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Background: Patients with metastatic non-small cell lung cancer (NSCLC) experience significant morbidity 
with dyspnea being a common symptom with a prevalence of 70%. The objective of this study was to determine 
factors associated with a moderate-to-severe dyspnea score based on the Edmonton Symptom Assessment System 
(ESAS), as well as resultant patterns of intervention and factors correlated to intervention receipt. 
Methods: Using health services administrative data, we conducted a population-based study of all patients 
diagnosed with metastatic NSCLC treated from January 2007 to September 2018 in the province of Ontario. 
The primary outcomes of interest are the prevalence of moderate-to-severe dyspnea scores, and the receipt 
of dyspnea-directed intervention. Differences in baseline characteristic between moderate-to-severe dyspnea 
and low dyspnea score cohorts were assessed by comparative statistics. Predictors of intervention receipt 
for patients with moderate-to-severe dyspnea scores were estimated using multivariable modified Poisson 
regression. 
Results: The initial study cohort included 13,159 patients diagnosed with metastatic NSCLC and of these, 
9,434 (71.7%) reported a moderate-to-severe dyspnea score. Compared to patients who did not report moderate-
to-severe dyspnea scores, those who reported a moderate-to-severe dyspnea score were more likely to complete 
a greater number of ESAS surveys, be male, have a higher Elixhauser comorbidity index (ECI) score, and receive 
subsequent systemic therapy after diagnosis. Most patients with a moderate-to-severe dyspnea score received 
intervention (96%), of which the most common were palliative care management (87%), thoracic radiotherapy 
(56%) and thoracentesis (37%). Multivariable regression identified older patients to be less likely to undergo 
pleurodesis. Thoracentesis was less common for patients living in rural and non-major urban areas, lower income 
areas, and earlier year of diagnosis. Receipt of thoracic radiotherapy was less common for older patients, females, 
those with ECI ≥4, patients living in major urban areas, and those with later year of diagnosis. Finally, palliative 
care referrals were less frequent for patients with ECI ≥4, age 60–69, residence outside of major urban areas, 
earlier year of diagnosis, and lower income areas. 
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Introduction

In 2020, lung cancer accounted for 11% of all new cancer 
globally (1). As most cases are locally advanced or metastatic 
at presentation (2), it remains the most common cause of 
cancer-related mortality, representing 18% of all cancer 
deaths worldwide. The morbidity of lung cancer is also 
significant; symptom burden commonly includes dyspnea, 
fatigue, distress, cough, pain, hemoptysis, and constipation 
(1,3). In particular, dyspnea has been characterized as 
a predominant symptom experienced by this patient 
population, with a reported prevalence of 70% in all lung 
cancer patients (4).

The use of patient reported outcomes (PROs) within 
the oncology community is becoming more prominent, 
with applications in routine clinical practice as well an 
expanding role as an endpoint within clinical studies (5,6). 

The Edmonton Symptom Assessment System (ESAS) 
is a validated PRO tool used ubiquitously throughout 
cancer centers in Ontario, Canada, typically conduced at 
each outpatient visit (7). Its use has been associated with 
increased referrals to palliative care services, as well as 
improved overall survival (8,9). 

The provincial implementation of the ESAS tool allows 
for a unique opportunity to quantify and assess the symptom 
burden at the population level, and we have previously 
reported the overall symptom distribution of stage IV lung 
cancer patients, as measured through ESAS (10). In the 
current study, we focus on the subset of metastatic lung 
cancer patients reporting a moderate-to-severe dyspnea 
score, with the aim to establish factors associated with 
dyspnea, as well as characteristics associated with the use 
of interventions commonly used to treat dyspnea in lung 
cancer. We present the following article in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-919/rc). 

Methods

Study cohort and data sources 

The details of our data sources and methods have been 
described previously (10). Briefly, we queried the provincial 
Institute for Clinical Evaluative Sciences (ICES) database 
for all eligible patients with available ESAS information. 
We included all patients diagnosed with stage IV lung 
cancer between January 2007 and September 2018 as 
identified in the 2020 Ontario Cancer Registry (OCR) 
using the International Classification of Disease for 
Oncology (ICD-O) topography codes ICD-O-3: C34.0-
34.4, C34.8, and C34.9. Only non-small cell lung cancer 
(NSCLC) histologies were included in the current analysis. 
Patients were excluded if they were under the age of 18 or 
over 99, had less than 6 months of follow-up without death, 
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or had an additional diagnoses of cancer 5 years preceding 
their NSCLC diagnosis or up to the end of follow-up 
or death. This study conforms to the provisions of the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Sunnybrook Health Sciences Centre 
research ethics board (REB # 2138-2019) and adhered to 
data confidentiality and privacy policies of the Institute for 
Clinical Evaluative Sciences (ICES). Individual consent for 
retrospective analysis was waived. 

Covariates and outcomes 

All baseline covariates were measured at the time of 
diagnosis, including age and sex. Immigration status was 
defined as “immigrant” for patients who immigrated to 
or held refugee status in Canada. The Rurality Index 
scores a patient’s primary place of residence on a scale of 
0–100 depending on population size, density, and health 
care resource availability. An increasing score represents 
more rural inhabitation, with a score of 0–9, 10–44, and 
45+ corresponding to “major urban”, “non-major urban”, 
and “rural” inhabitation, respectively. The neighborhood 
income quintiles were categorized according to the median 
income of a patient’s postal code. Medical comorbidities 
were assessed using the Elixhauser comorbidity index 
(ECI) based on health service usage within 24 months 
of NSCLC diagnosis. The ECI was selected as it was an 
index specifically designed to be used with administrative 
databases and derived from International Classification of 
Diseases (ICD) codes (11). Low comorbidity burden was 
defined as 0–3, whereas greater values indicated a high 
burden (12,13). Quintiles were assigned for patients based 
on the four dimensions of the Ontario Marginalization 
Index: ethnic diversity, residential instability (home security 
and ownership), material deprivation (income, education, 
and single parent families), and dependency (workforce 
eligibility) (14). Interventions for dyspnea examined 
include airway stenting, pleurodesis, thoracentesis, thoracic 
radiotherapy, and palliative care referral. 

The primary outcomes of interest were the receipt of 
interventions at any time from metastatic NSCLC diagnosis 
to the end of follow-up, as well as the receipt of dyspnea-
directed interventions. Endpoints were stratified by the 
exposure variable of ESAS dyspnea score. A moderate-
to-severe dyspnea score was defined as ≥4 out of 10 
consistent with our initial report and literature cutoffs; 
otherwise, patients were considered to have a low score 
(7,10,15). Furthermore, we characterized the interventions 

received for patients reporting moderate-to-severe dyspnea 
score(s) and their association with baseline covariates in an 
exploratory manner.

Statistical analysis 

Baseline characteristics were reported and stratified by 
patients who reported high and non-moderate-to-severe 
dyspnea scores. Continuous measures were summarized 
using means and standard deviations (SDs) or medians 
and interquartile range (IQR). Categorical variables were 
reported as frequencies and proportions. Comparisons of 
variables between the patient strata were performed using 
Student’s t-test and chi square testing for continuous and 
categorical variables, respectively. Potential predictors of 
intervention receipt were analyzed using multivariable 
modified Poisson regression modelling with robust error 
variance. Relevant variables were included a priori based on 
clinical judgment. Relative risks (RRs) with 95% confidence 
intervals (CIs) were reported and P values for type-3 tests 
were used to determine the overall effect of each covariate 
in the model. All analyses were performed using SAS 
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Study cohort 

A total of 23,657 patients were diagnosed with stage IV 
NSCLC between January 2007 and September 2018. Of 
these, 13,159 patients (55.6%) met our inclusion criteria 
for this study. From the included patients, 9,434 (71.7%) 
patients reported a moderate-to-severe dyspnea score at 
any point in their ESAS evaluations. The median length 
of follow-up for the entire cohort was 9 months (IQR: 14), 
and the median number of ESAS surveys was 4 (IQR: 9). 
Those who reported a moderate-to-severe dyspnea score 
were more likely to complete more surveys (P<0.001).

Details of patients as stratified by ESAS dyspnea score 
reporting are summarized in Table 1. Compared to patients 
who did not report moderate-to-severe dyspnea scores, 
those who reported a moderate-to-severe dyspnea score 
were more likely to be male, have a higher ECI score, live 
in less ethnically diverse areas, and receive subsequent 
systemic therapy after diagnosis. Patients with moderate-
to-severe dyspnea scores were also more likely to report 
comorbid high ESAS depression and pain scores. This 
cohort was more likely to die during the follow-up period of 
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Table 1 Baseline characteristics of all patients

Variable
Entire cohort 
(n=13,159)

Low dyspnea score 
(n=3,725)

Moderate-high dyspnea 
score (n=9,434)

P value

Number of ESAS survey completed, mean ± SD 9.09±12.14 6.62±10.39 10.07±12.63 <0.001

Age category (at diagnosis) (years), n (%) 0.139

18 to 59 3,020 (23.0) 847 (22.7) 2,173 (23.0)

60 to 69 4,353 (33.1) 1,218 (32.7) 3,135 (33.2)

70 to 79 4,051 (30.8) 1,128 (30.3) 2,923 (31.0)

80+ 1,735 (13.2) 532 (14.3) 1,203 (12.8)

Sex, n (%) <0.001

Female 6,426 (48.8) 1,937 (52.0) 4,489 (47.6)

Male 6,733 (51.2) 1,788 (48.0) 4,945 (52.4)

Rurality index, n (%) 0.082

Major urban 8,620 (65.5) 2,497 (67.0) 6,123 (64.9)

Non-major urban 3,518 (26.7) 939 (25.2) 2,579 (27.3)

Rural 974 (7.4) 274 (7.4) 700 (7.4)

Missing 47 (0.4) 15 (0.4) 32 (0.3)

Elixhauser comorbidity index, n (%) <0.001

Less than 4 12,321 (93.6) 3,533 (94.8) 8,788 (93.2)

4 or more 838 (6.4) 192 (5.2) 646 (6.8)

Nearest census based neighbourhood income quintile, n (%) 0.79

Q1 2,817 (21.4) 773 (20.8) 2,044 (21.7)

Q2 2,961 (22.5) 851 (22.8) 2,110 (22.4)

Q3 2,573 (19.6) 734 (19.7) 1,839 (19.5)

Q4 2,451 (18.6) 684 (18.4) 1,767 (18.7)

Q5 2,317 (17.6) 673 (18.1) 1,644 (17.4)

Missing 40 (0.3) 10 (0.3) 30 (0.3)

Deprivation quintile, n (%) 0.549

Q1 2,285 (17.4) 611 (16.4) 1,674 (17.7)

Q2 2,479 (18.8) 719 (19.3) 1,760 (18.7)

Q3 2,649 (20.1) 760 (20.4) 1,889 (20.0)

Q4 2,750 (20.9) 775 (20.8) 1,975 (20.9)

Q5 2,905 (22.1) 832 (22.3) 2,073 (22.0)

Missing 91 (0.7) 28 (0.8) 63 (0.7)

Ethnic concentration quintile, n (%) <0.001

Q1 2,944 (22.4) 793 (21.3) 2,151 (22.8)

Q2 2,858 (21.7) 744 (20.0) 2,114 (22.4)

Table 1 (continued)
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Table 1 (continued)

Variable
Entire cohort 
(n=13,159)

Low dyspnea score 
(n=3,725)

Moderate-high dyspnea 
score (n=9,434)

P value

Q3 2,492 (18.9) 699 (18.8) 1,793 (19.0)

Q4 2,395 (18.2) 690 (18.5) 1,705 (18.1)

Q5 2,379 (18.1) 771 (20.7) 1,608 (17.0)

Missing 91 (0.7) 28 (0.8) 63 (0.7)

Dependency quintile, n (%) 0.808

Q1 2,058 (15.6) 571 (15.3) 1,487 (15.8)

Q2 2,290 (17.4) 627 (16.8) 1,663 (17.6)

Q3 2,437 (18.5) 695 (18.7) 1,742 (18.5)

Q4 2,717 (20.6) 773 (20.8) 1,944 (20.6)

Q5 3,566 (27.1) 1,031 (27.7) 2,535 (26.9)

Missing 91 (0.7) 28 (0.8) 63 (0.7)

Instability quintile, n (%) 0.326

Q1 1,925 (14.6) 572 (15.4) 1,353 (14.3)

Q2 2,237 (17.0) 600 (16.1) 1,637 (17.4)

Q3 2,569 (19.5) 734 (19.7) 1,835 (19.5)

Q4 2,824 (21.5) 817 (21.9) 2,007 (21.3)

Q5 3,513 (26.7) 974 (26.1) 2,539 (26.9)

Missing 91 (0.7) 28 (0.8) 63 (0.7)

Year of diagnosis, n (%) 0.235

2007 to 2012 5,154 (39.2) 1,429 (38.4) 3,725 (39.5)

2013 to 2018 8,005 (60.8) 2,296 (61.6) 5,709 (60.5)

Patients who received systemic therapy* after diagnosis, n (%) <0.001

None 5,308 (40.3) 1,678 (45.0) 3,630 (38.5)

Received therapy 7,851 (59.7) 2,047 (55.0) 5,804 (61.5)

Follow-up time from diagnosis to end of study 
(months), median (IQR)

9 (4–18) 8 (4–17) 9 (5–18) <0.001

Died after diagnosis until end of study, n (%) <0.001

Alive 1,252 (9.5) 448 (12.0) 804 (8.5)

Died during follow-up 11,907 (90.5) 3,277 (88.0) 8,630 (91.5)

Time from diagnosis to death (months), median (IQR) 8 (4–15) 7 (4–14) 8 (4–16) <0.001

Patients with High ESAS Depression score, n (%) <0.001

No high ESAS score 3,762 (28.6) 1,781 (47.8) 1,981 (21.0)

At least one high ESAS score 9,397 (71.4) 1,944 (52.2) 7,453 (79.0)

Patients with High ESAS Pain score, n (%) <0.001

No high ESAS score 4,151 (31.5) 1,850 (49.7) 2,301 (24.4)

At least one high ESAS score 9,008 (68.5) 1,875 (50.3) 7,133 (75.6)

*, systemic therapy refers to chemotherapy, targeted therapy, or immunotherapy. ESAS, Edmonton Symptom Assessment System; SD, 
standard deviation; IQR, interquartile range. 
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this study, although the timeframe from diagnosis to death 
is longer for those with moderate-to-severe dyspnea scores 
who died compared to those who died and did not report a 
moderate-to-severe dyspnea score. 

Interventions and association with dyspnea scores

Table 2 reports the distribution of interventions for dyspnea 
in patients stratified by high and low reported dyspnea 
ESAS scores. Overall, most stage IV patients received 
intervention at some point during their diagnosis (94.9%). 
Patients with moderate-to-severe dyspnea scores were more 
likely to receive interventions with the potential to improve 
dyspnea, including pleurodesis, thoracentesis, thoracic 
radiotherapy, and palliative care assessment compared to 
patients without a high score (P<0.001 for all). Airway 
stenting was not significantly different between the two 
groups however, and the overall incidence of its use was low 
(0.2%). Of the patients who reported a high ESAS dyspnea 
score, the most common interventions were palliative 
care referral (86.5%), thoracic radiotherapy (56.2%), and 

thoracentesis (37.3%).

Factors associated with receipt of therapy in moderate-to-
severe dyspnea score patients

When looking at the proportion of patients with moderate-
to-severe dyspnea scores who did not receive intervention, 
they completed fewer ESAS surveys (P<0.001), lived in 
rural areas (P<0.001), and were more likely to be from 
neighborhoods with lower income quintiles (P=0.004). 
There were differences in the distribution of patient 
quintiles amongst all four domains of the Ontario 
Marginalization Index, with those who did not receive 
intervention more likely to live in areas with higher 
deprivation (P=0.001), dependency (P<0.001), instability 
(P=0.007), and less ethnic diversity (P=0.004). Of patients 
who died, non-intervention patients had a shorter time 
to death from diagnosis, with a median time of 4 versus  
8 months for patients who received intervention (Table S1).

The results of the multivariable modified Poisson 
regressions are reported in Table 3. In general, interventions 

Table 2 Interventions for dyspnea 

Variable Low dyspnea (n=3,725) Moderate-high dyspnea score (n=9,434) Total (n=13,159) P value

Airway stenting, n (%) 0.172

No 3,721 (99.9) 9,413 (99.8) 13,134 (99.8)

Yes 4 (0.1) 21 (0.2) 25 (0.2)

Pleurodesis, n (%) <0.001

No 3,564 (95.7) 8,697 (92.2) 12,261 (93.2)

Yes 161 (4.3) 737 (7.8) 898 (6.8)

Thoracentesis, n (%) <0.001

No 2,802 (75.2) 5,915 (62.7) 8,717 (66.2)

Yes 923 (24.8) 3,519 (37.3) 4,442 (33.8)

Thoracic radiation therapy, n (%) <0.001

No 2,019 (54.2) 4,136 (43.8) 6,155 (46.8)

Yes 1,706 (45.8) 5,298 (56.2) 7,004 (53.2)

Palliative assessment, n (%) <0.001

No 643 (17.3) 1,277 (13.5) 1,920 (14.6)

Yes 3,082 (82.7) 8,157 (86.5) 11,239 (85.4)

No intervention for shortness of breath, n (%) <0.001

Received therapy 3,445 (92.5) 9,040 (95.8) 12,485 (94.9)

No intervention 280 (7.5) 394 (4.2) 674 (5.1)

https://cdn.amegroups.cn/static/public/JTD-22-919-Supplementary.pdf
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Table 3 Multivariable modified poisson regression of intervention receipt and baseline characteristics 

Variable Pleurodesis (95% CI) Thoracentesis (95% CI) Thoracic radiotherapy (95% CI) Palliative assessment (95% CI)

Age group (years)

60–69 0.762 (0.635–0.914)* 0.933 (0.87–1.002)* 0.994 (0.95–1.041)** 0.977 (0.957–0.998)

70–79 0.812 (0.676–0.975) 0.942 (0.877–1.013) 0.925 (0.881–0.971) 0.987 (0.966–1.009)

80 and older 0.762 (0.597–0.973) 1.038 (0.952–1.132) 0.895 (0.839–0.956) 0.976 (0.95–1.004)

18–59 (ref)

Sex

Female 0.904 (0.786–1.04) 1.001 (0.95–1.055) 0.944 (0.911–0.978)* 1.012 (0.996–1.028)

Male (ref)

Elixhauser comorbidity index

4 or more 1.01 (0.765–1.335) 0.936 (0.839–1.044) 0.869 (0.801–0.943)** 0.96 (0.926–0.996)*

Less than 4 (ref)

Rural residence

Non-major urban 0.867 (0.734–1.025) 0.778 (0.729–0.83)** 1.01 (0.969–1.052)** 0.953 (0.935–0.971)**

Rural 1.107 (0.858–1.428) 0.748 (0.665–0.842) 1.145 (1.077–1.217) 0.869 (0.833–0.906)

Major urban (ref)

Income quintile

Q1 1.054 (0.841–1.321) 0.849 (0.782–0.921)** 0.967 (0.914–1.024) 0.973 (0.949–0.998)*

Q2 0.944 (0.75–1.187) 0.846 (0.78–0.918) 0.986 (0.933–1.043) 0.964 (0.94–0.989)

Q3 0.943 (0.744–1.195) 0.892 (0.821–0.969) 0.966 (0.911–1.024) 0.996 (0.972–1.021)

Q4 1.191 (0.951–1.493) 0.943 (0.869–1.023) 0.987 (0.931–1.045) 0.985 (0.96–1.011)

Q5 (ref)

Diagnosis year

2007–2018 0.983 (0.963–1.004) 1.021 (1.012–1.029)** 0.968 (0.962–0.973)** 1.004 (1.002–1.007)*

*, P value for the overall effect of the variable (type 3 effects) <0.05; **, P value for the overall effect of the variable (type 3 effects) <0.001. 
CI, confidence interval; ref, reference. 

were less likely to be given to older patients, although the 
use of thoracentesis was not significantly different based 
on age. Female sex was associated with a lower chance 
of receiving thoracic radiotherapy [RR =0.944; 95% CI: 
0.911–0.978]. Patients with an ECI of ≥4 were also less 
likely to receive thoracic radiotherapy (RR =0.869; 95% 
CI: 0.801–0.943) or a palliative care assessment (RR 
=0.96; 95% CI: 0.926–0.996). Patients living in rural areas 
were more likely to receive thoracic RT, but less likely to 
receive thoracentesis or palliative care assessment than 
patients living in major urban settings. Similarly, patients 
living in non-major urban areas were less likely to receive 
thoracentesis than those living in major urban centres. 

Patients in lower income quintiles were less likely to receive 
thoracentesis and palliative care assessment, while other 
interventions had no association with income. The use of 
thoracentesis and palliative care assessment increased with 
year of diagnosis, while the use of thoracic radiotherapy 
decreased.

Discussion

Moderate to severe dyspnea was prevalent in patients with 
metastatic NSCLC, with 71.7% of patients reporting at 
least one ESAS dyspnea score ≥4 throughout the course of 
their follow-up. Several factors may explain this observation. 
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First, a patient’s dyspnea may relate to anatomic factors 
from lung cancer, including primary disease burden, 
presence of pleural effusion, and lung obstruction or even 
collapse. Second, many patients with lung cancer have co-
existing pulmonary and/or cardiac morbidities, often as 
a consequence from a common risk factor, smoking. It 
has been reported that smokers with chronic obstructive 
pulmonary disease (COPD) are five times more likely 
to develop lung cancer than smokers who do not have 
obstructive airways (16,17). Third, certain side effects 
from lung cancer therapies manifest as dyspnea, including 
pneumonitis (radiation/systemic therapy), and pneumonia 
(chemotherapy). Nevertheless, regardless of etiology, 
the prevalence of dyspnea in this cohort underscores the 
importance of intervention for potentially reversible causes. 

We observed several factors associated with non-receipt 
of any intervention in patients who reported a moderate-
to-severe dyspnea score. Some of these factors are intuitive, 
such as ECI score. Patients with more comorbidities 
may not tolerate or be too frail to benefit from certain 
interventions, including thoracentesis or pleurodesis. Others 
however, present more of a concern. In general, more 
marginalized patients were less likely to receive intervention 
for their dyspnea despite reporting a high score. Disparity 
in cancer care in Canada is not a novel concept and is well 
described in the literature (18,19). Patients with lower 
socioeconomic status or from marginalized communities 
are less likely to access necessary care, both due to intrinsic 
factors, such as lower health literacy to make informed 
decisions for care, as well as extrinsic factors such as physical 
access to services. Thus, patients living in areas with higher 
marginalization scores have greater odds of mortality 
compared to those living in areas with better scores (20). 
This inequity has been highlighted in a recent publication 
by the Canadian Partnership Against Cancer, in which 
rural and remote inhabitants experienced inequities in lung 
cancer risk, access to care, and outcomes. Patients in lower 
income brackets are significantly more likely to smoke, to 
be diagnosed with stage III or IV disease, and less likely to 
receive curative surgeries. Native populations in particular 
have been identified as a high-risk marginalized group (21). 
Healthcare providers and policymakers should be cognizant 
of these disparities. Further efforts are required to identify 
and address barriers to access, ideally with the input of the 
marginalized cancer population (18).

We also observed a significant association between 
moderate-to-severe dyspnea scores and patients that live in 
less ethnically diverse areas. Several studies in the literature 

support racial disparities that exist in health-related quality 
of life (QoL), including dyspnea, in the management of lung 
cancer patients and oncology patients in general (22-24).  
Vogel et al. reported worse intervention related QoL 
outcomes for African American patients who underwent 
chemoradiotherapy for stage IIIB lung cancer (22). In a 
population-level analysis of NSCLC patients who underwent 
surgery, Poghosyan et al. reported worse mental health QoL 
scores in black patients versus white patients (24). Clinicians 
must be cognizant of internal biases that may compromise 
the equity of patient care, such as age or sex, so that the 
principle of medical justice may be upheld.

Our analysis found that those reporting a moderate-
to-severe dyspnea score had a greater number of ESAS 
surveys completed in a cancer centre, likely related 
to more outpatient visits to manage their disease and 
symptoms. Furthermore, pain and depression were 
comorbid symptoms in this patient cohort, which may 
all be manifestations of the significant symptom burden 
and generally poor prognosis that these patients are 
afflicted with. Andersen et al. reported a 36% incidence of 
moderate and severe depressive symptoms in a prospective 
observational study of stage IV lung cancer patients (25). 
Pain can manifest from many etiologies, including bone 
metastases, chest pain from the primary tumor, pleural 
effusions, and visceral metastases to organs such as the liver 
or adrenal glands (26). A previous analysis implementing 
statistical grouping methods identified clusters of comorbid 
symptoms in patients with advanced malignancies. 
Specifically, patients with depression were clustered with 
anxiety. Pain was clustered with nausea, dyspnea, as well as 
tiredness, anorexia, and decreased well-being (27). Specific 
to lung cancer, Choi et al. identified three specific clusters, 
grouping them into intervention-related, lung cancer-
related, and psychological, with the latter two clusters 
having a negative impact on QoL on regression analysis (28). 
Lou et al. observed the clustering of respiratory symptoms 
with poor sleep and lower QoL (29). Symptom burden and 
QoL have been shown to have a direct impact on survival. 
Sloan et al. investigated 2,442 NSCLC patients in which a 
QoL score from 0–100 was measured at least once in the 
first 6-months of diagnosis. They observed a significant 
association between decreased survival [hazard ratio (HR) 
=1.55, P<0.001] with worsening QoL score (30). Similarly, 
a multi-institutional observational study of 1,790 NSCLC 
patients revealed that depression symptoms were associated 
with increased mortality at follow-up for patients with late-
stage disease (HR =1.32, P=0.025) (31). Clinicians caring 
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for patients with advanced lung cancer must stay vigilant 
of symptomatology beyond the primary complaint and 
ensure that any additional symptoms are addressed. PRO 
instruments such as ESAS allow clinicians to systemically 
assess patients and facilitates holistic patient care. 

Interestingly, we also observed an association between 
moderate-to-severe dyspnea scores and male sex. The 
association of dyspnea and sex is inconsistent in the 
literature. A European cross-sectional study of 200 lung 
cancer patients using the European Organisation for 
Research and Treatment of Cancer (EORTC) QLQ-
LC30 questionnaire did not show a significant difference 
in dyspnea scores between male and female respondents, 
although numerically, the mean score for males was higher 
than females (44.7 vs. 38.9) (32). Similarly, Lövgren et al. 
did not observe a significant difference in dyspnea scores 
between men and women with inoperable lung cancer (33). 
However, other experiences in the general advanced cancer 
population reported a higher proportion of male patients 
experiencing dyspnea (34), whereas conversely, our previous 
analysis of cancer patients in Ontario suggested that dyspnea 
was more prevalent in female patients (35). One possible 
explanation for this observation lies in the preponderance of 
non-smoking females to develop endothelial growth factor 
receptor (EGFR) mutated lung cancer, which accounts for 
about 24% of all NSCLC in North and South America, 
and 50% of never smokers (36). With a negligible smoking 
history, these patients likely have better baseline pulmonary 
function and less susceptible to dyspnea because of NSCLC. 
This is speculative however, given that specific biomarker 
data is not available from our data sources, and correlative 
analyses cannot be conducted.

In our multivariable regression analyses, we observed 
a reduction in the receipt of intervention with increasing 
patient age, except for palliative care referral and thoracic 
radiotherapy. Specific to radiotherapy, we observed a 
lower utilization rate in those with an ECI ≥4 compared to 
those with a lower score. This presents a point of concern 
however, because thoracic radiotherapy should not be 
limited to the most robust patients and may benefit even 
those with poorer performance statuses. Palliative thoracic 
radiotherapy has been recommended as an effective, 
generally well tolerated intervention for symptom control 
in advanced lung cancer patients. Shorter radiotherapy 
courses have been associated with less toxicity. Protracted, 
higher dose courses may be considered in patients with 
good performance status as evidence suggests potential 
improvements in survival (37). The optimal radiotherapy 

utilization rate (ORUR) in lung cancer patients has been 
an area of active investigation and debate. Population 
based studies out of Canada (38) and Australia (39) have 
observed lower than ORURs for lung cancer patients. A 
systematic review has suggested that the lifetime ORUR 
for all lung cancer patients is between 61–82%, and that 
most studies consistently show underutilization. Actuarial 
utilization rates of radiotherapy in patients with metastatic 
disease ranged from 17–47% (40). Our results fortunately 
report a higher utilization rate for palliative thoracic 
radiotherapy, in that 53.1% of all metastatic NSCLC 
patients, and 56.1% of those reporting a moderate-to-
severe dyspnea score received therapy. However, the 
results of our regression analysis point towards a decline in 
thoracic radiotherapy use with later year of diagnosis, even 
in patients with significant dyspnea. This has been observed 
by a Surveillance, Epidemiology, and End Results (SEER) 
analysis of lung cancer patients treated in the United States 
from the 1970s to 2015 revealed a similar downward trend 
in radiotherapy utilization in metastatic lung cancer patients 
overtime (41). The introduction of novel systemic agents 
such as targeted therapy (TT) or immunotherapy (IO), 
may in part explain these observations. Given the improved 
outcomes, tolerability, and efficacy observed with these 
agents over traditional chemotherapy, clinicians may not 
feel that thoracic radiotherapy is as necessary (42,43). More 
importantly however, the risk of toxicity with concomitant 
administration of radiation and targeted agents has been 
shown to be increased (44,45). Because of these reasons, 
we surmise that clinicians may be less inclined to offer 
thoracic radiotherapy compared to the pre-TT and IO 
era. Nevertheless, with the advent of stereotactic body 
radiotherapy (SBRT) techniques and its potential synergy 
with systemic therapies, this presents the opportunity to 
provide further benefit for metastatic NSCLC patients 
with radiotherapy. In particular, the subset of patients with 
limited, oligometastatic disease could benefit and survive 
longer and free of disease progression (46,47).

Pulmonary interventions, that is  thoracentesis, 
pleurodesis, and endobronchial stenting were used in less 
than half of all patients, regardless of dyspnea score. We 
observed decreased receipt of thoracentesis for patients 
living in rural areas, as well as those within lower income 
quintiles. The former may be likely attributed to decreased 
access to a tertiary center with technical expertise and 
equipment to perform the procedure. Thoracentesis is 
a specialized procedure in which operator dependent 
outcomes may be variable in terms of complications such 
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as bleeding or pneumothorax. Physician comfort level and 
resource availability are required for thoracentesis to be 
performed. Procedures performed in centers located in 
wealthier, metropolitan areas in the United States were 
associated with better guideline compliance and survival 
outcomes (48,49). This may reflect our observations in 
which patients living in lower income quintiles were 
less likely to receive thoracentesis. Notably, the use of 
endobronchial stenting was low amongst the entire cohort at 
0.2%. The reason for this is likely multifactorial. Firstly, the 
indication for stenting applies to just a subset of dyspneic 
patients with malignant airway obstruction (MAO) which is 
thought to occur infrequently, with only 80,000 cases a year 
occurring in the United States (50). Furthermore, in situ 
stents present with a host of complications after prolonged 
deployment, including stent migration, infection, fracture, 
and perforation amongst others (51). Lastly, endobronchial 
stenting is a technically challenging procedure, requiring 
a high level of training and experience as endorsed by the 
European Respiratory and American Thoracic Societies (52). 
As a result, stenting comfort and expertise may be limited to 
select centres.

Limitations of our study include the risk of selection bias 
introduced by the nearly 40% ESAS non-completion rate of 
our initial patient cohort. As observed in our previous report, 
non-respondents were more likely to be older, have higher 
ECI scores, and not receive active oncologic therapy (10).  
This limits the generalizability of the findings of the 
current study and suggests that the non-ESAS respondents 
may have not received care at a cancer center in Ontario, 
where implementation of the ESAS questionnaire was 
standard. Furthermore, the use of administrative data 
precludes granular description of interventions. It would be 
informative to differentiate outcomes stratified by different 
types of systemic therapy (i.e., IO, chemotherapy, or TT), 
and radiotherapy techniques and doses. Given that the dates 
of inclusion of this study precedes the widespread utilization 
of targeted and immunotherapies, many patients may have 
received chemotherapy and as such, our observations may 
not be reflective of a contemporary cohort of metastatic 
NSCLC patients. Our data also captures a single snapshot 
of any patient reporting a moderate-to-severe dyspnea 
score at one time point and does not report on the effects 
of any interventions received. The differential diagnosis for 
dyspnea is multifactorial, ranging from cancer progression 
to pulmonary embolism to panic attacks. Our study, limited 
by the data source, does not discern etiology, and only 
captures interventions used to address direct oncologic-

related causes of dyspnea such as disease progression or 
malignant pleural effusion. Furthermore, it is difficult to 
characterize possible discordance between patient and 
clinician reported cases of dyspnea which is inherent in 
using PRO instruments such as ESAS. Lastly, due to the 
large sample size of our dataset, statistical significance is not 
necessarily indicative of clinical significance (53). Spurious 
associations may be observed, such as that between dyspnea 
and sex or race. Readers should interpret these results 
within the context of a population-based analysis.

Conclusions

This population-based analysis demonstrates that nearly 
three quarters of patients with metastatic NSCLC in 
Ontario report significant dyspnea. Most patients with 
moderate-to-severe dyspnea scores receive intervention, 
although disparities exist based on patient and social factors. 
These data of symptom burden and patterns of care can 
help inform policymaking and guide the astute clinician in 
identifying patient populations at risk of suboptimal care.
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Supplementary

Table S1 Baseline characteristics and receipt of intervention in patients with moderate-high dyspnea scores

Variable
Treatment for dyspnea

Treatment received (n=9,040) No treatment (n=394) P value

Number of ESAS survey completed, mean ± SD 10.14±12.67 8.29±11.38 0.004

Age category (at diagnosis) (years), n (%) 0.812

18 to 49 436 (4.8) 14 (3.6)

50 to 59 1,648 (18.2) 75 (19.0)

60 to 69 3,000 (33.2) 135 (34.3)

70 to 79 2,803 (31.0) 120 (30.5)

80+ 1,153 (12.8) 50 (12.7)

Sex, n (%) 0.72

Female 4,305 (47.6) 184 (46.7)

Male 4,735 (52.4) 210 (53.3)

Rural residence (Rurality Index for Ontario 40+), n (%) <0.001

Major urban 5,897 (65.2) 226 (57.4)

Non-major urban 2,459 (27.2) 120 (30.5)

Rural 653 (7.2) 47 (11.9)

Missing 31 (0.3) ≤5 (0.3)

Elixhauser comorbidity score (categorical), n (%) 0.102

Less than 4 8,429 (93.2) 359 (91.1)

4 or more 611 (6.8) 35 (8.9)

Nearest Census Based Neighbourhood Income Quintile, n (%) 0.004

Q1 1,955 (21.6) 89 (22.6)

Q2 2,000 (22.1) 110 (27.9)

Q3 1,773 (19.6) 66 (16.8)

Q4 1,695 (18.8) 72 (18.3)

Q5 1,591 (17.6) 53 (13.5)

Missing 26 (0.3) ≤5 (1.0)

Deprivation Quintile, n (%) 0.001

Q1 1,616 (17.9) 58 (14.7)

Q2 1,699 (18.8) 61 (15.5)

Q3 1,816 (20.1) 73 (18.5)

Q4 1,878 (20.8) 97 (24.6)

Q5 1,976 (21.9) 97 (24.6)

Missing 55 (0.6) 8 (2.0)

Ethnic Diversity Quintile, n (%) 0.004

Q1 2,045 (22.6) 106 (26.9)

Table S1 (continued)
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Table S1 (continued)

Variable
Treatment for dyspnea

Treatment received (n=9,040) No treatment (n=394) P value

Q2 2,025 (22.4) 89 (22.6)

Q3 1,728 (19.1) 65 (16.5)

Q4 1,638 (18.1) 67 (17.0)

Q5 1,549 (17.1) 59 (15.0)

Missing 55 (0.6) 8 (2.0)

Dependency Quintile, n (%) <0.001

Q1 1,446 (16.0) 41 (10.4)

Q2 1,601 (17.7) 62 (15.7)

Q3 1,666 (18.4) 76 (19.3)

Q4 1,847 (20.4) 97 (24.6)

Q5 2,425 (26.8) 110 (27.9)

Missing 55 (0.6) 8 (2.0)

Instability Quintile, n (%) 0.007

Q1 1,299 (14.4) 54 (13.7)

Q2 1,568 (17.3) 69 (17.5)

Q3 1,765 (19.5) 70 (17.8)

Q4 1,909 (21.1) 98 (24.9)

Q5 2,444 (27.0) 95 (24.1)

Missing 55 (0.6) 8 (2.0)

Year of diagnosis (categorical) , n (%) 0.718

2007 to 2012 3,566 (39.4) 159 (40.4)

2013 to 2018 5,474 (60.6) 235 (59.6)

Patients who received systemic therapy after diagnosis, n (%) 0.228

None 3,467 (38.4) 163 (41.4)

Received therapy 5,573 (61.6) 231 (58.6)

Died after diagnosis until end of study, n (%) <0.001

Alive 691 (7.6) 113 (28.7)

Died during follow-up 8,349 (92.4) 281 (71.3)

Time from diagnosis to death (months), median (IQR) 8 (4–16) 4 (2–8) <0.001

ESAS, Edmonton Symptom Assessment System; SD, standard deviation; IQR, interquartile range. 


