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Introduction

Lung cancer  i s  among the  most  dead ly  cancers  
worldwide (1); over half of newly diagnosed lung cancer 
patients die within one year of diagnosis, and 5-year survival 
is less than 18% (2). There are two main subtypes of lung 
cancer: non-small-cell lung cancer (NSCLC) and small-cell 
lung cancer (SCLC) representing 85% and 15% of all lung 
cancer, respectively (3). 

More than 50% of patients with NSCLC are diagnosed 
with locally advanced (stage III) or metastatic (stage IV) 
disease (4). Among locally advanced NSCLC patients, 
almost 20% are unfit for curative treatment (5), and a 
similar proportion of metastatic patients will be treated 
for thoracic symptoms (6). Thus, palliative thoracic 
radiotherapy (RT) is one of the most common treatments 
in clinical practice, representing nearly 25% of all palliative 
RT courses (7). However, despite international consensus 
guidelines (8), clinical practice remains heterogeneous 
among clinicians (9).

This review will focus on palliative thoracic RT for 
NSCLC but will also discuss the role of stereotactic 
radiotherapy, endobronchial brachytherapy (EBB), the 
interest of concomitant treatments (chemotherapy and 
immunotherapy), and the role of RT in lung cancer 
emergencies.

The palliative state: an evolving concept 

The purpose of palliative RT is to improve the patient’s 
quality of life (QOL) by relieving or avoiding the occurrence 
of symptoms (10-12). For patients with poor Eastern 
Cooperative Oncology Group (ECOG) performance status 
(PS), treatment must be short and efficient with minimal 
side effects. Life expectancy must be estimated adequately 
using appropriate tools, such as mortality within 30 days, 
which has been suggested to be a useful clinical tool in 
palliative RT to avoid futile extensive fraction schedules (7). 
On the other hand, more aggressive treatments can avoid 
symptoms from local progression or delay initiation of a 
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new systemic therapy at the cost of increased acute and/or 
late toxicities (6,12,13). Several survival scores can be used 
for metastatic or locally advanced patients to help choose 
the best treatment (14-16). 

In recent years, the concept of oligometastatic patients 
with low metastatic burden that experience remission or 
prolonged survival with ablative treatments has emerged. 
Gomez et al showed that local consolidative therapy for 
patients with three or fewer metastases from NSCLC that 
did not progress after initial systemic therapy improved 
progression-free survival compared with maintenance 
therapy alone (17). More recently, Gomez et al. published an 
update of the aforementioned trial that found an improved 
overall survival (OS) in patients who received local 
consolidative therapy (18). Similarly, Palma et al. showed 
in a randomized trial in cancer patients with up to five 
metastases that stereotactic ablative radiotherapy (SABR) 
to metastatic sites was associated to improved survival (19). 
Additionally, a multicentric ongoing study (SABR-COMET 
10, NCT03721341) is evaluating the benefit of SABR for 
patients with 4–10 metastatic sites. Thus, as the palliative 
state may include a large variety of situations, adequate 
multidisciplinary evaluation of life expectancy has to be 
considered. 

Dose and fractionation in external beam 
radiotherapy (EBRT) 

Palliative EBRT is often used in the context of symptomatic 
lung cancer, metastatic disease and for locally advanced 
patients unfit to receive curative treatment. Palliative EBRT 
for lung cancer is a common and effective treatment leading 
to symptom reduction or relief in two thirds of irradiated 
patients and QOL improvement in one third of irradiated 
patients (12,20,21).

Many clinical trials have tried to determine the 
best EBRT fractionation for palliation in lung cancer. 
Unfortunately, these studies were heterogeneous in terms 
of patient selection, reported outcomes and dose regimens. 
Among them, the majority of the reported treatments 
were hypofractionated: 10 Gy in 1 fraction, 16–17 Gy in 2 
fractions, 20 Gy in 5 fractions, 30 Gy in 10 fractions, 40 Gy 
in two courses of 20 Gy (split course), and 39–45 Gy in 13–
15 fractions (8,22-24). All of these schedules were shown to 
be effective for palliation.

A meta-analysis by Fairchild et al. (12) and a Cochrane 
review by Stevens et al. (22) tried to determine the best 
EBRT regimen by analyzing the results of 13 and 14 

randomized controlled trials (RCT), respectively. No 
differences were found between dose schedules in terms 
of palliation efficacy; QOL was sometimes investigated, 
without any difference between dose schedules (25-38)  
(Table 1). Interestingly, in the study by Fairchild et al., the 
2-year OS was significantly better for higher dose schedules 
(35 GyBED10 or more) compared to lower dose schedules, 
with an OS of 26.5% vs. 21.7% for good PS patients, at the 
cost of more dysphagia due to esophageal toxicity (20.5% 
vs. 14.9%). However, in frail patients (ECOG PS 3–4) there 
was no advantage of high doses schedules.

In 2011, the American Society for Radiation Oncology 
(ASTRO) published clinical practice guidelines on palliative 
thoracic RT in lung cancer (8). The authors considered 
reserving higher dose regimens (30 Gy/10 fractions or 
greater) for good PS patients, and those with sufficient 
life expectancy. For others patients, various shorter 
fractionation schedules (16–17 Gy/2 fractions, 20 Gy/5 
fractions, etc.) provided similar symptomatic improvement, 
and are preferred in order to reduce treatment time (8). 
These recommendations remain in the updated 2018 
guidelines (39).

With the improved survival associated with the advent 
of immunotherapy, an increasing number of patients can 
experiment local failure and subsequent complications 
because of insufficient local treatment. Therefore, increasing 
local control in this patient population could be of interest 
(6,12,40). For these patients, modern EBRT techniques 
can reduce treatment toxicities. For example, Granton  
et al. showed that intensity-modulated radiotherapy 
(IMRT) can reduce esophagitis from 13% to 2% compared 
with traditional parallel-opposed fields for high dose  
treatments (41). Similarly, a randomized phase III study 
of palliative radiation of advanced tumors with intentional 
avoidance of the esophagus (PROACTIVE, NCT02752126) 
has recently completed his accrual.

In summary, EBRT is a cornerstone in the management 
of advanced stage III and stage IV NSCLC patients. High 
dose treatments (≥35 GyBED10) are preferred for patients 
with good life expectancy while shorter dose schedules are 
recommended for poor ECOG PS patients.

When is palliative RT indicated?

Most patients diagnosed with locally advanced or metastatic 
NSCLC will suffer from or develop symptoms due to their 
malignancy. One of the issues is whether to irradiate an 
asymptomatic patient or wait for symptoms to appear. 
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Table 1 Results of the main randomized controlled trials that compared palliative radiotherapy dose schedules for lung cancer patients

Study Type Patients Schedules PS Results

Abratt 1995 RCT 1990–1993 84 35 Gy/10 F/2.5 w vs.  
45 Gy/15 F/3.75 w

PS 0–2 Symptom response 68% vs. 76% (ns); 
1-year OS 40% vs. 37% (ns); oesophagitis 
23% vs. 41% (ns)

Bezjak 2002 RCT 1997–2001 230 20 Gy/5 F/1 w vs. 10 Gy/1 F PS 0–3 MS 6 vs. 4.2 months (P=0.0305); no 
difference in toxicity or symptom; palliation 
(daily diary); better QLC-C30 (pain score) 
with 5 F

Erridge 2005 RCT 1988–1993 148 30 Gy/10 F/2 w vs.  
10 Gy/1 F 

PS 0–3 MS 28.3 vs. 22.7 w (ns); significant 
improvement for chest pain, PS and 
anxiety for 10 F

Kramer 2005 RCT 1999–2002 297 30 Gy/10 F/2 w vs.  
16 Gy/2 F/8 days

PS 3–4 1-year OS 19.6% vs. 10.9%, P=0.03; no 
difference in symptom palliation or toxicity; 
longer palliation with 10 F (P<0.001)

MRC 1991 RCT 1985–1988 369 30 Gy/10 F/2 w or  
27 Gy/6 F/2 w vs.  
17 Gy/2 F/8 days

Any PS No difference in symptom palliation or 
duration, no survival difference

MRC 1992 RCT 1988–1989 235 17 Gy/2 F/8 days vs.  
10 Gy/1 F 

PS 2–4 Good palliation efficacy (19–64%), no 
survival difference, more dysphagia with  
10 Gy (23% vs. 56%), 17 Gy suggested to 
be more effective except for hemoptysis

MRC 1996 RCT 1989–1992 509 36–39 Gy/12–13 F/2.5 w vs.  
17 Gy/2 F/8 days

PS 0–2 Better palliation at 2–3 months with 2 
F; MS 9 vs. 7 months, OS 2 years 12% 
vs. 9% (P=0.003) in favour of 13 F; more 
dysphagia, anorexia and nausea with 13 F

Nestle 2000 RCT 1994–1998 152 32 Gy/16 F BID/10 days vs.  
60 Gy/30 F/6 w

KPS >50 No significant difference for OS or PFS; 
similar symptom palliation and toxicity

Rees 1997 RCT 1989–1993 216 17 Gy/2 F/8 days vs.  
22.5 Gy/5 F/5 days

Any PS No difference in symptom palliation or in 
survival

Reinfuss 1999 RCT 1992–1996 240 50 Gy/25 F/5 w vs.  
40 Gy/10 F split course  
(4-week gap) vs.  
20–25 Gy/4–5 F/1 w

KPS >50 MS 12 vs. 9 vs. 6 months; 2-year OS 18% 
vs. 6% vs. 0%, P<0.05; toxicity equivalent; 
2 broncho-oesophageal fistulae in split-
course group

Senkus-Konefka 
2005

RCT 1997–2000 100 20 Gy/5 F/1 w vs.  
16 Gy/2 F/8 days

PS ≥1 MS 5.3 vs. 8 months (P=0.016); no 
significant difference for toxicity or 
symptom palliation

Simpson 1985 RCT 1973–1979 316 40 Gy/20 F/4 w vs.  
30 Gy/10 F/2 w vs.  
40 Gy/10 F/4 w split course

KPS >60 No difference in palliation rate, time to 
response or survival

Sundstrøm 2004 RCT 1993–1998 407 17 Gy/2 F/8 days vs.  
42 Gy/15 F/3 w vs.  
50 Gy/25 F/5 w

– No difference in palliation or survival

Teo 1988 RCT 1982–1984 273 45 Gy/18 F/3.5 w vs.  
31.2 Gy/4 F/4 w

Any PS Palliation response 71% vs. 54% 
(P=0.012), no difference in toxicity or 
survival

RCT, randomized controlled trial; Gy, Gray; F, fraction; w, weeks; PS, performance status (WHO); KPS, Karnofsky Performance Status 
scale; MS, median survival; OS, overall survival; PFS, progression-free survival.
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The randomized phase III trial by Sundstrøm et al. (42) 
compared different dose schedules in 407 stage III/IV 
NSCLC patients prospectively stratified according to the 
presence or the absence of tumour-related symptoms. 
Although non-symptomatic patients had a significantly 
higher median survival compared to symptomatic patients 
(11.8 vs. 6.0 months, respectively), non-symptomatic 
patients developed more symptoms while symptomatic 
patients experienced symptom relief in most scales (until 
week 14). In locally advanced NSCLC patients unsuitable 
for resection or curative RT, Falk et al. (43) showed that 
there was no benefit of immediate RT in minimally 
symptomatic NSCLC patients compared with delayed RT 
at time of symptom progression.

Another important issue is the duration of the palliation 
efficacy. In a study by Kramer et al., NSCLC patients 
were randomized to receive 16 Gy in two fractions or  
30 Gy in 10 fractions; palliation was reached after five weeks 
for the 16 Gy group vs. seven weeks for the 30 Gy group, 
with a significantly longer duration of palliation efficacy 
for the latter schedule, persisting until the 22nd week (25). 
However, in the meta-analysis by Fairchild et al. (12) no 
difference was seen in terms of duration of symptom relief 
between high and low dose schedules.

Thus, the wait-and-see approach is actually the rule 
for palliative thoracic radiotherapy, instead of prevention; 
when patients become symptomatic short RT courses with 
low dose schedules should be preferred. This is questioned 
by the publication of Gomez et al. (17) where local 
consolidative therapy in non-symptomatic oligometastatic 
NSCLC patients improved progression-free survival 
compared to maintenance therapy alone.

The growing role of stereotactic radiotherapy

Recently, SABR or stereotactic body RT (SBRT) has 
appeared as a new tool in the management of palliative lung 
cancer patients. SABR consists generally of 1–5 fractions 
of very high-dose RT (>6 Gy/fraction) delivered with 
stereotactic accuracy leading to high local control rates with 
low toxicity (44). Indeed, elderly and comorbid patients 
with lung cancer, unfit for curative treatments, are also 
less likely to receive long course RT due to concerns about 
comorbidity or frailty and, for this reason, RT is sometimes 
deferred until the development of symptoms.

Ablative treatments (surgery, SABR, or radiofrequency) 
are increasingly used in the management of multimetastatic 
cancer patients. SABR has proved to be safe and efficient 

for patients with early-stage NSCLC (45), and has been 
considered as a good option for elderly patients (46), 
patients with severe COPD (47), or patients with previous 
pneumonectomy (48). Given the convenience and high 
therapeutic ratio of SABR, there has been an increasing 
interest in using SABR in stage IV lung cancer. 

To prove the value of SABR in oligometastatic patients, 
a randomized phase II multi-center trial for Stereotactic 
Ablative Radiotherapy for Comprehensive Treatment 
of Oligometastatic Tumors (SABR-COMET) has been 
conducted by Palma et al. (49). In this study, cancer 
patients with up to five metastases were randomized to 
either the standard of care (palliative RT to symptomatic 
sites with optional chemotherapy) versus SABR to all 
known metastatic sites with optional chemotherapy. 
Between February 2012 and August 2016, 99 patients were 
prospectively randomized, 33 in the palliative group and 66 
in the SABR group, with a median follow-up of 25 months 
and 26 months, respectively. Median OS was 28 months 
in the control group vs. 41 months in the SABR group 
(P=0.090) (19). This underlines the potential benefit of 
SABR for selected stage IV lung cancer patients. 

In summary, SABR became the new standard in many 
institutions for early-stage lung cancer patients who are 
not eligible for surgery (50). On the other hand, the use of 
SABR in oligometastatic disease is increasing, and seems to 
be of interest in addition to systemic treatment to prolong 
the response to treatment. Additionally, data suggests an 
OS benefit that remains to be proven in upcoming phase III 
trials (51-53).

EBB 

Although EBB still constitutes an interesting option for 
early-stage NSCLC, its use in palliative intent is less 
common. In the past decades, EBB has been jeopardized 
by interventional pulmonary procedures (argon plasma 
coagulation, cryotherapy, laser phototherapy, radiofrequency 
or direct tumor injection of chemotherapy) (54). EBB 
involves the placement of an endobronchial catheter (EC) 
in contact or in the close vicinity to the endobronchial 
malignancy to deliver local irradiation. The EC is placed by 
the pulmonologist during a flexible bronchoscopy and is, 
thereafter, connected to an afterloading device [mostly high 
dose rate (HDR)] containing the radioactive source.

Despite advances in HDR brachytherapy planning and 
delivery, EBB indications remain rare and controversial. 
Hence, due to its delayed effect, EBB is not indicated in 
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case of complete bronchial obstruction and imminent 
suffocation (55). In these cases, interventional pulmonary 
procedures with an immediate effect are preferred. 
However, after recanalization, as the risk of re-obstruction 
is high, complementary techniques can be proposed, mostly 
using EBRT (56).

Stout et al. (57), in a RCT, compared palliative EBB 
to EBRT with QOL as primary end-point. They showed 
that QOL improvement was higher in the EBRT group 
compared to the EBB group (83 vs. 59%; P=0.029). 
Additionally, survival was better in the EBRT group (1- and 
2-year survival: 38% vs. 22%; and 10% vs. 2%; P=0.04). 
Similarly, a Cochrane review published in 2012, concluded 
that EBRT alone is more effective for palliation than EBB 
alone (58). They underlined that for patients previously 
treated by EBRT who are symptomatic from recurrent 
endobronchial central obstruction, EBB may be considered 
in selected patients.

There is no evidence to suggest EBB in first intention 
as a palliative treatment for lung cancer. Its use can be 
evaluated on a case-by-case basis, especially for patients with 
endobronchial recurrence in a previously irradiated site.

Concurrent chemotherapy (CC)

In the 2011 ASTRO guidelines, the authors reported that 
there was no added benefit for the use of CC with EBRT 
in palliative intent for lung cancer patients (8). At that 
time, there was only one RCT, by Ball et al., that directly 
addressed this issue (59). This study showed that, in stage 
III lung cancer patients unsuitable for curative treatment, 
the addition of chemotherapy to palliative EBRT increased 
the overall response rate, at the cost of significant increased 
toxicity.

However, in 2018, an update of the previously cited 
guidelines was published with a focus on CC (39). Between 
2011 and 2016, two RCTs investigated the role of CC 
for stage III NSCLC not eligible for curative treatment. 
In 2010, Nawrocki et al. (60) published a RCT enrolling 
incurable stage III NSCLC patients randomized between 
radiation alone (30 Gy in 10 fractions) vs. the same RT 
schedule delivered concurrently with the third cycle of a 
platinum based chemotherapy. Patients were defined as 
incurable based on a forced expiratory volume (FEV) in 1 
second ≤40% of predicted or a tumor volume >8 cm. CC 
significantly improved the 1- and 2-year OS rates (25% vs. 
57% and 6% vs. 24%). Grade 3–4 neutropenia was higher 
in the CC group (22% vs. 0%) but no other differences in 

grade 3 or more toxicity were observed. 
The second RCT publ ished in 2013 by Strøm  

et al. (61), was a phase III trial for incurable stage III 
NSCLC. Eligibility was defined as follows: adults of all ages 
with locally advanced, unresectable NSCLC stage III with 
one or more negative prognostic factors (tumour size ≥8 cm,  
PS ≥2, or weight loss of >10% over the last six months). 
The randomization was made between chemotherapy alone 
(4 cycles of carboplatin and vinorelbine) vs. EBRT (42 Gy 
in 15 fractions) given concurrently with the second cycle of 
the same chemotherapy. CC significantly improved the 1- 
and 2-year OS rates (34% vs. 53% and 7% vs. 28%). CC 
significantly increased the grade 3 esophagitis rate (30% 
vs 1.5%); however, QOL, social functioning, and physical 
functioning scores were better preserved in the CC group. 
Regarding these two articles, the RTOG recommends 
CC with palliative thoracic EBRT for incurable stage III 
NSCLC patients who are candidates for chemotherapy.

Both of these two previously cited studies have 
limitations. Perhaps, the most important limitation is the 
poorly defined patient populations. Indeed, there are no 
validated criteria to define which stage III NSCLC patients 
are eligible for curative treatment. All three RCTs showed 
increased acute morbidity associated with CC, mainly 
related to esophagitis. Toxicity concerns merit careful 
attention when patients are being treated with palliative 
intent. 

To summarize, CC is indicated for NSCLC patients with 
advanced stage III disease ineligible for curative treatments 
(ECOG PS ≥2, important weight loss or poor pulmonary 
function) but fit enough for chemotherapy. For all other 
palliative NSCLC patients, data remain insufficient to 
support CC with palliative thoracic EBRT (39).

Concurrent immunotherapy

Recently, immunotherapy has revolutionized the treatment 
of NSCLC (62). For example, inhibitors of the PD-1/
PD-L1 pathway have been proven to be superior to 
chemotherapy in the second-line setting, and even in the 
first-line setting for stage IV NSCLC patients with high 
expression of PD-L1 (63). Although it is hypothesized (based 
on preclinical data) that radiation can enhance the efficacy 
of immunotherapy even outside of the irradiated volume 
(= abscopal effect) (64), there are no recommendations on 
how these agents can be used safely in conjunction with 
radiation. Indeed, pneumonitis is one of the most feared 
complications of both immunotherapy and RT, and is 

https://www.sciencedirect.com/topics/medicine-and-dentistry/forced-expiratory-volume
https://www.sciencedirect.com/topics/medicine-and-dentistry/neoplasm
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known to be a potential cause of morbidity/mortality in 
NSCLC patients.

Radiation pneumonitis and radiation fibrosis are well-
recognized radiation-induced toxicities (65). Due to the 
potential immune mediated effects, the risk of pneumonitis 
or radiation pneumonitis during the combination of 
immunotherapy with radiation is a potential concern. 
Although the PACIFIC trial investigated immunotherapy 
(durvalumab) as an adjuvant treatment after definitive 
chemoradiotherapy with a good tolerance profile, data are 
limited (66). In a phase I study of ipilimumab in association 
with SABR for stage IV cancer patients, fourteen patients 
received SABR for lung lesions (67). None of the patients 
developed grade 2 or more pneumonitis. Thus, the authors 
concluded that combining SABR and ipilimumab was 
safe. Another example is a phase I study by Twyman-
Saint Victor et al. on patients with metastatic melanoma. 
Patients received ipilimumab 3–5 days following SABR 
to a metastatic lesion (68). Among the 22 patients treated,  
10 had lung lesions irradiated (16–24 Gy in 2–3 fractions), 
and there were no dose-limiting toxicities observed. The 
PEMBRO-RT study compared the benefit of SABR  
(3×8 Gy) to a single metastasis given within 7 days prior 
to the first cycle of pembrolizumab with pembrolizumab 
treatment alone, and preliminary data showed that the 
overall response rate at 12 weeks doubled from 19% to 41% 
in the irradiated group without increased toxicity (69).

To summarize, there are no clear recommendations on 
the combination of immunotherapy with radiation. The 
previous cited studies as well as ongoing studies (62) will 
hopefully provide better answers in the future.

Emergencies

Emergencies account for about 3% of all RT courses. 
Among these, superior vena cava syndrome (SVCS) and 
hemoptysis are of particular importance for palliative lung 
RT (70).

SCVS is present in 10% of SCLC and 1.7% of 
NSCLC at diagnosis (20). It is mainly caused by an 
extrinsic compression of the superior vena cava by a 
right-sided thoracic tumor, or rarely by direct tumoral 
invasion. The diagnosis is mainly clinical, and always 
confirmed by computed tomography scan. Treatment 
must be multidisciplinary and will depend of the degree of 
emergency and the patient’s global situation. It must include 
symptomatic (such as corticosteroids and oxygen) and cause-

specific treatments. RT is an effective treatment for SVCS, 
with an overall symptomatic improvement for 70–80% 
of patients in 1–3 weeks. It seems to be more effective for 
SCLC with almost 77–95% efficacy than for NSCLC with 
nearly 60% efficacy (20,71,72). Armstrong et al. showed 
that high doses per fraction (3–4 Gy) yielded symptomatic 
relief in less than 2 weeks in 70% of the patients, compared 
to conventional-dose fractionation (2 Gy) with a response 
of 56% (73). Thus, hypofractionation with more than 3 Gy 
per fraction seems to be more effective (66).

Hemoptysis is a potentially life-threatening emergency 
defined by the expectoration of blood from the lower 
respiratory tract. It can occur in approximately 20% 
of patients with lung cancer, with 3% having terminal 
massive hemoptysis. The cause can be the tumor itself by 
local invasion or abnormal tumoral vasculature, tumoral 
shrinkage after a treatment, or due to a systemic therapy 
(anti-angiogenic or anticoagulant) (74,75). The type 
of treatment chosen must be obviously adapted to the 
clinical situation and the patient’s shape. It is indicated to 
perform imaging studies such as CT-scans, angiography 
or bronchoscopy to support decision-making. EBRT is 
an efficient treatment to palliate hemoptysis in a small 
number of sessions, and can be effective within 24–48 h 
after the first session. The response rate is almost as high 
as 80%, with some series reporting an efficiency of 97%. 
No treatment scheme has been proved to be more effective 
than another in this indication; thus, hypofractionation is 
the rule in this particular indication (12,20,70,74). 

Conclusions

RT is still a cornerstone in the management of palliative 
NSCLC. For patients with good PS and/or life expectancy, 
high dose EBRT schedules are preferred. SABR is also a 
promising option for patients with low metastatic burden. 
CC in palliative intent is conceivable for patients suffering 
from advanced stage III NSCLC unfit for curative 
treatment. 
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