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ABSTRACT

Introduction:We explored the association of respiratory
and cardiometabolic comorbidities with NSCLC overall
survival (OS) and lung cancer-specific survival (LCSS),
by stage, in a large, multicontinent NSCLC pooled data
set.

Methods: On the basis of patients pooled from 11 Inter-
national Lung Cancer Consortium studies with available
respiratory and cardiometabolic comorbidity data, adjusted
hazard ratios (aHRs) were estimated using Cox models for
OS. LCSS was evaluated using competing risk Grey and Fine
models and cumulative incidence functions. Logistic
regression (adjusted OR [aOR]) was applied to assess fac-
tors associated with surgical resection.
Journal of Thoracic Oncology Vol. 18 No. 3: 313–323

mailto:Miguelgarcia.pds@gmail.com
mailto:geoffrey.liu@uhn.ca
https://doi.org/10.1016/j.jtho.2022.10.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtho.2022.10.020&domain=pdf


314 García-Pardo et al Journal of Thoracic Oncology Vol. 18 No. 3
Results: OS analyses used patients with NSCLC with res-
piratory health or cardiometabolic health data (N ¼
16,354); a subset (n ¼ 11,614) contributed to LCSS ana-
lyses. In stages I to IIIA NSCLC, patients with respiratory
comorbidities had worse LCCS (stage IA aHR ¼ 1.51, con-
fidence interval [CI]: 1.17–1.95; stages IB–IIIA aHR ¼ 1.20,
CI: 1.06–1.036). In contrast, patients with stages I to IIIA
NSCLC with cardiometabolic comorbidities had a higher risk
of death from competing (non-NSCLC) causes (stage IA
aHR ¼ 1.34, CI: 1.12–1.69). The presence of respiratory
comorbidities was inversely associated with having surgical
resection (stage IA aOR ¼ 0.54, CI: 0.35–0.83; stages IB–IIIA
aOR ¼ 0.57, CI: 0.46–0.70).

Conclusions: The presence of either cardiometabolic or
respiratory comorbidities is associated with worse OS in
stages I to III NSCLC. Patients with respiratory comorbid-
ities were less likely to undergo surgery and had worse
LCSS, whereas patients with cardiometabolic comorbidities
had a higher risk of death from competing causes. As more
treatment options for stages I to III NSCLC are introduced
into the practice, accounting for cardiometabolic and res-
piratory comorbidities becomes essential in trial interpre-
tation and clinical management.

� 2022 Published by Elsevier Inc. on behalf of International
Association for the Study of Lung Cancer.
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Introduction
Lung cancer remains the leading cause of cancer

death worldwide.1 In the past decade, major improve-
ments have been achieved in the treatment of the major
subtype of lung cancer, NSCLC, with the development of
targeted therapies and immunotherapy. These new
therapies have increased progression-free and overall
survival (OS) time in the metastatic setting, especially in
patients with targeted molecular alterations or good
response to immune checkpoint inhibitors.2–4 Conse-
quently, lung cancer mortality is decreasing faster than
its incidence, and patients are living longer.5,6 Early
stage NSCLC continues to be associated with a high risk
of relapse despite apparent curative-intent treatment.
The role of immunotherapy and targeted therapies is
being explored in early stage NSCLC, with encouraging
results.7–9

The prevalence of comorbidity in patients with lung
cancer is substantial,10 mainly owing to common risk
factors such as smoking history and advanced age.11,12

Comorbidity has previously been found to affect avail-
able treatment options and survival in patients with lung
cancer.13,14 Nevertheless, the magnitude of association
between comorbidity and lung cancer survival remains
unclear. Prior research is limited to observational
studies in homogeneous populations, including patients
from the same geographic area, abstracted from regional
or national registries, and including patients of European
ancestry only.11,15–17 In addition, the best method to
assess or report comorbidity in patients with lung cancer
is not yet established. Existing comorbidity indexes such
as the Charlson comorbidity index18 may be suboptimal
for application in lung cancer.19 Furthermore, comor-
bidity can affect survival in different ways, such as by
interfering with some diagnostic procedures and treat-
ments.12 The association between comorbidity and cause
of death (i.e., lung cancer versus other causes) in patients
with lung cancer needs to be explored. We consider it to
be particularly relevant to explore the association be-
tween comorbidity and survival in patients with lung
cancer by disease stage. It can be anticipated that
comorbidities may have limited impact on survival in
stage IV NSCLC because of the high morbidity and
mortality from the metastatic NSCLC itself. In patients
with early stage NSCLC, comorbidity can hamper
curative-intent treatments, such as surgery, especially
because medically inoperable lung cancer has a high rate
of recurrence and mortality.20 In addition, cancer treat-
ments given in the curative setting such as chemo-
therapy and radiation therapy can affect long-term
survival owing to long-term side effects.21 Overall, a
better understanding of the reasons why comorbidity
negatively affects survival could improve management
and outcomes of patients with lung cancer. This will
become more relevant as more treatment options
become available, and patients live longer.

Our main objective is to evaluate the association be-
tween cardiometabolic and respiratory comorbidities
and NSCLC survival by stage, including cause-specific
survival, in a pooled analysis of comparable studies
from multiple continents, with a focus on resectable
stages I to IIIA NSCLC, while taking into account poten-
tial confounders such age, sex, histology subtype, edu-
cation, ethnicity, smoking history, and individual study.
Materials and Methods
Data Collection

The International Lung Cancer Consortium (ILCCO)
shares and harmonizes compatible data from various
epidemiologic studies worldwide to facilitate lung cancer
epidemiology research in large combined data sets. Re-
quirements for inclusion of studies in ILCCO and other
details are available on the Consortium’s website
(http://ilcco.iarc.fr).

A total of 27 studies collected and participated in the
survival analyses, among which 12 ILCCO studies
collected and contributed data on comorbidities for this
pooled analysis. Nine studies were conducted in North

http://ilcco.iarc.fr
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America, one in Europe, one in Brazil, and one in the
People’s Republic of China; the enrollment years of the
studies ranged from 1992 to 2020. Sample sizes for OS
analysis by study and overall are available in
Supplementary Table 1. Sample sizes by study and
overall for cause-specific and surgical resection data are
summarized in Supplementary Tables 2 and 3,
respectively.

Written informed consent was obtained from all
study subjects, and ethics review boards at each study
center approved the study protocols. Consort diagram is
available in Figure 1. The full data set from the 11 sites
Figure 1. Consort diagram describing how the respiratory healt
prevalence* of comorbidities that were included in the analyse
total number of patients reporting with or without the comorb
status. †Other heart diseases include congestive heart failure,
with comorbidity data included 19,493 patients. The
data submitted from all 11 studies were checked for
missing values, inadmissible values, aberrant distribu-
tions, and inconsistencies. Queries were sent to the in-
vestigators to resolve all potential discrepancies.

Subjects with SCLC (n ¼ 813) and those with missing
respiratory and cardiometabolic comorbidity data (n ¼
275) or missing relevant baseline characteristics such as
histology (n ¼ 1747), stage (n ¼ 995), sex and age (n ¼
5), race (n ¼ 117), and smoking status (n ¼ 149) were
excluded. A total of 16,354 patients were available for
the present investigation.
h and cardiometabolic health data sets were created with the
s. *Prevalence of each comorbidity was calculated with the
idity, excluding those with missing or unknown comorbidity
arrhythmias, and heart valve disease.
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Comorbidity
Comorbidity data were based on self-reported status

of being previously diagnosed with a concomitant dis-
ease in addition to lung cancer. To develop a pragmatic
comorbidity index focusing on respiratory and car-
diometabolic diseases, we harmonized comorbidity data
from all studies by developing two main categories:
“respiratory health” and “cardiometabolic” (Fig. 1). We
classified all respiratory- or cardiometabolic-related
comorbidities in these two groups. All the other
comorbidities not directly related to respiratory or car-
diometabolic health were not considered (i.e., rheuma-
tologic, gastrointestinal, renal disorders, malignancies,
among others). Comorbidities with a prevalence less
than 5% were also not considered.

Respiratory health was composed of two main vari-
ables: asthma and chronic obstructive pulmonary dis-
ease (COPD). The COPD variable included “bronchitis,”
“COPD,” and “emphysema.” Other respiratory conditions
reported were tuberculosis, asbestosis/silicosis, pulmo-
nary infections, and pulmonary fibrosis; these were not
considered, however, owing to low prevalence (<5%)
and statistical nonsignificance in the univariate survival
analysis using the Cox proportional hazards (PH) model.

Cardiometabolic health was composed of the
following four main variables: heart disease (including
“congestive heart failure,” “arrhythmia,” “heart valve
disease”), coronary artery disease (CAD) (“angina,”
“CAD,” “angioplasty,” “by-pass,” “catheterization,” “car-
diac arrest,” and “myocardial infarction”), diabetes mel-
litus (DM) (“diabetes mellitus,” “diabetic retinopathy,”
“diabetic nephropathy”), and vascular disease (“periph-
eral vascular disease,” “cerebrovascular disease,” “tran-
sient ischemic attack,” and “subarachnoid hemorrhage”).

Heterogeneity of selected main comorbidity variables
was evaluated individually across studies on the basis of
the Cochrane Q statistics test. Boujat plots were used to
identify studies that contributed to heterogeneity for
each specific comorbidity. Sensitivity analysis was per-
formed for these identified studies. Studies that
contributed to significant heterogeneity were excluded
for the analysis of the respective comorbidity variable.
Two studies were removed from diabetes, and one study
was removed from COPD and vascular diseases.

For each study site, Kaplan-Meier (KM) survival curves
were plotted for all stages and stages I to IV individually to
evaluate the survival rate by cardiometabolic or respira-
tory health comorbidities. Sensitivity analysis was per-
formed for two studies, but none were removed.
Statistical Methods
Summary statistics were provided. Continuous vari-

ables were compared using Kruskal-Wallis tests,
whereas categorical variables were compared using chi-
square tests. On the basis of pooled data from 11 ILCCO
studies with available respiratory and cardiometabolic
comorbidity data, we estimated adjusted hazard ratios
(aHRs) and corresponding 95% confidence interval (CI)
using Cox PH models for OS, accounting for age, sex,
education, race, stage, smoking status, and study. Results
were presented for all stages and by individual stages.
Unadjusted KM survival curves were also plotted for
each stage. Lung cancer-specific survival (LCSS) was
evaluated using Fine-Grey’s competing risk models and
cumulative incidence functions for all stages and by in-
dividual stages, adjusted for age, sex, education, race,
stage, smoking status, and study. Cox PH models were
used to estimate OS by increasing number of comor-
bidities present (COPD, asthma, CAD, DM, other heart
diseases, and vascular disease).

Subgroup-specific analysis for patients with data on
surgical status was performed. We analyzed the rela-
tionship between comorbidity and surgical resection to
explore potential reasons for the associations found in
cause-specific survival in patients with resectable NSCLC
(stages I–IIIA). Seven studies were included for the
treatment analyses with surgical data.

A logistic regression model was fitted for the OR of
surgical resection by cardiometabolic health-related and
respiratory health-related comorbidities, adjusted for
age, sex, education, race, stage, smoking status, and
study. In addition, Cox PH models and the Fine-Grey’s
competing risk models were also fitted to this subgroup
with data on surgery for the aHRs of OS and LCSS,
adjusted for age, sex, education, race, stage, smoking
status, and study. Statistical analyses were conducted
using R version 3.6.3 (R Foundation). The p values less
than 0.05 were considered statistically significant.
Results
Baseline Characteristics and Comorbidity
Variables

The demographic distribution of the pooled data set
for comorbidity is displayed in Table 1. A total of 16,354
patients with NSCLC were included in the survival ana-
lyses for either respiratory health or cardiometabolic
health data. Most of the patients were of European
ancestry (80%). Median age was 66 (range: 21–96)
years, and 52% were women. Furthermore, 73% of the
patients had nonmetastatic, stages I to III NSCLC.

The consort diagram (Fig. 1) reveals the breakdown
of the full data set into the two comorbidity data sets
that were ultimately analyzed along with the constituent
comorbidities comprising each of the data sets. Respi-
ratory health data set included 14,216 patients with lung
cancer and consisted of two main respiratory



Table 1. Demographic and Clinical Characteristics of the Study Population

Variables Category All Patients, N (%)

Patients With
Cardiometabolic
Health Data, n (%)

Patients With
Respiratory Health
Data, n (%)

Total Total 16,354 (100) 13,889 (100) 14,216 (100)
Comorbidity Absent 11,432 (70) 11,580 (83) 10,919 (77)

Present 4922 (30) 2309 (17) 3297 (23)
Age, y Median [min–max] 66 [21–96] 66 [21–96] 66 [21–96]
Sex Male 7928 (48) 6382 (46) 6824 (48)

Female 8426 (52) 7507 (54) 7392 (52)
Ethnicity White 13,014 (80) 10,610 (76) 11,254 (79)

Asian 2139 (13) 2129 (15) 1871 (13)
Black 842 (5) 807 (6) 799 (6)
Other 359 (2) 343 (2) 292 (2)

Education Elementary 2697 (16) 2352 (17) 2358 (17)
High school/vocational 5937 (36) 4971 (36) 4976 (35)
Post-secondary 4875 (30) 3845 (28) 4120 (29)
Missing 2845 (17) 2721 (20) 2762 (19)

Stage Stage I 5952 (36) 5129 (37) 5247 (37)
Stage II 2532 (15) 2271 (16) 2333 (16)
Stage III 3394 (21) 2671 (19) 2839 (20)
Stage IV 4476 (27) 3818 (27) 3797 (27)

Smoking status Never smoker 3049 (19) 2879 (21) 2655 (19)
Ever smoker 13,305 (81) 11,010 (79) 11,561 (81)

Max, maximum; Min, minimum.
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comorbidities, asthma and COPD. Prevalence was 19.6%
for COPD and 7.8% for asthma.

Cardiometabolic health data set included 13,889 pa-
tients and consisted of four main variables. Prevalence of
each comorbidity was 13.5% for CAD, 10.1% for DM,
8.7% for other heart diseases (congestive heart failure,
arrhythmias, and heart valve disease), and 5.7% for
vascular disease.
Comorbidity and Overall Survival, by Disease
Stage at Diagnosis

Our first aim was to investigate the association of
either respiratory or cardiometabolic comorbidities with
OS in patients with NSCLC, by stage. Sample sizes for OS
analysis by study and overall are available in
Supplementary Table 1.

Unadjusted KM survival curves by stage are illus-
trated in Figure 2A. For patients with a cardiometabolic
comorbidity, median OS for stages I, II and III, and IV was
6.7 years , 2.5 years, and 0.7 year versus 8.6 years, 3.4
years, and 1 year, respectively, if absent. For patients
with respiratory comorbidity present, median OS in
stages I, II and III, and IV was 6.1 years, 2.2 years, and 1
year versus 8.9 years, 3.0 years, and 0.8 year, respec-
tively, when absent.

Figure 2B illustrates the adjusted survival curves and
adjusted Cox PH ratio by stage. For patients with car-
diometabolic comorbidity, HR for death in stage I was
1.17 (95% CI: 1.04–1.31, p ¼ 0.01) and 1.08 (95% CI:
0.97–1.18, p ¼ 0.18) for stages II and III. For stage IV, HR
was 1.11 (95% CI: 1.01–1.22, p ¼ 0.031). For respiratory
comorbidity, HR for death in stage I was 1.36 (95% CI:
1.24–1.50, p < 0.01). For stages II and III, HR was 1.15
(95% CI: 1.06–1,24, p < 0.001). No association was
observed for patients at stage IV (HR ¼ 1.01, 95% CI:
0.02–0.11).

When using a comorbidity count, HR for death
increased along with the number of comorbidities, as
found in the Cox PH models of OS (Table 2 and
Supplementary Table 4). HRs were 1.12 (95% CI: 1.07–
1.18), 1.19 (95% CI: 1.09–1.29), and 1.30 (95% CI: 1.11–
1.51) for 1, 2, and 3 or more comorbidities, respectively,
all statistically significant (p < 0.001).

The influence of comorbidities on survival was
greater in early stage (stages I–III) than in the stage IV
patients (stage-comorbidity interaction term, crude p ¼
0.015; adjusted for age, sex, race, education, smoking,
stage, and study site, p ¼ 0.0402).
Comorbidity and Cause-Specific Survival in
Stages I to IIIA NSCLC

Our second aim was to explore cause-specific survival
for each comorbidity group in potentially resectable
NSCLC (stages I–IIIA). No associations with cause-
specific survival were observed in patients with stage
IV NSCLC. A subset of 11,614 patients contributed to



Figure 2. Survival curves and adjusted Cox proportional hazard models for comorbidities. (A) Unadjusted Kaplan-Meier OS
curves by the presence (blue lines) and absence (red lines) of either cardiometabolic health comorbidity (top row) or res-
piratory health comorbidity (bottom row). Median OS in years (95% CI, shading) is presented. (B) Adjusted Kaplan-Meier
overall survival curves (top graph) and adjusted Cox proportional hazard models of overall survival (bottom table) for the
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lung cancer-specific survival analyses; study sample
sizes overall, for cardiometabolic, and respiratory data
set is available in Supplementary Table 2.

Overall and by stage-adjusted mortality HR of LCSS
and other competing causes (non–NSCLC) for car-
diometabolic and respiratory health are displayed in
Table 3.

In patients with stages I to IIIA NSCLC, the presence
of cardiometabolic comorbidity was associated with a
higher risk of death from competing causes, with a HR
for death from nonlung cancer causes of 1.37 for stage IA
(95% CI: 1.06–1.77, p ¼ 0.018) and HR of 1.32 for stages
IB to IIIA (95% CI: 1.03–1.71, p ¼ 0.029) if car-
diometabolic comorbidity was present. Cardiometabolic
comorbidity did not significantly affect LCSS in any stage.

In contrary, respiratory comorbidity had a major
impact on LCSS in stages I to IIIA NSCLC. HR for death
from lung cancer was 1.51 for stage IA (95% CI: 1.17–
1.95, p ¼ 0.002) and 1.20 for stages IB to IIIA (95% CI:
1.06–1.36, p ¼ 0.004) if respiratory comorbidity was
present. We did not observe any association between
respiratory comorbidity and death from other causes.
We differentiated between stage IA and stages IB to IIIA
as there is no indication for adjuvant treatment after
surgery for stage IA, as compared with stages IB to IIIA
where consideration for adjuvant therapy is given.
Comorbidity and Cause-Specific Survival by
Stage and Relationship Between Comorbidity
and Surgical Resection

We performed an additional analysis to explore the
relationship between comorbidity, cause-specific sur-
vival, and surgical resection by stage (Tables 4 and 5).
Our hypothesis was that respiratory comorbidity affects
LCSS in patients with resectable NSCLC (stages I–IIIA) by
interfering with operability. A subset of 11,323 patients
contributed to surgery analyses (Supplementary
Table 3). As 89% of the patients with stage IV NSCLC
did not receive any surgical intervention, we excluded
them from this analysis.

In our study, the presence of respiratory comorbid-
ities was inversely associated with having surgical
resection; the adjusted OR of having surgery in the
presence of respiratory comorbidity was 0.54 (0.35–
0.83, p ¼ 0.004) for stage IA and 0.57 (0.46–0.70, p <

0.001) for stages IB to IIIA (Table 4).
In contrast, the presence of cardiometabolic comor-

bidity had less impact on operability in patients with
presence (blue line) versus absence (red line) of either card
separately analyzed. Separate analyses were performed for ind
was adjusted for age, sex, race, education, smoking status, stag
confidence interval; OS, overall survival.
stages I to III NSCLC. The adjusted OR of having surgery
in the presence of any cardiometabolic comorbidity was
not significant for stage IA, with a OR of 0.73 (95% CI:
0.48–1.15, p ¼ 0.167), and the impact was less in pa-
tients with stages IB to IIIA with a OR for having surgery
of 0.73 (95% CI: 0.56–0.96, p ¼ 0.025) (Table 4).

When exploring the association between cause-
specific survival and surgery for lung cancer, LCSS was
significantly better in patients undergoing lung cancer
surgery for all stages IA to IIIA (aHR ¼ 0.41, 95% CI:
0.37–0.45, p < 0.001) and for stage IA (aHR ¼ 0.38, 95%
CI: 0.28–0.52, p < 0.001) and stages IB to IIIA (aHR ¼
0.37, 95% CI: 0.32–0.42, p < 0.001). In contrast, there
was no association between the presence of car-
diometabolic comorbidity and death from other causes
in any stage (Table 5).
Discussion
In our study, the presence of either cardiometabolic

or respiratory comorbidities was associated with
significantly worse OS in stages I to III (nonmetastatic)
NSCLC. The reason for each of these associations was
different: in our study, patients with respiratory
comorbidities were less likely to undergo surgical
resection and had worse LCSS, but there were no dif-
ferences by respiratory comorbidities in death from
non–NSCLC causes. In contrast, patients with car-
diometabolic comorbidities had a higher risk of death
from competing causes, but there were no differences in
LCSS. Our findings highlight the relevance of proper
management of comorbidities in patients with NSCLC,
especially in the early stage setting.

Prior data have revealed that certain comorbid con-
ditions may be independent prognostic factors for lung
cancer survival,11,15–17 but results are inconsistent. For
example, DM or CAD was found to be predictors of
survival in some16 but not all studies.11 Established in-
dexes, such as the Charlson comorbidity index or a co-
morbidity count, are not consistently prognostic in lung
cancer.11,19

As opposed to previous studies, we explored the
impact of respiratory and cardiometabolic comorbidities
on cause-specific survival, by stage, in a large, interna-
tional, multicontinent NSCLC pooled data set and
adjusting by confounding factors such as age, sex, race,
education, and smoking status.

We found that patients with respiratory comorbidity
(COPD or asthma) and nonmetastatic NSCLC were less
iometabolic comorbidity or respiratory health comorbidity,
ividual disease stages at the time of diagnosis. Each analysis
e (for all stages and stages II and III only), and study sites. CI,



Table 2. Cox Proportional Hazards Models of Overall Survival by Increasing Number of Comorbidities

Number of Comorbidities

Adjusted Hazard Ratios (95% Confidence Intervals) of Overall Survival by Increasing Number
of Comorbidities; p Value

Stage I (n ¼ 5952) Stages II and III (n ¼ 5926) Stage IV (n ¼ 4476)

0 Reference Reference Reference
1 1.28 (1.17–1.41), p < 0.001 1.09 (1.01–1.18), p ¼ 0.04 1.08 (0.99–1.17), p ¼ 0.07
2 1.42 (1.21–1.68), p < 0.001 1.18 (1.03–1.36), p ¼ 0.02 1.11 (0.96–1.27), p ¼ 0.15
3þ 1.63 (1.22–2.18), p < 0.001 1.40 (1.09–1.80), p ¼ 0.008 1.05 (0.81–1.37), p ¼ 0.72

Note: Separate analyses were performed for all stages and for individual disease stages at the time of diagnosis. Each analysis was adjusted for age, sex, race,
education, smoking status, stage (for all stages and stages II and III only), and study sites.

320 García-Pardo et al Journal of Thoracic Oncology Vol. 18 No. 3
likely to undergo surgery and had worse LCSS compared
with those patients with no respiratory comorbidities.
Despite surgical resection is the standard procedure for
patients with early stage NSCLC, those who also have
respiratory comorbidities such as COPD are frequently
deemed inoperable owing to low cardiopulmonary
reserve.22 Our results suggest that, even in patients with
respiratory comorbidities, curative-intent surgery
should be considered when possible; preoperative pul-
monary rehabilitation programs before surgery or
similar strategies should be pursued and reinforced.23,24

For patients with nonmetastatic, inoperable NSCLC (i.e.,
severe COPD), the role of nonsurgical but curative-intent
approaches such as stereotactic body radiation therapy,
plus or minus systemic therapy, is being explored in
clinical trials.20,25

Nevertheless, we found that patients with stages I to
IIIA NSCLC and cardiometabolic comorbidities were not
less likely to undergo surgical resection and had similar
LCSS compared with those patients without car-
diometabolic comorbidity. Previous studies have
revealed that cardiovascular comorbidities do not influ-
ence the long-term outcomes of patients after pulmonary
resection for NSCLC.26 In our pooled data set, however,
patients with cardiometabolic comorbidity were at
higher risk of death from non-NSCLC causes compared
Table 3. Mortality Hazard Ratios (With 95% CI and p Values) of L
Causes of Death, by the Presence or Absence of Either Cardio
Comorbidity

Comorbidity Cause of Death

Cardiometabolic health comorbidity [n]
Death from lung cancer
Death from other causes

Respiratory health comorbidity [n]
Death from lung cancer
Death from other causes

Note: Separate analyses were performed for all stages and for individual disease
education, smoking status, stage (except for stage IA), and study sites.
CI, confidence interval.
with those with no cardiometabolic comorbidities.
Chemotherapy and radiation therapy have a broad range
of effects on the cardiovascular system and can increase
the risk of developing cardiac toxicity in patients with
NSCLC, leading to cardiac dysfunction.27,28 Cardiac
events are even more common after high-dose thoracic
radiotherapy (RT), which is usually given for unresect-
able stage III NSCLC.29 Before the publication of the Lung
ART study results, postoperative RT (PORT) was
frequently recommended in patients with mediastinal
nodal involvement (stage IIIA, N2).30 Interestingly, this
randomized phase 3 trial revealed an excess of deaths
related to cardiopulmonary diseases in patients treated
with postoperative RT. Proper management of car-
diometabolic comorbidity, by starting medical therapy or
lifestyle interventions sooner, may improve survivorship
outcomes in patients with early stage NSCLC receiving
systemic therapy and/or thoracic RT.

Our results are limited by the retrospective nature of
the study. Second, this is a pooled data set including lung
cancer and comorbidity data from 12 different hospitals
across the world; there were differences in how the co-
morbidity variables were collected and registered by
each study, with a risk of misclassification of comor-
bidity. Third, we lacked information on systemic therapy
and radiation treatment, which would have enabled us to
ung Cancer-Specific Survival and Nonlung Cancer Competing
metabolic Health Comorbidity or Respiratory Health

Adjusted Hazard Ratios (95% CI) of Cause-Specific Death
by Presence vs. Absence of Comorbidity; p Value

Stage IA Stages IB–IIIA

[2409] [4598]
0.84 (0.63–1.11), p ¼ 0.22 0.99 (0.86–1.14), p ¼ 0.85
1.37 (1.06–1.77), p ¼ 0.018 1.32 (1.03–1.71), p ¼ 0.029
[2087] [4200]
1.51 (1.17–1.95), p ¼ 0.002 1.20 (1.06–1.36), p ¼ 0.004
1.14 (0.85–1.53), p ¼ 0.39 1.11 (0.86–1.45), p ¼ 0.43

stages at the time of diagnosis. Each analysis was adjusted for age, sex, race,



Table 4. ORs (95% CI and p Value) of Having Received Versus Not Received Lung Cancer Surgical Resection by the Presence
Versus Absence of Either Cardiometabolic Health Comorbidity or Respiratory Health Comorbidity

Comorbidity

Adjusted OR (95% CI) of Receiving vs. Not Receiving Lung Cancer
Surgical Resection; p Value [N]

Stage IA Stages IB–IIIA

Cardiometabolic health comorbidity 0.73 (0.48–1.15), p ¼ 0.167
[1566]

0.73 (0.56–0.96), p ¼ 0.025
[3206]

Respiratory health comorbidity 0.54 (0.35–0.83), p ¼ 0.004
[1405]

0.57 (0.46–0.70), p < 0.001
[3608]

Note: Separate analyses were performed for all stages and for individual disease stages at the time of diagnosis. Each analysis was adjusted for age, sex, race,
education, smoking status, stage (except for stage IA), and study sites.
CI, confidence interval.
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explore whether worse non-NSCLC–specific survival in
patients with cardiometabolic comorbidity were associ-
ated with systemic therapy and/or radiation. Fourth, the
attribution of the cause of death in patients with lung
cancer can be challenging; patients with COPD and lung
cancer, dying from cardiorespiratory failure, are harder
to classify when attributing cause of death, compared
with those patients with cardiac events or other non-
NSCLC death cause. Finally, our study pooled data from
1992 to 2020, a time period overarching different
treatment possibilities with relevant advances in both
surgical techniques and oncological treatment and
changes in TNM classification systems.

In conclusion, cardiometabolic and respiratory
comorbidities are associated with significantly worse OS
in stages I to III NSCLC. As more novel treatment options
are introduced into practice for early stage NSCLC, ac-
counting for cardiometabolic and respiratory comor-
bidities becomes relevant in trial interpretation and
clinical decision making.
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