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ABSTRACT

Background The population of cancer survivors is
growing. Some cancers and their treatments may lead

to long-term adverse respiratory issues. This systematic
review aims to summarise the evidence on the association
between cancer survivorship and long-term respiratory
health, across a range of cancer types.

Methods We searched Cochrane, Embase and MEDLINE
up until 23 February 2025 for cohort or nested case-
control studies comparing incident respiratory outcomes
in people with a history of cancer versus population-based
cancer-free controls. We required studies to include follow-
up time beyond the period of active cancer treatment.
Outcomes included acute respiratory infections and
chronic respiratory conditions. Study quality was assessed
using The Scottish Intercollegiate Guidelines Network
methodology checklists.

Results We identified 34 eligible cohort studies. Cancer
survivors’ cohort sizes ranged from 1325 to >8 million.
Only 4 out of 34 studies adjusted for smoking, leading

to most studies being rated as low quality. Four of the

21 studies of acute respiratory infections were rated as
acceptable/high quality, and of these, all observed raised
risks, notably among survivors of haematological, head
and neck, lung and oesophageal cancers. Of 19 studies of
chronic respiratory conditions, 1 was rated as high quality,
finding increased risks of chronic obstructive pulmonary
disease (COPD) and pneumonitis in survivors of head and
neck cancer. The remaining studies found increased risks
of adverse outcomes from acute respiratory infections in
17 of 21 cancer types for which data were available, and
of COPD in cervical, head and neck, lung, oesophageal,
oral, stomach, thyroid and vulva cancers.

Discussion These findings suggest increased risks of

a range of respiratory conditions in survivors of some
cancers. Much of the evidence is compromised by a lack of
control for key potential confounders, like smoking. Future
studies should address this limitation and investigate the
drivers of respiratory risks in cancer survivors. Improved
evidence could inform mitigation strategies and lead to
better survivorship care plans.

PROSPERO registration number CRD42022311557.

INTRODUCTION

The global population of cancer survivors
was estimated to be around 43.8million in
2018, and this number is steadily increasing.'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Some studies suggest that cancer treatments may
have a long-term negative impact on the respira-
tory health of cancer survivors, but the evidence is
not consistent. There are no previous systematic
reviews of the evidence on medium to long-term
respiratory risks in survivors of adult cancers.

WHAT THIS STUDY ADDS

= This review suggests increased risks of a range of
acute and chronic respiratory conditions in survivors
of some cancers. However, the current evidence
base is compromised by a high risk of bias, in par-
ticular due to a lack of control for key confounders
such as smoking.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our summary of the evidence helps identify key
gaps, specifically, the need for well-designed studies
that adjust for smoking and other key confounders.
This review also highlights particular cancer survivor
groups and respiratory conditions where additional
research, and potentially closer clinical monitoring,
may be warranted.

Cancer and its treatment can leave impor-
tant sequelae, and survivors may experience
a variety of health-related complications after
the active treatment phase has ended.” One
particular area of interest is whether cancer
survivorship is associated with long-term
respiratory health.

Studies in survivors of childhood and
adolescent cancers showed an association
between common cancer treatments such as
chemotherapy, immunotherapy, radiation
and stem-cell transplantation and subsequent
pulmonary toxicityg_6 that could be driven at
least in part by treatment-induced impaired
lung development and decreased lung func-
tion.*”

However, little is known about respira-
tory outcomes in survivors of adult cancers.
Cancer and its treatment affect the immune
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system, potentially leading to an increased risk of acute
respiratory infections, even in the long term.® Further-
more, there is concern that damage to the respiratory
tract, for example, due to the toxic effects of radio-
therapy and chemotherapy, could increase the risk of
developing new respiratory conditions in the years after
treatment. Such damage might also increase the risk of
exacerbations for pre-existing chronic respiratory condi-
tions,” ' which is a key consideration given that up to a
quarter of adult cancer patients have pre-existing respi-
ratory comorbidities.'! On the other hand, the presence
of shared risk factors between cancer and respiratory
morbidities could confound associations between these
two classes of disease.

We conducted a systematic review to summarise the
current evidence surrounding the association between
cancer survivorship and subsequent long-term respira-
tory outcomes in adults and assess its quality. We aimed to
evaluate the relative risk of a broad spectrum of respira-
tory conditions across a range of cancer types, in order to
build a complete picture of the evidence on respiratory
health during cancer survivorship.

METHODS

This systematic review is reported in accordance with the
guidance of the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA). The study was regis-
tered in the International Prospective Register of System-
atic Reviews and followed the methods specified in the
systematic review protocol,12 published according to the
PRISMA guidance for systematic review protocols.

Information sources and search strategy

The literature search was conducted using MEDLINE,
Embase (via Ovid research platform) and Cochrane
Reviews, all from database inception to 23 February 2025.
The search included terms for the target population
(survivors of adult cancers) and respiratory conditions
of interest. These included infections such as COVID-
19, influenza, pneumonia, upper-respiratory tract infec-
tions (including nasopharyngitis, rhinitis, pharyngitis,
sinusitis, tonsilitis, laryngitis, tracheitis, laryngotracheitis,
acute bronchitis) and chronic respiratory conditions
such as asthma, chronic obstructive pulmonary disease
(COPD) and interstitial lung disease (including pneu-
monitis and pulmonary fibrosis). The list of respiratory
conditions and search terms was developed in collabora-
tion with a respiratory consultant (JKQ). The full search
expression can be found in the study protocol'? and in
online supplemental table S1. No geographic, time or
language restrictions were applied.

Studies eligibility

We included cohort or nested case-control studies that
met the following criteria: (1) included individuals diag-
nosed with cancer that had a follow-up time beyond the

period of active treatment or the first year since cancer
diagnosis; (2) included a population-based comparator
cohort; (3) provided comparative measures of effect
(such as risk ratios, rate ratios, HR, OR or standardised
mortality ratios (SMRs)) for the incident respiratory
diseases of interest or sufficient information for their
calculation.

We excluded studies that did not include original data,
those with duplicated data, intervention studies, cross-
sectional studies, studies that did not use original data
and conference abstracts. We also excluded studies where
the exposed group also contained individuals without
cancer (eg, families and caregivers).

Data acquisition, screening and extraction

Studies identified from the selected databases were
imported into EndNote, and duplicates were removed
prior to screening. The screening was conducted in two
stages. First, the titles and abstracts were checked against
the selection criteria by KA. A second reviewer (R]) inde-
pendently screened a random sample of 10% of titles and
abstracts to assess the validity of the initial screen. The
full text of all studies included after this first screening
step was then assessed independently against the selec-
tion criteria by the two researchers (KA and R]), and
conflicts were discussed until an agreement was reached.

Information on the study article (authors and publi-
cation year), population sample, study design, exposure
(type of cancer), comparator and outcome definitions,
follow-up, measures of effect, measures of frequency
and statistical methodology was extracted by KA into a
prespecified extraction spreadsheet.

We took an inclusive approach for studies that did
not explicitly mention age restrictions in the inclusion
criteria. For studies that focused on childhood and young
adult cancer survivors, we only extracted results from age
stratifications that did not include children. We included
14 different studies that used Surveillance, Epidemiology
and End Results (SEER) data. Neither the cancer types
nor outcomes overlapped between the studies, so these
were considered independent. Where studies used over-
lapping data, we used the most recently published study
or only reported the distinct outcomes. Missing or unclear
data were extracted as ‘not reported’. If the relative effect
estimate for the association between cancer survivorship
and the outcome was not directly reported in the orig-
inal article, we calculated an OR and 95% ClIs using the
measures of frequency reported within the study.

Study quality

We assessed study quality using The Scottish Intercol-
legiate Guidelines Network (SIGN) cohort method-
ology checklists."”” SIGN checklists focus on aspects of
study design that have been shown to have a significant
effect on the risk of bias. These include evaluating the
internal validity (aim), selection of subjects (compara-
bility, recruitment, loss to follow-up, likelihood of having
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the outcome at study start), assessment of exposure and
outcome definitions, and adjustment for confounding
and statistics (ie, availability of uncertainty estimates).
Within SIGN, the guidance typically limits retrospective
studies to a maximum score of ‘Acceptable (+)’. For the
purposes of quality assessment, we considered studies
using routine electronic health records (EHRs) to be
prospective (as data were collected prospectively in time,
and prior to outcomes occurring); thus, we allowed EHR-
based cohort studies to be rated as ‘High quality (++) if
other criteria were met.

Data analysis

We used text, tables and forest plots to summarise the
study characteristics. The results of this review were
stratified by respiratory disease, cancer type and time
since diagnosis, where this information was available.
To aid presentation, when results were only reported
stratified by age group or stage, we combined these
into a single summary effect estimate using random
effects meta-analysis within each individual study.
Additionally, when results were reported for various
types of haematological or head and neck cancers, we
consolidated them into a single estimate for haema-
tological or head and neck cancers by meta-analysing
the more detailed results within each individual study.

No meta-analytic methods were applied to summarise
effect measures between studies due to the variability
of respiratory diseases, cancer types, survivorship
definitions and follow-up times for which estimates
were obtained.

Patient and public involvement

The results of this study were disseminated to members
of the Beyond Cancer Voices patient and public involve-
ment group in a hybrid workshop. Participants provided
insights into the acceptability of the research question
and contextualised the findings, informing the discus-
sion.

RESULTS

Flowchart

We identified a total of 7627, of which 108 articles were
assessed for eligibility with full text review. Finally, 34
were included in the review (figure 1). Sensitivity of the
title and abstract screening was 100%, and specificity was
98.7% (comparing the initial assessment by KA against
the final agreed determination after reconciliation of
both reviewers). The list of excluded studies is available
in online supplemental table S2.

[ Identification of studies via databases and registers ]

Figure 1 PRISMA flow diagram. Adapted from: Page et al.>*
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Characteristics of included studies

Our review only included cohort studies, with no
nested case-control studies meeting our criteria. See
table 1 for details on the characteristics of included
studies. Full results for studies including more than
15 cancer—outcome pairs are provided in online
supplemental figures S1 and S2. The sample size of
the cancer survivors’ cohorts ranged from 1325" to
over 8 million."” Studies used data from cancer regis-
tries that included general population estimates
(n=12), population-based administrative health
records (n=7), a combination of both (n=10) and
established cohort studies which could also be linked
to EHRs (n=5). The most common study location was
North America (n=117), with these studies commonly
using SEER data (n=13). The remaining studies were
conducted in Europe (n=6), Australia (n=4), the UK
(n=3), Asia (n=3) and in multiple countries (n=1).
While most studies reported information on wide age
ranges, others focused exclusively on young adult
populations (populations <40 years old, n=2) or on
older adult populations (populations >40 years old,
n=10).

13 studies presented results for all types of cancer
combined. Studies provided data for site-specific
cancers including breast (n=6)," 2 head and
neck (n=5),'% ## lung (n=5)," 172325 haematolog-
ical (n=4),'0 152326 oesophageal (n=38),15 @ % prostate
(n=?>),17 2728 testicular (n=3),"" 2 % cervical (n=2),'"” *
colon/colorectal (n=2),1725 stomach (n=1),"”?*! bone and
joint (n=1),"* bladder (n=1)," brain (n=1),"” Kaposi
sarcoma (n=1),% kidney (n=1)," liver (n=1),” lymphoma
(n=1),** melanoma (n=1),% oral (n=1),* ovary (n=1),%
pancreas (n=1),” thyroid (nzl),37 uterine (n=1)** and
vulva (n=1)."°

Any respiratory disease and chronic respiratory conditions
Figure 2 shows 13 studies compared incidence, hospitali-
sation or death from any respiratory disease (unspecified)
in cancer survivors and in non-cancer controls. The five
articles that considered all cancers combined reported
conflicting results on the risk of death from respiratory
conditions: three reported an increased risk in cancer
survivors compared with the general population, while
two reported no difference in risk or an inverse associa-
tion. 25 39-42

A study using the linked population-based registers in
Denmark showed that survivors from breast, colon, lung
and prostate cancer were at increased risk of hospitalisa-
tion from respiratory diseases compared with individuals
with no history of cancer.'” Raised risks in colorectal,
colon and lung cancer were also seen in an Australian
study of respiratory mortality.” Studies in survivors
of bladder, head and neck cancers and oral cancers
also found substantially increased risks of respiratory
disease,” %% but this was not the case for kidney cancer,
melanoma, prostate or testicular cancer.” ** %

Figure 2 also shows the relative effect estimates for
the 19 studies that provided data for chronic respiratory
conditions.

Asthma

Asthma outcomes were assessed in two studies of breast
cancer survivors. Both found no association between
breast cancer survivorship and subsequent incident
asthma.!* 18

COPD

COPD outcomes were reported in 17 studies. Zheng et
al reported that cancer survivors >40 years old in the
USA had over double the risk of death from COPD than
the general population (though this was not adjusted
for important confounders, such as smoking).24 Gon
et al also reported over a threefold risk in Japan,” and
three other studies combining all cancer types had mixed
results.* *' ** Within specific cancer types, three studies
showed a pronounced risk of COPD diagnosis in head and
neck cancer survivors.”! **** There was evidence of higher
risks of diagnosis/death from COPD in lung, oesopha-
geal, oral, stomach, thyroid and vulva cancer survivors but
no evidence of raised risks in studies of breast, ovarian,
prostate and uterine cancers.'®'® 273640 41 44

Pneumonitis

There was no clear association reported between inci-
dent diagnosis of fibrosis in survivors of breast cancer or
young adults (any cancer) compared with population-
based comparators.'® *' Kawakita et al found that the risk
of pneumonitis was substantially increased in survivors of
head and neck cancer compared with individuals with no
history of cancer, especially in the 2 years after diagnosis
(HR 32.92; 95% CI 19.44 to 55.39).** In the UK-based
Teenage and Young Adult Cancer Survivor Study, young
adults (20-39 years old) also had more pneumonitis than
the general population of the same age."'

Acute respiratory infections

21 studies provided data on relative risk estimates for
acute respiratory infections (figure 3). Among these, 10
used a composite outcome encompassing all acute respira-
tory infections (figure 3A). A US study by Kawakita et al
focused on head and neck cancer survivors and observed
an almost threefold risk of acute infections, compared
with matched controls; this association was still present,
though attenuated, over 5 years after cancer diagnosis.*®
In Sweden, Abalo et al reported over threefold risk using
hospital data linked to prescriptions.”* The remaining
eight studies used SEER data and had pneumonia and
influenza deaths as a composite measure. Zheng et al
reported an increased SMR for acute respiratory infec-
tions in all cancers combined,”’ as well as SMRs >3 in
analyses stratified by specific types of cancer, namely for
haematological, brain, oesophageal, Kaposi sarcoma,
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Figure 2 Forest plot of effect estimates (RR), 95% Cls and quality assessment scores for included studies reporting

the association between cancer survivorship and chronic respiratory disease outcomes, specifically, respiratory disease
(unspecified), chronic respiratory disease (unspecified), asthma, chronic obstructive pulmonary disease (COPD), pulmonary
fibrosis and pneumonitis. aHR, adjusted HR; Dx, diagnosis; Est, estimate; Hosp, hospitalisation; Q, quality; RR, relative risk;
SMR, standardised mortality ratio. Unless otherwise specified, the effect estimate includes all follow-up time. Quality: ‘0’=low
quality; ‘+’=acceptable; ‘++’=high quality. *In studies reporting estimates for more than 15 cancer types/respiratory outcomes,
we describe the estimates in all cancers or the most common respiratory outcome. The remaining results are presented in
online supplemental figure S1. TEstimate calculated by meta-analysing the age-specific estimates (for groups >18 years)
provided in the original study. Estimate calculated from data provided in the study. §Estimates stratified by time-since
diagnosis.

lung, head and neck, testicular, cervical, liver, bones and
joints, pancreas and stomach cancers.
Other studies focused on individual cancer types. In
survivors of thyroid cancer, Wang et al found a higher

risk of death from acute respiratory infections, partic-
ularly >5 years after diagnosis (SMR 2.97; 95% CI
2.62 to 8.37).71 3% Conversely, among ovarian cancer
patients, the risk was increased in the first year after
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Figure 3 Forest plot of effect estimates (RR), 95% CI and quality assessment scores for included studies reporting the
association between cancer survivorship and acute respiratory infection outcomes, specifically, acute respiratory disease
(unspecified) (A) and COVID-19, influenza, pneumonia and upper respiratory tract infections (URTI) (B). aHR, adjusted HR;
COPD, chronic obstructive pulmonary disorder; Dx, diagnosis; Est, estimate; Hosp, hospitalisation; Q, quality; RR, relative
risk; SMR, standardised mortality ratio; URTIs, upper respiratory tract infections. Unless otherwise specified, the effect
estimate includes all follow-up time. Quality: ‘0’=low quality; ‘+’=acceptable; ‘++'=high quality. *Acute infections include
pneumonia and influenza. tEstimate calculated by meta-analysing the individual estimates for acute lymphatic leukaemia,
acute myeloid leukaemia, Hodgkin lymphoma, myeloma and chronic myeloid leukaemia (Zheng et al (B)-haematological
cancers); oral cavity, pharynx cancer and larynx cancer (Zheng et al (B)-head and neck cancers); age groups >18 years age
(Fidler et al) and cancer stage (Yu et al). SEstimates stratified by time since diagnosis. "In studies reporting estimates for
more than 15 cancer types/ respiratory outcomes, we describe the estimates in all cancers or the most common respiratory
outcomes. The remaining results are presented in the online supplemental material. Tanaka et al estimate stratified by <5
years since diagnosis is not reported in the original paper due to small sample size.

cancer diagnosis (HR 1.65; 95% CI 1.2 to 2.21) only.®  infections.”® Zheng et al used SEER data to study over
Studies of survivors of uterine and renal cancers  8million cancer survivors and observed the highest
showed no association between cancer survivorship ~ SMRs of acute infections defined as pneumonia/
and respiratory infections.”® * To note, Weiner et  influenza in survivors of haematological cancers,
al reported an inverse association between prostate  brain cancers and head and neck cancers, Kaposi
cancer survivorship and death due to respiratory  sarcoma, liver cancer, lung cancer, oesophageal
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cancer, pancreatic cancer and testicular cancer. Jiang
et al and Liao et al—also using SEER data—found
increased SMRs that persisted >10 years after diag-
nosis in both oral cancer and stomach cancer, respec-
tively.Sl 3

COvID-19

Mangone et al reported regional data from Italy indi-
cating an increased risk of COVID-19 hospitalisation
and death among cancer survivors, compared with indi-
viduals in the same region with no cancer® (figure 3B).
The risks of hospitalisation and death were highest in the
first 2 years after cancer diagnosis, particularly in haema-
tological cancer survivors (see online supplemental
figure S2). No association was observed with COVID-19
diagnosis itself.® Similarly, Mani et al found a twofold
increased risk of death in the USA, using SEER data.®®
In a comprehensive population-based study exploring
factors linked to COVID-19 mortality using UK primary
care data, Williamson et al reported that a solid cancer
diagnosis within the previous 5 years was associated
with an increased risk of death due to COVID-19 (HR:
1.61; 95% CI: 1.39 to 1.87). The association was larger
for survivors of haematological cancers, who had signifi-
cantly elevated risks even beyond 5 years from the initial
cancer diagnosis.”

Influenza

Carreira et alreported an increased risk of hospitalisation
and/or death from influenza in survivors of all cancers
combined, using UK data pre-dating the COVID-19
pandemic, but this increased risk attenuated at >10 years
since diagnosis10 (figure 3B). Survivors of haematological
cancers had a particularly elevated risk of hospitalisation
and/or death from influenza, which remained 10-fold
higher even more than a decade after the initial cancer
diagnosis. 10

Pneumonia
Eight studies provided data on pneumonia outcomes
compared with population-based cohorts (figure 3B).
Two studies conducted in Japan found an increased
risk of pneumonia death.?** Of these, Tanaka et al?®
reported HRs adjusted for various patient-level factors
(including smoking) and stratified analysis by time
since diagnosis. They reported an increased risk of
pneumonia mortality in cancer survivors up to 5 years
post-diagnosis, compared with those without a history
of cancer, but relative risk estimates were no longer
significantly elevated for those diagnosed at more
than 5 years.”” Shin et al found similar null results in
their cohort of individuals who survived >5 years.”” A
UK study reporting data from a younger population
(20-39 years) who had survived any cancer showed
an increased risk of pneumonia-related mortality
compared with the general population.'

Among studies of specific cancers, survivors of
head and neck, lung and oesophageal cancers tended

to have increased risks of pneumonia among all
follow-up times,”' ** though estimates were imprecise.
There was no clear association between cancer survi-
vorship and pneumonia incidence/mortality in the
studies providing data for long-term elderly breast
cancer survivors (>65 years, alive >5 years after diag-
nosis) or testicular cancers.'® ? ??* Tanaka et al did
not find an increased risk of pneumonia death in
blood cancer survivors >b years after diagnosis, but
CIs were wide.”

Quality assessment

The quality assessments are presented in table 2. Three
studies were scored as high quality (++) and one as
acceptable (+). 30 studies were scored as low quality (0)
due to key issues identified in the domains of selection of
subjects and confounding.

In terms of confounders, the majority of data sources
lacked information on smoking status, consequently, only
four studies adjusted for smoking in the analysis.

The most common issues identified in the domain of
selection of subjects were the lack of details on the char-
acteristics of the general population used to compute
SMR and on how ‘incident’ disease was ascertained using
EHRSs.

Regarding the assessment of exposure and outcome,
all studies had a clear definition of the exposure and
outcome. However, many studies assessed multiple
outcomes without accounting for multiple testing in their
analysis. An exception was the study by Lash et al, which
conducted a Bonferroni adjustment to address multiple
testing.

DISCUSSION

Key findings

This systematic review identified 34 studies that provided
data on the incidence or mortality of different respira-
tory diseases in individuals with a history of cancer
compared with a population-based group. The included
studies suggest a range of increased risks of acute respira-
tory infections among survivors of cancer, for most
(but not all) cancers reported, particularly for lung
cancer, oesophageal cancer, haematological cancers and
cancers of the head and neck, and that persisted in the
long term. For chronic respiratory conditions, the only
study that adjusted for smoking found increased risks of
COPD and pneumonitis in head and neck cancer survi-
vors. Other included studies reported increased risks of
COPD in cervical, head and neck, lung, oral, oesopha-
geal, stomach, thyroid and vulva cancers. However, we
found limited numbers of studies providing data for
some of the respiratory conditions, as well as inconsistent
information available across different types of cancer and
follow-up time, making it difficult to draw firm conclu-
sions for any of the respiratory diseases studied. The
overall quality of the evidence was substantially affected
by a lack of adjustment for the key potential confounder
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Table 2 Quality of included studies according to Scottish Intercollegiate Guidelines Network (SIGN) methodology checklist
for cohort studies

Quality assessment domains

Assessment of

Selection exposure and Statistical Risk of bias
Study Aim of subjects outcome Confounding analysis (SIGN checklist)
Abaloetal®* 2024 v v v/ X (age at diagnosis, sex, calendar Low quality (0)

year, Charlson comorbidity index,
year since diagnosis and a time-
dependent variable indicating the
number of previous infection)

Baade et a/*® 2006 v v v/ X (age and sex) X Low quality (0)
Bigelow et a/*' v/ v/ v/ X (age, race, sex, region and death) Low quality (0)
2020
Carreira et al'® v/ X v/ 7 (age, sex, comorbidities, smoking v Acceptable (+)
2020 and deprivation)
Deckxetal* 2012 v v X (age, sex, comorbidities) Low quality (0)
Eimehrath et al*® v/ X (age and sex) v/ Low quality (0)
2021
Fidlereta*' 2018 v v J/ X (age, sex, calendar time) J/ Low quality (0)
Fossa et al*® 2007 v X v/ X (age, sex and calendar time) v/ Low quality (0)
Goneta®2024 v v J/ X (age and sex) v/ Low quality (0)
Jiangetal®2024 v v v/ X (age and sex) v/ Low quality (0)
Jordan et a/'® v X v X (age, geography, health system v/ Low quality (0)
2014 and existence of any prevalent

comorbidity)
Kawakitaetal”® v v v/ v/ (age, sex, race, Charlson v/ High quality (++)
2020 Comorbidity Index, race, BMI,

smoking, treatment, cancer subsite

and clinical disease stage)
Kjaer et al'’ 2019 V4 v X (age, sex, year of cancer diagnosis Low quality (0)

or study entry, income, marital status

and Charlson Comorbidity Index)
Lashetal®2014 « v v X (adjustment for multiple testing) v Low quality (0)
Lavieta’2020 v« v X X (age, marital status, education v/ Low quality (0)

level, subcountry region of residence,

urbanicity and minority status)
Liaoetal® 2024 v v v/ X (age and sex) v/ Low quality (0)
Mangone etal®® v v v/ X (age and sex) v/ Low quality (0)
2021
Manietal*®2024 v v v/ X (age and sex) v/ Low quality (0)
Ng et al'® 2018 v v Can’t say X (age and comorbidities) 7 Low quality (0)
(breast)
Ng et al*” 2018 v 7 Can’t say X (age and comorbidities) 7 Low quality (0)
(prostate)
Ording et al*° o/ v/ X (age and comorbidities) v/ Low quality (0)
2015
Pengetal®2022 v v v/ X (age and sex) v/ Low quality (0)
Prasad et al*® oo/ v/ X (age) v/ Low quality (0)
2012
Shineta*®2010 v v v/ X (age and sex) v/ Low quality (0)
Spooretal*2023 v v Can’t say X (age) v/ Low quality (0)

Continued
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Table 2 Continued

Quality assessment domains

Assessment of

Selection exposure and Statistical Risk of bias
Study Aim of subjects outcome Confounding analysis (SIGN checklist)
Tanaka et al v/ 4 v/ v (age, location, sex, smoking, v High quality (++)
2023% alcohol, BMI, physical activity,

caffeine intake and history of

diabetes)
Wang etal’’ 2022 ,  Cantsay v X (age and sex) v/ Low quality (0)
Weiner et a/*® S/ v/ X (age and sex) v/ Low quality (0)
2021
Wiliamson etal”® v v v v/ (age, sex, BMI, smoking, IMD v High quality (++)
2020 quintile and comorbidities)
Xueetal2023% , s v/ X (age and sex) v/ Low quality (0)
Ye et al*? 2019 o/ v/ X (age, sex and cancer type) J/ Low quality (0)
Yu et a/*® 2022 VA v/ X (age and sex) v/ Low quality (0)
Zhengeta* (A, v v/ v/ X (age and sex) v/ Low quality (0)
2022
Zhengetal™® B), v v 4 X (age and sex) v/ Low quality (0)
2022

Quality: ‘0’=low quality; ‘+’=acceptable; ‘++’=high quality.

BMI, body mass index; IMD, index of multiple deprivation; SIGN, Scottish Intercollegiate Guidelines Network.

of smoking, which was only adjusted for in four studies.
Other common limitations for the assessed studies were
small sample sizes within each cancer type, potential bias
arising from the lack of clarity on how incident disease
was determined, use of composite outcomes that are
difficult to interpret and lack of strategies to account for
multiple testing. While the evidence is limited in quality
and quantity, the higher respiratory risks observed across
arange of studies are consistent with the analysis of child-
hood and adolescent cancers.”

Strengths and limitations of this review

The strengths of this study include its replicability and
transparency. The search terms for respiratory diseases
were comprehensive and reviewed by a respiratory
clinician (JKQ). The full protocol was developed and
published in advance of conducting the review.'” Initial
abstract screening was validated in a 10% sample, while
the full-text review was duplicated in full. Study quality
was assessed systematically using established criteria.
Furthermore, we did not place any exclusions on the
type of cancer survivors, thus covering a wide range of
cancers. To the best of our knowledge, this is the first
systematic review to comprehensively evaluate the risk of
respiratory diseases in adult cancer survivors compared
with a population-based comparator.

Our study is also subject to limitations. Though we
did not exclude studies based on language, we may
have missed eligible articles due to language bias, as
searches were only conducted with English search terms

in English language databases. This may be evidenced by
the over-representation of high-income English-speaking
countries within our included studies. Some studies may
have been incorrectly excluded because only 10% of the
title and abstract screening was duplicated; however, the
potential for selection bias is very low given the 100%
sensitivity found in the 10% of results double screened.

A further limitation is the lack of comparability of
outcomes. Rarely were there more than two studies that
assessed the same respiratory disease in the same cancer
type. Even then, the type of outcome studied differed
(eg, incident diagnosis vs death from respiratory disease).
This coupled with the heterogeneity of the study popu-
lations included in each study precluded formal meta-
analysis and hindered our ability to assess consistency of
findings.

Strengths and limitations of the evidence base
The majority of included studies aimed to quantify the
general comorbidity burden or non-cancer causes of
death in survivors of cancer, without a specific focus on
respiratory diseases. In these types of studies where many
outcomes are considered, the chances of finding spurious
association increase with the number of statistical tests
that are run if multiple testing is not accounted for."’
The limited availability of data on smoking within
routinely available data was a key concern within most
of the included studies. Few studies were able to adjust
for smoking and other important lifestyle factors. This is
particularly relevant for cancers where smoking is a major
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risk factor, which tended to show the strongest associa-
tions with subsequent respiratory disease. Smoking is
a strong risk factor for the most common respiratory
diseases and cancer."® *

The study populations varied in terms of age groups,
cancer survivor definition and start/length of follow-up,
which challenged comparisons. Both Jordan et al and
Lash et alincluded only breast cancer patients >65 years of
age at diagnosis and >b years from diagnosis. The Amer-
ican Cancer Society characterises individuals surviving
>5 years as ‘long-term survivors’.”’ However, the inter-
pretation of such studies is not straightforward, as those
most vulnerable to respiratory diseases may have the
outcome within the first 5 years of survivorship and thus
be excluded from the population (depletion of suscep-
tibles), or individuals may drop out due to competing
risks such as death from other causes. Furthermore, the
length of follow-up and mean/median follow-up time
were highly variable between studies, making estimates
difficult to compare if there was no stratification by time
since diagnosis, as risks may change over the survivorship
journey.

In our review, many studies grouped all cancer types as
a single exposure variable. The benefits of the improved
power provided by increased numbers are counteracted
by the loss of important granularity. Grouping cancers
may mask important associations with the outcome.
A similar point applies to the grouping of outcome
measures: studying composite measures such as ‘any
respiratory disease’ and, to a lesser extent, ‘acute respi-
ratory infections’ may conceal important differences in
associations between conditions. Studies that looked at
composite measures generally found more positive asso-
ciations than those that were looking at specific cancer
types or specific outcomes; it is important to see what
cancer types and/or outcomes are driving the increased
risks within survivors of cancer.

The included studies often used general population
estimates as an indirect population-based comparator to
calculate SMRs. General population estimates include
individuals with prior cancer, so their use as a comparator
may lead to underestimation of the size of the association
between cancer survivorship and outcomes.”'

Most included studies focused on the analysis of the
first outcome event during follow-up, but this may not
capture the full picture of the burden of respiratory
acute conditions in survivors of adult cancers. Data are
limited, but it is possible that cancer survivors are more
prone to exacerbations of respiratory conditions or may
suffer a higher recurrence of infections compared with
individuals with no history of cancer.

Results in the context of the broader literature

Our systematic review is consistent with recent data
showing that the cumulative burden of respiratory-related
disease was the third most burdensome condition in
cancer survivors compared with cancerfree individuals.”

It is also consistent with data in adult survivors of child-
hood cancer, who were found to have an increased inci-
dence of both chronic respiratory conditions and respira-
tory infections,” with respiratory conditions being the
leading cause of non-cancer death in this group.”

Implications for research and clinical practice

This review shows a lack of robust evidence to understand
the patterns of association between cancer survivorship
and subsequent long-term acute or chronic respiratory
adverse effects. It is crucial to better quantify associations
between cancer and respiratory outcomes and differ-
entiate short-term from long-term effects. High-quality
population-based longitudinal research is needed to
quantify specific respiratory diseases in specific groups of
cancer survivors, providing a clearer understanding of the
association between cancer survivorship and individual
respiratory outcomes. Improved reporting of popula-
tion characteristics, clearer definitions of respiratory
outcomes, accounting for multiple testing and adjusting
for major confounders such as smoking would enhance
the quality of future research in this area.

Future studies should also investigate to what extent
cancer stage, cancer treatment, time since diagnosis
and shared risk factors, including smoking, may drive or
explain any observed association between cancer survi-
vorship and subsequent respiratory disease. Improved
evidence could inform targeting of prevention and
management strategies and lead to better survivorship
care and treatment plans.

Conclusions

The findings of this review suggest increased risks of a
range of respiratory conditions in survivors of certain
adult cancers. Increased risks of acute respiratory infec-
tions were seen, particularly in those with a history of
lung cancer, haematological cancer and cancers of the
head and neck. In terms of chronic respiratory condi-
tions, our review suggests increased risks of COPD and
pneumonitis in head and neck cancer survivors, and
increased risks of COPD in cervical, lung, oesophageal,
oral, stomach, thyroid and vulva cancers. However, small
numbers of studies for specific associations and the large
potential for bias in the current evidence base demon-
strate a need for further high-quality evidence in this
important area of research.
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