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ABSTRACT

Background. In Ontario, Canada, patient-reported outcome
(PRO) evaluation through the Edmonton Symptom Assess-
ment System (ESAS) has been integrated into clinical workflow
since 2007. As stage IV non-small cell lung cancer (NSCLC) is
associated with substantial disease and treatment-related
morbidity, this province-wide study investigated moderate to
severe symptom burden in this population.
Materials and Methods. ESAS collected from patients with
stage IV NSCLC diagnosed between 2007 and 2018 linked to
the Ontario provincial health care system database were
studied. ESAS acquired within 12 months following diagno-
sis were analyzed and the proportion reporting moderate
to severe scores (ESAS ≥4) in each domain was calculated.
Predictors of moderate to severe scores were identified
using multivariable Poisson regression models with robust
error variance.
Results. Of 22,799 patients, 13,289 (58.3%) completed ESAS
(84,373 assessments) in the year following diagnosis.
Patients with older age, with high comorbidity, and not

receiving active cancer therapy had lower ESAS completion.
The majority (94.4%) reported at least one moderate to
severe symptom. The most prevalent were tiredness
(84.1%), low well-being (80.7%), low appetite (71.7%), and
shortness of breath (67.8%). Most symptoms peaked at
diagnosis and, while declining, remained high in the follow-
ing year. On multivariable analyses, comorbidity, low
income, nonimmigrants, and urban residency were associ-
ated with moderate to severe symptoms. Moderate to
severe scores in all ESAS domains aside from anxiety were
associated with radiotherapy within 2 weeks prior, whereas
drowsiness, low appetite and well-being, nausea, and tired-
ness were associated with systemic therapy within 2 weeks
prior.
Conclusion. This province-wide PRO analysis showed mod-
erate to severe symptoms were prevalent and persistent
among patients with metastatic NSCLC, underscoring the need
to address supportive measures in this population especially
around treatments. The Oncologist 2021;26:e1800–e1811

Implications for Practice: In this largest study of lung cancer patient-reported outcomes (PROs), stage IV non-small cell lung
cancer patients had worse moderate-to-severe symptoms than other metastatic malignancies such as breast or gastrointes-
tinal cancers when assessed with similar methodology. Prevalence of moderate-to-severe symptoms peaked early and
remained high during the first year of follow-up. Symptom burden was associated with recent radiation and systemic treat-
ments. Early and sustained PRO collection is important to detect actionable symptom progression, especially around treat-
ments. Vulnerable patients (e.g., older, high comorbidity) who face barriers in attending in-person clinic visits had lower
PRO completion. Virtual PRO collection may improve completion.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related
death worldwide, including in Canada, where it accounts
for 26% of cancer-related deaths [1, 2]. Non-small cell
lung cancer (NSCLC) accounts for approximately 85% of
all lung cancer [3]. Most patients with NSCLC present
with incurable stage IV disease at diagnosis, historically
with dismal 5-year survival of less than 10% according to
a recent Surveillance, Epidemiology, and End Results
study between 2013 and 2017 [3]. Even with newer therapies,
such as immunotherapy and targeted therapy, by nature of
the patient’s incurable disease, the importance of symptom
management remains crucial [4, 5]. Previous studies have
demonstrated that lung cancer is associated with high symp-
tom burden, which has strong implications on overall quality
of life (QoL), caregiver burden, and health system resource
utilization [6, 7]. It has been reported that depression is com-
mon among patients with stage IV NSCLC owing to its inher-
ent high symptom burden and low survival [8]. In addition,
patients with lung cancer may present with a unique constel-
lation of symptoms as a consequence of local and regional
tumor burden of structures within the thorax, such as dys-
pnea, hemoptysis, and chest pain [9].

Historically, the quantification of cancer-related symp-
toms and treatment toxicities were through health care
providers recording adverse events in the medical record,
as ascertained and graded from the provider perspective
[10]. Recently, patient-reported outcome (PRO) measures
have been increasingly used in the clinical setting to elicit
patients’ own response of symptoms resulting from disease
or treatment. PROs present a unique opportunity to under-
stand the patient-centered perspectives and areas where
intervention might improve symptoms. Studies suggest that
measuring and responding to PROs is associated with
improved QoL, symptom management, and survival, while
reducing emergency department visits among patients with
advanced cancers [11, 12].

Our current understanding of PROs utility in patients
with stage IV lung cancer is limited to smaller cohort stud-
ies [9, 13]. Quantification of patient-reported symptom
burden and identification of factors associated with high
symptom burden in a large population receiving routine
cancer care are important to assess the unmet needs of
patients with stage IV NSCLC and may aid decision-making
on population-level health care resource allocation. To
investigate these issues, the aim of this study was to ana-
lyze PRO utilization, as well as patient symptom burden
and trajectory among patients with stage IV NSCLC in the
12 months following diagnosis from the entire province of
Ontario, Canada. This study will then provide the basis for
the development of strategies to address gaps in symptom
management in this patient population.

MATERIALS AND METHODS

Study Overview
In 2007, Cancer Care Ontario (CCO) implemented a
province-wide program whereby all regional cancer centers
systematically collected PROs via the Edmonton Symptom

Assessment System (ESAS) questionnaire at outpatient can-
cer clinic visits. This study used these prospectively col-
lected ESAS PROs linked to routinely collected
administrative data acquired through patient interactions
within the universal, single-payer health care system in
Ontario (2018 population of 14.3 million), Canada. ESAS is a
validated and reliable patient-reported outcome measure
assessing the severity of nine common cancer-associated
symptoms: anxiety, depression, drowsiness, lack of appetite,
nausea, pain, shortness of breath, tiredness, and impaired
well-being [14, 15]. Patients rate each symptom from
0 (no symptoms) to 10 (worst possible symptom) on the
ESAS form during clinical encounters, which are collected as
part of their records. The administrative data included all
patients with a valid Ontario Health Insurance Plan (OHIP)
number. The provincial ESAS data are consolidated and made
available through the ICES (formally known as Institute for
Clinical Evaluative Sciences) database. The study was approved
by the Sunnybrook Health Sciences Centre research ethics
board and adhered to data confidentiality and privacy policies
of ICES. The study was conducted and reported following the
Reporting of Studies Conducted Using Observational Routinely
Collected Data statement [16].

Study Cohort
Patients diagnosed with stage IV lung cancer between
January 2007 and September 2018 were identified in the
Ontario Cancer Registry (OCR) using the International Classi-
fication of Disease for Oncology (ICD-O) topography codes
(ICD-O-3 codes: C34.0–34.3, C34.8, and C34.9). ICD-O-3 his-
tology codes were used to identify non-small cell histologies
and to exclude carcinoid, mesothelioma, and small cell can-
cer histologies (supplemental online Appendix 1). OCR cap-
tures 95% of Ontario incident cancer diagnoses including
the staging data since 1964, excluding nonmelanoma skin
cancers [17]. Patients were excluded if they were aged <18
or > 99 years, if they had histology inconsistent with NSCLC,
or if the follow-up period was less than 6 months with no
confirmed death. Patients with additional cancer diagnosis
between 5 years before and 1 year after NSCLC diagnosis
were also excluded to eliminate noise due to symptoms
related to additional cancer diagnosis and treatments.
Follow-up was current to September 30, 2019, allowing a
minimum follow-up of 1 year for all patients.

Data Sources
The following linked administrative data sets were used to
capture baseline clinical characteristics, ESAS scores, and
covariates: (a) OCR; (b) Cancer Activity Level Reporting
(ALR); (c) OHIP database containing billing claims from clini-
cians, including physicians, laboratories, groups, and out-of-
province health care providers; (d) CCO Symptoms Manage-
ment Reporting Database; (e) Ambulatory Care Reporting
System; (f) Canadian Institute of Health Information Dis-
charge Abstract Database and Same Day Surgery;
(g) Registered Persons Database (RPDB); (h) the 2006 Cana-
dian Census; and (i) Permanent Resident Database of Immi-
gration, Refugees, and Citizenship Canada (IRCC). Details on
the use of each data source are contained in supplemental
online Appendix 1.
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Outcomes
The primary outcome of interest was the prevalence of
moderate to severe symptoms, defined as an ESAS score ≥4
[18], reported each month within 1 year after diagnosis.
Date of diagnosis was defined as the earlier between the
recorded date of lung cancer diagnosis or the first day of
delivery of cancer treatments. If more than one ESAS score
was reported by a patient in a month, the highest score
was used.

Covariates
All baseline characteristics were measured at the time of
diagnosis. Age and sex were acquired from the RPDB. Rural
residence was defined according to Rurality Index of
Ontario [19] scored 0–100 based on the postal code
of patients’ primary home, which considers population size,
population density, and health care resources of where
patients primarily reside: major urban (0–9), non-major
urban (10–44), or rural (≥45). Neighborhood income quin-
tiles were categorized based on the median income of a
patient’s residential postal code using Canadian census
data. Comorbidity was assessed using the Elixhauser comor-
bidity index, based on health service use in the 24 months
prior to lung cancer diagnosis [20]. Elixhauser comorbidity
indices were summed in a total score that was categorized
as a dichotomous variable: low (0–3) and high (≥4) comor-
bidity burden, as per prior studies [20, 21]. From IRCC data,
patients who immigrated to Canada (including refugees)
were defined as immigrants; otherwise, they were defined
as nonimmigrants.

Radiation (to any site) and systemic therapies received
by a patient were identified from OHIP physician billing
claims and ALR activity. To assess the associations between
treatment delivery to peak symptom severities, the admin-
istrations of radiation and systemic therapies were included
as time-dependent covariates, whereby ESAS scores within
2 weeks following the (onset of) therapy were examined.
The year of diagnosis was a covariate as a continuous vari-
able. To define number of months from diagnosis until the
time of ESAS recording, timing of ESAS were categorized in
30-day intervals from the day of diagnosis.

Statistical Analysis
Of the patients with an ESAS score, proportions of patients
reporting at least one moderate to severe (≥4) score in each
ESAS domain within the 12-month follow-up period were
then tabulated. Patients who received surgery were censored
at the date of surgery, as they may represent patients with
oligometastatic disease with better outcomes compared with
the typically incurable patients with stage IV disease [22].
Symptom trajectories were plotted with line graphs depicting
the proportion of patients with moderate to severe symptoms
out of all patients with recorded ESAS in each month from
diagnosis; median number of moderate to severe scores per
patient was also reported each month. For each symptom, the
highest monthly prevalence within 1 year was defined as
“peak” and the lowest prevalence as “nadir.” Sensitivity ana-
lyses of symptom trajectories were also performed for
patients who survived 12 months after diagnosis.

Potential predictors of moderate to severe scores for
each symptom were analyzed using multivariable modified
Poisson regression models with robust error variance. As
analyses were performed for nine ESAS domains,
Bonferroni-correction α of 0.006 was used (familywise α of
0.05). The relevant variables were included a priori based
on clinical relevance and existing literature [17, 23]; all vari-
ables were kept in the final model. Using a Bonferroni-
adjusted α of 0.006, results are reported as relative risk
(RR) with 99.4% confidence interval (99.4% CI). Results
were considered statistically significant if p < .006.

Baseline characteristics were reported and stratified
based on whether a patient completed at least one ESAS or
none within 12 months after diagnosis. Categorical and
ordinal variables were reported as frequencies and propor-
tions. Continuous variables were reported as medians and
interquartile ranges (IQRs). Characteristics of patients who
completed and did not complete at least one ESAS score
were compared using χ2 tests for independence. Incom-
plete ESAS questionnaires were excluded from final ana-
lyses. All analyses were conducted using SAS, version 9.4
(SAS Institute, Cary, NC).

RESULTS

Study Cohort and ESAS Completion
A total of 22,799 patients with stage IV lung cancer diag-
nosed between January 2007 and September 2018 were
identified as meeting the study inclusion criteria. Among
those, 13,289 (58.2%) had at least one completed ESAS
(reported all nine symptom scores), with a total of 84,373
unique ESAS completed. Among patients with completed
ESAS, 78.2% and 40.1% completed at least two and six
ESAS, respectively.

The median follow-up period among patients with com-
pleted ESAS was 7.9 months (IQR: 3.7–12.2), and 63.3%
died within 1 year of follow-up after diagnosis. Among
patients with completed ESAS, median age was 68 (IQR:
60–75) years, and 48.2% were females. Of these, 127 (1.0%)
underwent surgery. Details of patient characteristics based
on ESAS completion are summarized in Table 1. Patients
who did not complete any ESAS were more likely to be
older, with higher comorbidity index, and from neighbor-
hood with lower income quintile. ESAS completion was
lower in patients not receiving active cancer treatments
and diagnosed before 2013. Immigration status and resi-
dency rurality were similar between patients with and with-
out completed ESAS.

Prevalence and Trajectories of Moderate to Severe
Symptoms Reported on ESAS
Among patients who completed at least one ESAS, nearly
all (94.4%) reported at least one moderate to severe score
through ESAS within 12 months after diagnosis. The most
prevalent moderate to severe ESAS symptoms within
12 months after diagnosis were tiredness (84.1%), lack of
well-being (80.7%), low appetite (71.7%), and shortness
of breath (67.8%; Fig. 1). Monthly peaks and nadirs of
these symptoms were as follows: 67.6% (month 1) and
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47.0% (month 12) for tiredness; 64.6% (month 1) and
43.3% (month 10) for lack of well-being; 50.5% (month 1)
and 33.1% (month 10) for low appetite; and 51.1% (month 1)
and 35.8% (month 10) for shortness of breath (Fig. 2). Nausea
was the least common moderate to severe symptom reported
(12-month prevalence: 34.6%, monthly peak and nadir: 18.7%
[month 2] and 11.0% [month 10]). In all nine ESAS domains,
symptom severity peaked at 1 or 2 months after diagnosis
and demonstrated downward trajectories in the subsequent
months (Fig. 2). Symptoms with the largest prevalence change
(from peak to nadir) during follow-up were anxiety (23.8%),
lack of well-being (21.2%), tiredness (20.6%), and lack of appe-
tite (17.3%). The smallest change was observed in nausea
(7.7%). The median moderate to severe score was 5 for
1 to 3 months after diagnosis, and 4 in subsequent
follow-up periods. Median time until first radiotherapy

was 36 days (IQR: 21–64) from diagnosis, whereas
median time until first systemic therapy was 57 days
(IQR: 36–90) after diagnosis.

The symptom trajectory of the subset of patient surviv-
ing past 12 months (n = 4,791) after diagnosis is shown in
Figure 3. Tiredness (84.1%), lack of well-being (75.7%), low
appetite (65.0%), and shortness of breath (62.0%) were also
the most prevalent symptoms in this subset of patients,
whereas nausea (15.3%) was the least prevalent. Monthly
peaks and nadirs of these symptoms were as follows: 54.6%
(month 1) and 42.7% (month 10) for tiredness; 53.9%
(month 1) and 38.3% (month 7) for lack of well-being;
37.2% (month 3) and 28.7% (month 10) for low appetite;
39.9% (month 1) and 31.1% (month 7) for shortness of
breath; and 13.9% (month 2) and 9.0% (month 10) for nau-
sea (Fig. 3). Among these, the median moderate to severe

Table 1. Characteristics of patients with stage IV non-small cell lung cancer diagnosed in Ontario between January 2007 to
September 2018 based on ESAS completion

Characteristics

No reported ESAS or
incomplete ESAS surveys
(n = 9,510)

Reported ESAS
(n = 13,289)

Standardized
difference

Sex

Female 4,289 (45.1) 6,406 (48.2) .06

Male 5,221 (54.9) 6,883 (51.8) .06

Age, median (IQR), yr 71 (63-79) 68 (60-75) .28

Elixhauser comorbidity index

4 or more 1,306 (13.7) 1,288 (9.7) .13

Less than 4 8,204 (86.3) 12,001 (90.3) .13

Immigration status

Immigrant 729 (7.7) 964 (7.3) .02

Nonimmigrant 8,781 (92.3) 12,325 (92.7) .02

Lung cancer treatments

Systemic therapy and
radiation

663 (7.0) 4,221 (31.8) .66

Systemic therapy only 825 (8.7) 2,075 (15.6) .21

Radiation only 2,674 (28.1) 4,815 (36.2) .17

No active treatment 5,348 (56.2) 2,178 (16.4) .91

Neighborhood income quintile

Q1 2,411 (25.4) 2,868 (21.6) .09

Q2 2,138 (22.5) 2,910 (21.9) .01

Q3 1,876 (19.7) 2,610 (19.6) .00

Q4 1,623 (17.1) 2,499 (18.8) .05

Q5 (highest income) 1,417 (14.9) 2,370 (17.8) .08

Unknown 45 (0.5) 32 (0.2) .04

Residence

Major urban 6,548 (68.9) 8,604 (64.7) .09

Non-major urban 2,272 (23.9) 3,654 (27.5) .08

Rural 690 (7.3) 1,031 (7.8) .02

Diagnosis year

2007–2012 5,109 (53.7) 5,221 (39.3) .29

2013–2018 4,401 (46.3) 8,068 (60.7) .29

Data are shown as n (%).
Abbreviations: ESAS, Edmonton Symptom Assessment Score; IQR, interquartile range.
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score was 4 in the months following diagnosis up to a year,
aside from month 5 and 10, where the median was 3.

Factors Associated with Moderate to Severe
Symptoms
There were significant associations between moderate to
severe ESAS symptom scores and patient and treatment
characteristics (Table 2). Older patients were less likely to
report moderate to severe nausea (RR: 0.67–0.78 among
patients ≥70 years) and pain (RR: 0.78–0.89 among patients
≥60 years); patients from age groups ≥80 years reported
higher moderate to severe lack of appetite (RR: 1.13),
whereas age groups ≥70 years reported higher shortness of
breath (RR: 1.08–1.11) and tiredness (RR: 1.08–1.11).

Females were more likely than males to report moder-
ate to severe anxiety (RR: 1.14; 99.4% CI: 1.09–1.19) and
nausea (RR: 1.14; 99.4% CI: 1.06–1.23) and less likely to
report moderate to severe pain (RR: 0.93; 99.4% CI: 0.89–
0.97) and shortness of breath (RR: 0.88; 99.4% CI: 0.84–
0.92). Moderate to severe shortness of breath, tiredness,
and lack of well-being were more common among patients
with high baseline Elixhauser comorbidity index (RR: 1.05–
1.12). Immigrants were less likely to report moderate to
severe drowsiness, shortness of breath, tiredness, and lack
of well-being (RR: 0.85–0.94).

Compared with patients from neighborhoods with the
highest income quintile, patients from neighborhoods with
the lowest income quintile reported higher moderate to
severe scores in depression, nausea, pain, shortness of
breath, and tiredness (RR: 1.07–1.17); higher moderate to
severe pain was observed among patients from three lower
quintiles (RR: 1.09–1.15). Compared with major urban resi-
dents, rural residents reported lower depression and nau-
sea (RR: 0.83 for both), whereas non-major urban residents
reported lower depression and lack of well-being (RR:
0.90–0.94).

In terms of symptom prevalence over time, a lower
prevalence of moderate to severe scores was observed

within 2 months after diagnosis for anxiety, depression,
pain, and lack of well-being; within 3 months for shortness
of breath and tiredness; within 4 months for lack of appe-
tite; and within 9 months for nausea. Aside from less
drowsiness 6 months after diagnosis, this domain’s preva-
lence seemed unchanged during follow-up. A later year of
diagnosis was associated with a lower risk of moderate to
severe scores in all ESAS domains but drowsiness (RR: 0.96–
0.99 per 1-year increment).

There were significant associations between delivery of
systemic or radiation treatments within 2 weeks prior to
symptom peak and moderate to severe symptom scores.
Higher drowsiness, lack of appetite, nausea, tiredness, and
lack of well-being were associated with systemic therapy
delivery within 2 weeks prior (RR: 1.03–1.25). Higher mod-
erate to severe scores in all ESAS domains aside from anxi-
ety were associated with radiotherapy delivered within
2 weeks prior (RR: 1.06–1.48).

DISCUSSION

This province-wide analysis of ESAS from 22,799 patients
with stage IV NSCLC reporting a total of 84,373 unique ESAS
assessments represents, to our knowledge, the largest lung
cancer PRO cohort published worldwide. Our cohort dem-
onstrated high, persistent symptom burden among patients
with stage IV NSCLC up to a year after diagnosis (Figs. 1–3).
With nearly all patients who completed ESAS (94.4%)
reporting at least one moderate to severe symptom within
the 12 months of diagnosis, this population exhibited higher
moderate to severe symptoms compared with other malig-
nancies including breast, head and neck, central nervous
system, and pancreatic cancers (Fig. 1) [17, 24]. In our pop-
ulation, nausea and drowsiness were the only symptoms in
which prevalence increased after diagnosis (Fig. 2).
Although difficult to distinguish with current data, these
findings may relate to the side effects of cancer-directed
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Figure 1. Bar graphs depicting prevalence of patients with stage IV NSCLC (n = 13,289) who reported at least one moderate to
severe (≥4) score in each domain of the Edmonton Symptom Assessment Score within 12 months of the follow-up period. The
symptom domains were ordered from the highest to lowest 12-month prevalence.
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treatments, such as radiation and systemic therapy, as well
as some supportive therapies such as opioids [25, 26].

Analysis of symptom trajectories among patients surviving at
least 12 months after diagnosis demonstrated lower baseline
moderate to severe symptom prevalence but less decrease of
the prevalence over the 12-month period compared with the

whole cohort (Figs. 2, 3). The decreasing moderate to severe
symptom prevalence in the whole cohort over time may reflect
the better symptom burden among longer surviving patients,
who may have favorable cancer biology, less extensive metastatic
disease, and better baseline performance status. This reflected
the symptom persistence among patients with stage IV NSCLC.
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Figure 2. (A and B): Line graphs depicting trajectories of patient proportions reporting a moderate to severe (≥4) score in each
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Abbreviations: ESAS, Edmonton Symptom Assessment Score; IQR, interquartile range.
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Our analyses demonstrated notable associations
between patient baseline characteristics and the occurrence
of moderate to severe symptoms (Table 2). Similar to
patients with stage I–III NSCLC, the most prevalent symp-
toms were tiredness, lack of well-being, low appetite, and
shortness of breath [23]. Older patients were at higher risk

of low appetite, shortness of breath, and tiredness but at
lower risk of nausea and pain. Females reported higher anx-
iety and nausea but lower shortness of breath and pain.
High comorbidity index, major urban residence, and nonim-
migrants are associated with higher moderate to severe
symptoms in some ESAS domains such as shortness of
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domain of ESAS at each month among patients surviving at least 12 months after stage IV non-small cell lung cancer diagnosis
(n = 4,791). The median number of moderate to severe symptoms per patient each month was also reported.
Abbreviations: ESAS, Edmonton Symptom Assessment Score; IQR, interquartile range.

© 2021 AlphaMed Press.

PRO for Stage IV Non-Small Cell Lung Cancere1806



Ta
b
le

2.
M
u
lt
iv
ar
ia
b
le
m
o
d
ifi
ed

Po
is
so
n
re
gr
es
si
o
n
an
al
ys
is
o
f
th
e
as
so
ci
at
io
n
b
et
w
ee
n
p
at
ie
n
t
an
d
tr
ea
tm

en
t
ch
ar
ac
te
ri
st
ic
s
an
d
m
o
d
er
at
e
to

se
ve
re

ES
A
S
sc
o
re
s
in

th
e
12

m
o
n
th
s
af
te
r
st
ag
e
IV

n
o
n
-s
m
al
lc
el
ll
u
n
g
ca
n
ce
r
d
ia
gn
o
si
s
fo
r
al
ls
ym

p
to
m
s

Ch
ar
ac
te
ri
st
ic

R
el
at
iv
e
R
is
k
(B
o
n
fe
rr
o
n
i-
co
rr
ec
te
d
[9
9.
4%

]
co
n
fi
d
en

ce
in
te
rv
al
)

A
n
xi
et
y

D
ep

re
ss
io
n

D
ro
w
si
n
es
s

La
ck

o
f
ap

p
et
it
e

N
au

se
a

P
ai
n

Sh
o
rt
n
es
s
o
f
B
re
at
h

Ti
re
d
n
es
s

La
ck

o
f
w
el
l-
b
ei
n
g

A
ge

gr
ou

p
,y
r

18
–4
9

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

50
–5
9

1.
11

(0
.9
8–
1.
25
)

1.
11

(0
.9
5–
1.
29
)

1.
06

(0
.9
5–
1.
18
)

1.
03

(0
.9
4–
1.
14
)

1.
03

(0
.8
7–
1.
23
)

1 (0
.9
–1
.1
1)

1.
09

(0
.9
7–
1.
23
)

1.
04

(0
.9
6–
1.
12
)

1.
02

(0
.9
4–
1.
1)

60
–6
9

1.
03

(0
.9
1–
1.
15
)

0.
99

(0
.8
5–
1.
14
)

1.
01

(0
.9
–1
.1
2)

1.
03

(0
.9
4–
1.
13
)

0.
85

(0
.7
2–
1.
01
)

0.
89

(0
.8
–0
.9
8)

a
1.
10

(0
.9
9–
1.
23
)

1.
03

(0
.9
6–
1.
11
)

0.
98

(0
.9
1–
1.
06
)

70
–7
9

1.
01

(0
.8
9–
1.
13
)

0.
99

(0
.8
6–
1.
15
)

1.
04

(0
.9
4–
1.
16
)

1.
07

(0
.9
8–
1.
18
)

0.
78

(0
.6
6–
0.
93
)a

0.
85

(0
.7
7–
0.
95
)a

1.
18

(1
.0
6–
1.
32
)a

1.
08

(1
.0
1–
1.
16
)a

1.
01

(0
.9
4–
1.
09
)

80
an
d
o
ld
er

0.
97

(0
.8
5–
1.
1)

1 (0
.8
6–
1.
18
)

1.
06

(0
.9
5–
1.
19
)

1.
13

(1
.0
2–
1.
25
)a

0.
67

(0
.5
4–
0.
82
)a

0.
78

(0
.7
–0
.8
8)

a
1.
19

(1
.0
5–
1.
34
)a

1.
11

(1
.0
3–
1.
2)

a
1.
05

(0
.9
6–
1.
14
)

Se
x M
al
e

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

Fe
m
al
e

1.
14

(1
.0
9–
1.
19
)a

1.
01

(0
.9
5–
1.
07
)

0.
97

(0
.9
3–
1.
01
)

1.
02

(0
.9
8–
1.
05
)

1.
14

(1
.0
6–
1.
23
)a

0.
93

(0
.8
9–
0.
97
)a

0.
88

(0
.8
4–
0.
92
)a

1 (0
.9
7–
1.
02
)

1 (0
.9
7–
1.
03
)

El
ix
h
au
se
r
C
o
m
o
rb
id
it
y

In
d
ex Lo
w
(<
4)

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

H
ig
h
(≥
4)

1.
03

(0
.9
5–
1.
11
)

1.
08

(0
.9
8–
1.
19
)

1.
05

(0
.9
8–
1.
13
)

1.
04

(0
.9
7–
1.
11
)

1.
08

(0
.9
5–
1.
24
)

1.
07

(0
.9
9–
1.
15
)

1.
12

(1
.0
5–
1.
19
)a

1.
06

(1
.0
1–
1.
1)

a
1.
05

(1
–1
.1
1)

a

Im
m
ig
ra
ti
o
n
st
at
u
s

N
o
n
im

m
ig
ra
n
t

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

Im
m
ig
ra
n
t

0.
91

(0
.8
2–
1)

1.
03

(0
.9
2–
1.
15
)

0.
85

(0
.7
8–
0.
94
)a

0.
93

(0
.8
6–
1.
01
)

0.
92

(0
.7
9–
1.
07
)

0.
98

(0
.9
–1
.0
7)

0.
87

(0
.7
9–
0.
95
)a

0.
94

(0
.8
9–
0.
99
)a

0.
93

(0
.8
8–
0.
99
)a

In
co
m
e
q
u
in
ti
le

Q
5
(h
ig
h
es
t
in
co
m
e)

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

Q
1

1.
08

(0
.9
9–
1.
16
)

1.
13

(1
.0
3–
1.
24
)a

1.
1

(1
.0
3–
1.
18
)

1.
04

(0
.9
8–
1.
11
)

1.
17

(1
.0
4–
1.
32
)a

1.
15

(1
.0
7–
1.
23
)a

1.
12

(1
.0
5–
1.
19
)a

1.
07

(1
.0
2–
1.
12
)a

1.
04

(0
.9
9–
1.
09
)

Q
2

1.
03

(0
.9
6–
1.
11
)

1.
06

(0
.9
6–
1.
16
)

1.
05

(0
.9
8–
1.
13
)

1.
05

(0
.9
9–
1.
12
)

1.
09

(0
.9
7–
1.
23
)

1.
12

(1
.0
4–
1.
2)

a
1.
06

(0
.9
9–
1.
13
)

1.
03

(0
.9
8–
1.
08
)

1.
02

(0
.9
7–
1.
07
)

Q
3

1.
04

(0
.9
6–
1.
12
)

1.
07

(0
.9
7–
1.
18
)

1.
05

(0
.9
8–
1.
12
)

1.
05

(0
.9
9–
1.
12
)

1.
12

(0
.9
9–
1.
27
)

1.
09

(1
.0
1–
1.
18
)a

1.
02

(0
.9
6–
1.
1)

1.
04

(0
.9
9–
1.
08
)

1.
03

(0
.9
8–
1.
08
)

Q
4

1.
04

(0
.9
7–
1.
13
)

1.
05

(0
.9
5–
1.
16
)

1.
02

(0
.9
5–
1.
1)

1.
01

(0
.9
4–
1.
07
)

1.
04

(0
.9
2–
1.
18
)

1.
04

(0
.9
6–
1.
12
)

1.
03

(0
.9
6–
1.
1)

1.
01

(0
.9
7–
1.
06
)

1.
01

(0
.9
6–
1.
07
)

R
u
ra
lit
y

M
aj
o
r
u
rb
an

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

N
o
n
-m

aj
o
r
u
rb
an

0.
97

(0
.9
2–
1.
02
)

0.
9

(0
.8
4–
0.
96
)a

0.
98

(0
.9
3–
1.
03
)

0.
98

(0
.9
4–
1.
02
)

0.
97

(0
.8
9–
1.
05
)

0.
95

(0
.9
–1
)

1.
01

(0
.9
6–
1.
06
)

0.
97

(0
.9
4–
1)

0.
94

(0
.9
1–
0.
97
)a

R
u
ra
l

0.
94

(0
.8
6–
1.
03
)

0.
83

(0
.7
4–
0.
94
)a

0.
98

(0
.9
–1
.0
6)

0.
97

(0
.9
1–
1.
05
)

0.
83

(0
.7
1–
0.
97
)a

0.
96

(0
.8
8–
1.
05
)

1.
01

(0
.9
4–
1.
09
)

0.
96

(0
.9
–1
.0
1)

0.
97

(0
.9
1–
1.
03
)

(c
o
n
ti
n
u
ed

)

© 2021 AlphaMed Press.www.TheOncologist.com

Tiong, Doherty, Tan et al. e1807



Ta
b
le

2.
(c
o
n
ti
n
u
ed

)

Ch
ar
ac
te
ri
st
ic

R
el
at
iv
e
R
is
k
(B
o
n
fe
rr
o
n
i-
co
rr
ec
te
d
[9
9.
4%

]
co
n
fi
d
en

ce
in
te
rv
al
)

A
n
xi
et
y

D
ep

re
ss
io
n

D
ro
w
si
n
es
s

La
ck

o
f
ap

p
et
it
e

N
au

se
a

P
ai
n

Sh
o
rt
n
es
s
o
f
B
re
at
h

Ti
re
d
n
es
s

La
ck

o
f
w
el
l-
b
ei
n
g

D
ia
gn
o
si
s
ye
ar

20
07
–2
01
8

0.
98

(0
.9
8–
0.
99
)a

0.
99

(0
.9
8–
0.
99
)a

0.
99

(0
.9
9–
1)

0.
96

(0
.9
6–
0.
97
)a

0.
97

(0
.9
6–
0.
98
)a

0.
99

(0
.9
8–
0.
99
)a

0.
99

(0
.9
8–
0.
99
)a

0.
99

(0
.9
9–
0.
99
)a

0.
99

(0
.9
8–
0.
99
)a

Sy
st
em

ic
th
er
ap
y
w
it
h
in

2
w
ee
ks

p
ri
o
r
to

h
ig
h
es
t

m
o
n
th
ly
ES
A
S
sc
o
re

Ye
s

0.
97

(0
.9
3–
1.
01
)

1.
01

(0
.9
7–
1.
06
)

1.
08

(1
.0
5–
1.
12
)a

1.
06

(1
.0
2–
1.
09
)a

1.
25

(1
.1
7–
1.
34
)a

1.
02

(0
.9
8–
1.
06
)

1.
01

(0
.9
8–
1.
05
)

1.
05

(1
.0
2–
1.
07
)a

1.
03

(1
–1
.0
6)

a

N
o

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

R
ad
ia
ti
o
n
w
it
h
in

2
w
ee
ks

p
ri
o
r
to

h
ig
h
es
t

m
o
n
th
ly
ES
A
S
sc
o
re

Ye
s

1.
03

(0
.9
9–
1.
08
)

1.
11

(1
.0
6–
1.
17
)a

1.
28

(1
.2
3–
1.
33
)a

1.
17

(1
.1
2–
1.
21
)a

1.
48

(1
.3
8–
1.
6)

a
1.
2

(1
.1
6–
1.
25
)a

1.
06

(1
.0
2–
1.
1)

a
1.
15

(1
.1
2–
1.
18
)a

1.
1

(1
.0
7–
1.
14
)a

N
o

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

M
o
n
th
s
fr
o
m

d
ia
gn
o
si
s

1
1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

1
[R
ef
.]

2
0.
9

(0
.8
6–
0.
93
)a

0.
94

(0
.8
9–
0.
99
)a

1.
04

(0
.9
9–
1.
09
)

0.
99

(0
.9
5–
1.
03
)

1.
09

(0
.9
9–
1.
19
)

0.
94

(0
.9
–0
.9
9)

a
0.
97

(0
.9
4–
1.
01
)

0.
98

(0
.9
5–
1)

0.
96

(0
.9
3–
0.
99
)a

3
0.
78

(0
.7
4–
0.
82
)a

0.
9

(0
.8
4–
0.
95
)a

1.
04

(0
.9
9–
1.
09
)

0.
97

(0
.9
3–
1.
02
)

1.
08

(0
.9
8–
1.
19
)

0.
86

(0
.8
2–
0.
91
)a

0.
92

(0
.8
8–
0.
96
)a

0.
97

(0
.9
4–
0.
99
)a

0.
91

(0
.8
8–
0.
94
)a

4
0.
71

(0
.6
7–
0.
75
)a

0.
85

(0
.7
9–
0.
9)

a
1.
02

(0
.9
7–
1.
07
)

0.
93

(0
.8
8–
0.
98
)a

1.
11

(0
.9
9–
1.
23
)

0.
82

(0
.7
7–
0.
86
)a

0.
86

(0
.8
2–
0.
91
)a

0.
93

(0
.9
–0
.9
6)

a
0.
88

(0
.8
4–
0.
91
)a

5
0.
68

(0
.6
4–
0.
72
)a

0.
82

(0
.7
6–
0.
87
)a

0.
96

(0
.9
1–
1.
02
)

0.
88

(0
.8
3–
0.
92
)a

1.
04

(0
.9
3–
1.
16
)

0.
8

(0
.7
5–
0.
84
)a

0.
84

(0
.8
–0
.8
8)

a
0.
89

(0
.8
5–
0.
92
)a

0.
84

(0
.8
1–
0.
88
)a

6
0.
63

(0
.6
–0
.6
8)

a
0.
79

(0
.7
4–
0.
85
)a

0.
94

(0
.8
9–
0.
99
)a

0.
85

(0
.8
–0
.9
)a

1.
01

(0
.9
–1
.1
3)

0.
8

(0
.7
5–
0.
85
)a

0.
85

(0
.8
1–
0.
89
)a

0.
87

(0
.8
4–
0.
91
)a

0.
81

(0
.7
7–
0.
84
)a

7
0.
64

(0
.6
–0
.6
9)

a
0.
8

(0
.7
5–
0.
87
)a

0.
97

(0
.9
1–
1.
03
)

0.
87

(0
.8
2–
0.
92
)a

0.
92

(0
.8
1–
1.
04
)

0.
8

(0
.7
5–
0.
85
)a

0.
85

(0
.8
1–
0.
9)

a
0.
87

(0
.8
3–
0.
9)

a
0.
81

(0
.7
8–
0.
85
)a

8
0.
64

(0
.6
–0
.6
8)

a
0.
81

(0
.7
5–
0.
87
)a

0.
94

(0
.8
9–
1)

0.
85

(0
.8
–0
.9
1)

a
0.
94

(0
.8
3–
1.
07
)

0.
85

(0
.7
9–
0.
9)

a
0.
87

(0
.8
2–
0.
92
)a

0.
86

(0
.8
2–
0.
9)

a
0.
81

(0
.7
7–
0.
85
)a

9
0.
62

(0
.5
8–
0.
66
)a

0.
81

(0
.7
5–
0.
88
)a

0.
95

(0
.8
9–
1.
01
)

0.
86

(0
.8
1–
0.
91
)a

0.
86

(0
.7
5–
0.
99
)a

0.
86

(0
.8
–0
.9
2)

a
0.
89

(0
.8
4–
0.
95
)a

0.
86

(0
.8
2–
0.
9)

a
0.
8

(0
.7
6–
0.
85
)a

10
0.
62

(0
.5
8–
0.
67
)a

0.
8

(0
.7
4–
0.
87
)a

0.
95

(0
.8
9–
1.
02
)

0.
82

(0
.7
7–
0.
88
)a

0.
8

(0
.7
–0
.9
3)

a
0.
82

(0
.7
7–
0.
88
)a

0.
87

(0
.8
2–
0.
92
)a

0.
85

(0
.8
1–
0.
89
)a

0.
8

(0
.7
6–
0.
85
)a

11
0.
64

(0
.5
9–
0.
69
)a

0.
83

(0
.7
6–
0.
9)

a
0.
97

(0
.9
–1
.0
4)

0.
84

(0
.7
9–
0.
9)

a
0.
85

(0
.7
4–
0.
99
)a

0.
88

(0
.8
2–
0.
94
)a

0.
9

(0
.8
5–
0.
96
)a

0.
86

(0
.8
2–
0.
9)

a
0.
83

(0
.7
9–
0.
88
)a

12
0.
66

(0
.6
2–
0.
71
)a

0.
85

(0
.7
9–
0.
93
)a

1 (0
.9
4–
1.
07
)

0.
89

(0
.8
3–
0.
95
)a

0.
93

(0
.8
–1
.0
7)

0.
93

(0
.8
7–
0.
99
)a

0.
92

(0
.8
7–
0.
98
)a

0.
87

(0
.8
2–
0.
91
)a

0.
84

(0
.7
9–
0.
88
)a

a
St
at
is
ti
ca
lly

si
gn
ifi
ca
n
t
u
si
n
g
B
o
n
fe
rr
o
n
ic
o
rr
ec
ti
o
n
(p

<
.0
06
).

A
b
b
re
vi
at
io
ns
:
ES
A
S,
Ed
m
on

to
n
Sy
m
p
to
m

A
ss
es
sm

en
t
Sy
st
em

;
R
ef
.,
re
fe
re
n
ce
.

© 2021 AlphaMed Press.

PRO for Stage IV Non-Small Cell Lung Cancere1808



breath or pain, which could be alleviated with supportive
therapies. Ensuring PRO completion for symptom identifica-
tion will be especially important for these high-risk patients.
Understanding patient characteristics that may be associ-
ated with increased risk of certain symptom constellations
may aid in devising strategic supportive care initiatives. As
an example, higher depression, nausea, pain, shortness of
breath, and tiredness is increased in patients with lower
income. To address this barrier, upstream referrals to the
relevant care providers and creation of frameworks to sys-
tematically improve access are examples of initiatives that
could be piloted to address patient-centered needs [27].

Our results suggest that patients with metastatic NSCLC
exhibited worse symptom burden when compared with other
advanced, incurable malignancies such as metastatic breast,
gastric, and esophageal cancers [28–30]. The degree of early
symptom burden from our results suggests that almost all
patients with stage IV NSCLC would benefit from supportive
interventions such as psychosocial or palliative care referral
soon after diagnosis. Indeed, a randomized trial showed QoL
improvement and survival prolongation with early palliative
care for patients with stage IV NSCLC [4]. Nonetheless,
although referral to palliative care after a diagnosis of meta-
static NSCLC may be helpful in the management of symptom
and side effects, this strategy is not feasible in broader prac-
tice owing to the limited availability of specialized palliative
care services (especially in lower resource settings), as well as
patient/provider hesitancy for early involvement [31, 32].
Instead, clinician-initiated palliative referrals guided by institu-
tional criteria and/or identification of patients who may best
benefit on the basis of symptom burden thresholds warrants
additional evaluation [31].

A recent study investigating ESAS among patients with
cancer in Ontario indicated that a high symptom burden
was a predictor of adverse events such as unplanned hospi-
talizations and emergency room visits [33]. We would sug-
gest that early PRO completion (e.g., ESAS) may help with
timely symptom detection and thus alert clinicians about
the need for specific supportive measures in this popula-
tion. For instance, a worsening dyspnea score serves as an
early indicator for actionable diagnoses such as pleural effu-
sion or pneumonitis needing further investigations with
chest x-ray and routine blood work.

The rate of ESAS completion has increased since 2013
compared with prior, indicating its increasing use since the
program implementation in 2007. A study in 2019 reported
increasingly uniform rates of ESAS completion between
Ontario regions since its deployment [34]. Encouragingly,
there are also significant associations between year of diag-
nosis and lower reported moderate to severe symptoms in
all ESAS domains, which may reflect progress in the aware-
ness and effectiveness of supportive managements and
treatments for patients with stage IV NSCLC [35]. Impor-
tantly, an Ontario study showed that more documentations
and clinical actions such as addition of symptom-directed
medications or referrals are triggered by high ESAS symp-
tom scores [36].

Nonetheless, patients who are older, with higher comor-
bidity, or not receiving active cancer treatment were less
likely to complete ESAS (Table 1); these patients may have

fewer visits to cancer centers where ESAS are systematically
collected. The surge in virtual health care adoption due to
the COVID-19 pandemic may present an opportunity
to implement PRO collection without in-person clinic visits
[37]. Systematic verbal collection of the ESAS scores during
these virtual encounters may be a method to address a par-
ticularly vulnerable patient population within the current
evolving clinical workflow.

There were significant associations between patient-
reported moderate to severe scores across multiple ESAS
domains and the administration of radiotherapy 2 weeks
prior to peak symptoms (Table 2). Several factors may con-
tribute to these associations. These patients commonly
received radiotherapy early after diagnosis, corresponding
to the period of highest symptom burden in this population
(Fig. 2). Radiotherapy in this setting is often used to palliate
symptoms such as hemoptysis, pain, and shortness of
breath [38]. The effect of radiotherapy can take weeks to
manifest [39], which, in addition to its associated side
effects, highlights the need for heightened supportive care
during this period. Regarding systemic therapy, its delivery
2 weeks prior to peak symptoms was associated with higher
drowsiness, lack of appetite, tiredness, and lack of well-
being but lower anxiety (Table 2). Nausea is a common side
effect of platinum-based chemotherapies used in stage IV
NSCLC, which can be effectively managed with modern anti-
emetics [40]. A key caveat of these associations is that it
does not necessarily infer causality between symptoms and
treatment, a topic our group plans to investigate in more
detail in future work.

Additional limitations of our study warrant mention. First,
more than 40% of the population did not complete any ESAS,
representing a substantial data loss. These nonrespondents
were more likely to be older, to be of higher comorbidity, and
to not receive any active cancer treatment, all features that
may be particularly associated with vulnerability. Patients
who do not complete PROs may have their symptoms
unaddressed and experienced delay in accessing treatments,
which may lead to cessation of therapies and worse clinical
outcomes [13]. Second, administrative documentation pro-
cesses involved in the large databases used for the analysis
may introduce random error to the results. Third, the rates of
ESAS collection may not be uniform between centers within
the study period, reflecting differential rates of ESAS uptake
in Ontario since its province-wide implementation in 2007.
Lastly, our current data set lacks information on tumor bio-
markers such as epidermal growth factor receptor mutations
or ALK rearrangements, which guide the choice of systemic
therapy in the modern era [41, 42]. Despite these limitations,
a major strength of our study lies in its large size in the con-
text of a province-wide PRO implementation within routine
clinical care, improving its generalizability. Future studies are
planned to investigate the frequency of focused symptom-
specific interventions, health care resource utilization, and
the patient stakeholder perspective of our PRO research.

CONCLUSION

This province-wide study of PRO cohort data of patients
with stage IV NSCLC demonstrated that moderate to severe
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symptoms were high and persistent and peaked early after
diagnosis. This supports the importance of early and
sustained PRO collection for identification of symptoms that
may be amenable to intervention in these patients. Charac-
teristics of patients less likely to complete any ESAS were
identified; considerations to address this can include
remote ESAS collection through telemedicine or virtual
clinics, which are increasingly being used within our health
system.
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