponsive to chemotherapy  and those that have contraindications to, or are not fit for, 

systemic therapy.7 Palliative RT can be considered  to reduce local symptoms in patients that relapse 

from their first line treatment.8,9  

Patients with lung cancer are often burdened with symptoms linked to local tumour effects: 

haemoptysis, chest pain, dyspnoea, cough and dysphagia and superior vena cava compression.2,10  

In patients who are not candidates for curative therapies, palliative RT intends to alleviate the 

aforementioned symptoms and improve quality of life. In a 2008 systematic review improvement in 

total symptom score was found between 65.4%-77.1% of patients depending on dose of RT 

administered.11 
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Once a patient with lung cancer is deemed a candidate for palliative RT, the fractionation scheme 

needs to be selected. A balance between successful palliation of the symptoms, fitness of the 

patient and toxicity is sought.2 Toxicities of palliative RT may include: radiation oesophagitis, fatigue, 

radiation pneumonitis, erythema and rarely radiation myelopathy.2  

 

The choice of RT dose and fractionation scheme in the palliative setting is challenging, because there 

is uncertainty in the literature as to the evidence of the optimal fractionation scheme in order to 

promote survival. A 2015 meta-analysis found that when the patients were stratified  by 

performance status (PS) no significant difference was found in 1-year OS.2 More recently two groups 

have found that higher fractionation schemes were associated with increased survival.12,13 

Fractionation schemes utilised vary from 10Gy in 1 fraction  (10Gy/1F) up to doses more typically 

associated with curative intent treatment of 60Gy/30F.2 Current Royal College of Radiologists (RCR) 

and American Society for Radiation Oncology guidance suggest a maximum of 39Gy/13F and 

42Gy/14F respectively.14,15 

The time taken for palliative RT to reach effect has been shown to occur at 5-7 weeks with palliation 

occurring 2 weeks earlier in the 16Gy/2F arm compared to the 30Gy/3F arm.16 Peak palliation 

appeared to occur at 8-9 weeks. Frank et al. (2018) defined RT as futile if the patient dies less than 

30 days after treatment, as the patient has not yet benefitted fully from the treatment but has still 

been put at risk of RT related acute toxicity.3  

There are predictive factors used in an effort to guide the treatment decisions and give prognostic 

information. From the literature the following factors have been found to be significantly correlated 

with survival during multivariable analysis: T and N status, extra-thoracic disease status, lactate 

dehydrogenase levels, completion of planned treatment, leukocyte count, CRP levels.2,3,12,13,17,18 
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These factors have not been consistently examined through the literature and when included they 

are not always reproducibly significant.  

The aim of our study is to retrospectively analyse predictive factors for survival in palliative RT in 

lung cancer.  

 

Methods 

The Christie hospital’s electronic patient record system was searched for data on patients treated for 

lung tumours with palliative RT since 01.01.2013. Initially a search was completed on the Christie 

electronic patient records system including: a palliative label, treatment intent, lung or mediastinal 

cancer and a maximum prescribed dose of 35Gy (in order to help determine palliative treatment). 

OS was measured from the date of the first fraction. The data was downloaded on the 08/05/18 and 

the last available alive or death status would have been prior to this point.  

Figure 1 is a flow chart to show how the initial patient data downloaded from the electronic patient 

records system was refined in order to provide a more complete and comparable data set. Any 

outlying data was hand-checked. 

The primary techniques for RT delivery were grouped into 4 larger groups which were deemed to be 

sufficiently similar. Parallel pair (N=797), two field (N=92) or tangent pair (N=1); single field (N=28); 3 

or more fields (N=5); and all the IMRT techniques were grouped together (N=2). Brachytherapy was 

excluded. 

Patients were staged with the IASLC 7th edition for TNM staging.19 
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Figure 1. A 
flowchart to show 
the selection of the 
data set utilised.  
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The comorbidity score was calculated with the Adult Comorbidity Evaluation 27 tool.20   

 

A combined NSCLC and SCLC patient cohort (N=925) and NSCLC only patient cohort (664) were 

analysed.  

A univariable and multivariable survival analysis was conducted using the Cox proportional hazards 

model. Categorical covariates were modelled as a continuous or categorical variable based on the 

likelihood ratio-test. The multivariable model was built using a complete case analysis. P-values and 

hazard ratios with 95 percent confidence intervals were reported. Survival curves were plotted using 

the Kaplan-Meier method and differences between survival curves were assessed using the log-rank 

test. A SCLC patient only cohort was not analysed as the number of complete cases was deemed to 

be insufficient (N=95).  

A p-value <0.05 was considered to have statistical significance. 

The software used for statistical analysis was R
®

 Version 3.5.1. 

Ethical approval for research component of this was granted with REC reference: 17/NW/0060 IRAS 

project ID: 187386.  
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Results 

Covariate Number of patients (Percentage proportion  
of patients with data present) 

  Sex  
Male 510 (55%) 

Female 415 (45%) 
Age  
  Range 36-93 

IQ Range 14 
Mean 69 

ECOG Performance Status  
  0 65 (7%) 

1 315 (34%) 
2 325 (35%) 
3 213 (23%) 
4 7 (1%) 

  Good PS (0+1) 380 (41%) 
Mid PS (2) 325 (35%) 

Poor PS (3+4) 220 (24%) 
Histology  
  Small Cell Lung Cancer 261 (28%) 

Non-Small Cell Lung Cancer 664 (72%) 
  Adenocarcinoma 323 (35%) 

Adenosquamous cell carcinoma 7 (1%) 
Large Cell Carcinoma 14 (1%) 

Squamous cell carcinoma 320 (35%) 
Comorbidities  
  0 221 (28%) 

1 257 (33%) 
2 202 (26%) 
3 96 (12%) 

N/A 149 
    TNM Stage  
  2a 9 (1%) 

2b 11 (2%) 
3a 61 (8%) 
3b 95 (13%) 

4 545 (76%) 
  N/A 204 

Tumour Location  
  Lung, Upper lobe 533 (65%) 

Lung, Middle lobe 60 (7%) 
Lung, Lower lobe 230 (28%) 

 N/A 102 
 
 
 
 
 
 
Tumour Side 

 

  
Left 301 (40%) 
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Table 1. 

925 patients with NSCLC and SCLC remained in the cohort. There were 816 events within the cohort. 

109 patients were censored. Median OS was 129 days (95% CI=120-138).   

The sex distribution of the patients was 55:45 male to female. The most common PS was 2 (35%). 

545/925 (76%) of the patients had stage IV disease. 261/925 (28%) of the patients were treated for 

small cell lung cancer (SCLC) and 664/925 (72%) of the patients were treated for NSCLC. Of the 

patients with NSCLC, the majority (97%) had either squamous cell carcinoma or adenocarcinoma. 

The most frequently used fractionation scheme was 30Gy/10F with 551/925 (60%) of patients being 

prescribed this regime.   

The proportion of patients with higher comorbidity scores increased as PS worsened as expected. 

Right 462 (60%) 
N/A 162 

  
Smoking  

  
Life-long never 27 (3%) 

Light Former 7 (1%) 
Ex-smoker 457 (60%) 

Current smoker 272 (36%) 
  N/A 159 

Pack Years  
  Range 0-150 

Inter-quartile Range 20 
Mean 42 

  N/A 234 
Fractionation Scheme  

  8Gy/1F 10 (1%) 
10Gy/1F 97 (10%) 
20Gy/5F 267 (29%) 

30Gy/10F 551 (60%) 
    Primary RT technique  

  
IMRT 2 (0%) 

Parallel pair and 2 field 890 (96%) 
Single field 28 (3%) 

Three+ field 5 (1%) 
   

Table 1. Baseline patient characteristics of the Christie cohort. 
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Due to their being a low number of patients with PS 0 and PS 4, PS was grouped as follows, good PS 

(0-1), mid PS (2) and poor PS (3-4), for the survival analysis.  

 

Univariable Analysis 

The univariable analysis highlighted 5 covariates, PS, fractionation scheme, comorbidities, small cell 

histology, ‘ex-smoker’ and ‘current smoker’ smoking status that were significantly associated with 

survival, see Table 2. 

 

 

 

 

 

 

 



Univariable analysis NSCLC+SCLC Cohort Multivariable Analysis 
NSCLC+SCLC Cohort  

N=422, E=367  

Multivariable Analysis 
NSCLC Only Cohort  

N=327, E=284 

Covariate N (E) HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

Sex 

Female (ref) 
Vs. Male 

 

925 (816) 

 

1.00 
1.14 (0.99-1.31) 

 

 
0.06 

 

1.00 
1.02 (0.82-1.27) 

 

 
0.84 

 

1.00 
0.94(0.73-1.21) 

 

 
0.65 

Age 925 (816) 1.00 (1.00-1.01) 0.35 1.00 (0.99-1.01) 0.83 0.99 (0.98-1.01) 0.46 

Performance Status 
 
Good PS (0-1) vs. Mid PS (2) vs.  
Poor PS (3-4)  

 

925 (816) 

 

1.32 (1.21-1.45) 

 

<0.001 

 

1.21 (1.04-1.41) 

 

0.02 

 

1.24 (1.04-1.48) 

 

0.02 

Histology 

Adenocarcinoma (ref 
Vs. adenosquamous  
Vs.  large cell 
Vs. squamous cell 
Vs. small cell 

 
 
925 (816) 

 
 
1.00 
1.25 (0.59-2.65) 
0.68 (0.36-1.28) 
1.00 (0.85-1.18) 
0.80 (0.68-0.96) 

 
 

0.56 
0.24 
0.98 
0.02 

 
 
1.00 
1.53 (0.55-4.21) 
0.93 (0.42-2.04) 
1.07 (0.83-1.37) 
0.76 (0.57-1.02) 

 
 

0.41 
0.85 
0.61 
0.07 

 
 
1.00 
1.55 (0.56-4.29) 
0.86 (0.39-1.90) 
1.08 (0.84-1.39) 
NA 

 
 

0.40 
0.70 
0.55 
NA 

Comorbidities 

0 vs. 1 vs. 2 vs. 3 

 

776 (673) 

 

1.09 (1.02-1.18) 

 

0.02 

 

1.05 (0.94-1.18) 

 

0.35 

 

1.07 (0.94-1.22) 

 

0.29 

Combined TNM Stage 

IV (ref) 
Vs. III 
Vs. I+II 

 

721 (642) 

 

1.00 
0.89 (0.74-1.08) 
1.03 (0.63-1.67) 

 

 
0.23 
0.92 

 

1.00 
0.99 (0.76-1.29) 
0.75 (0.39-1.47) 

 

 
0.93 
0.40 

 

1.00 
1.06 (0.77-1.45) 
0.71 (0.34-1.51) 

 

 
1.45 
1.51 

Tumour Location        
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Lower lobe (ref) 
Vs. middle lobe 
Vs. upper lobe 

823 (720) 1.00 
0.87 (0.64-1.17) 
0.93 (0.80-1.11) 

 
0.35 
0.46 

1.00 
1.83 (0.79-4.24) 
0.89 (0.70-1.13) 

 
0.16 
0.34 

1.00 
1.37 (0.49-3.80) 
0.87 (0.66-1.14) 

 
0.55 
0.30 

Tumour Side 
 
Left (ref)  
Vs. Right 

 

763 (669) 

 

1.00 
0.99 (0.85-1.15) 

 

 
0.88 

 

1.00 
1.04 (0.83-1.29) 

 

 
0.75 

 

1.00 
0.98 (0.76-1.25) 

 

 
0.87 

Smoking Status 

Current smoker (ref) 
Vs. Light former 
Vs. Ex-smoker 
Vs. Life-long never 

 

766 (663) 

 

1.00 
0.88 (0.36-2.14) 
0.92 (0.78-1.08) 
0.57 (0.37-0.89) 

 

 
0.78 
0.31 
0.01 

 

1.00 
0.42 (0.13-1.40) 
0.96 (0.75-1.22) 
NA* 

 

 
0.16 
0.72 
NA* 

 

1.00 
0.43 (0.13-1.43) 
0.98 (0.75-1.30) 
NA* 

 

 
0.17 
0.90 
NA* 

Pack Years 691 (598) 1.00 (1.00-1.01) 0.40 1.00 (0.99-1.00) 0.62 1.00 (0.99-1.00) 0.33 

Fractionation Scheme 

30Gy/10F vs. 20Gy/5F vs. 
10Gy/1F vs.  8Gy/1F  

 

925 (816) 

 

1.72 (1.57-1.90) 

 

<0.001 

 

1.52 (1.28-1.82) 

 

<0.001 

 

1.58 (1.30-1.93) 

 

<0.001 

Primary RT Technique 

IMRT (ref) 
Vs. Parallel pair and 2 field 
Vs. Single field 
Vs. 3+ field 

 

925 (816) 

 

1.00 
2.03 (0.29-14.41) 
2.13 (0.29-15.74) 
1.64 (0.19-14.06) 

 

 
0.48 
0.46 
0.65 

 

 
2.01 (0.27-14.74) 
1.99 (0.24-16.17) 
1.53 (0.16-15.08) 

 

 
0.49 
0.52 
0.71 

 

1.00 
2.28 (0.31-16.9) 
2.19 (0.27-17.97) 
1.81 (0.18-18.02) 

 

 
0.42 
0.47 
0.61 

Table 2. Univariable and multivariable survival analysis incorporating NSCLC + SCLC cohort. Interaction of PS incorporating NSCLC+SCLC cohort. 
Multivariable survival analysis incorporating NSCLC only cohort. 

N – number of patients; E – number of events; HR – hazard ratio; CI – confidence interval 
* There were no life-long never smokers when performing a complete case analysis. 

 



 

Univariable Subset Analysis 

When the patients were sub-divided into good PS, mid PS and poor PS; the fractionation scheme 

used still showed to be a significant factor influencing OS within a univariable analysis. The 

fractionation scheme 30Gy/10F showed a clear survival advantage in each PS subset. This correlation 

of increased survival with increased fractionation persisted when SCLC patients were removed from 

the data set for patients with good PS, mid PS and poor PS (see Figure 2). 
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Figure 2. Univariable subset analysis results and Kaplan Meier survival curves examining varying fractionation 
schemes and the correlating OS when all patients were divided by PS strata in both the combined NSCLC/SCLC 
patient cohort and the NSCLC patient only cohort. 
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Multivariable Analysis 

The multivariable analysis highlighted that only fractionation scheme and PS retained significance, 

see Table 2. 

We found that the association between fractionation scheme and survival was independent of PS 

(interaction HR=0.99, CI=0.87-1.12, p=0.863). 

 
 
 
Discussion: 
 
 
In this single centre retrospective analysis of palliative lung RT survival, PS and fractionation scheme 

were the only covariates shown the have significant correlation with patient survival on 

multivariable analysis. In this cohort, when examining both NSCLC and SCLC together, every increase 

in fractionation regimen through all PS strata, bar one, resulted in increased median OS. The only 

exception to this was the increase from 8Gy/1F (N=2) to 10Gy/1F (N=17) in the good PS group. This 

was probably due to the low number of patients in each of these subsets.  

NSCLC patients were also examined in isolation to ensure there was not a confounding effect from 

the SCLC patients. The results were similar, with every increase in fractionation regimen through all 

PS strata, bar one, resulting in increased median OS.  

The finding that PS is significantly correlated with survival is in concordance with many survival 

analyses.3,12,15 There has been less clarity as to which fractionation scheme is optimal for increasing 

survival in palliative lung RT.   

Janssen et al. found in their retrospective analysis that increasing equivalent dose in 2Gy per fraction 

(EQD2) led to significantly better survival outcomes.13 EQD2 of 31-40Gy, 41-46Gy and 47-52Gy led to 

1-year OS of 11%, 26% and 36% respectively.13 On multivariable analysis EQD2 was significant 

although the confidence intervals were wide (N=125, RR=1.43, CI=1.06-1.94, p=0.018).13 The doses 
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of RT were much larger than those doses seen in this study. Due to the large quantity of RT leading 

to acute toxicity, 29% of the patients could not complete their full fractionation course.13  

Nieder et al. found on multivariable analysis that smaller fractionation regimens (17Gy/2F) and 20-

24Gy/5-6F) were significantly associated with lower OS when compared to regimens with an EQD2 

of 45Gy.12 Unlike our study, when Nieder et al. performed a subset analysis and excluded those with 

PS>2 this survival advantage was no longer significant, although there was a numerical difference of 

2.3 months.12 This could be due to the low power of their study (N=128) contrasted to the higher 

power of this study (N=925).12 More recently Nieder et al. found that octogenarians receiving 

17Gy/2F vs 30Gy/10F vs EQD2 34-50Gy regimens, resulted in median OS of 2.4, 2.6 and 11.8 months 

respectively (N=51, p=0.004).17  This could be a subset of the patients included in the previous study 

as the cohort is selected from the same hospital and time period.17  

Despite the inclusion of four studies that showed increases in median survival with higher 

fractionation in the 2015 Cochrane analysis, the authors were unable to obtain enough original 

individual patient data in order to conduct a time-to-event analysis.16,21–23  Meta-analysis of 1-year 

OS for patients of all PS found that receiving more fractions was favourable for survival, although 

this just reached statistical significance when using a fixed effects model (RR=0.95, 95% CI=0.90-

0.99).2 Due to large heterogeneity in the data for good PS patients (N=1081, I2=52%), this data was 

deemed unsuitable to present in a summary statistic.2 For poor PS patients the authors found low 

heterogeneity (N=911, I2=0%) and no 1-year OS advantage in using a more fractionated regimen.2 

Recently, Frank et al. looked at 159 patients with NSCLC and compared 30Gy/10F, 25Gy/5F, 15Gy/3F 

and 10Gy/1F and found no statistically significant correlation between OS and RT regimen.3 

It is difficult to directly compare this study with the other studies finding a positive correlation 

between increased fractionation and OS, as the fractionation schemes utilised in each study are 

variable. The maximum fractionation scheme used in this cohort was EQD2 32.5Gy where as Nieder 
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et al. and Janssen et al. report much higher doses used with maximum RT doses of EQD2 45Gy and 

47-52Gy respectively.12,13  

This was a retrospective, single centre study with theoretically single practice. Conclusions that can 

be drawn are limited due to both known and unknown confounds. It would have been beneficial to 

have been able to include previous systemic therapies (chemotherapy, tyrosine kinase inhibitors and 

immunotherapies), previous RT and treatment field size in our analysis. Unfortunately, due to some 

patients receiving treatment at multiple hospitals and a lack of joined up databases there was not 

sufficient access to this information. 

There was a large degree of missing data in several of the covariates examined and this reduced the 

power of the multivariable analysis. The reasons behind why this data was missing are also worth 

exploring: did missing data correlate to poorer standards of care or was it missing because the 

patient had such a poor prognosis it was not deemed worthy of being completed? 

This study gives strong justification for the need of a prospective multi-centred randomised 

controlled trial to examine the effects of varying fractionation schemes on survival in today’s era of 

modern systemic therapy. This study would ideally include large numbers of patients across all PS 

strata so that the best regimen can be determined for patients with all PS scores. Since correlation 

was  noted in this cohort between longer OS and the 30Gy/10F regimen in patients with poor PS this 

scheme should be included as well as the regimens recommended by the RCR (17Gy/2F and 

10Gy/1F).14  For patients with mid/good PS it may be beneficial to not only include the regimens 

examined in this study, but also some regimens with larger doses of RT such as 39Gy/13F, up to an 

EQD2 of 45-50Gy in line with Janssen et al. to determine if further increases in RT are associated 

with further increases in survival.13  

In this report it was not possible to perform an analysis on symptomatic improvement or acute 

toxicity related to palliative RT. Previous studies have established that higher RT doses do not have a 
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bearing on symptom control but can increase acute toxicity.2 In a trial examining larger doses of RT, 

more acute toxicity will be expected and it is important to see if this has a net positive or net 

negative impact on a patient’s quality of life using a validated quality of life assessment tool.  

It is important that patients being treated with palliative RT are given a choice over how their 

remaining time is spent. If they want to maximise their survival time then this may be possible with 

larger fractionation regimens but it comes with the caveat of more hospital visits and increased risk 

of RT related acute toxicity. Greater knowledge of prognostic indicators and the effect of 

fractionation on survival and quality of life will enable this choice to be presented in a clearer 

manner by the treating clinician and aid avoidance of futile treatment.  

To conclude, in this retrospective single centre analysis of palliative lung RT, we found increased 

fractionation regimens (up to and including 30Gy/10F) were associated with better survival 

regardless of PS. 
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