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Abstract
Objective: Comorbidity is associated with adverse outcomes for all lung cancer patients, but its burden is less understood in

the context of screening. This review synthesises the prevalence of comorbidities among lung cancer screening (LCS) candidates

and summarises the clinical recommendations for screening comorbid individuals.

Methods: We searched MEDLINE, EMBASE, EBM Reviews, and CINAHL databases from January 1990 to February 2021.

We included LCS studies that reported a prevalence of comorbidity, as a prevalence of a particular condition, or as a sum-

mary score. We also summarised LCS clinical guidelines that addressed comorbidity or frailty for LCS as a secondary object-

ive for this review. Meta-analysis was used with inverse-variance weights obtained from a random-effects model to estimate

the prevalence of selected comorbidities.

Results: We included 69 studies in the review; seven reported comorbidity summary scores, two reported performance

status, 48 reported individual comorbidities, and 12 were clinical guideline papers. The meta-analysis of individual comorbid-

ities resulted in an estimated prevalence of 35.2% for hypertension, 23.5% for history of chronic obstructive pulmonary dis-

ease (COPD) (10.7% for severe COPD), 16.6% for ischaemic heart disease (IHD), 13.1% for peripheral vascular disease

(PVD), 12.9% for asthma, 12.5% for diabetes, 4.5% for bronchiectasis, 2.2% for stroke, and 0.5% for pulmonary fibrosis.

Conclusions: Comorbidities were highly prevalent in LCS populations and likely to be more prevalent than in other cancer

screening programmes. Further research on the burden of comorbid disease and its impact on screening uptake and out-

comes is needed. Identifying individuals with frailty and comorbidities who might not benefit from screening should become

a priority in LCS research.
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Introduction
Lung cancer remains the leading cause of cancer deaths glo-
bally, with 1.8 million estimated deaths in 2020.1 The five-year
survival rate for lung cancer is 16–22% in high-income coun-
tries.2 Patients with localised lung cancers have better five-year
survival rates (above 50%) compared to most advanced distant
stages (less than 10%).3,4 This large disparity highlights the
crucial role of early detection in maximising the survival
benefit for high-risk individuals. The National Lung
Screening Trial (NLST) was the first large-scale randomised
study that reported a mortality benefit, with an estimated 20%
reduction in lung cancer mortality using pulmonary low-dose
computed tomography (LDCT) compared to X-ray.5 In add-
ition, the Dutch-Belgian Randomised Lung Cancer Screening
Trial (NELSON) demonstrated a 24% reduction in male lung
cancer mortality.6 Following the NLST results, the US

Preventive Services Task Force (USPSTF) issued its recom-
mendations in 2013 for annual screening of lung cancer with
LDCT for current or former smokers aged 55 to 80 years.
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However, participation in lung cancer screening (LCS) among
eligible smokers in the United States (US) has been limited to
6.6% on average in 2019 and remained the same in 2020.7

When looking at the US state-level LCS uptake rates; nine
states reported to have more than 10% participation rate.7 In
contrast, population-based LCS programmes in several
Chinese provinces showed high uptake rates of 34%-52%.8–10

The high uptake in China is believed to be owing mainly to
the accessibility and affordability of LDCT scans across many
provinces.11 While LCS in the UK is not yet implemented on
the national level, data from population-based targeted screening
in Liverpool and Manchester showed high participation rates of
40% and 26%, respectively.12,13 The presence of chronic diseases
may positively impact participation in screening programmes
because comorbid individuals might have direct contact with
healthcare systems and services, leading to more opportunities
for referral to or engagement with screening services primarily
when LCS is widely implemented such as in the US.14

However, the presence of comorbidities might limit management
options for screen-detected lung cancer (mainly surgical resec-
tion), thereby impacting the effectiveness of treatments and
patient outcomes.15 Also, reduced life expectancy related to
comorbidity would limit the life-years gained through early
detection by screening, especially in people with advanced or
life-threatening illnesses.16 The burden of comorbidity in LCS
candidates has not previously been estimated. We systematically
reviewed the literature and utilised meta-analysis to obtain an
overall estimate of the prevalence of comorbidities among high-
risk populations who were selected for LCS. Additionally, LCS
guidelines and recommendations were identified and summarised
with respect to how they addressed comorbidities and frailty.

Methods

Search strategy and inclusion criteria
A systematic search was conducted in February 2021 to iden-
tify evidence regarding the comorbidity and frailty status of
LCS (or screen-eligible) participants. The review protocol is
registered on the PROSPERO database (Registration number
CRD42021237040) and is available from https://www.crd.
york.ac.uk/prospero/display_record.php?RecordID=237040.
The search was conducted using MEDLINE (OVID), EMBASE
(OVID), EBM reviews- Cochrane Database of Systematic
Reviews (OVID) and CINAHL (EBSCO) databases. The time-
frame was from 1 January 1990 to 8 February 2021 with no lan-
guage restriction, using a strategy of subject headings and free
text words (Appendix 1, see online supplementary files). The
timeframe of 1990 was used as a start point to adequately
capture studies investigating the utilisation of LDCT for LCS.
We excluded case reports, case series, modelling studies, quali-
tative studies, conference abstracts, reviews, commentary, and
editor letters. Titles and abstracts were screened for eligibility
using Rayyan software.17 Studies were considered for inclusion
if they were 1) conducted in a LCS setting that included screened
or high-risk eligible participants, and 2) reported comorbidity or
frailty status; either as a prevalence of a specific condition, pro-
portion, or a summary score (e.g. the Charlson Comorbidity

Index (CCI)).18,19 A 20% sample of the total identified titles
and abstracts was doubled screened by a second reviewer
(OT), and disagreements were resolved through consensus. We
have also considered and included clinical guidelines and recom-
mendations that addressed comorbidity or frailty in the context of
LCS as a supplementary goal of the review. No specific key-
words were added to identify clinical guidelines as we relied
on our main keyword strategy to include these articles.

Data extraction and quality assessment
Data were extracted using a standardised data extraction form
by one author (AA), and a 20% sample of extracted data was
independently checked by another author (OT). Comorbidity
prevalence was calculated as the number of people with the
condition (numerator) divided by the total sample size (denom-
inator). When studies reported only a proportion of a particular
comorbidity, the numerator was converted to absolute numbers.
Individual comorbidities were chosen based on their 1) clinical
relevance to lung cancer (chronic obstructive pulmonary disease
(COPD), chronic bronchitis, bronchiectasis, asthma, and pul-
monary fibrosis), 2) competing nature in elevating the risk of
death (stroke, peripheral vascular disease (PVD), and ischaemic
heart disease (IHD)), or 3) frequent reporting in the included
studies (type 2 diabetes and hypertension). We utilised the
Cochrane risk of bias tool (RoB 2) to assess the quality of ran-
domised control trials.20 For observational studies (cohort and
case-control studies), the Newcastle-Ottawa Scale (NOS) was
used to assess the risk of bias.21 A modified version of NOS
was used for the quality assessment of cross-sectional studies.22

Meta-analysis
The meta-analysis was conducted by using the metaprop
command in STATA (version 16.1) to provide an overall
pooled estimate (proportion) with inverse-variance weights
obtained from a random-effects model. Confidence intervals
were computed using the score method,23 and heterogeneity
across studies was evaluated using I2 statistic.24

Results
The initial search identified a total of 5439 records. After remov-
ing duplicates, screening titles and abstracts, and excluding not
retrieved studies, 335 were included for full-text screening. Two
hundred and sixty-six studies were further excluded after the full-
text screening, leaving 69 studies that met our inclusion criteria
and were considered for final qualitative and quantitative synthesis
(Figure 1). Of the 69 included studies, seven reported comorbidity
using summary measure scores (Table 1), two reported perform-
ance status (Table 1), 48 reported individual comorbidities
(Table 2), and 12 publications highlighted the recommendations
of undergoing LCS for comorbid or frail individuals (Table 3).

When reporting comorbidity using summary measure scores,
four studies used the CCI,25–28 two used the Elixhauser
Comorbidity Index,29,30 and one study used a simple comorbid-
ity count.31 We could not perform a meta-analysis of the four
studies that utilised CCI as two studies used different sub-
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categories. The search results did not retrieve any study that dir-
ectly utilised an established frailty measure, although two
studies reported performance status.

Studies that reported individual comorbidities
Most studies were conducted in North America (42%) and
Europe (42%), with only seven studies (12%) conducted in
Asia, one in Brazil, and one was multinational. The review
included studies varied in design with 26 cross-sectional
studies, 22 cohort studies, seven randomised controlled trials
(RCTs), and two case-control studies. All RCTs were found
to have a low risk of bias. The majority of non-randomised
studies (32 studies) were rated as having a low risk of bias
(scored between 7 and 10) based on the NOS system, and 18
studies were rated as having a high risk of bias (scored 5 and 6).

Pooled estimations of the prevalence of individual comorbid-
ities among LCS populations are presented in forest plots and

included in the supplementary files (Appendix 2). The results
show that the estimated prevalence of individual comorbidities
sequentially ordered by proportion was: hypertension (35.2%,
number of reported cases (c)= 1,498,429, total screening popu-
lation (n)= 4,812,180), history of COPD (23.5%, c= 9868,
n=67,662), chronic bronchitis (17.2%, c=31,329; n=92,102),
IHD (16.6%, c=22,236, n=94,379), PVD (13.1%, c=327, n=
2648), asthma (12.9%, c= 4043, n= 36,134), diabetes
(12.5%, c= 93,6813, n= 4,822,167), advanced COPD (stage 3
and 4) (10.7%, c= 3747, n= 35,778), bronchiectasis (4.5%, c=
13,221, n= 86,530), stroke (2.2%, c= 1068, n= 42,004), and
pulmonary fibrosis (0.55%, c= 102, n= 33,072).

Findings from clinical guidelines
Findings regarding recommendations for screening comorbid
individuals set by clinical guidelines are summarised and pre-
sented in Table 3. The American Association for Thoracic

Figure 1. Flow diagram of the selection process according to the PRISMA 2020 statement.

Adapted from: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: An updated

guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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Surgery (AATS)32 and The National Comprehensive Cancer
Network (NCCN)33 guidelines do not endorse LCS in indi-
viduals with limited functional status or comorbidity that
might affect potential curative treatment. Other guidelines
such as the American College of Chest Physicians (CHEST),34

the European Society of Radiology (ESR) and European
Respiratory Society (ERS),35 and the Canadian Thoracic Society
(CTS)36 guidelines condition the screening of comorbid people
on their ability to undergo curative treatment without consid-
ering functional status or frailty. The USPSTF37 and the
Chinese national38 LCS guidelines specify the ability to
undergo lung surgery as a criterion for screening individuals
with comorbidity or serious health illness. In addition, a con-
sensus statement from Poland recommends that the decision
to undergo LCS should be a shared one between the physician
and patients with comorbidities,37 Unlike other guidelines,
the International Association Study Lung Cancer (IASLC)
guideline was the only one that recommended performing
fitness assessments for high-risk individuals before their
enrolment in LCS programmes.39 Finally, the AATS orga-
nised a multidisciplinary panel in 2017 that emphasised the
need for future research on incorporating comorbidities and
functional status in selecting candidates for LCS.15

Discussion
This systematic review is the first to estimate the prevalence of
comorbidities among LCS populations, evaluating 57 studies
and 12 clinical guidelines. Most of the included studies
(84%) were from western countries (Europe and North
America), and only 12% were conducted in Asia. The total
number of included studies in our review is fewer than the
total number of LCS studies available in the literature
because we find that not all LCS programmes report comorbid-
ity or frailty data. Despite using a comprehensive search strat-
egy, we found only a small fraction of included studies (10%)
used validated comorbidity indices, and none utilised a pre-
screening validated frailty assessment tool. However, two
studies (24, 25) utilised performance status, which might be a
proxy for frailty. These findings highlight the underutilisation
of comorbidity and frailty measures among LCS population.

Even though only seven studies used comorbidity summary
scores, we found that proportions of people without comorbid-
ity (CCI= 0) were higher in clinical trial settings (83% and
45%)26,31 compared to population-based screening settings
(range: 30%-33%),25,27,28 indicating a potential role of
healthy volunteer effect in LCS trials.40 The same observation
applies to studies that utilised WHO performance status; one
RCT41 reported asymptomatic performance status (score 0) in
about 90% of participants compared to 54% from a
community-based LDCT screening programme.13

The comorbidity profile of LCS participants differs from
those reported in breast and colorectal cancer screening pro-
grammes. The proportion of individuals without comorbidity
(CCI= 0) reported previously in large breast cancer (56%,42

76%,43 84%,44 and 93%45) and colorectal cancer (65%,46

52%47) screening studies is much higher than what we
observed in LCS studies included in our reviewT
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Table 2. Studies that reported individual comorbidities.

1st Author, Year Design Setting Screening status Country Participants

Risk

of Bias

Lebrett, 2020.76 PC Community- based screening Screened UK 1410 9/9

De Jong, 2014.77 RCT University medical centre Screened Netherlands 1140 Low

Wilson, 2008.78 RC Community-based study Screened USA 3638 8/9

Aberle, 2010.79 RCT 33 medical institutions Screened USA 26723 Low

Park, 2020.80 CS Survey data Eligible Korea 4763098 7/10*

Goffin, 2020.81 PC Pan-Canadian Early Detection of

Lung Cancer (PanCan)

Screened Canada 2514 7/9

Marquette, 2020.50 PC 21 French university centres Screened France 614 7/9

Zhu, 2020.82 PC LDCT screening for lung cancer

in New York State

Screened USA 8618 5/9

Balkan, 2016.83 CS Community-based study Screened USA 3183 6/10

Jacobs, 2012.84 Case-cohort

study

RCT Screened Netherlands 958 8/9

Leigh, 2017.85 PC Multi-Ethnic Study of

Atherosclerosis (MESA)

Eligible USA 481 8/9

Henschke, 2015.86 PC International Early Lung Cancer

Action Program (I-ELCAP)

Screened Multinational 62124 6/9

Sekine, 2014.87 CS Community-based study Screened Japan 185 7/10*

Welch, 2019.88 CS Construction trades workers Screened and

eligible non-

participants

USA 4399 7/10*

Li, 2011.89 CC Mayo clinic screened USA 450 7/9

Wilshire, 2020.90 CS Electronic Medical Record

Review

Referrals USA 2843 5/10*

Omori, 2006.91 CS Kumamoto Red Cross Hospital Screened Japan 615 5/10

Guo, 2020.92 CS Tertiary-level hospitals Screened China 22260 7/10*

Ruparel, 2019.93 CS The Lung Screen Uptake Trial

(LSUT)

Screened UK 770 7/10*

Salvatore, 2016.94 CS LCS programme Screened USA 951 5/10*

Anna, 2018.95 PC Single centre Screened Hungary 739 7/9

Bons, 2020.96 RCT DLCST Screened Denmark 1987 Low

Fu, 2018.97 CS Spanish National Interview

Health Survey (ENSE)

Eligible Spain 1034 8/10*

Regan, 2019.51 CS 21 clinical centres Screened USA 4078 9/10*

Sanchez-Salcedo,

2015.98
PC P-IELCAP & PLuSS Screened Spain & USA P-IELCAP (n= 3061),

PLuSS (n= 3638)

6/9

Sim, 2010.99 CS University hospital Screened Korea 191 7/10*

Ahmed, 2018.100 RC Academic medical centre Screened USA 272 6/9

Infante, 2008.101 RCT DANTE trial Screened Italy 1276 Low

Raju, 2020.102 CC Medical centre Screened and

Eligible controls

USA 542 (participants) vs

276 (LDCTeligible

controls)

7/9

Sanchez-Salcedo,

2015.103
PC Pamplona International Early

Lung Cancer Detection

Program (P-IELCAP)

Screened Spain 2989 6/9

Ostrowski, 2019.104 PC Open-access LCA programme Screened Poland 8637 6/9

Calabro, 2010.105 CS Secondary analysis of an RCT Screened Italy 3749 7/10*

Lewis, 2020.106 RC Veterans based study Screened USA 80819 6/9

Aggarwal, 2019.107 PC Princess Margaret Cancer

Centre

Screened Canada 359 7/9

Tammemagi,

2017.108
PC 8 centres Screened Canada 2537 8/9

Guichet, 2018.109 RC Community clinics Screened USA 275 5/9

Wang, 2001.110 CS Voluntary screening programme Screened Japan 7847 7/10*

Ruparel, 2020.111 CS Lung Screen Uptake Trial Screened UK 986 7/10*

Barros, 2018.52 RC Tertiary hospital Screened Brazil 172 5/9

Hopkins, 2017.112 CS NLST-ACRIN Screened USA 18714 8/10*

(continued)
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(30%-33%).25,27,28 A possible explanation is that breast and
colorectal screening programmes sample from the entire com-
munity with age as the primary risk factor. In contrast, lung
cancer screening relies more on smoking as the leading risk
factor, which is associated with comorbidities. This observa-
tion highlights the need for more research and innovations to
deliver LCS to those with greater life expectancy, considering
the presence of comorbidities.

The prevalence of history of COPD was also considered for
meta-analysis, resulting in a pooled estimate of 23.5% (95% CI:
16.5, 31.4) from 11 studies. The sub-group analysis by data col-
lection method indicated significant heterogeneity (p < 0.001).
The estimated prevalence from studies that utilised health
records to identify the history of COPD was 38.7% (95% CI:
31.5, 46.2, I2= 95.6%, p < 0.001) compared to 16.9% (95%
CI: 10.5, 24.5, I2= 99.7%, p < 0.001) pooled from studies that
relied on self-reporting. This finding suggests that relying on
self-reporting of COPD may underestimate the true burden of
COPD in a LCS population, potentially misclassifying partici-
pants having low risk when using lung cancer risk-prediction
methods that incorporate COPD (i.e. PLCOM2012).

48,49 We
also estimated the prevalence of advanced COPD, stages 3
and 4, to be 10.7% (95% CI: 6.1, 16.4), as reported in 12
studies using the Global initiative for chronic Obstructive Lung
Disease (GOLD) criteria (www.GOLD.org). Most studies
reported a prevalence of advanced COPD of less than 10%,
while four reported a prevalence of advanced COPD above
20% (range: 20.3%-31.0%).50–53 Screening individuals with
advanced COPD remains controversial as they may not benefit
from screening due to inoperability and an increased risk of
respiratory and other competing causes of death.54,55 The utilisa-
tion of functional assessment tools, such as the BODE index,56 is
suggested to be a better way of assessing the severity and fitness
of patients with advanced COPD by incorporating not only the
degree of airflow obstruction but also functional dyspnea, body-
mass index, and exercise capacity.15,56

We also estimated the prevalence of four lung diseases: chronic
bronchitis, asthma, bronchiectasis, and pulmonary fibrosis. The
pooled estimate for chronic bronchitis was 17.2% (95% CI: 5.5,
33.0) among the LCS population and considered higher than
what is usually found in the general population, which is around
3%.57,58 The increasing age and smoking habits could explain
the higher prevalence of chronic bronchitis in the LCS popula-
tion.59 Estimate of asthma prevalence was 12.9% (95% CI: 8.3,
18.3), which is more than what is normally observed in the
general population.60,61 A similar observation was reported by
Zahnd et al.62 when they found that individuals with asthma
tend to utilise LCS more than those without asthma (22.9% vs.
12.9%, p=0.006). Bronchiectasis and pulmonary fibrosis were
less prevalent with pooled estimates of 4.5% (95% CI: 0.4,
12.4) and 0.55% (95% CI: 0.18, 1.10), respectively. Previous
studies, not captured by our search as we did not include bronchi-
ectasis in our search strategy, reported a prevalence of bronchiec-
tasis ranging from 0.2% to 16%.63–66 The higher presence of
bronchiectasis in the LCS population is suggested to be associated
with a higher incidence of new nodules and false-positive results
on both baseline and subsequent screening rounds.67

In addition to respiratory comorbidities, we estimated the
prevalence of ischemic heart disease (IHD), PVD, and strokes
as conditions that may have a competing cause of death in the
LCS population. We found that IHD was prevalent in 16.6%
(95% CI: 11.0, 23.0) of screened candidates across eight studies
(9 estimates). The estimated prevalence of IHD in our review is
more than twice the prevalence of IHD found in the general popu-
lation of the United States68 and the UK.69 Smoking habits and
age might explain the elevated IHD prevalence in the LCS popu-
lation compared to the general population.

The second part of this systematic review is related to the
inclusion of comorbidity and frailty in LCS guidelines. Overall,
clinical guidelines were generally vague and did not fully
address comorbidity or frailty in their LCS recommendations.
The ability to tolerate curative treatment before undertaking

Table 2. (continued)

1st Author, Year Design Setting Screening status Country Participants

Risk

of Bias

Sverzellati, 2012.113 CS Multicentric Italian Lung

Detection (MILD)

Screened Italy 1159 6/10*

Rasmussen, 2013.53 CS Danish Lung Cancer Screening

Trial

Screened Denmark 1535 6/10*

Wille, 2016.114 RCT Danish Lung Cancer Screening

Trial

Screened Denmark 2052 Low

Perez-Warnisher,

2019.115
PC Sleep Apnea In Lung Cancer

Screening (SAILS) study

Screened Spain 236 6/9

Balata, 2020.48 CS Community- based LCS

programme

Screened UK 2541 8/10*

Sekine, 2014.116 CS Community-based LCS Screened Japan 7067 9/10*

Balata, 2018.117 CS Community- based LCS

programme

Screened UK 958 7/10*

Mets, 2012.118 CS NELSON trial Screened Netherlands 266 6/10*

PC= Prospective cohort study, RC= Retrospective cohort study, CS=Cross-sectional study, RCT= Randomized controlled trial; LCS= lung cancer screening. Risk

of bias scores: very high risk of bias (0 to 3), high risk of bias (4 to 6), and low risk of bias (7 to 9) according to the Newcastle-Ottawa Scale (NOS). *A modified

version of NOS was used to assess the risk of bias for cross-sectional studies.
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Table 3. Clinical guidelines that address the issue of comorbidity among LCS candidates.

Guideline Title

1st Author,

Year Recommendation

The American Association for Thoracic Surgery

guidelines for LCS

Jaklitsch,

2012.32
‘Individuals for whom adequate treatment cannot be offered

because of comorbidity or functional status, regardless of age,

should not undergo screening.’

Screening for lung cancer: Diagnosis and management of

lung cancer, 3rd ed: American College of Chest

Physicians evidence-based clinical practice guidelines

Detterbeck,

2013.34
‘For individuals with severe comorbidities that would preclude

potentially curative treatment and/or limit life expectancy, we

suggest that CT screening should not be performed (Grade 2C).’

The International Association Study Lung Cancer (IASLC)

Strategic Screening Advisory Committee (SSAC)

Response to the USPSTF Recommendations

Field, 2014.39 ‘It is reasonable to assess fitness before entry to a screening

programme and at key intervals thereafter to ensure that (1)

screenees are able to undergo, with tolerable risks, both the

investigations indicated to evaluate suspicious nodules and the

subsequent treatment of suspicious nodules or proven lung

cancers, and (2) their life expectancy because of comorbid

disease(s) will not prematurely limit their life expectancy relative

to the treatment of a documented lung cancer.’

Low-dose computed-tomography lung cancer screening:

the first European recommendations from the European

Society of Radiology and European Respiratory Society

Adamek,

2015.119
‘Exclusion criteria: comorbidities precluding curative treatment

or lack of consent to undergo radical therapy’

China national lung cancer screening guideline with

low-dose computed tomography (2015 version)

Zhou, 2015.38 ‘Individuals who have a cancer history within the last five years

(except or non-melanoma skin cancer, cervical carcinoma in

situ, or localised prostate cancer), cannot tolerate possible lung

cancer resection, or have a life-threatening disease, are not

recommended for screening.’

Choosing wisely: The Canadian Thoracic Society’s list of

six things that physicians and patients should question

Gupta, 2017.36 ‘Screening also leads to unnecessary anxiety and invasive

procedures, which carry their own complications. Accordingly,

it should not be used in patients who do not meet these strict

criteria nor in patients with a health problem that substantially

limits life expectancy or the ability or willingness to have curative

therapy.’

Screening for Lung Cancer CHEST Guideline and Expert

Panel Report

Mazzone,

2018.120
‘For individuals with comorbidities that adversely influence their

ability to tolerate the evaluation of screen-detected findings, or

tolerate treatment of an early-stage screen-detected lung

cancer, or that substantially limit their life expectancy, we

recommend that low-dose CT screening should not be

performed. (Strong recommendation, low-quality evidence).’

Consensus statement on a screening programme for the

detection of early lung cancer in Poland

Rzyman,

2018.35
‘The decision to join a screening programme should be a shared

decision made by the physician and a patient and should be

individually discussed, particularly in patients with

comorbidities.’

The National Comprehensive Cancer Network (NCCN)

Lung Cancer Screening, Version 3.2018

Wood, 2018.33 ‘Screening can be considered for individuals older than 74 years if

they have good functional status, do not have serious

comorbidities that would impede curative treatment, and are

willing to undergo treatment’ & ‘Patients with several comorbid

conditions may be at greater risk than those with few or none.’

Incorporating coexisting chronic illness into decisions

about patient selection for lung cancer screening. An

official American thoracic society research statement

Rivera, 2018.15 ‘There is controversy and confusion regarding who should be

offered screening, and future research is needed with the aim of

incorporating the balance of risk of LCD, competing causes of

death, morbidity, mortality, and efficacy of treatment approaches

in the face of comorbidities.’

Recommendations for Implementing Lung Cancer

Screening with Low-Dose Computed Tomography in

Europe

Veronesi,

2020.121
‘As comorbidities (coronary artery disease, heart failure, cardiac

arrhythmias, hypertension, hypercholesterolemia, osteoporosis,

diabetes) are frequent, they may benefit from treatment, but

with a considerable reduction in quality-adjusted life years

(QALY). Moreover, the ability to deliver effective treatments

should be considered’

Screening for Lung Cancer, US Preventive Services Task

Force Recommendation Statement

Krist, 2021.37 ‘The USPSTF recommends discontinuing screening if a person

develops a health problem that substantially limits life

expectancy or the ability or willingness to have curative lung

surgery’
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LCS was agreed upon as an inclusion criterion among most
included guidelines. Only the USPSTF37 and the Chinese38

guidelines recommended LCS for people who could withstand
lung surgery. The ability to tolerate treatment or withstand
surgery is not well defined across clinical guidelines, with little
information about how physicians should communicate the ben-
efits and harms of LCS to their patients who have frailty or severe
comorbidity. The American Thoracic Society issued a research
statement in 2018 acknowledging this dilemma, and outlined
future research directions to incorporate the severity of comorbid-
ities and functional status into the selection process.15

Our review highlighted the current scarcity of pre-screening
frailty or functional assessment tools in LCS programmes.
Previous studies have demonstrated the association of frailty
with poor cancer screening consequences,70 postoperative com-
plications,71,72 and higher mortality of non-cancer causes.73,74 In
addition, the prevalence of frailty among lung cancer patients of
different stages was recently estimated to be 45%, with a signifi-
cant adverse impact on survival.75 Future LCS programmes and
research should invest in this area by examining the feasibility
and usefulness of incorporating a pre-screening assessment of
frailty and comorbidity severity.

To the best of our knowledge, this study is the first to esti-
mate the burden of comorbidity among LCS candidates to
inform researchers and policymakers about the magnitude of
this public health problem. The strengths of this review
include utilising a comprehensive search strategy and including
a large number of studies. The variability of the methods used
to report single comorbidities is a potential limitation of this
review, as most studies relied on self-reporting of comorbid-
ities, with only a few studies utilising medical records and
administrative databases. As a result, the pooled prevalence
estimates should be interpreted with caution. Another limita-
tion is the observed high heterogeneity between studies, and
accounting for different study locations and designs didn’t
explain this observation. In addition, there might be other clin-
ical guidelines not covered by our review as we didn’t incorp-
orate guidelines-specific keywords in our search strategy.

Conclusion
In this study, we reviewed 57 studies and 12 clinical guidelines to
estimate the prevalence of comorbidities in LCS populations and
summarise the clinical recommendations for screening comorbid
individuals. Detailed prevalence of selected comorbidities was
reported. LCS is an essential element of early detection and
cancer control and will likely become more available to high-risk
individuals in the coming years. Before widely implementing
LCS, identifying subpopulations with a high burden of comorbid-
ities and frailty who would be less likely to benefit from screening
should become a priority. To optimise the benefits of screening
and increase its cost-effectiveness, future LCS research needs to
incorporate existing comorbidity and frailty measures and
develop new approaches for personalising the selection process.
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