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ABSTRACT
Introduction: Women tend to survive a lung cancer diagnosis longer than men; however potential drivers of this
sex-related disparity remain largely elusive. We quantiﬁed
factors related to sex differences in lung cancer survival in a
large prospective cohort in Australia.
Methods: Participants in the 45 and Up Study (recruited
2006–2009) diagnosed with incident lung cancer were
followed up to December 2015. Prognostic factors were
identiﬁed from questionnaire data linked with cancer registrations, hospital inpatient records, emergency department records, and reimbursement records for governmentsubsidized medical services and prescription medicines.
Hazard ratios (HRs) and 95% conﬁdence intervals (CIs) for
lung cancer death for men versus women were estimated
using Cox proportional hazard regression in relation to key
prognostic factors alone and jointly.
Results: A total of 488 women and 642 men were diagnosed with having lung cancer. Women survived signiﬁcantly longer (median 1.28 versus 0.77 y; HR for men ¼
1.43, 95% CI: 1.25–1.64, p < 0.0001). The survival
disparity remained when each subgroup of major prognostic factors was evaluated separately, including histologic subtype, stage at diagnosis, treatment received, and
smoking status. Multivariable analyses revealed that
treatment-related factors explained half of the survival
difference, followed by lifestyle and tumor characteristics
(explaining 28%, 26%, respectively). After adjusting for
all major known prognostic factors, the excess risk for
men was reduced by more than 80% (HR ¼ 1.06, 95%
CI: 0.96–1.18, p ¼ 0.26).
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Conclusions: The sex-related lung cancer survival disparity
in this Australian cohort was largely accounted for by
known prognostic factors, indicating an opportunity to
explore sex differences in treatment preferences, options,
and access.
 2022 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).
Keywords: Epidemiology; Lung cancer; Sex; Survival
disparities
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Introduction
Incidence rates for lung cancer have historically been
higher in men than in women, but in Australia, this gap
has been steadily narrowing since the 1980s.1 As lung
cancer in women has become more prevalent, signiﬁcant
sex-based differences in survival have been noted in
Australia,2 with women surviving longer than men. Potential reasons underlying this sex-related disparity
remain largely elusive,3–5 but it has been most often
attributed to tumor characteristics and treatment modalities, with women more likely to be diagnosed with
having adenocarcinoma and be more responsive to
treatment. Nevertheless, the survival disparity has been
found to remain even after considering these factors.5–9
This suggests that other factors, for example, lifestyle
characteristics, may also contribute to this sex disparity,
but to our knowledge, no study has systematically
evaluated all of these factors in one study population.
Furthermore, most studies aimed at identifying sex
survival differences have been retrospective2,7,8,10,11 or
hospital-based studies,6,12 which are subject to various
biases (e.g., inclusion of patients with certain clinical
characteristics related to stage at diagnosis,6,13 histologic
subtypes,6–8 or type of treatment received,6,7,13) and are
thus limited in scope.
We used a large prospective, population-based cohort
in Australia to simultaneously examine tumor characteristics, treatment modalities, and sociodemographic,
health, and lifestyle factors as potential predictors of
lung cancer survival disparity between men and women.

Materials and Methods
The Sax Institute’s 45 and Up Study is an ongoing
Australian prospective cohort study of 267,153 people
aged more than or equal to 45 years residing in New
South Wales (NSW), Australia, recruited during 2006 to
2009.14 Prospective participants were randomly
sampled from the Services Australia (formerly the
Australian Government Department of Human Services)
Medicare enrolment database, which provides near
complete coverage of the population. People aged more
than or equal to 80 years, and residents of rural and
remote areas were oversampled. Of those invited,
approximately 18% participated in the study, and the
sample included approximately 11% of the NSW population aged more than or equal to 45 years. Participants
joined the study by completing a mailed health and
lifestyle questionnaire and gave consent for linkage of
their data to routinely collected heath records.
The 45 and Up Study was approved by the University
of NSW Human Research Ethics Committee. This analysis
was covered by ethics approval from the NSW Population and Health Services Research Ethics Committee.
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Data Linkage
Participants diagnosed with ﬁrst primary lung cancer
were identiﬁed by means of linkage to the NSW Cancer
Registry (1994–2013). Data on treatments received,
comorbidities, and vital status, were ascertained by
means of linkage to the NSW Admitted Patient Data
Collection, the NSW Emergency Department Data
Collection, the Cause of Death Unit Record File from the
Australian Coordinating Registry, and reimbursement
records for government-subsidized medical services—
Medicare Beneﬁts Schedule (MBS), and prescription
medicines—Pharmaceutical Beneﬁts Scheme (PBS).
Linkage of the 45 and Up cohort to the MBS and PBS
(with deterministic matching) was facilitated by the Sax
Institute using a unique identiﬁer provided by Services
Australia. All other data sets were probabilistically
linked by the Centre for Health Record Linkage using a
privacy-preserving approach and a matching process
known to be highly accurate (false-positive and falsenegative rates < 0.4%).15 The study period ended in
December 2015.

Exclusions
Participants with any record of cancer before
recruitment (either self-reported or registry-identiﬁed)
were excluded, along with participants ﬁrst diagnosed
at death or whose survival time was 0 day. Participants
whose health care was subsidized by the Australian
Government’s Department of Veterans’ Affairs were
excluded as their prescription medicines have a separate
billing arrangement which were not available. Those
aged more than or equal to 90 years at diagnosis were
excluded because misclassiﬁcation of cause of death has
been found to be more common for older patients with
cancer.16

Outcomes
Relative survival could not be estimated because
relevant population lifetables were not available, so lung
cancer-speciﬁc survival was used as the outcome.17 The
Surveillance, Epidemiology and End Results Program’s
cause-speciﬁc death classiﬁcation17 was used to optimize the accuracy of survival estimates as causes of
death recorded in population-based registries can be
inaccurate.18 Lung cancer survival was calculated from
the date of diagnosis to the date of death from lung
cancer, or censored at the date of death from another
cause, or at December 2015.

Covariates
Covariates that were previously found to be associated with the risk of lung cancer death were grouped
into the following four factor domains: patients’
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Table 1. Baseline Characteristics of Participants Aged Less Than 90 Years at Diagnosis in the 45 and Up Study (2006–2009)
Diagnosed With Lung Cancer up to December 2013
Characteristic

Total, n (%)

Women, n (%)

Men, n (%)

Participant characteristics
Marital status
Married/de facto
Single/widowed/divorced/separated
Private health insurance
Yes
Physical disability needing help with daily tasks
No
Highest education level (self-report)
Low
Medium
High
Missing
nSESb
nSES 1 (lowest)
nSES 2
nSES 3
nSES 4 (highest)
Missing
Remoteness of residencec
Major cities
Inner regional
Outer regional or remote/very remote
Country of birth
Australian-born
East Asian-born
Other migrants
Family history of lung cancer
Yes
Mean height (cm) and SD
Lifestyle factors
Tobacco smoking
Never smoker
Past smoker (quit >15 y)
Past smoker (quit >5–15 y)
Past smoker (quit 5 y)
Current smoker
Missing
Passive smoking
No
Yes
Alcoholic drinks (per wk)
0
1–14
>14
Missing
Physical activity (minutes per wk)
0
1–149
150–299
300
Missing
Tumor-related factors
Age at diagnosis mean (SD), y
Stage at diagnosis
Localized

1130

488 (43)

642 (57)

733 (64.9)
397 (35.1)

295 (60.5)
193 (39.5)

438 (68.2)
204 (31.8)

478 (42.3)

235 (48.2)

243 (37.9)

945 (83.6)

405 (83.0)

540 (84.1)

527 (46.6)
260 (23.0)
308 (27.3)
35 (3.1)

267 (54.7)
60 (12.3)
142 (29.1)
19 (3.9)

260 (40.5)
200 (31.2)
166 (25.9)
16 (2.5)

390 (34.5)
325 (28.8)
240 (21.2)
160 (14.2)
15 (1.3)

178 (36.5)
122 (25.0)
94 (19.3)
86 (17.8)
8 (1.6)

212 (33.0)
203 (31.6)
146 (22.7)
74 (11.5)
7 (1.1)

581 (51.4)
394 (34.9)
156 (13.8)

247 (50.6)
176 (36.1)
65 (13.3)

334 (52.0)
218 (34.0)
90 (14.0)

920 (81.4)
41 (3.6)
169 (15.0)

408 (83.6)
18 (3.7)
62 (12.7)

512 (79.8)
23 (3.5)
107 (16.7)

157 (13.9)
169 (7.4)

73 (15.0)
161 (7.6)

84 (13.1)
175 (7.2)

164 (14.5)
299 (26.5)
186 (16.5)
157 (13.9)
313 (27.7)
11 (0.97)

112 (23.0)
110 (22.5)
64 (13.1)
65 (13.3)
134 (27.5)

52 (8.1)
189 (29.4)
122 (19.0)
92 (14.3)
179 (27.9)

502 (44.4)
628 (55.6)

238 (48.8)
250 (51.2)

264 (41.1)
378 (58.9)

379 (33.5)
498 (44.1)
229 (20.3)
24 (2.1)

203 (41.6)
227 (46.5)
46 (9.4)
12 (2.5)

176 (27.4)
271 (42.2)
183 (28.5)
12 (1.9)

85 (7.5)
215 (19.0)
173 (15.3)
607 (53.7)
50 (4.4)

40 (8.2)
82 (16.8)
64 (13.1)
278 (57.0)
24 (4.9)

45 (7.0)
133 (20.7)
109 (17.0)
329 (51.2)
26 (4.0)

71.2 (9.2)

69.2 (9.4)

72.7 (9.0)

219 (19.4)

109 (22.3)

110 (17.1)

p Valuea
0.0067

0.0018
0.72
<0.0001

0.0054

0.76

0.18

0.37
<0.0001
<0.0001

0.01

<0.0001

0.11

<0.0001
0.17
(continued)
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Table 1. Continued
Characteristic

Total, n (%)

Women, n (%)

Men, n (%)

Regional
Distant
Unknown
Emergency department presentation
During 2 wk before diagnosis
Histologic subtype
Adenocarcinoma
Small cell carcinoma
All other NSCLC
Treatment-related factors
Any surgery in 6 mo after diagnosis
Any systemic therapy in 6 mo after diagnosis
Any radiotherapy in 6 mo after diagnosis
Charlson comorbidity indexd
0
1
2

247 (21.9)
552 (48.8)
112 (9.9)

101 (20.7)
233 (47.7)
45 (9.2)

146 (22.7)
319 (49.7)
67 (10.4)

178 (15.8)

72 (14.8)

105 (16.5)

459 (40.6)
117 (10.4)
554 (49.0)

249 (51.0)
41 (8.4)
198 (40.6)

210 (32.7)
76 (11.8)
356 (55.5)

233 (20.6)
462 (40.9)
420 (37.2)

122 (25.0)
208 (42.6)
173 (35.5)

111 (17.3)
254 (39.6)
247 (38.5)

758 (67.1)
198 (17.5)
174 (15.4)

360 (73.8)
71 (15.8)
51 (10.5)

398 (62.0)
121 (18.8)
123 (19.2)

p Valuea

0.42
<0.0001

0.0015
0.30
0.30
<0.0001

Chi-square test (except for variable “height” for which two-sample t tests were used).
On the basis of a composite index of relative socioeconomic disadvantage from the 2011 Australian Census.
c
On the basis of the Australian Standard Geographic Classiﬁcation Remoteness Structure.
d
The Charlson Comorbidity Index were calculated using records up to 5-years prediagnosis in the linked APDC data.
APDC, Admitted Patient Data Collection; nSES, neighborhood socioeconomic status.
a

b

characteristics, lifestyle, tumor-related, or treatmentrelated factors (Table 1). Detailed descriptions of these
covariates can be found in the Supplementary Materials.
Sociodemographic and lifestyle factors were ascertained from the study’s baseline questionnaire, including
marital status, private health insurance, remoteness of
residence, education, neighborhood socioeconomic status, physical disability, country of birth, family history of
lung cancer, height, tobacco smoking, passive smoking,
physical activity, and alcohol consumption.
Tumor-related factors were derived from multiple
data sources. Cancer stage at diagnosis as recorded in the
registry was reported as localized, regional, distant, or
unknown.19 Using histology codes from the registry, tumor histology was classiﬁed as SCLC, adenocarcinoma, or
other NSCLC according to the International Agency for
Research on Cancer histologic classiﬁcation.20 Whether
the participant’s diagnosis followed an emergency presentation was determined by the date of diagnosis and the
date of emergency department departure.
Anticancer treatments relating to lung cancer (surgery, radiation therapy, or systemic treatment) received
up to six months after diagnosis were coded as yes or no
on the basis of any indication of such treatment recorded
in the Admitted Patient Data Collection, MBS, or PBS.21
The codes to ascertain treatment modalities for lung
cancer can be found elsewhere.22 Comorbidities, for inclusion in the Charlson Comorbidity Index (0, 1, 2),23
were identiﬁed using hospitalization records for 5
years before cancer diagnosis.24

Statistical Analyses
Sex differences in cause-speciﬁc survival were evaluated using Kaplan-Meier curves with log-rank tests for
the entire patient cohort and stratiﬁed by histologic
subtype, cancer stage, receipt of treatment, and smoking
status. In the stratiﬁed analysis by smoking status (ever
versus never smoker), the never smoker category
included former smokers who quit more than 15 years
ago because their risk of many comorbid conditions is
close to that of never-smokers,25 and because of the
small number of never-smokers. In the stratiﬁed analysis
by receipt of treatment, patients were grouped into the
following two categories: participants who had received
any anticancer treatments and untreated participants.
We also conducted a stratiﬁed analysis for adenocarcinoma by smoking status.
To better understand the drivers of disparities in
cancer survival,8,9,13 we evaluated the proportion of the
sex disparity accounted for by each covariate domain
separately using Cox proportional hazard regressions.
Adjusted hazard ratios (HRs) and 95% conﬁdence intervals (CIs) were estimated for men relative to women.
The basic model was adjusted for age and diagnosis year,
and then each domain of covariates was added individually to this basic model, with treatment types included
as time-dependent variables. Changes in the HR for men
with the addition of each covariate domain to the basic
model were used to estimate the individual contribution
of each domain to the overall excess mortality for men.
The ﬁnal model, with stratiﬁcation by histologic subtype
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and cancer stage, was selected by removing not signiﬁcant covariates one by one (in order of descending p
value) from the full model until the best ﬁtting model
was achieved, on the basis of minimizing the Bayesian
Information Criterion. All analyses were performed using SAS version 9.4 (SAS Institute, Inc.). Tests for statistical signiﬁcance were 2-sided, a equals to 0.05.

Results
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status (Supplementary Fig. 1) revealed that women with
adenocarcinoma had signiﬁcantly better survival than
men with adenocarcinoma independent of smoking status
(logrank, p ¼ 0.0009). Survival did not differ signiﬁcantly
by smoking status (logrank, p ¼ 0.37); however, neversmokers were older at diagnosis than ever-smokers
(mean ¼ age 74 y versus 69 y, p < 0.0001) and they had
a signiﬁcantly lower hazard of lung cancer death (HR ¼
0.84, 95% CI: 0.73–0.98) after adjusting for age.

Participant Characteristics
Of the 267,153 participants in the 45 and Up Study,
1130 eligible participants were diagnosed with having
lung cancer during follow-up (488 women and 642
men). The characteristics of these participants by sex are
presented in Table 1. Compared with men, women were,
on average, younger at diagnosis, had fewer comorbidities, and were more likely to have a low level of education. Women were also more likely to be neversmokers and less likely to be exposed to passive smoking and were more likely to be diagnosed with having
adenocarcinoma and to receive surgery within six
months after diagnosis. Of note, there was no signiﬁcant
association between sex and cancer stage.

Survival by Sex: Overall and Stratiﬁed Analysis
Lung cancer survival was signiﬁcantly higher for
women (median ¼ 1.28 versus 0.77 y, p < 0.0001) (Fig. 1).
Stratiﬁed analyses revealed that women with lung cancer
survived signiﬁcantly longer than men within each subgroup of major prognostic factors: histologic subtype,
cancer stage, cancer treatment, and smoking status
(Fig. 2A–D). The analysis of adenocarcinoma by smoking

Multivariable Analyses
In the univariable regression, the hazard of dying
from lung cancer was signiﬁcantly higher for men than
women (HR ¼ 1.43, 95% CI: 1.25–1.64, p < 0.0001).
With minimal adjustment (age and year of diagnosis),
the excess risk of dying was reduced to 33% (HR ¼ 1.33,
95% CI: 1.15–1.53) (model 1 in Table 2). After additional, separate adjustment for participants’ characteristics, lifestyle, tumor-related factors, or treatmentrelated factors, the excess risk of death for men
reduced considerably, but remained signiﬁcantly higher
than women (models 2–5 in Table 2). Differences in
treatment-related factors explained 50% of the sex survival differential, followed by lifestyle and tumor-related
factors (28%, 26% respectively). Because of the correlation between these covariate domains, the sum of the
domain-speciﬁc percentages exceeded 100%. Factors
included in the ﬁnal model together accounted for 81%
of the excess risk of dying for men, which did not differ
signiﬁcantly from that for women (HR ¼ 1.06, 95% CI:
0.96–1.18, p ¼ 0.26). Results for the ﬁnal model are
presented in Table 3.

Figure 1. Survival from lung cancer.
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Figure 2. Survival from lung cancer stratiﬁed by major prognostic factors: (A) histology; (B) cancer stage; (C) cancer
treatment; and (D) smoking status.

Discussion

In this ﬁrst Australian prospective study of lung
cancer survival comparing men and women, we found
that men had a 43% greater risk of dying from their lung
cancer than women. Key prognostic factors including

histologic subtype, cancer stage, treatment received, and
smoking status were each found to explain some of the
survival disparity, but not all. Nevertheless, when all
prognostic factors were considered together, most of the
survival differential disappeared. These results suggest

694 Yu et al

Journal of Thoracic Oncology

Vol. 17 No. 5

Figure 2. Continued.

that sex differences in lung cancer survival can be largely
explained by these known prognostic factors.
Our study has updated and extended the many previous studies on this topic in the past few
decades3,6,7,9,10,12,26,27 by considering four domains of

prognostic factors simultaneously in one large comprehensive analysis. In a previous Australian study of a
cohort of surgical patients with NSCLC, Wainer et al.28
found that men had signiﬁcantly poorer 5-year survival
than women, which remained signiﬁcant after
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Table 2. Adjusted HRs for Death From Lung Cancer by Sex and Contributions of Prognostic Factors to Overall Survival
Disparity

Models

Model 1

Model 2

Model 3

Model 4

Model 5

Final Model

HR

HR

HR

HR

HR

HR

(95% CI)

(95% CI)

(95% CI)

(95% CI)

Women
1.00
1.00
1.00
1.00
Men
1.33 (1.15–1.53) 1.26 (1.02–1.56) 1.24 (1.07–1.44) 1.24 (1.08–1.43)
p value for sex
<0.0001
0.03
0.005
0.0031
Contribution to
19
28
26
excess mortality, %

(95% CI)

1.00
1.16 (1.06–1.28)
0.0012
50

(95% CI)

1.00
1.06 (0.96–1.18)
0.26
81

Note: Model 1: includes sex, age at diagnosis, and diagnosis year. Model 2: model 1 plus patient-related factors (marital status, private health insurance, place
of residence, education level, area-based SES, physical disability, country of birth, family history of lung cancer, and height). Model 3: model 1 plus lifestyle
factors (smoking status, passive smoking, alcohol consumption, and physical activity). Model 4: model 1 plus disease-related factors (stage at diagnosis,
histologic subtype, and emergency presentation). Model 5: model 1 plus treatment-related factors (surgery, systemic therapy, radiotherapy, and comorbidities). Final model: model 1 plus physical disability, education level, family history of lung cancer, country of birth, smoking status, passive smoking, emergency
department presentation, Charlson comorbidity score, surgery, systemic therapy, and radiotherapy, stratiﬁed by cancer stage at diagnosis and histologic
subtype.
CI, conﬁdence interval; HR, hazard ratio; SES, socioeconomic status.

accounting for age, stage, histology, smoking history, and
performance status (HR ¼ 1.54, 95% CI: 1.10–2.16). A
more recent population-based study extended this previous study by including patients with all stages and
histologic subtypes and found that men with lung cancer
had signiﬁcantly poorer 5-year survival than women
(11.7% versus 15.2%) after adjusting for age and years
since diagnosis.2 Nevertheless, these previous Australian
studies were either hospital based and included patients
treated with curative intent only28 or did not include
information on cancer stage and treatment or smoking
history.2 Similarly, many studies from other countries
either included only patients with certain clinical
characteristics,6,7,9,10,13 so that their ﬁndings may apply
only to certain patient groups or did not include
important data on prognostic factors (e.g., tobacco
smoking history),5–7,10,12,13 and thereby did not have the
ability to explain the sex differences in lung cancer
survival. Longer survival in women with lung cancer was
also observed after adjustment for age and performance
status in large pooled chemotherapy trials for both
adenocarcinoma27 and SCLC29 where uniform treatment
was provided. Although these clinical trials27,29 provide
the highest level of clinical evidence, our real-world data
provide more insights into clinical outcomes and supplement clinical trials by addressing some of their limitations (e.g., disparities in access, narrow external
generalizability,30 and lack of data on lifestyle factors).27,29 The uniqueness of this study is that we used
comprehensive health-related data linked with longitudinal data from the largest cohort study in Australia,
offering ﬁndings that are likely to be robust and reﬂect a
wider population base.
We found that approximately half of the observed sex
survival disparity was explained by differences in receipt
of anticancer treatments within six months after

diagnosis. This could partly be due to a lower proportion
of men having surgery within six months than women
(17% versus 25%), which may be due to patient-related
factors that also correlate with poorer survival. Men are
older at diagnosis, less likely to be never-smokers, and
have more comorbidities (Table 1), which might prevent
them from having surgery. Besides surgery, women with
lung cancer may respond to chemotherapy better than
men,4,6 as we found that the survival advantage was
observed across all three broad stage of disease categories. In addition, the ﬁnding that the sex disparity
remained even among those who did not receive any
treatment for their cancer within six months suggests
that lung cancer in women may have a different natural
history.13 Immunologic differences are a potential
explanation for the observed survival disparity among
untreated patients. A recent study31 found that the
densities of memory B cells, which play a prominent role
in human antitumor immunity, were higher in the lung
adenocarcinoma tissues of female patients. The different
natural history, together with the characteristics of
women in our study (younger at diagnosis, less likely to
be smokers, and more likely to have adenocarcinoma
relative to men), suggests that lung cancers in women
may have different genetic proﬁles from those in
men.32,33 Evidence suggests that there are differences in
the expression and mutation rates of several related
genes between sexes, including the EGFR, K-ras, and
p53.26,33 These biological differences may be a factor in
women’s better response to chemotherapy and radiotherapy for both SCLC34 and NSCLC,27 which in turn may
explain some of the sex survival disparity observed in
this study.
Smoking history at baseline was identiﬁed as a signiﬁcant contributing factor to the sex survival disparity,
explaining approximately 28% of the overall disparity.
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Table 3. Adjusted HRs for Death From Lung Cancer in the Final Model, Among 45 and Up Study Participants, NSW Australia
Characteristic
Sex
Women
Men
Age at diagnosis
Year of diagnosis
Highest education level
Low
Medium
High
Physical disability
Yes
No
Family history of lung cancer
Yes
No
Country of birth
Australian-born
East Asian-born
Other migrants
Tobacco smoking
Never smoker
Past smoker (quit >15 y)
Past smoker (quit >5 to 15 y)
Past smoker (quit 5 y)
Current smoker
Passive smoking
Yes
No
Emergency presentation
Yes
No
Charlson comorbidity index
0
1
2
Surgery in 6 mo after diagnosis
Yes
No
Systemic therapy in 6 mo after diagnosis
Yes
No
Radiotherapy in 6 mo after diagnosis
Yes
No

HR

95% CI

p Value
0.26

1.00
1.06
0.99
1.00

0.96–1.18
0.99–1.00
0.97–1.02

1.00
1.01
1.09

0.89–1.15
0.97–1.23

0.012
0.74
0.30

0.12
1.00
1.14

0.97–1.35
0.068

1.00
1.14

0.99–1.30
0.42

1.00
0.84
0.97

0.63–1.11
0.84–1.11
0.0008

1.00
1.43
1.37
1.41
1.29

1.21–1.70
1.13–1.65
1.15–1.72
1.08–1.54
0.79

1.00
0.99

0.89–1.09
0.14

1.00
0.90

0.78–1.03
0.11

1.00
0.87
1.00

0.75–0.99
0.85–1.16
<0.0001

1.00
3.96

3.21–4.89
<0.0001

1.00
2.30

2.00–2.64
<0.0001

1.00
1.37

1.20–1.55

Note: Stratiﬁed by cancer stage at diagnosis and histologic subtype.
CI, conﬁdence interval; HR, hazard ratio; NSW, New South Wales.

This is likely because more women were never-smokers
compared with men (23% versus 8%) and neversmokers are more likely to receive aggressive or complete treatment27 and to respond well to treatment.3,6,26
Numerous studies have revealed that lung cancers have
heterogeneous genetic proﬁles, with tumors in neversmokers that grow more slowly and have a higher rate
of EGFR mutation than those in smokers,35 and therefore
likely have a better prognosis.

Tumor-related factors were other important contributors to the sex disparity in survival, which together
explained approximately 26% of the overall sex disparity.
That the proportion of cases with adenocarcinoma was
higher for women than men in this study (51% versus
33%) is consistent with the literature,5–7,10–12,27,28
and thus, the higher survival for those with adenocarcinoma may explain some of the survival disparity between the sexes. In addition, our ﬁnding that women
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with adenocarcinoma had signiﬁcantly longer survival
than men with adenocarcinoma after adjusting for
smoking status suggests that sex differences in tumor
biology may play a role in explaining the sex survival
differential in addition to smoking status and histologic
subtype. Previous studies indicated that EGFR mutations
have been found to be most prevalent among neversmoking women, and in adenocarcinoma cases.36,37 As
those with adenocarcinomas and EGFR kinase domain
mutations were found to respond favorably to tyrosine
kinase inhibitors (TKIs),38 better overall survival would
be expected for women because of TKI therapy. Nevertheless, our follow-up was up to 2015 and targeted
therapy for EGFR mutated tumors only became
commonplace after 2014. As TKIs are ineffective in unselected patients, they were unlikely to have been a
major contributor to the observed survival difference.
A potential confounder for the observed survival
differences could be that men are generally at greater
risk than women of dying from causes other than lung
cancer, in which case misclassiﬁcation in cause of death
could affect men more than women. We tried to minimize this bias using multiple approaches. First, to account for potential misclassiﬁcation in the cause of
death, we used the Surveillance, Epidemiology and End
Results cause-speciﬁc death classiﬁcation,17 which has
been found to produce reliable survival estimates.39
Second, we excluded patients aged more than or equal
to 90 years at diagnosis from our analysis, as misclassiﬁcation of cause of death is more prevalent among
older patients with cancer.16 Third, we considered
smoking status, comorbidities, and age in our multivariable analyses, to reduce the probability of differences in
competing-risk mortality between sexes. For all these
reasons, sex differences in cause of death are unlikely to
explain the observed sex survival differences after lung
cancer diagnosis in this study.
This study has some limitations. First, smoking history was self-reported at recruitment, which means that
true smoking habits were possibly under-reported40;
thus, there may be some residual confounding by
smoking. Second, it may still be possible that lung cancer
was incorrectly registered as the cause of death on the
death certiﬁcate,41 although efforts were made to minimize its impact in our analysis. Third, the study population was limited to the participants in the 45 and Up
Study, and the low participation rate (18%) in that study
means that our results may not be representative of the
entire NSW population. Nevertheless, a previous study
has indicated that reasonable estimates of relative differences can be obtained from the cohort.42 Finally,
other potential limitations include the lack of data on
participant’s treatment preferences and performance
status at diagnosis, as they were not available for
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analysis. There are likely to be differences in the way
men and women respond to a lung cancer diagnosis and
their preferences for treatment and care.43 There may
also be sex differences in the types of treatments offered
and whether or not they are accessible.
An understanding of the drivers of the sex differences
in lung cancer survival is critical to the improvement of
outcomes for both men and women with lung cancer.
Given that treatment differences are an important factor
even when adjusting for age and comorbidities, qualitative studies to evaluate the interactive roles of patients’
and family members’ choices and perceptions of treatment could yield some insights on additional drivers for
these survival differences. In addition, lifestyle modiﬁcation including education/advocacy around smoking
cessation, particularly for men, is another crucial step to
reduce survival differences between the sexes.
In conclusion, in this large contemporary Australian
cohort, we found that most of the female survival
advantage for lung cancer was accounted for by
treatment-related factors, suggesting a need for better
understanding around sex differences regarding treatment access and patient choice.

CRediT Authorship Contribution
Statement
Xue Qin Yu: Conceptualization, Methodology, Statistical analysis, Writing - original draft preparation, had
full access to all the data in the study, and takes responsibility for the integrity of the data and the accuracy
of the data analysis.
Xue Qin Yu, Mei Ling Yap, Elvin S. Cheng, Preston
J. Ngo, Pavla Vaneckova, Deme Karikios, Karen Canfell, Marianne F. Weber: Writing - Critical revision of
the manuscript for important intellectual content review
and editing.

Acknowledgments
This research was completed using data collected
through the 45 and Up Study, managed by the Sax
Institute (www.saxinstitute.org.au) in collaboration with
their major partner Cancer Council New South Wales
(NSW) and partners: the Heart Foundation; NSW Ministry of Health; NSW Department of Communities and
Justice; and Australian Red Cross Lifeblood. The Cause of
Death Unit Record File (COD URF) is provided by the
Australian Coordinating Registry for COD URF on behalf
of Australian Registries of Births, Deaths and Marriages,
Australian Coroners and the National Coronial Information System. We thank the many thousands of people
participating in the 45 and Up Study, the Centre for
Health Record Linkage for the record linkage, and the
NSW Ministry of Health, Cancer Institute NSW and

698 Yu et al

Services Australia for the use of their data, the Secure
Uniﬁed Research Environment (SURE) for provision of
secure data access, and Clare Kahn for editorial
assistance.

Supplementary data
Note: To access the supplementary material accompanying this article, visit the online version of the Journal of
Thoracic Oncology at www.jto.org and at https://doi.
org/10.1016/j.jtho.2022.01.016.

References
1. Yu XQ, Kahn C, Luo Q, Sitas F, O’Connell DL. Lung cancer
prevalence in New South Wales (Australia): analysis of
past trends and projection of future estimates. Cancer
Epidemiol. 2015;39:534–538.
2. Afshar N, English DR, Thursﬁeld V, et al. Differences in
cancer survival by sex: a population-based study using
cancer registry data. Cancer Causes Control.
2018;29:1059–1069.
3. Donington JS, Colson YL. Sex and gender differences in
non-small cell lung cancer. Semin Thorac Cardiovasc
Surg. 2011;23:137–145.
4. Nakamura H, Ando K, Shinmyo T, et al. Female gender is
an independent prognostic factor in non-small-cell lung
cancer: a meta-analysis. Ann Thorac Cardiovasc Surg.
2011;17:469–480.
5. Visbal AL, Williams BA, Nichols FC 3rd, et al. Gender
differences in non-small-cell lung cancer survival: an
analysis of 4,618 patients diagnosed between 1997 and
2002. Ann Thorac Surg. 2004;78:209–215.
6. Cerfolio RJ, Bryant AS, Scott E, et al. Women with
pathologic stage I, II, and III non-small cell lung cancer
have better survival than men. Chest. 2006;130:1796–
1802.
7. Moore R, Doherty D, Chamberlain R, Khuri F. Sex differences in survival in non-small cell lung cancer patients
1974-1998. Acta Oncol. 2004;43:57–64.
8. Radkiewicz C, Dickman PW, Johansson ALV, Wagenius G,
Edgren G, Lambe M. Sex and survival in non-small cell
lung cancer: a nationwide cohort study. PLoS One.
2019;14:e0219206.
9. Tammemagi CM, Neslund-Dudas C, Simoff M, Kvale P.
Smoking and lung cancer survival: the role of comorbidity and treatment. Chest. 2004;125:27–37.
10. Sagerup CM, Smastuen M, Johannesen TB, Helland Å,
Brustugun OT. Sex-speciﬁc trends in lung cancer incidence and survival: a population study of 40,118 cases.
Thorax. 2011;66:301–307.
11. Salmeron D, Chirlaque MD, Isabel Izarzugaza M, et al.
Lung cancer prognosis in Spain: the role of histology, age
and sex. Respir Med. 2012;106:1301–1308.
12. Hsu LH, Chu NM, Liu CC, et al. Sex-associated differences in non-small cell lung cancer in the new era: is
gender an independent prognostic factor? Lung Cancer.
2009;66:262–267.
13. Wisnivesky JP, Halm EA. Sex differences in lung cancer
survival: do tumors behave differently in elderly women?
J Clin Oncol. 2007;25:1705–1712.

Journal of Thoracic Oncology

Vol. 17 No. 5

14. Banks E, Redman S, Jorm L, et al. Cohort proﬁle: the 45
and Up Study. Int J Epidemiol. 2008;37:941–947.
15. Centre for Health Record Linkage. http://www.cherel.
org.au/. Accessed April 30, 2018
16. Skyrud KD, Bray F, Moller B. A comparison of relative and
cause-speciﬁc survival by cancer site, age and time since
diagnosis. Int J Cancer. 2014;135:196–203.
17. Howlader N, Ries LA, Mariotto AB, Reichman ME, Ruhl J,
Cronin KA. Improved estimates of cancer-speciﬁc survival rates from population-based data. J Natl Cancer
Inst. 2010;102:1584–1598.
18. Percy C, Stanek E 3rd, Gloeckler L. Accuracy of cancer
death certiﬁcates and its effect on cancer mortality
statistics. Am J Public Health. 1981;71:242–250.
19. Stanbury JF, Baade PD, Yu Y, Yu XQ. Cancer survival in
New South Wales, Australia: socioeconomic disparities
remain despite overall improvements. BMC Cancer.
2016;16:48.
20. Egevad L, Heanue M, Berney D, et al. Chapter 4. Histological groups. In: Curado MP, Edwards B, Shin HR, et al.,
eds. Cancer Incidence in Five Continents. Lyon, France:
International Agency for Research on Cancer; 2007:61–
66.
21. Yu XQ, Goldsbury D, Yap S, Yap ML, O’Connell DL. Contributions of prognostic factors to socioeconomic disparities in cancer survival: protocol for analysis of a
cohort with linked data. BMJ Open. 2019;9:e030248.
22. Goldsbury D, Weber M, Yap S, Banks E, O’Connell DL,
Canfell K. Identifying incident colorectal and lung cancer
cases in health service utilisation databases in Australia:
a validation study. BMC Med Inform Decis Mak.
2017;17:23.
23. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis.
1987;40:373–383.
24. Yap S, Goldsbury D, Yap ML, et al. Patterns of care and
emergency presentations for people with non-small cell
lung cancer in New South Wales, Australia: a populationbased study. Lung Cancer. 2018;122:171–179.
25. Moyer VA. U.S. Preventive Services Task Force. Screening
for lung cancer: U.S. Preventive Services Task Force
recommendation
statement.
Ann
Intern Med.
2014;160:330–338.
26. Thomas L, Doyle LA, Edelman MJ. Lung cancer in women:
emerging differences in epidemiology, biology, and
therapy. Chest. 2005;128:370–381.
27. Wheatley-Price P, Blackhall F, Lee SM, et al. The inﬂuence of sex and histology on outcomes in non-small-cell
lung cancer: a pooled analysis of ﬁve randomized trials.
Ann Oncol. 2010;21:2023–2028.
28. Wainer Z, Wright GM, Gough K, et al. Impact of sex on
prognostic host factors in surgical patients with lung
cancer. ANZ J Surg. 2017;87:1015–1020.
29. Wheatley-Price P, Ma C, Ashcroft LF, et al. The strength
of female sex as a prognostic factor in small-cell lung
cancer: a pooled analysis of chemotherapy trials from
the Manchester Lung Group and Medical Research
Council Clinical Trials Unit. Ann Oncol. 2010;21:232–237.
30. Hong JC. Strategies to turn real-world data into realworld knowledge. JAMA Netw Open. 2021;4:e2128045.

May 2022
31. Fan T, Li C, He J. Prognostic value of immune-related
genes and comparative analysis of immune cell inﬁltration in lung adenocarcinoma: sex differences. Biol Sex
Differ. 2021;12:64.
32. Berardi R, Verdecchia L, Paolo MD, et al. Women and
lung cancer: clinical and molecular proﬁling as a determinate for treatment decisions: a literature review. Crit
Rev Oncol Hematol. 2009;69:223–236.
33. Donington JS, Le QT, Wakelee HA. Lung cancer in
women: exploring sex differences in susceptibility,
biology, and therapeutic response. Clin Lung Cancer.
2006;8:22–29.
34. Singh S, Parulekar W, Murray N, et al. Inﬂuence of sex on
toxicity and treatment outcome in small-cell lung cancer. J Clin Oncol. 2005;23:850–856.
35. Mazzone PJ, Mekhail T, Arroliga AC. Is lung cancer in the
nonsmoker a different disease? Chest. 2004;126:326–329.
36. Gupta R, Dastane AM, Forozan F, et al. Evaluation of
EGFR abnormalities in patients with pulmonary adenocarcinoma: the need to test neoplasms with more than
one method. Mod Pathol. 2009;22:128–133.
37. Shigematsu H, Lin L, Takahashi T, et al. Clinical and
biological features associated with epidermal growth
factor receptor gene mutations in lung cancers. J Natl
Cancer Inst. 2005;97:339–346.

Sex Differences in Lung Cancer Survival

699

38. Paez JG, Janne PA, Lee JC, et al. EGFR mutations in lung
cancer: correlation with clinical response to geﬁtinib
therapy. Science. 2004;304:1497–1500.
39. Bright CJ, Brentnall AR, Wooldrage K, Myles J, Sasieni P,
Duffy SW. Errors in determination of net survival: causespeciﬁc and relative survival settings. Br J Cancer.
2020;122:1094–1101.
40. Connor Gorber S, Schoﬁeld-Hurwitz S, Hardt J,
Levasseur G, Tremblay M. The accuracy of self-reported
smoking: a systematic review of the relationship between self-reported and cotinine-assessed smoking status. Nicotine Tob Res. 2009;11:12–24.
41. Miller AB, Yurgalevitch S, Weissfeld JL. Prostate, Lung,
Colorectal and Ovarian Cancer Screening Trial Project
Team. Death review process in the Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening Trial.
Control Clin Trials. 2000;21(suppl):400S–406S.
42. Mealing NM, Banks E, Jorm LR, Steel DG, Clements MS,
Rogers KD. Investigation of relative risk estimates from
studies of the same population with contrasting response
rates and designs. BMC Med Res Methodol. 2010;10:26.
43. Schmidt K, Damm K, Prenzler A, Golpon H, Welte T.
Preferences of lung cancer patients for treatment and
decision-making: a systematic literature review. Eur J
Cancer Care (Engl). 2016;25:580–591.

