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Background: Individuals with lung cancer (LC) face a variety of symptoms that significantly impact their
lives. We use extensive patient input to determine the relative importance and prevalence of these symptoms
and identify which demographic features are associated with a higher level of disease burden.

Methods: We performed semi-structured qualitative interviews with participants with LC to identify
potentially important symptoms. We then conducted a cross-sectional study, in which participants rated the
relative importance of 162 individual symptoms covering 14 symptomatic themes. Participant responses were
analyzed by age, sex, disability status, disease duration, LC stage, type of treatment received, and smoking
history, among other categories.

Results: Our cross-sectional study had 139 participants with LC. The most prevalent symptomatic themes
reported by this population were fatigue (85.5%), impaired sleep and daytime sleepiness (73.5%), and
emotional issues (73.0%). The symptomatic themes that had the greatest average impact (on a scale of 0 to
4, with 4 being the most impactful) were social role dissatisfaction (1.67), inability to do activities (1.64),
and fatigue (1.60). Disability status had the strongest association with symptomatic theme prevalence. LC
stage (stage IV), receipt of therapy, and smoking experience were also associated with higher frequency of
symptomatic themes.

Conclusions: Individuals with LC face diverse and disease-specific symptoms that affect their daily
lives. Patient insight on the prevalence and relative importance of these symptoms is invaluable to advance

meaningful therapeutic interventions.
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Introduction
Background

Lung cancer (LC) is the leading cause of cancer deaths
worldwide (1). Most patients are diagnosed after showing
clinical symptoms, at which point the disease has already
progressed. Moreover, individuals with LC often experience
a wide spectrum of symptoms that affect their physical,
cognitive, emotional, and social health, with symptoms such
as loss of appetite, fatigue, pain, dyspnea, and psychological
distress reducing quality of life (QoL) the most (2-4). Such
symptoms have been analyzed in large cross-sectional
studies, such as a national study conducted with patients
with advanced stage non-small cell LC in 2013 (n=450) (5).
In this study, researchers investigated how symptomatic
burden relates to (QoL) in those with LC (5). Other studies
have looked at how features like disease duration, stage of
disease, treatment characteristics, and surgery affect the
QoL of patients with LC (2,3,6,7). These studies have
examined the interrelationship between QoL and survival,
suggesting improved management of fatigue and social
support as impactful modalities for patient outcomes
(2,3,6,7). Research has also been done to elicit the symptoms
that cancer patients find important and to develop and
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validate patient-reported outcome measures, like the
Functional Assessment of Cancer Therapy (FACT-G)
scale and the Functional Assessment of Cancer Therapy-
Lung (FACT-L) scale, which may be used in oncology
clinical trials (8,9). Although previous research has greatly
contributed to the understanding of symptom impact on the
lives of those with LC and has even led to the generation of
useful outcome measures, a clearer understanding of how a
patient’s disease burden is affected by the many issues and
symptoms that occur in LC is needed.

Rationale and knowledge gap

In addition to the need for medical advances to improve
the survival of patients with LC, it is equally imperative
to develop meaningful symptom management therapies
(2,5-7). Furthermore, as clinical trials are planned for
individuals with LC, it is important to better understand
the symptoms that are most prevalent and that have the
greatest impact on patient lives, from the perspective of the
patient. Research that focusses on well-defined groups of
patients across multiple stages and types of LC are also of
value. Such research is especially useful when future studies
look to define particular clinical trial inclusion criteria,
study LC disease progression longitudinally, and evaluate
how individual or combinations of treatments affect distinct
patient groups.

Objective

PRISM-LC aims to increase the understanding of which
symptoms are most important to those with LC. Through
this research, we leverage data collected from semi-
structured participant interviews and a cross-sectional study
involving 139 people with LC. Our research begins with
qualitative interviews to obtain patients’ direct input on
symptoms of highest importance. This patient-derived input
is then implemented in a cross-sectional study with a larger,
diverse population that broadly captures individuals with
LC from all stages. The prevalence, relative impact, and
population impact (PIP) of the symptoms is determined,
and the prevalence of symptomatic themes is correlated
with participant demographic and clinical features. This
paper adds large-scale patient insight to the existing body
of literature regarding LC-specific symptoms, QoL, co-
morbidities, and mortality. Moreover, this research suggests
that relevant patient-reported outcomes data can add value
to treatment management and the development of new
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therapies. We present this article in accordance with the
STROBE and COREQ reporting checklists (available at
https://tler.amegroups.com/article/view/10.21037/tlcr-22-
831/rc).

Methods
Study participants

Participants for this study were recruited from the
University of Rochester Wilmot Cancer Institute (for phase
1 qualitative interviews) and the GO2 Foundation for Lung
Cancer, Lung Cancer Registry (www.lungcancerregistry.
org; for phase 2 cross-sectional study). All participants were
(I) 18 years old or older, (IT) had LC, (III) were able to
speak, read, and understand English, and (IV) were able to
provide informed consent.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All study
activities for this research (STUDY00005663: L.C-HI)
were approved by the University of Rochester Institutional
Review Board (RSRB). Informed consent was obtained
from all individual participants. Participant interviews
were conducted from August 2018-April 2019, and cross-
sectional study data were collected from January 2021-
February 2021.

Study design

Phase 1: LC qualitative interviews
We conducted 30-60-minute semi-structured, qualitative
interviews with adults with LC to identify key symptoms
of the disease that affect participants’ daily lives. Prior to
the commencement of qualitative interviews, potential
participants had no relationship or involvement with
the study team. They were approached in-person, with
permission of the attending physician, during clinic visits
at the University of Rochester. During the consent process,
potential participants were given information regarding the
purpose of the research, the potential benefits and risks of
taking part in the study, the names and contact information
of the research team, and the voluntary nature of the study.
Potential participants were informed that they would be
asked questions to pinpoint the symptoms of their disease
that have the greatest impact on their daily lives.

During the interviews, we collected standard
demographic information (age, sex, race) and asked open-
ended questions regarding participants’ physical health,
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mental/emotional health, and social wellness. In addition,
we probed common physical burdens like fatigue, difficulty
breathing, coughing, difficulty eating, and trouble doing
household activities; mental/emotional issues like difficulty
concentrating or thinking, fear, and anxiety; and social
problems including impaired interactions with family or
friends and decreased independence. Interview guides
outlining the questions we asked were approved by the
RSRB before the study and are included as a supplemental
attachment (Appendix 1).

The patient interviews were conducted remotely and
privately, with the patient (and sometimes a caregiver)
and the researcher present. These interviews were audio-
recorded via Zoom, a Health Insurance Portability and
Accountability Act (HIPAA) compliant conferencing
software. Interviews were conducted by one female clinical
research coordinator with an undergraduate degree (C.
Zizzi), who had previous experience in collecting, coding,
and interpreting qualitative data from participants in other
disease populations. The interviews were transcribed,
analyzed, and coded to extract direct quotes that identified
recurring symptoms, which were then grouped into higher-
order symptomatic themes. Two authors, a female clinical
research coordinator with an undergraduate degree and the
male principal investigator with a doctorate and masters of
clinical investigation (C. Zizzi and C. Heatwole), performed
the transcript coding and subsequent analysis. Using
previously proven qualitative framework methodology
involving triangulation and investigator consensus, our
analysis identified commonly mentioned symptoms and
issues from participants (10-18). Interviews were performed
until data saturation was reached (no new symptoms
reported by participants); this approach was used to
determine sample size (19).

Phase 2: national cross-sectional study of individuals
with LC

After completing patient interviews, we executed a
large online cross-sectional study of people with LC to
investigate the prevalence and relative importance of the
previously identified symptoms. Potential participants had
no prior contact with the study team; these individuals
responded to emails sent out by the GO2 Foundation’s
Lung Cancer Registry, which comprised 2,256 members
as of January 2021. The emails contained a survey link
that directed potential participants to the online survey
platform. Participants read an information letter containing
the details of the research and the research team, completed
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an online consent form, and filled out a demographics
survey prior to taking the symptom survey. The symptom
survey included 162 individual symptoms that represented
14 symptomatic themes. Each symptom question inquired
“how much does the following impact your life now?”
Participants were provided a six-point Likert-type scale to
record their responses. The Likert response options were
(D I don’t experience this; (II) I experience this but it does
not affect my life; (1) it affects my life a little; (IV) it affects
my life moderately; (V) it affects my life very much; (VI) it
affects my life severely. At the end, individuals were asked
to list any other relevant symptoms that were not included
in the survey and appraise their impact. The surveys were
administered electronically via Research Electronic Data
Capture (REDCap), and completion was anonymous and
voluntary.

Statistical analyses

We calculated the prevalence for each symptom of inquiry
in our survey. In addition, we computed the relative impact
of each issue on subjects’” QoL by assigning a numerical
value to each of the survey responses such that I don’t
experience this =0; I experience this but it does not affect
my life =0; It affects my life a little =1; It affects my life
moderately =2; It affects my life very much =3; It affects
my life severely =4. The average response value for those
who experienced the symptom (options 2-6 on the Likert
scale) was determined, and higher values indicate greater
symptom impact.

PIP scores were calculated by multiplying the prevalence
(expressed as a fraction) by the average impact (a value
between 0-4). Thus, a PIP of 4 corresponds to the greatest
severity of a symptom among those who experienced it; a
PIP of 0 relates to no impact on the people who experienced
it. The methods described here have been used in our
previously published work (10-18).

We used Fisher’s exact tests to compare the prevalence of
each symptom across predefined groups categorized by age
(above mean vs. below mean); sex (male vs. female); disability
status (on disability vs. not on disability); employment status
(on disability or not working/not on disability vs. employed
full-time, part-time, or stay-at-home parent); education
level (grade school, high school, technical degree, or none
vs. college, master’s, or doctorate); disease duration since
first symptoms noticed (above mean vs. below mean); LC
stage (I vs. II vs. III vs. IV); reception of surgery for LC
(had surgery vs. did not have surgery); hospitalization
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due to LC (hospitalized vs. never hospitalized); reception
of various treatments for LC, including chemotherapy,
targeted therapy, and immunotherapy (has or had one of
these treatments vs. has not had one of these treatments);
place where treatment is/was received (academic/research
medical center vs. local clinic or local hospital); distance to
place of treatment (less than or equal to 50 miles vs. more
than 50 miles); current remission status (in remission vs.
not in remission); number of years smoking (has smoked
vs. has never smoked; above mean vs. below mean for
those who have smoked); and smoking packs per day and
smoking pack-years for those who have smoked (above
mean vs. below mean). To correct for multiple comparisons,
the Benjamini-Hochberg procedure was used with a false
discovery rate of 0.25 and 350 test statistics. The 350 P
values were sorted from smallest to largest. Then, the
largest value of i such that P(i) <0.05 i/350 was determined.
The null hypotheses associated with the P values P(1), ...,
P(i) were rejected, resulting in 45 “discoveries.”

Results
Phase 1: LC qualitative interviews

Out of a total of 29 adults with LC from University of
Rochester clinics who were provided information about
this study, 15 individuals participated in interviews. Of the
individuals who elected not to be interviewed, 12 did not
respond to a follow-up communication, one later stated
that they were not interested, and one was not available
due to poor health. During qualitative interviews, the
15 individuals who did participate provided 653 direct
quotes identifying 282 distinct symptoms. Following
analysis using proven qualitative framework methodology,
162 recurring and clinically meaningful symptoms were
selected for inclusion in the survey.

The following is a representative example of how a
participant quote was coded as a unique symptom: when
a participant was asked, “what type of functional limitations
are most important to a patient with lung cancer?” he/she
responded “I can’t walk as far as I used to. I probably would
not be able to walk a mile without getting out of breath.” This
quote was coded as “difficulty walking long distances” and
classified into the symptomatic theme of “limitations with
physical function.”

The symptoms identified during qualitative interviews
related to 14 symptomatic themes: fatigue, social role
dissatisfaction, breathing difficulties, impaired body image,

Transl Lung Cancer Res 2023;12(7):1391-1413 | https://dx.doi.org/10.21037/tlcr-22-831



Translational Lung Cancer Research, Vol 12, No 7 July 2023

impaired sleep and daytime sleepiness, difficulty thinking,
limitations with physical function, gastrointestinal issues,
social role limitations, emotional issues, pain, inability to
do activities, communication difficulties, and choking or

swallowing issues.

Phase 2: national cross-sectional study of individuals
with LC

A total of 160 adults with LC opened and began the
online LC cross-sectional survey. Of the 160 adults,
139 participants completed at least one demographic and
one symptom question, satisfying our minimum criteria
for inclusion in the data analysis of the study. These
participants represented 31 U.S. states and were 17.3%
male and 82.0% female (0.7% preferred not to answer).
The mean participant age was 60.6x11.4 years, with ages
ranging from 30 to 86 years. The largest percentage of
participants identified as white (94.2%), and the vast
majority of people were non-Hispanic/Latino (98.5%). In
addition, most participants, 74.1%, had a college degree
or higher. Employed individuals (those working full-time,
part-time, or as a stay-at-home parent) made up 35.2%
of the population. Among those who were unemployed,
the largest groups were retired individuals (41.0%) and
individuals on disability (20.9%).

The clinical characteristics of the study population were
as follows: (I) 65.2% of participants had stage IV LC, (II)
97.9% of participants had non-small cell LC, of which
85.2% had adenocarcinoma, (III) the majority of people
(57.3%) were involved in a current treatment with the
goal of living longer (as opposed to feeling better or being
cured), and (IV) slightly more than half of the individuals
(51.4%) were receiving treatment at academic/research
institutions.

Full details regarding the demographics, disease
characterization, and treatment of the participants are
provided in Table 1. An outline of our study activities and
results is provided in Figure 1.

Prevalence of symptomatic themes and symptoms

Among the 14 symptomatic themes included in the cross-
sectional study survey, the symptomatic themes with the
greatest prevalence (>70%) in those with LC were fatigue
(85.5%), impaired sleep and daytime sleepiness (73.5%),
emotional issues (73.0%), and limitations with physical
function (72.8%). The most prevalent individual symptoms

© Translational Lung Cancer Research. All rights reserved.

1395

(>80%) were fear of worsening disease (91.7%), tiredness
(87.6%), decreased stamina (82.5%), general fatigue
(81.0%), and fatigue after physical activity (80.9%).

Average life impact of symptomatic themes and
symptoms

Average life impact scores (on a scale of 0-4) were
greatest for the following symptomatic themes: social role
dissatisfaction (1.67), inability to do activities (1.64), and
fatigue (1.60). Average impact scores were highest for the
following individual symptoms: difficulty running (2.04),
impaired sexual function (1.93), fear of worsening disease
(1.86), and anxiety (1.82).

The prevalence and average impact scores for the
14 symptomatic themes are illustrated in Figure 2.

PIP of symptomatic themes and symptoms

The themes with the maximum PIP, which is a summary
statistic encompassing both prevalence and average impact
of symptoms, were fatigue (1.37), emotional issues (1.12),
limitations with physical function (1.12), and impaired sleep
and daytime sleepiness (1.05). The distinct symptoms with
highest PIP were fear of worsening disease (1.71), difficulty
running (1.56), anxiety (1.45), and inability to do things
previously done (1.38).

Table S1 provides the prevalence, average life impact,
and PIP of all 162 symptoms.

Breakdown of symptomatic themes by demograpbic and
clinical category

Symptoms and symptomatic themes significantly differed
in prevalence among subgroups, as displayed in Tables 2-22.
The prevalence of symptomatic themes varied depending
on individual’s age, educational level, employment status,
LC phenotype, and LC treatment level.

The stage of LC affected the frequency of several
symptomatic themes, with the most prominent difference
between individuals with stage I and stage IV LC. Those
with stage IV were more likely to experience higher
prevalence of seven of the 14 symptomatic themes: social
role limitations, emotional issues, pain, gastrointestinal
issues, impaired body image, fatigue, and social role
dissatisfaction.

Participants younger than the mean age of 60.6 years
were more likely to report impaired body image and
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Table 1 Demographic information from cross-sectional study
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Table 1 (continued)

Clinical characteristics Value [n=139 (%)]
Sex
Male 24 (17.3)
Female 114 (82.0)
Prefer not to answer 1(0.7)
Age, years
Mean + SD 60.6+11.4
Range 30-86
Race
Asian 2(1.4)
Black/African American 3(2.2)
White 130 (94.2)
Other 3(2.2)

Hispanic or Latino

Yes 2(1.5)
No 134 (98.5)
Number of U.S. states represented 31

Location of residence
Rural 24 (17.3)
Suburb of small city less than 1 million people 27 (19.4)
Suburb of big city more than 1 million people 37 (26.6)
Small city less than 1 million people 32 (23.0)
Big city more than 1 million people 19 (13.7)

Employment status

Full-time 29 (20.9)
Part-time 13 (9.9
On disability 29 (20.9)
Not working/not on disability 3(2.2)
Retired 57 (41.0)
Stay-at-home parent 7 (5.0)
Other 1(0.7)

Education completed

Grade school 1(0.7)

High school 25(18.0)
Technical degree 10(7.2)
College 57 (41.0)
Master’s or Doctorate 46 (33.1)

Clinical characteristics Value [n=139 (%)]

Months since first symptoms were noticed
Mean + SD 49.2+55.2
Range 0-480
Months since receiving diagnosis
Mean + SD 49.3+53.4
Range 1-480

Lung cancer stage

I 20 (14.5)
1l 6 (4.3)
11l 20 (14.5)
\% 90 (65.2)
| don’t know 2(1.5)
Ever had surgery to treat lung cancer
Yes 66 (47.8)
No 72 (52.2)
Lung cancer spread to another location
Yes 96 (69.6)
No 40 (29.0)
| don’t know 2(1.4)
Lung cancer type
Non-small cell lung cancer 135 (97.9)
Other 1(0.7)
| don’t know 2(1.4)
Type of non-small cell lung cancer
Adenocarcinoma 115 (85.2)
Squamous cell carcinoma 9(6.7)
Adenosquamous carcinoma 3(.2)
Other 1(0.7)
| don’t know 7 (5.2

Received chemotherapy (e.g., Carboplatin, Cisplatin,
Pemetrexed, Paclitaxel, Docetaxel, Nab-paclitaxel,
Gemcitabine, Etoposide)

Yes 79 (56.8)
No 60 (43.2)

Table 1 (continued)
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Table 1 (continued)

Clinical characteristics Value [n=139 (%)]

Clinical characteristics Value [n=139 (%)]

Received targeted therapy (e.g., Erlotinib, Osimertinib, Alectinib,
Lorlatinib, Crizotinib, Dabrafenib + Trametinib)

Yes 57 (41.0)
No 80 (57.6)
| don’t know 2(1.4)

Received immunotherapy, (e.g., Pembrolizumab, Nivolumab,
Ipilimumab)

Yes 47 (34.3)
No 90 (65.7)

Goal of current treatment

To cure 16 (11.6)
To live longer 79 (57.3)
To feel better 1(0.7)
Other 1(0.7)
| am not receiving treatment 38 (27.5)
| don’t know 3(2.2)
Place of oncology treatment
Academic/research medical center 71 (51.4)
Local hospital 31 (22.5)
Local clinic 27 (19.6)
Other 9 (6.5)
Distance to place of oncology treatment
Less than 20 miles 83 (61.0)
20 to 50 miles 30 (22.1)
More than 50 miles 23 (16.9)
Currently in remission
Yes 65 (47.1)
No 60 (43.5)
| don’t know 13 (9.4)
Hospitalized due to lung cancer
Yes 91 (66.0)
No 46 (33.3)
| don’t know 1(0.7)
Ever smoked
Yes 70 (50.7)
No 68 (49.3)

Table 1 (continued)
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Total years smoked for all (smokers and non-smokers), years

Mean + SD 14.0+15.7

Range 0.0-47.0
Total years smoked for smokers only, years

Mean + SD 26.5+11.7

Range 2.0-47.0

Packs smoked per day for all (smokers and non-smokers),
packs/day

Mean + SD 0.6+0.7

Range 0.0-2.0
Packs smoked per day for smokers only, packs/day

Mean + SD 1.1£0.5

Range 0.1-2.0

Smoking pack-years for all (smokers and non-smokers)

Mean + SD 15.8+20.4

Range 0.0-80.0
Smoking pack-years for smokers only

Mean + SD 30.9+18.5

Range 1.0-80.0

Demographic and clinical characteristics of LC sample cohort,
given as number of respondents and percentage of respondents
in each category. Percents are normalized for the number of
respondents to each demographic question (omitted responses
not included). SD, standard deviation; LC, lung cancer.

emotional issues. Participants with an education level below
a college degree and/or who were on disability also showed
higher frequency of several symptoms. Participants with
lower education levels indicated a higher prevalence of
breathing difficulties and pain, and participants who were
on disability showed higher prevalence of nine symptomatic
themes: inability to do activities, emotional issues, impaired
sleep and daytime sleepiness, breathing difficulties,
communication difficulties, social role limitations, impaired
body image, pain, and gastrointestinal issues.

Those who were currently being treated for LC were
more likely to express higher frequency of five symptomatic
themes: impaired body image, emotional issues, social
role dissatisfaction, social role limitations, and fatigue.
Gastrointestinal issues and difficulty thinking were more
prevalent among chemotherapy recipients. Impaired body
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Phase 1: qualitative lung cancer patient interviews

Phase 2: cross-sectional validation study
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Table 2 Overall prevalence and average impact of symptomatic themes

Overall Average

revalence impact
Theme "ol (04 inul

sample sample
Fatigue 85.5 1.60
Social role dissatisfaction 45.5 1.67
Breathing difficulties 66.4 1.34
Impaired body image 54.5 1.30
Impaired sleep and daytime sleepiness 73.5 1.43
Difficulty thinking 62.5 1.28
Limitations with your physical function 72.8 1.54
Gastrointestinal issues 59.3 1.38
Social role limitations 43.7 1.27
Emotional issues 73.0 1.54
Pain 50.7 1.16
Inability to do activities 61.6 1.64
Communication difficulties 27.4 1.00
Choking or swallowing issues 28.7 0.79

Prevalence (%) and average impact (0-4) of symptomatic themes
evaluated in the full cross-sectional study sample (n=139).

Table 3 Results of subgroup analysis by sex

1399

image and emotional issues were more prevalent among
targeted therapy recipients.

A history of smoking and the number of pack-years
smoked was related to the prevalence of symptomatic
themes. Compared to those who claimed no smoking,
participants who smoked showed a higher prevalence
of limitations with physical function and choking or
swallowing issues. In addition, individuals who smoked
above the mean number of pack-years (32.2 pack-years)
displayed higher prevalence of breathing difficulties.

The report of impaired body image and social role
limitations had the most widespread association with
patient clinical state and other markers of disease burden.
Specifically, impaired body image was linked with age,
disability status, LC stage, surgery to treat LC, receiving
targeted therapy, currently getting treatment, and
remission status. Similarly, social role limitations was
associated with disability status, employment status, LC
stage, surgery to treat LC, currently getting treatment,
and remission status.

There were no statistically significant differences in
symptom prevalence on the basis of sex, disease duration,
place of oncology treatment, or distance to place of
oncology treatment.

Prevalence (%)

Theme P value
Male Female
Fatigue 79.2 86.7 0.35
Social role dissatisfaction 43.5 455 1.0
Breathing difficulties 66.7 66.1 1.0
Impaired body image 54.2 55.1 1.0
Impaired sleep and daytime sleepiness 75.0 73.0 1.0
Difficulty thinking 54.2 64.0 0.49
Limitations with physical function 70.8 73.0 0.81
Gl issues 45.8 61.8 0.17
Social role limitations 33.3 45.5 0.36
Emotional issues 66.7 741 0.46
Pain 58.3 48.7 0.50
Inability to do activities 62.5 61.1 1.0
Communication difficulties 29.2 27.0 0.81
Choking or swallowing issues 20.8 30.3 0.46

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by sex. Gl, gastrointestinal.
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Table 4 Results of subgroup analysis by age

Prevalence (%)

Theme P value
Below mean age (<60.6 years) Above mean age (>60.6 years)

Fatigue 91.9 80.3 0.087
Social role dissatisfaction 54.1 45.9 0.083
Breathing difficulties 62.3 69.7 0.37
Impaired body image 70.5 41.1 0.0009*
Impaired sleep and daytime sleepiness 7741 70.7 0.44
Difficulty thinking 70.5 56.0 0.11
Limitations with physical function 73.8 72.0 0.85
Gl issues 62.3 56.8 0.60
Social role limitations 50.8 37.8 0.16
Emotional issues 85.5 62.7 0.0035*
Pain 56.5 46.0 0.23
Inability to do activities 64.5 59.2 0.60
Communication difficulties 31.2 24.3 0.44
Choking or swallowing issues 24.6 32.0 0.45

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by age. *, P<0.05, statistical
significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Table 5 Results of subgroup analysis by disability status

Prevalence (%)

Not on disability (working full-time,

Theme P value
working part-time, not working/not on disability, On disability
retired, student, stay-at-home parent, other)
Fatigue 83.5 93.1 0.25
Social role dissatisfaction 40.6 64.3 0.033
Breathing difficulties 61.5 85.7 0.015*
Impaired body image 491 75.0 0.019*
Impaired sleep and daytime sleepiness 68.5 92.9 0.0081*
Difficulty thinking 58.3 78.6 0.052
Limitations with physical function 69.4 85.7 0.099
Gl issues 54.2 78.6 0.030*
Social role limitations 38.3 64.3 0.018*
Emotional issues 67.6 93.1 0.0047*
Pain 45.4 71.4 0.019*
Inability to do activities 55.1 86.2 0.0023*
Communication difficulties 22.4 46.4 0.017*
Choking or swallowing issues 27.8 32.1 0.65

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by disability status. *, P<0.05,
statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.
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Table 6 Results of subgroup analysis by employment status

Prevalence (%)

Theme Employed full-time, part-time, On disability or not working/ P value
or stay-at-home parent not on disability

Fatigue 83.7 87.5 0.78
Social role dissatisfaction 36.7 64.5 0.022*
Breathing difficulties 51.0 80.7 0.0094*
Impaired body image 571 71.0 0.24
Impaired sleep and daytime sleepiness 65.3 90.3 0.016*
Difficulty thinking 69.4 74.2 0.80
Limitations with physical function 61.2 80.7 0.086
Gl issues 53.1 71.0 0.16
Social role limitations 34.7 61.3 0.023*
Emotional issues 81.6 90.6 0.35
Pain 44.9 64.5 0.11
Inability to do activities 51.0 81.3 0.0091*
Communication difficulties 225 41.9 0.082
Choking or swallowing issues 18.4 29.0 0.29

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by employment status. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Table 7 Results of subgroup analysis by education level

Prevalence (%)

Theme Higher (College, Master’s or Lower (Grade school, High P value
Doctorate) school, Technical degree, none)

Fatigue 83.5 91.4 0.40
Social role dissatisfaction 43.6 51.5 0.55
Breathing difficulties 59.2 88.2 0.0016*
Impaired body image 55.5 51.5 0.84
Impaired sleep and daytime sleepiness 68.9 87.9 0.041
Difficulty thinking 59.2 72.7 0.22
Limitations with physical function 69.9 81.8 0.26
Gl issues 59.8 57.6 0.84
Social role limitations 43.6 441 1.0
Emotional issues 72.6 74.3 1.0
Pain 44.6 68.6 0.018*
Inability to do activities 57.3 74.3 0.11
Communication difficulties 24.8 35.3 0.27
Choking or swallowing issues 245 41.2 0.080

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by education level. *, P<0.05,
statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.
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Table 8 Results of subgroup analysis by months since first noticing symptoms

Prevalence (%)
Theme P value
Below mean (=49.2 months) Above mean (>49.2 months)

Fatigue 86.5 84.6 0.79
Social role dissatisfaction 45.5 44.4 1.0

Breathing difficulties 67.4 63.2 0.68
Impaired body image 56.2 58.3 0.84
Impaired sleep and daytime sleepiness 77.5 67.6 0.27
Difficulty thinking 60.7 73.0 0.22
Limitations with physical function 71.9 73.0 1.0

Gl issues 55.1 66.7 0.32
Social role limitations 43.8 44.4 1.0

Emotional issues 77.8 73.0 0.65
Pain 53.9 46.0 0.44
Inability to do activities 60.0 63.2 0.84
Communication difficulties 22.5 38.9 0.077
Choking or swallowing issues 28.1 24.3 0.83

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by months since first noticing
symptoms. Gl, gastrointestinal.

Table 9 Results of subgroup analysis by stage of lung cancer

Theme Prevalence (%) Pvalue Pvalue Pvalue Pvalue Pvalue P value
I I n v (Ivs. ) (lvs. ) (Tvs. IV)  (lvs. 1) (Hvs. IV)  (lllvs. IV)
Fatigue 70.0 83.3 80.0 91.0 1.0 0.72 0.021* 1.0 0.46 0.23
Social role dissatisfaction 25.0 40.0 36.8 52.9 0.60 0.50 0.028* 1.0 0.67 0.31
Breathing difficulties 60.0 100.0 70.0 65.9 0.13 0.74 0.61 0.28 0.17 0.80
Impaired body image 31.6 40.0 35.0 65.5 1.0 1.0 0.0093* 1.0 0.35 0.021*
Impaired sleep and daytime 65.0 66.7 65.0 80.5 1.0 1.0 0.15 1.0 0.60 0.15
sleepiness
Difficulty thinking 66.7 50.0 55.0 66.7 0.65 1.0 0.20 1.0 1.0 0.44
Limitations with physical 66.7 60.0 75.0 75.9 1.0 0.50 0.17 1.0 0.63 1.0
function
Gl issues 30.0 60.0 60.0 66.7 0.31 0.11 0.0045* 1.0 1.0 0.61
Social role limitations 5.0 40.0 31.6 54.6 0.091 0.044  <0.0001* 1.0 0.66 0.081
Emotional issues 45.0 60.0 65.0 82.0 0.64 0.34 0.0013* 1.0 0.24 0.13
Pain 35.0 60.0 55.0 54.6 0.36 0.34 0.0013* 1.0 1.0 1.0
Inability to do activities 50.0 83.3 60.0 64.0 0.20 0.75 0.14 0.38 0.66 0.80
Communication difficulties 20.0 40.0 30.0 28.4 0.56 0.72 0.31 1.0 0.63 1.0
Choking or swallowing issues ~ 55.0 40.0 30.0 22.7 0.64 0.20 0.58 1.0 0.59 0.56

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by stage of lung cancer. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.
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Table 10 Results of subgroup analysis by surgery to treat cancer

Ever had surgery to treat cancer?

Theme Prevalence (%)

P value

Yes No

Fatigue 80.3 90.1 0.15
Social role dissatisfaction 40.6 49.3 0.38
Breathing difficulties 72.7 60.0 0.15
Impaired body image 42.4 66.2 0.0090*
Impaired sleep and daytime sleepiness 69.7 76.8 0.44
Difficulty thinking 57.6 66.7 0.29
Limitations with physical function 66.7 78.3 0.18
Gl issues 48.5 69.1 0.022*
Social role limitations 33.9 53.6 0.025*
Emotional issues 66.7 80.0 0.084
Pain 43.9 56.5 0.17
Inability to do activities 56.1 66.2 0.29
Communication difficulties 25.0 28.6 0.70
Choking or swallowing issues 33.9 22.9 0.18

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by surgery to treat cancer. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Table 11 Results of subgroup analysis by reception of chemotherapy

Received chemotherapy? (e.g., Carboplatin, Cisplatin, Pemetrexed, Paclitaxel,
Docetaxel, Nab-paclitaxel, Gemcitabine, Etoposide)

Theme Prevalence (%)

P value

Yes No

Fatigue 89.7 80.0 0.14
Social role dissatisfaction 50.7 39.0 0.22
Breathing difficulties 71.4 60.0 0.20
Impaired body image 54.7 54.2 1.0
Impaired sleep and daytime sleepiness 75.0 7.7 0.70
Difficulty thinking 711 51.7 0.032*
Limitations with physical function 80.3 63.3 0.034*
Gl issues 68.0 48.3 0.023*
Social role limitations 52.0 33.3 0.037*
Emotional issues 75.3 70.0 0.56
Pain 55.8 441 0.23
Inability to do activities 66.7 55.0 0.22
Communication difficulties 32.0 21.7 0.24
Choking or swallowing issues 29.0 28.3 1.0

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by reception of chemotherapy. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.
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Table 12 Results of subgroup analysis by reception of targeted therapy

Varma et al. PRISM-LC

Received targeted therapy? (e.g., Erlotinib, Osimertinib, Alectinib,

Lorlatinib, Crizotinib, Dabrafenib + Trametinib)

Theme Prevalence (%)

P value

Yes No

Fatigue 93.0 79.8 0.048*
Social role dissatisfaction 48.2 421 0.60
Breathing difficulties 57.1 73.4 0.064
Impaired body image 67.3 455 0.014~
Impaired sleep and daytime sleepiness 72.7 74.7 0.84
Difficulty thinking 60.0 63.3 0.72
Limitations with physical function 67.3 76.0 0.33
Gl issues 67.3 46.2 0.15
Social role limitations 47.3 39.7 0.48
Emotional issues 83.9 64.6 0.018*
Pain 49.1 51.9 0.86
Inability to do activities 58.9 62.5 0.72
Communication difficulties 21.4 31.2 0.24
Choking or swallowing issues 21.4 34.6 0.12

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by reception of chemotherapy. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Table 13 Results of subgroup analysis by reception of immunotherapy

Received immunotherapy? (e.g., Pembrolizumab, Nivolumab, Ipilimumab)

Theme Prevalence (%)

P value

Yes No

Fatigue 84.8 85.6 1.0
Social role dissatisfaction 55.6 39.1 0.096
Breathing difficulties 73.9 61.8 0.18
Impaired body image 60.0 51.1 0.36
Impaired sleep and daytime sleepiness 80.0 70.8 0.30
Difficulty thinking 66.7 59.6 0.46
Limitations with physical function 84.4 66.3 0.040*
Gl issues 60.0 59.1 1.0
Social role limitations 55.6 37.5 0.064
Emotional issues 7.7 74.2 0.84
Pain 63 43.2 0.045*
Inability to do activities 7.7 55.6 0.094
Communication difficulties 31.1 25.0 0.54
Choking or swallowing issues 28.9 28.1 1.0

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by reception of targeted
therapy. *, P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.
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Table 14 Results of subgroup analysis by current treatment

Currently getting treatment?

Theme Prevalence (%)

P value

Yes No

Fatigue 90.1 73.0 0.026*
Social role dissatisfaction 53.1 25.0 0.0057*
Breathing difficulties 65.0 70.3 0.68
Impaired body image 65.0 27.0 <0.0001*
Impaired sleep and daytime sleepiness 75.8 67.6 0.38
Difficulty thinking 65.7 54.1 0.24
Limitations with physical function 73.7 70.3 0.67
Gl issues 63.3 48.7 0.17
Social role limitations 50.5 26.3 0.012*
Emotional issues 79.8 55.3 0.0053*
Pain 51.0 50.0 1.0
Inability to do activities 62.0 60.5 1.0
Communication difficulties 26.5 29.7 0.83
Choking or swallowing issues 27.6 31.6 0.68

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by current treatment. *, P<0.05,
statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Table 15 Results of subgroup analysis by place of treatment

Prevalence (%)

Theme P value
Academic/research medical center Local clinic or local hospital or other

Fatigue 84.5 86.6 0.81
Social role dissatisfaction 37.7 53.9 0.082
Breathing difficulties 62.0 71.2 0.28
Impaired body image 55.7 53.1 0.86
Impaired sleep and daytime sleepiness 70.4 76.9 0.44
Difficulty thinking 54.9 70.8 0.076
Limitations with physical function 69.0 76.9 0.34
Gl issues 55.7 63.1 0.48
Social role limitations 36.2 51.5 0.084
Emotional issues 74.3 71.6 0.85
Pain 471 54.6 0.40
Inability to do activities 54.9 68.7 0.12
Communication difficulties 26.1 28.8 0.85
Choking or swallowing issues 271 30.0 0.71

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. Gl,
gastrointestinal.
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Table 16 Results of subgroup analysis by distance to place of treatment

Prevalence (%)

Theme P value
Less than or equal to 50 miles More than 50 miles
Fatigue 84.8 95.7 0.31
Social role dissatisfaction 46.4 45.5 1.0
Breathing difficulties 64.9 73.9 0.47
Impaired body image 56.9 50.0 0.64
Impaired sleep and daytime sleepiness 73.6 78.3 0.80
Difficulty thinking 60.0 78.3 0.15
Limitations with physical function 71.8 82.6 0.43
Gl issues 57.3 72.7 0.24
Social role limitations 42.7 50.0 0.64
Emotional issues 36.5 77.3 0.80
Pain 51.4 45.5 0.65
Inability to do activities 63.4 56.5 0.64
Communication difficulties 25.2 38.1 0.28
Choking or swallowing issues 27.9 31.8 0.80

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. Gl,
gastrointestinal.

Table 17 Results of subgroup analysis by hospitalization due to lung cancer

Hospitalized due to lung cancer?

Theme Prevalence (%)

P value

Yes No

Fatigue 87.8 80.4 0.31
Social role dissatisfaction 44.3 47.7 0.72
Breathing difficulties 74.2 52.2 0.013*
Impaired body image 52.9 57.8 0.71
Impaired sleep and daytime sleepiness 78.4 63.0 0.067
Difficulty thinking 67.1 54.4 0.19
Limitations with physical function 77.3 65.2 0.15
Gl issues 59.1 60.0 1.0
Social role limitations 42.7 45.5 0.85
Emotional issues 74.4 711 0.68
Pain 57.8 36.4 0.027*
Inability to do activities 67.8 50.0 0.062
Communication difficulties 30.7 20.0 0.22
Choking or swallowing issues 30.3 24.4 0.55

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2023;12(7):1391-1413 | https://dx.doi.org/10.21037/tlcr-22-831



Translational Lung Cancer Research, Vol 12, No 7 July 2023 1407

Table 18 Results of subgroup analysis by remission status

Currently in remission?

Theme Prevalence (%)

P value

Yes No

Fatigue 81.3 91.7 0.12
Social role dissatisfaction 37.7 52.5 0.14
Breathing difficulties 64.1 74.6 0.24
Impaired body image 45.2 66.1 0.028*
Impaired sleep and daytime sleepiness 73.0 78.0 0.54
Difficulty thinking 61.9 66.1 0.71
Limitations with physical function 68.3 78.0 0.31
Gl issues 56.5 66.1 0.35
Social role limitations 35.5 55.9 0.029*
Emotional issues 66.7 83.3 0.039
Pain 52.4 50.9 1.0
Inability to do activities 59.4 66.7 0.46
Communication difficulties 25.8 28.8 0.84
Choking or swallowing issues 30.2 30.5 1.0

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Table 19 Results of subgroup analysis by smoking history

Prevalence (%)

Theme P value
0 years Greater than 0 years
Fatigue 79.0 91.4 0.050*
Social role dissatisfaction 37.1 50.8 0.16
Breathing difficulties 56.5 72.5 0.068
Impaired body image 50.0 59.7 0.29
Impaired sleep and daytime sleepiness 69.4 76.5 0.43
Difficulty thinking 58.1 64.7 0.47
Limitations with physical function 61.3 82.4 0.010*
Gl issues 64.5 54.4 0.29
Social role limitations 40.3 441 0.72
Emotional issues 72.6 74.3 0.85
Pain 45.9 54.3 0.38
Inability to do activities 51.6 68.6 0.052
Communication difficulties 21.0 32.4 0.17
Choking or swallowing issues 17.7 36.2 0.020*

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.
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Table 20 Results of subgroup analysis by number of years smoking

Prevalence (%)

Theme P value
Below mean (<26.5 years) Above mean (>26.5 years)

Fatigue 88.4 941 0.67
Social role dissatisfaction 43.8 54.6 0.46
Breathing difficulties 63.6 82.4 0.10
Impaired body image 59.4 57.6 1.0
Impaired sleep and daytime sleepiness 72.7 78.8 0.77
Difficulty thinking 57.6 72.7 0.30
Limitations with physical function 72.7 90.9 0.11
Gl issues 48.5 57.6 0.62
Social role limitations 36.4 48.5 0.46
Emotional issues 73.5 73.5 1.0
Pain 55.9 52.9 1.0
Inability to do activities 58.8 76.5 0.19
Communication difficulties 27.3 36.4 0.598
Choking or swallowing issues 36.4 35.3 1.0

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. Gl,
gastrointestinal.

Table 21 Results of subgroup analysis by smoking packs per day

Prevalence (%)

Theme P value
Below mean (<1.1 packs) Above mean (>1.1 packs)
Fatigue 91.5 90.5 1.0
Social role dissatisfaction 46.7 55.0 0.60
Breathing difficulties 69.6 81.0 0.39
Impaired body image 63.6 47.6 0.28
Impaired sleep and daytime sleepiness 85.7 7141 0.23
Difficulty thinking 64.4 66.7 1.0
Limitations with physical function 77.8 90.5 0.31
Gl issues 51.1 57.1 0.79
Social role limitations 40.0 47.6 0.60
Emotional issues 70.2 81.0 0.55
Pain 51.1 61.9 0.44
Inability to do activities 70.2 61.9 0.58
Communication difficulties 36.2 211 0.26
Choking or swallowing issues 36.2 35.0 1.0

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. Gl,
gastrointestinal.
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Table 22 Results of subgroup analysis by smoking pack-years
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Prevalence (%)

Theme P value
Below mean (<32.2 pack-years)  Above mean (>32.2 pack-years)
Fatigue 86.8 96.7 0.22
Social role dissatisfaction 47.2 51.7 0.81
Breathing difficulties 62.3 86.7 0.029*
Impaired body image 62.9 53.3 0.46
Impaired sleep and daytime sleepiness 69.4 83.3 0.25
Difficulty thinking 61.1 70.0 0.60
Limitations with physical function 75.0 90.0 0.20
Gl issues 44.4 63.3 0.14
Social role limitations 37.1 48.4 0.46
Emotional issues 67.6 80.7 0.28
Pain 46.0 64.5 0.15
Inability to do activities 62.2 74.2 0.31
Communication difficulties 29.7 34.5 0.79
Choking or swallowing issues 40.5 30.0 0.45

Prevalence (%) and P values of symptomatic themes evaluated in cross-sectional study subgroup analysis by place of treatment. *,
P<0.05, statistical significance by the Benjamini-Hochberg method. Gl, gastrointestinal.

Discussion
Key findings

This research represents one of the largest and most
clinically diverse studies of disease burden in LC, with
participants representing all four stages of disease
progression. Using semi-structured patient interviews and
a national cross-sectional study with people with LC, we
discovered and analyzed the prevalence, relevance, and
importance of numerous areas of disease burden in LC.
Our research reveals which symptoms and themes are
the most common (fatigue, sleep-related problems, and
emotional issues) and impactful (social dissatisfaction,
activity limitations, and fatigue) for those living with LC.
Our research also shows which demographic and clinical
subgroups (those on disability, those who are unemployed,
those currently receiving treatment, and those in the later
stages of LC) experience higher disease burden due to LC.

Strengtbs and limitations

Our results should be interpreted in the context that
our sample cohorts are not completely representative of

© Translational Lung Cancer Research. All rights reserved.

the general population of people with LC. In particular,
potential interview participants were referred by partnering
oncologists at one tertiary medical center. Physicians were
specifically requested to refer a broad and diverse sample
(in terms of demographic, clinical, and treatment features);
however, all interviewees received care at the same center.
In contrast, participants in our cross-sectional validation
study represented a more geographically diverse population.
In our cross-sectional study, participants were
predominantly female (82.0%), white (94.2%), non-
Hispanic/Latino (98.5%), and of high education
background (74.1%). While these demographic features are
not atypical of registry studies, they likely do not represent
the demographic profile of all individuals affected with LC,
specifically in terms of sex, race, ethnicity, and educational
attainment (20). Our sample was also marginally younger
(with a mean age just over 60) than what has been reported
in the greater population of patients with LC (21).
Participants in our research may also not have accurately
represented the broader LC population in terms of smoking
history. In our cross-sectional study cohort, only a little
over 50% reported having ever smoked. This is in contrast
to a case-control study conducted in Montreal in 2018,
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where ~95% of cases with LC had smoked (n=1,203) (22).
Although this percentage is on the high end from studies in
the literature, reports by the Centers for Disease Control
and Prevention (CDC) and American Cancer Society,
nevertheless, indicate that ~75-80% of those with LC have
a smoking history (23,24). The discrepancy in our study
participants’ smoking experience may be explained by a few
factors. It is possible that our participants underreported
their smoking history. It is also known that the Lung
Cancer Registry through which participants were recruited
comprises a disproportionately large number of individuals
with a known target or oncogenic driver, and the majority
of these people have no smoking history.

Of note, while participants were offered the opportunity
to have a paper survey mailed to them, this study was
promoted and conducted using email and an online survey
platform. For this reason, individuals with limited or no
access to the internet are likely underrepresented in our
study. Furthermore, those with the highest degree of
disease burden may not have been capable of participating
and may not be represented by these results. Nevertheless,
we believe that our sample adequately represents the
individuals with LC that are likely to participate in future
clinical studies of LC.

Comparison with similar researches

Many of the findings from our research were confirmatory
with those reported in prior studies. For example, we
found fatigue, impaired sleep and daytime sleepiness, and
limitations with physical function to be among the most
prevalent symptomatic themes in our study cohort, and
inability to do activities and fatigue to be among the most
impactful symptomatic themes. Using the Lung Cancer
Symptom Scale, Iyer et al. showed that persistent cough,
fatigue, and shortness of breath were the most prevalent
symptoms in a U.S. sample of LC patients (5); Iyer et al.
also showed that fatigue, loss of appetite, respiratory
problems, cough, pain, and blood in sputum were the most
frequent symptoms and that loss of appetite, fatigue, pain,
and shortness of breath were most impactful in a sample of
LC patients from France and Germany (25). Similarly, Gift
et al. demonstrated that fatigue, nausea, weakness, loss of
appetite, weight loss, and vomiting were the most frequent
patient-reported symptoms that impaired daily functioning
in patients who were recently diagnosed with LC, across 24
hospitals and clinics (26). Montazeri et a/. presented findings
that were congruent to those by Iyer er 4/. and Gift et al. in
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a population-based study with 129 patients in Scotland (6).

In our study, emotional issues was also a highly prevalent
symptomatic theme, and social role dissatisfaction was
highly impactful. Prior studies largely focus on the physical
burden and toxicities of LC, but a few studies like those by
Tishelman ez 4. and by Ostlund et 4/. demonstrate that self-
perception and emotional functioning play a significant role
in LC patients’ QoL (27,28).

Interestingly, individuals with LC in our interviews
and cross-sectional study placed an emphasis on several
functional limitations, like difficulty running, impaired
sexual function, and inability to do things previously done as
greatly affecting their lives. Indeed, in a study by Leppert,
more than 90% of patients with advanced LC complained
of limitations in performing occupational roles or pursuing
hobbies (29). Such symptoms that decrease daily function
are often under-recognized by physicians who treat LC
patients and by researchers searching for symptomatic
targets and treatments for these individuals. Our research
suggests that increased attention on and addressing the
functional effects of LC may help alleviate burden.

Explanation of findings

We found that the prevalence of many symptoms differed
considerably between subgroups of individuals, most
notably based on age, education level, employment or
disability status, LC phenotype, and LC treatment.
Participants who were younger than the mean age had
higher incidences of impaired body image and emotional
issues, which may stem from the fact that younger people
are at a different emotional and social stage in their lives,
and may be more socially active and conscious (30,31).
This finding is in agreement with prior work in the general
population showing greater body image dissatisfaction
during youth and middle-age, and higher prevalence of
any mental illness in adults occurring below the age of
50 (30,31). While these symptoms may not be the direct
consequence of the pathophysiology of LC, they may be
exacerbated by the disease.

The patient characteristics that had the strongest
association with the prevalence of symptomatic themes were
related to disability status, with those who were on disability
experiencing a greater frequency of symptoms in many of
the physical, emotional, and social categories. Employment
and disability likely have a multifaceted relationship with
disease burden. Frequent and severe symptoms may
discourage individuals, particularly those with physical jobs,
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from working. Individuals who are not employed may also
be less likely to seek valuable medical care, due to financial
hindrances, leading to a higher disease burden and lack of
therapeutic options for symptom management.

The data from this study show an increase in the
prevalence of several symptomatic themes as individuals
progress from stage I through stage IV LC. This is
particularly apparent with fatigue; pain; gastrointestinal
problems; and mental, emotional, and social issues, which
are much higher in those whose LC has progressed to stage
IV, as is corroborated by existing literature (32,33).

The prevalence of multiple symptomatic themes increased
in association with a patient receiving chemotherapy or
targeted therapy (but not necessarily immunotherapy). A
higher prevalence of difficulty thinking and gastrointestinal
issues was seen among those receiving chemotherapy. Our
research cannot determine if this increase in prevalence
was a result of the disease itself or the side effects from
chemotherapy; however, it is likely that both factors
contributed (34,35). A higher prevalence of impaired body
image and emotional issues was displayed in those on
targeted therapy. This, again, may be because of the disease
itself or because of the younger demographic profile of
targeted therapy recipients, as these individuals typically
have biologically distinct, oncogene-driven cancer (36,37). A
higher prevalence of physical symptoms, namely breathing
difficulties and pain, was seen in people with LC who
had been hospitalized due to their disease. This provides
insight into two potentially treatable factors associated with
hospitalization in this population.

Participants in our study who had a history of smoking
demonstrated a greater prevalence of limitations with
physical function and choking or swallowing issues, and
those who smoked more than the mean number of pack-
years showed a higher prevalence of breathing problems.
This finding is supported by the literature, which
demonstrates that smoking increases the likelihood of LC
and that it is also associated with greater disease severity

and higher probability of treatment failure (38,39).

Implications and actions needed

The data presented here provide a basis for conceptualizing
disease burden experienced by people with LC and
discerning patient characteristics that are associated with
a higher level of disease burden. Future studies should
consider exploring if there are additional differences in
patient symptomatic profiles based on clinical state and
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the scores of psychometrically validated patient-reported
measures of physical and mental health. In total, the data
obtained from this research may allow clinicians to better
understand and address the important and potentially
treatable symptoms that occur in LC. Furthermore, this
research may be used by researchers looking to identify
impactful therapeutic targets for future interventional studies.

Conclusions

This study systematically identifies the symptoms that are
most common and have the greatest impact on the lives
of individuals with LC. This data provides a fundamental
basis for understanding the disease burden experienced by
individuals with LC and identifies patient characteristics
that are associated with a higher level of disease burden.
The findings have the potential to better equip clinicians
who care for those with LC to acknowledge important and
potentially treatable symptoms associated with this disease.
This study contributes patient-reported data that are
critical to direct novel therapeutic development efforts for
the most relevant symptom management targets to achieve
improvement in patient outcomes and QoL.
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Supplementary

Appendix 1
A List of Interview Questions for Lung Cancer Patient: Qualitative Interview Guide

General

— Which symptoms of lung cancer have the greatest impact on a person’s quality-of-life or disease burden?
— How is an individual with lung cancer’s life altered by having lung cancer?

— What changes would greatly improve your overall satisfaction with life?

Physical

— Could you give examples of how a person with lung cancer is affected physically by the disease?
— Has fatigue interfered with your life?

— Do you have problems breathing? If so, how does this affect you?

— Does a cough trouble you? How does this affect your life?

— Do you have any problems with your sleep or with daytime sleepiness?

— Has weakness interfered with your life?

— Has lung cancer interfered with your appetite?

— Have nausea or problems eating interfered with your life?

— Have you noticed any change in your voice? How has this affected you?

— Has lung cancer changed how you view yourself or your perceived body image?

— Do you experience pain? Where do you experience this? How does it affect your life?
— What types of functional limitations are most important to a patient with lung cancer?
— Are there specific activities that you have difficulty doing?

Mental
— Do you have difficulty concentrating, reading, remembering, or thinking? How has this affected you?

Emotional
— Could you give examples of how a person with lung cancer is affected emotionally by the disease? For instance, do you
feel that fear, anxiety, moodiness, or depression have an impact on your life?

Social

— How does lung cancer affect the social health of a person (e.g. relationship with family, work colleagues, or friends)?
— In what ways does lung cancer affect family life?

— Has lung cancer interfered with how you interact with others?

— What activities with your friends do you have difficulty participating in?

Everyday

— What is the most troubling problem a person with lung cancer has to face?

— What are the “little things” that are affected by and important to people with lung cancer?

— What are the most important questions a healthcare provider should ask someone with lung cancer?

— What are the ways that lung cancer affects someone’s everyday life?

— How does lung cancer interfere with your job or your ability to get a job?

— What type of activities around the house do you have difficulty with?

— What ways is a patient’s independence affected by lung cancer?

— What areas of your life would you most like to improve?

— Are there side effects from lung cancer treatment that have affected your life? What are these?

— If a successful therapy was developed, what would it do for you?

— Are there other areas that have a major impact on your quality-of-life or disease burden that we did not mention and that
have not been brought up?
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Table S1 Supplemental data on symptoms from cross-sectional study

Symptomatic themes (italicized) & individual symptoms Prevalence (%) Average impact (0-4) PIP (0-4)
Fatigue 85.5 1.60 1.37
Social role dissatisfaction 45.5 1.67 0.76
Breathing difficulties 66.4 1.34 0.89
Impaired body image 54.5 1.30 0.71
Impaired sleep and daytime sleepiness 73.5 1.43 1.05
Difficulty thinking 62.5 1.28 0.80
Limitations with your physical function 72.8 1.54 1.12
Gastrointestinal issues 59.3 1.38 0.82
Social role limitations 43.7 1.27 0.55
Emotional issues 73.0 1.54 1.12
Pain 50.7 1.16 0.59
Inability to do activities 61.6 1.64 1.01
Communication difficulties 27.4 1.00 0.27
Choking or swallowing issues 28.7 0.79 0.23
Tiredness 87.6 1.45 1.27
General fatigue 81.0 1.61 1.30
General weakness 61.8 1.44 0.89
Fatigue after physical activity 80.9 1.57 1.27
The need for prolonged recovery time 64.2 1.45 0.93
Exhaustion 56.2 1.53 0.86
Decreased stamina 82.5 1.63 1.34
Inability to do things previously done 78.5 1.76 1.38
Social isolation 59.6 1.75 1.04
Impaired interaction with family members 41.9 1.56 0.65
Exhaustion from social interactions 48.5 1.23 0.60
Dissatisfied with social interactions 42.2 1.46 0.62
Impaired interactions with friends 40.4 1.36 0.55
Not as excited to participate in social activities 49.3 1.55 0.76
Coughing 48.5 1.02 0.49
Shortness of breath 64.2 1.39 0.89
Breathing problems 53.3 1.29 0.69
Having a weak cough 31.6 1.14 0.36
Chest pain 27.0 1.08 0.29
Having to cough up phlegm 32.8 0.64 0.21
Difficulty breathing during strenuous activities 70.9 1.77 1.25
Throat problems 24.8 1.29 0.32
Having to clear your throat 47.8 0.98 0.47
Having to cough up fluids 221 0.80 0.18
Exhaustion with coughing 19.0 0.69 0.13
Cough interfering with activities 20.6 0.96 0.20
Shortness of breath with activity 69.3 1.56 1.08
Dizziness 37.0 0.82 0.30
Bloody cough 2.2 0.33 0.01
Lightheadedness 41.6 0.67 0.28
Weight gain 54.0 1.61 0.87
Hair loss 40.1 1.24 0.50
Negative thoughts about your body image 60.3 1.48 0.89
Tired appearance 68.1 1.24 0.84
Weight loss 25.0 0.88 0.22
Feeling different from other people 61.8 1.39 0.86
Daytime sleepiness 72.6 1.14 0.83
Excessive sleep requirements 51.5 1.28 0.66
The need for naps 63.0 1.05 0.66
Insomnia 61.5 1.30 0.80
Cough preventing sleep 13.3 0.94 0.13
Pain preventing sleep 25.2 1.41 0.36
Difficulty sleeping 60.7 1.44 0.87
Decreased motivation 67.4 1.60 1.08
Problems concentrating 65.2 1.39 0.91
Memory problems 68.7 1.27 0.87
Difficulty reading 35.6 1.38 0.49
Difficulty recalling words 64.4 1.40 0.90
Difficulty with comprehension 34.8 1.36 0.47
Impaired physical activity 72.6 1.66 1.21
Impaired walking 47.0 1.54 0.72
Difficulty walking long distances 61.5 1.80 1.1
The need to pace oneself when doing activities 79.3 1.50 1.19
Difficulty going up or down stairs 61.9 1.70 1.05
Leg weakness 451 1.68 0.76
Difficulty running 76.3 2.04 1.56
Falls 21.5 1.21 0.26
Difficulty standing 26.1 1.60 0.42
Difficulty keeping pace with friends 53.7 1.31 0.70
Trouble going up hills 70.1 1.71 1.20
Having to grab on to things when walking 36.1 1.42 0.51
Difficulty getting up from laying down 33.1 1.16 0.38
Limitations with your mobility or walking 40.3 1.44 0.58
Problems with your hands or fingers 41.8 1.39 0.58
Arm weakness 40.0 1.15 0.46
Decreased ability to carry a heavy load with your arms 57.0 1.39 0.79
Shaky hands 25.2 1.24 0.31
Problems with your shoulders or arms 41.0 1.55 0.64
Impaired sexual function 44.4 1.93 0.86
Nausea 25.6 0.97 0.25
Decreased appetite 29.0 0.79 0.23
A change in the taste for food 36.6 0.90 0.33
Blandness of food/lack of flavor 26.1 0.69 0.18
Difficulty eating 17.4 0.87 0.15
Incontinence 19.4 1.42 0.28
Constipation 40.2 0.94 0.38
Increased bathroom urgency 45.1 1.53 0.69
Decreased sense of smell 11.2 0.47 0.05
Abdominal pain 26.3 0.86 0.23
Diarrhea 46.6 1.18 0.55
Decreased independence 39.8 1.47 0.59
Reliance on family members 451 1.53 0.69
Reliance on others 41.2 1.43 0.59
The need for increased planning prior to social interactions 45.5 1.32 0.60
Difficulty being heard in a social setting 23.5 1.35 0.32
Avoidance of social activities 41.4 1.35 0.56
Having to cancel plans due to tiredness 37.1 1.02 0.38
Decreased participation in family activities 32.3 1.49 0.48
Difficulty helping with family chores 43.2 1.40 0.60
Difficulty holding children 16.7 1.59 0.27
Limited ability to participate in fun activities 49.6 1.35 0.67
Fear of worsening of the disease 91.7 1.86 1.71
Anxiety 79.5 1.82 1.45
Depression 63.6 1.76 1.12
Preoccupation with thoughts about the disease 80.0 1.38 1.10
Feeling overwhelmed 68.2 1.51 1.03
Emotional strain 68.9 1.64 1.13
Feeling like a burden to others 57.6 1.45 0.84
Aggravation 58.5 1.28 0.75
Afraid to go places due to fear of feeling sick 30.0 1.23 0.37
Moodiness 50.0 1.42 0.71
Self-pity 423 1.09 0.46
Anger 49.2 1.1 0.55
Reduced ambition 56.1 1.45 0.81
Feeling vulnerable 62.9 1.34 0.84
Damaged pride with loss of independence 37.9 1.48 0.56
Frustration 62.9 1.41 0.89
Grief 52.7 1.46 0.77
Agitation 48.1 1.13 0.54
Back pain 53.5 1.49 0.80
Headaches 43.4 1.07 0.46
Shoulder pain 41.5 1.74 0.72
Throat pain 16.9 1.18 0.20
Rib pain 33.3 1.26 0.42
Pain when talking 8.5 0.73 0.06
Pain from coughing 12.3 0.81 0.10
Pain with movement 31.3 1.29 0.40
Lung pain 23.7 1.16 0.27
Neck pain 33.1 1.52 0.50
Difficulty breathing due to pain 10.7 1.21 0.13
Muscle soreness 42.0 1.33 0.56
Arm pain 26.0 1.32 0.34
Sore mouth 19.5 0.84 0.16
Numbness 32.3 1.38 0.45
A tingling sensation at your feet or hands 45.8 1.13 0.52
Difficulty cleaning your house 65.9 1.52 1.00
Impaired ability to exercise 77.3 1.59 1.23
Difficulty maintaining your personal hygiene 20.2 1.31 0.26
Difficulty washing dishes 23.7 1.13 0.27
Problems standing in the shower 20.0 1.04 0.21
Nausea after activities 13.8 0.67 0.09
Difficulty playing sports 56.9 1.59 0.90
Difficulty doing laundry 26.7 1.14 0.30
Difficulty taking care of the lawn 34.1 1.75 0.60
Difficulty feeding yourself 3.8 1.20 0.05
Difficulty dressing yourself 13.8 0.56 0.08
Difficulty preparing food 19.1 0.88 0.17
Strained voice 24.6 1.47 0.36
Hoarse voice 28.7 1.22 0.35
Difficulty speaking 14.7 0.79 0.12
The need to repeat yourself often when speaking 19.4 1.20 0.23
Raspy voice 21.7 1.21 0.26
Soft voice 24.0 0.77 0.18
Problems hearing 34.6 1.24 0.43
Problems seeing 26.9 0.97 0.26
Heartburn 50.0 1.32 0.66
Problems swallowing 22.3 1.34 0.30
Choking 16.2 0.95 0.15

Prevalence, average impact, and population impact (PIP) of symptomatic themes (italicized) and individual symptoms inquired about in

Lung Cancer (LC) cross-sectional study. n=139.
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