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Background: Lung cancer is the leading cause of cancer-associated mortality worldwide. In the United
Kingdom (UK), there has been a major reduction in smoking, the leading risk factor for lung cancer.
Therefore, an up-to-date assessment of the trends of lung cancer is required in the UK. This study aims
to describe lung cancer burden and trends in terms of incidence, prevalence, and survival from 2000-2021,
using two UK primary care databases.

Methods: We performed a population-based cohort study using the UK primary care Clinical Practice
Research Datalink (CPRD) GOLD database, compared with CPRD Aurum. Participants aged 18+ years,
with 1-year of prior data availability, were included. We estimated lung cancer incidence rates (IRs), period
prevalence (PP), and survival at 1, 5 and 10 years after diagnosis using the Kaplan-Meier (KM) method.
Results: Overall, 11,388,117 participants, with 45,563 lung cancer cases were studied. The IR of lung
cancer was 52.0 [95% confidence interval (CI): 51.5 to 52.5] per 100,000 person-years, with incidence
increasing from 2000 to 2021. Females aged over 50 years of age showed increases in incidence over the
study period, ranging from increases of 8 to 123 per 100,000 person-years, with the greatest increase in
females aged 80-89 years. Alternatively, for males, only cohorts aged over 80 years showed increases in
incidence over the study period. The highest IR was observed in people aged 80-89 years. PP in 2021 was
0.18%, with the largest rise seen in participants aged over 60 years. Median survival post-diagnosis increased
from 6.6 months in those diagnosed between 2000-2004 to 10.0 months between 2015-2019. Both short
and long-term survival was higher in younger cohorts, with 82.7% 1-year survival in those aged 18-29 years,
versus 24.2% in the age 90+ years cohort. Throughout the study period, survival was longer in females, with
a larger increase in survival over time than in males.

Conclusions: The incidence and prevalence of lung cancer diagnoses in the UK have increased, especially
in female and older populations, with a small increase in median survival. This study will enable future

comparisons of overall disease burden, so the overall impact may be seen.
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Introduction

Lung cancer is the leading cause of cancer-associated
mortality worldwide, with 1.8 million deaths in 2020 (1).
New diagnoses are predicted to nearly double by 2070
meaning it will continue to be a major cause of morbidity
and mortality globally (2).

As early as 1962, the British Royal College of Physicians
(RCP) published Smoking and Health (3), which established
a clear and important link between smoking and lung
cancer. Although smoking remains the greatest risk factor
for all lung cancer subtypes, other factors such as family
history (4), and exposure to arsenic (5), radon (6), biomass
fuels, asbestos (7), or a broad range of occupational
chemicals, have been identified as increasing risk. These
risk factors can influence the proportion of patients with
each subtype of lung cancer (2).

The United Kingdom (UK) Office of National Statistics
(ONS) surveys indicate that 60 years from the initial RCP
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United Kingdom (UK) have increased, especially in female and
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* Lung cancer is the leading cause of cancer-associated mortality
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smoking, the leading risk factor for lung cancer, alongside advances
in lung cancer treatments, and changes in baseline population
demographics.

e With the introduction of the UK lung cancer screening
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lung cancer before the introduction of this screening programme is
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survival with lung cancer, so the impact of screening alongside
novel treatments, and changing demographics may be seen.
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report, smoking prevalence in the UK continues to decrease,
from 45% in the early 1970s to 14% in 2020 (8), with a
concurrent rise in the use of electronic cigarettes (9,10).
This reduction in the prevalence of smoking has coincided
with a revolution in treatments of lung cancer, with major
advancements in surgery (11), targeted drug treatments (12), and
a shift towards multidisciplinary team (MD'T) management (13).
Together, this has corresponded with a major fall in mortality
rates of lung cancer, with a 38% fall in mortality rate per 100,000
from the mid-1980s to late-2010s (13). This reduction is driven
by a decrease in male mortality. Female mortality has slightly
increased from 1970, peaking in 2010, despite the prevalence of
smoking falling in both sexes (13).

In 2023, the UK introduced targeted screening for lung
cancer. People aged 55-74 years with a general practice (GP)
health record documenting a smoking history will be invited
to interview for a risk assessment, after which they may be
offered a low-dose computed tomography (CT) scan. When
the rollout is complete, it is estimated 325,000 people will
become newly eligible for a scan every year. Focussing on
those with the highest risk will enable earlier diagnosis and
potentially better survival, with reduced iatrogenic harm
from screening-related radiation exposure (14,15).

Due to changes in risk factor exposure, and the
introduction of the new screening in 2023, a comprehensive
assessment of the trends of lung cancer in different
population strata using routinely collected data from primary
care, is required in the UK. Understanding these trends in
lung cancer is an important aspect of population healthcare
planning, particularly considering the introduction of
screening high-risk individuals. Therefore, the aim of this
study is to describe lung cancer burden and trends in terms
of incidence, prevalence, and survival from 2000-2021 using
two large and representative primary care databases from the
UK. We present this article in accordance with the STROBE
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-241/rc).

Methods
Study design, setting, and data sources

We carried out a population descriptive cohort study using
routinely collected primary care data from the UK. People
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with a diagnosis of lung cancer and a background cohort
(denominator population) were identified from Clinical
Practice Research Datalink (CPRD) GOLD to estimate
overall survival, incidence, and prevalence. We additionally
carried out this study using CPRD Aurum to compare
the results for GOLD. Both these databases contain
pseudonymised patient-level information on demographics,
lifestyle data, clinical diagnoses, prescriptions, and preventive
care provided to patients and collected by the National
Health Service (NHS) as part of their care and support.
CPRD GOLD contains data from across the UK, from
GP practices using the Vision® software system, whereas
Aurum only contains data from England, from GP practices
using the EMIS® software system. Both databases are
established primary care databases covering over 50 million
people (16), and both were mapped to the Observational
Medical Outcomes Partnership (OMOP) Common Data
Model (CDM) (17,18). Uniquely, the mapping of both
to a common data model (OMOP) allowed us to analyse
both simultaneously, and using the same exact analytical
code. The use of CPRD data in this study was approved
by the Independent Scientific Advisory Committee (No.
22_001843). The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). Individual
consent for this retrospective analysis was waived.

Study participants and time at risk

All participants were required to be aged 18 years or older
and have at least 1-year of prior history. For the incidence,
prevalence, and survival analyses, the study cohort consisted
of individuals present in the database from 1* January 2000.
For CPRD GOLD, these individuals were followed up to
whichever came first: practice stopped contributing to the
database, patient left the practice, date of death, or the 31
of December 2021 (the end of the study period) whereas for
Aurum, the end of the study period was 31" of December
2019. For the survival analysis, only individuals with newly
diagnosed lung cancer were included. Any patients whose
death and cancer diagnosis occurred on the same date were
removed from the survival analysis.

Lung cancer definition

We used Systematized Nomenclature of Medicine Clinical
Terms (SNOMED CT) diagnostic codes to identify lung
cancer events. Diagnostic codes indicative of either non-
malignant cancer or secondary metastases from other

© AME Publishing Company.

2189

organs, were excluded as well as diagnosis codes indicative
of melanoma and lymphoma occurring in the organs of
interest. The study outcome cancer definition was reviewed
with the aid of the CohortDiagnostics R package (19). This
package was used to identify additional codes of interest and
to remove those highlighted as irrelevant based on feedback
from clinicians with oncology, primary care, and real-world
data expertise through an iterative process during the initial
stages of analyses. The clinical code lists used to define lung
cancer can be found in Table S1.

OMOP-based computable phenotypes are available,
together with all analytical code at our GitHub repository
to enable reproducibility (see statistical methods). For
survival analyses, mortality was defined as all-cause
mortality based on CPRD GOLD date of death records,
which have been previously validated and shown to be
over 98% accurate (20).

Statistical analysis

The population characteristics of patients with a diagnosis
of lung cancer were summarised, with median and
interquartile range (IQR) used for continuous variables and
counts and percentages used for categorical variables.

We calculated the overall and annualised crude incidence
rates (IRs) and annualised prevalence for lung cancer from
2000 to 2021. For incidence, the number of events, the
observed time at risk, and the IR per 100,000 person-years
were summarised along with 95% confidence intervals (95%
CI). Annual IR were calculated as the number of incident
lung cancer cases as the numerator and the number of
person-years in the general population within that year as
the denominator whereas overall incidence was calculated
from 2000 to 2021.

Age-standardized IRs were calculated using the 2013
European Standard Population (ESP2013) (21). The
ESP2013 serves as a standard population with a predefined
age distribution where to account for differences in age
structures between different populations to ensure fair
comparisons. The ESP2013 provides predefined age
distribution in 5-year age bands; therefore, we collapsed
these to obtain distributions for 10-year age bands used in
this study. We used the age distribution of 20-29 years from
ESP2013 for age-standardization as age distributions were
not available for 18-29 years age band used in this study.

Period prevalence (PP) was calculated on 1% January
for the years 2000 to 2021, with the number of patients
fulfilling the case definition for lung cancer as the
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numerator. The denominator was the number of patients
on 1" January in the respective years for each database. The
number of events, and prevalence (%) were summarised
along with 95% Cls.

For survival analysis, we used the Kaplan-Meier (KM)
method to estimate the overall survival probability from
observed survival times with 95% CIs. We estimated the
median survival and survival probability 1, 5, and 10 years
after diagnosis.

All results were stratified by database, by age (10-year age
bands apart from the first and last age bands which were 18
to 29 years and 90 years and older respectively) and by sex.
Additionally, for GOLD only, we stratified by calendar time
of cancer diagnosis (2000-2004, 2005-2009, 2010-2014,
2015-2019 and 2020-2021) to understand if survival has
changed over time. To avoid re-identification, we do not
report results with fewer than five cases.

For Aurum, the same statistical analyses were performed
using data from 1% January 2000 to 31" December 2019 to
compare the results obtained from GOLD.

The statistical software R version 4.2.3 was used for
analyses. For calculating incidence and prevalence, we used
the IncidencePrevalence R package (22). For survival analysis,
we used the survival R package (23). All analytic code used to
perform the study is available at https://github.com/oxford-
pharmacoepi/EHDENCancerIncidencePrevalence.

Results
Patient populations and characteristics

Overall, there were 11,388,117 eligible patients identified
from January 2000 to December 2021 from CPRD GOLD.
Attrition tables can be found in the Table S2. A summary
of baseline patient characteristics of those with a diagnosis
of lung cancer is shown in 7able 1. Further stratifications of
patient characteristics by UK region, and smoking status for
CPRD GOLD can be found in Tables S3,54.

Overall, from the 45,563 patients with a diagnosis of
lung cancer, patients were more likely to be male (54%),
with a median age of 72 years old. The highest percentage
of patients were aged 70-79 years old, contributing to
36.7% of diagnosed patients. Patients with lung cancer had
a high prevalence of chronic obstructive pulmonary disease
(COPD) (25%) as well as cardiovascular comorbidities
such as heart disease (23.5%) and hypertensive disorder
(27.2%) at presentation. Similar observations were seen
across both databases. A similar table with detailed baseline
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characteristics for Aurum patients is available in Table S5.

For GOLD, stratification by UK region showed
characteristics were generally similar across the different
regions apart from smoking status which had lower
proportions for England compared to the other regions
(Table S3). Stratification on smoking status showed larger
proportions of younger patients (40-59 years) who were
smokers compared to non and former smokers, with the
average age at presentation being 8 years older in non-
smokers than smokers, 77 versus 69 respectively (Table S4).
Smokers had higher proportions of diagnoses of COPD,
depressive disorders, and peripheral vascular disease
compared with the non-smoking group.

IRs stratified by calendar year, age, and sex

The overall IR of lung cancer from 2000 to 2021 was
52.0 per 100,000 person-years (95% CI: 51.5 to 52.5) for
GOLD. Females had lower overall IR [47.2 per 100,000
person-years (95% CI: 46.5 to 47.8)] compared to males
[57.0 per 100,000 person-years (95% CI: 56.3 to 57.7)],
with similar rates in Aurum. Annualised IRs increased
across both databases (Figure I). Females showed increasing
IRs over the study period, while males showed a more
stable trend in both databases. Age standardized results
using the ESP2013 for CPRD GOLD show, after 2004,
a decreasing trend in incidence for males, whereas an
increase in incidence over the study period for females
(Figure S1). Further stratification by UK region showed a
similar trend for males and females (Figure S2). All study
results can be found in and downloaded from an interactive
web application: https://dpa-pde-oxford.shinyapps.io/
LungCancerIncPrevSurvShiny/.

Overall IRs increased with age up to 80-89 years
across both databases (Table S6). Annualised IRs for each
age group (Figure 2) over time showed for those aged
70-89 years a gradual increase between 2004-2019.
Whereas for those 50-59 years of age there was a gradual
decline in IRs since 2004. For those aged 60-69 years,
IRs were stable from 2004-2019 for GOLD, whereas for
Aurum, IRs increased from 2000 to 2013 before stabilising
in 2019. For those over 90 years of age, there was also
a stabilisation of IRs from 2014 with larger differences
between the databases. Younger patients (30-49 years of
age) showed relatively stable IRs over the study period.

Stratification by age and sex (Figure S3) showed similar
trends across both databases. For females aged 60-89 years,
IRs increased between 2000-2019, whereas for males, IRs
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Table 1 Baseline characteristics of lung cancer patients at the time Table 1 (continued)
of diagnosis for CPRD GOLD
Database CPRD GOLD
Database CPRD GOLD
; Obesity 928 (2.0)
Number of lung cancer patients 45,563
Osteoarthritis 9,841 (21.6)
Sex: male, N (%) 24,569 (53.9)
) Peripheral vascular disease 2,260 (5.0)
Age (years), median [IQR] 72 [65 to 79]
Pneumonia 2,549 (5.6)
Age groups (years), N (%)
Pulmonary embolism 804 (1.8)
18-29 24 (0.1)
Renal impairment 6,156 (13.5)
30-39 129 (0.3)
Ulcerative colitis 181 (0.4)
40-49 1,030 (2.3)
Venous thrombosis 2,331 (5.1)
50-59 4,660 (10.2)
CPRD, Clinical Practice Research Datalink; IQR, interquartile
60-69 12,249 (26.9) range; HIV, human immunodeficiency virus.
70-79 16,745 (36.8)
80-89 9,546 (21.0)
90+ 1180 (2.6) were relatively st.able across this period. Males had higher
o _ IRs compared with females apart from those 30-59 years
Prior history (days), median [IQR] 8,660 [2,009 to 5,352] of age, where IRs were similar between sexes. Also, similar
Smoking status (any time 5 years prior), N (%) IRs were seen for females and males aged 6069 years from
Non-smoker 7,154 (15.7) 2015 onwards for GOLD.
Former smoker 543 (1.2)
Current smoker 22,019 (48.3) PP for study population with database, age, and sex
Missing 15,847 (34.8) stratifications
General conditions (any time prior), N (%) For the whole population, the PP for lung cancer in 2021
Atrial fibrillation 3,207 (7.0) was 0.18% (95% CI: 0.17% to 0.18%) for GOLD. PP
Cerebrovascular disease 3,840 (8.4) in 2019 was similar across both databases (~0.17%). Sex
o ) stratification showed PP in 2019 were slightly higher in
Chronic liver disease 247 (0.5)
females [0.175% (95% CI: 0.168% to 0.181%)] compared
Chronic obstructive lung disease 11,163 (24.5) to males [0.156% (95% CI: 0.150% to 0.162%)] in GOLD
Coronary arteriosclerosis 677 (1.5) with smaller differences in Aurum. In GOLD, PP has
Crohn’s disease 154 (0.3) increased 2.7-fold from 2000 to 2021, with females having a
Dementia 772 (1.7) larger fold increase (3.7-fold) in PP across the study period
b v disord 6,397 (14.0) compared to males (2.0-fold), with similar observations seen
epressive disorder , . ) . e
P in Aurum (Figure 3). Furthermore, stratification by UK
Diabetes mellitus 5,321 (11.7) region for GOLD showed similar trends across the different
Gastroesophageal reflux disease 1,261 (2.8) regions (Figure S4).
Gastrointestinal haemorrhage 3,113 (6.8) When stratifying by age group, PP in 2019 was highest
3 0, O,
Heart disease 10,704 (23.5) in those 80-89 years of age (0.80% Aurum, 0.72% GOLD)
with this age group seeing the largest change in PP over the
Heart failure 2,006 (4.4) . .
study period (Figure 4). Overall, most age groups showed
HIV 23(0.1) increases in PP over the study period for both databases.
Hyperlipidemia 4,586 (10.1) Stratification by sex and age showed similar trends
Hypertensive disorder 12,404 (27.2) between males and females across age groups (Figure S5).
Ischemic heart disease 6,237 (13.7) For those aged 50-59 years of age, PP for males remained

Table 1 . relatively stable over the study period from 2005, whereas
able 1 Gontinued) PP for females increased. For those 60-69 years of age, PP
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Figure 1 Annualised incidence rates for lung cancer from 2000 to 2021 stratified by database and sex. Bands show 95% confidence interval.

CPRD, Clinical Practice Research Datalink.

increased for females from 2010, whereas for males in this
age group PP initially increased from 2010 to then decrease
from 2014 in GOLD (in Aurum PP continued to increase,
albeit at a slower rate than in females). Overall, males had
higher PP compared to females for those aged 80 years
and older. For those aged 50-79 years males had higher
PP earlier in the study period with females having higher
PP towards the end of the study period. For those aged
40-59 years, there were no differences in PP over time
between males and females.

Overall survival rates for the cancer population with age,
sex, and calendar year stratification

For GOLD there were 43,903 patients with 35,381 deaths
(80.6% of patients) over the study period with a median
follow-up of 0.54 years (IQR, 0.18-1.39 years). For Aurum,
there were 86,710 patients with 67,421 deaths (77.8% of
patients) over the study period with a median follow-up of
0.58 years (IQR, 0.19-1.49 years).

Figure S6 shows survival curves for the overall
population and stratified by sex. The median survival for
the whole population was 0.66 years (95% CI: 0.64-0.67)
and 0.71 years (95% CI: 0.70-0.72) in GOLD and Aurum
respectively. Survival after 1, 5 and 10 years after diagnosis
was 39.0%, 12.0% and 6.4% for GOLD, with similar
results across the different UK regions (Figure S7) and
similar values for Aurum.

© AME Publishing Company.

Median survival was higher in females (0.75-0.81 years)
compared to males (0.60-0.64 years) across both databases.
Regarding short- and long-term survival, females had better
survival compared with males (Table S7). When stratifying
by age group, median survival decreased with age for both
databases from 1.3-1.5 years for those aged 30-39 years to
~0.35 years for those aged 90 years and older (Table S8).
Survival at 1, 5, and 10 years also decreased with increasing
age (Table S9).

Median survival increased from 6.6 months in those
diagnosed between 2000 to 2004 to 10 months for those
diagnosed between 2015 to 2019 for both sexes (Figure 5,
‘Table S10). Median survival was similar for those diagnosed
in 2020-2021 to 2015-2019. For different age groups,
median survival increased over time for most age groups
(40-89 years of age) apart from those 90 years and older
where median survival has not changed over time.

Overall, 1-year survival has increased between 2000—
2004 and 2015-2019 for the whole population with similar
trends for both sexes for GOLD. For the whole population,
1-year survival increased from 33% in 2000-2004 to
45% in 2015-2019. For 5-year survival, there were linear
increases in survival over time for GOLD from 2000-2004
to 2015-2019 (Table S11). When stratifying by age group,
both 1- and 5-year survivals were higher in those diagnosed
between 2015-2019 compared to those diagnosed between
2000-2004 for those 50-89 years of age with similar
patterns for both sexes.
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Figure 2 Annualised incidence rates from 2000 to 2021 stratified by database and age group. Bands show 95% confidence interval. CPRD,

Clinical Practice Research Datalink.

Discussion

This study provides a comprehensive analysis of trends in

lung cancer incidence, prevalence, and survival in the UK.
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In this large cohort of over 11 million people, the incidence

and prevalence of lung cancers in the UK has increased
from 2000 to 2021, while both short- and long-term
survival has slightly improved across all age groups over this

Transl Lung Cancer Res 2024;13(9):2187-2201 | https://dx.doi.org/10.21037/tlcr-24-241



2194 Corby et al. Incidence, prevalence, and survival of lung cancer in the UK

Both Female Male
0.20 0.20 0.20
0.15 0.15 0.15
X
@
8]
& 0.10 0.10 0.10
©
>
<4
o
0.05 0.05 0.05
0.00 12000 2021 0.00 {2000 2021]  0.00 {2000 2021

2002 2006 2010 2014 2018 2022
Calendar year

2002 2006 2010 2014 2018 2022
Calendar year

2002 2006 2010 2014 2018 2022
Calendar year

Database name A CPRD aurum @ CPRD GOLD

Figure 3 Annual period prevalence from 2000 to 2021 for the whole population and stratified by sex. Bands show 95% confidence interval.

CPRD, Clinical Practice Research Datalink.

time period, with better survival in females than males.

IRs reported here are broadly in line with those
estimated from analyses from the Rapid Cancer
Registration Databases however are lower than National
Cancer Statistics (24-26). However, it must be noted that
National Cancer Statistics include cancers of the lung/
bronchus and trachea whereas this study and the Rapid
Cancer Registration Databases only include cancers of
the lung/bronchus. For age and sex, studies have reported
higher IRs in males compared to females and higher
incidence with increasing age peaking in those aged 80
to 89 years of age in line with our estimates (26,27).
Other studies have also shown increases in prevalence,
particularly in females, where prevalence has overtaken
males in recent years (1,28).

The increase in incidence and prevalence of lung cancer
over time has been reported particularly in countries with
higher levels of economic development as well as countries
with higher smoking prevalence and air pollution (1,2,29).
These increases have largely been driven by females.
However, other studies show a decline or stabilisation of the
incidence of lung cancer due to decreases in males (1,30,31).
Our age standardized IRs to the European Standard
Population 2013 are in line with these observations for
females and males. For this work we report crude IRs trends
overall and stratified by sex and age to understand health
provision in the UK. IRs are known to vary by age as shown
by this work and this is concordant with national cancer

© AME Publishing Company.

statistics (25) which show decreases in incidence over time
in those aged 50-59 and aged over 80 years particularly
after 2014 with increases in those aged 60-79 years. These
age differences in time trends are likely due to birth cohort
effects as well as differences in modifiable risk factor
exposures (25). However, other studies also show IRs have
decreased over time in all age groups which could be driven
by a larger decrease in male incidence over time even with
the increasing incidence in females (2,32).

Encouragingly, despite the increases in incidence and
prevalence, our study shows 1- and 5-year survival has
improved over the past 20 years, with increases of 11%
and 7% respectively. Our results are in line with the 2023
National Lung Cancer Audit for England and Wales (33),
UK cancer registry (34), as well as other international studies
(1,35-37). However, despite these improvements, short- and
long-term survival is still low compared with other common
cancers such as breast and prostate. Interestingly, 5-year
survival rates in this study are broadly comparable across
Europe with values between 10-20% (1,35-37).

The rise in lung cancer could be for numerous reasons,
making future trends difficult to predict. Smoking is the
greatest risk factor for the disease, with a 20-year delay
between smoke exposure and cancer onset (38). In our study,
a high proportion of lung cancer patients (74%) were either
current or ex-smokers; which is approximately five times
higher than the overall population smoking prevalence (8)
but slightly lower than UK national audit data estimates of
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smoking status in people with lung cancer (33). However,

following numerous successful public health interventions,

the prevalence of smoking has fallen in the UK (8) as well

as many other countries across Europe (39), although may

© AME Publishing Company.

have increased during recent lockdowns (40). Furthermore,

UK legislation has reduced the impact of ’second-hand’

smoking which has amplified the impact of the reduction
in smoking prevalence further in the UK (41). Therefore,
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increases in disease burden in this study cannot be
attributed to smoking prevalence alone. However, in our
study, we further see an overall shift, from 2001-2021, in
the age distribution of incident diagnoses, from younger
to older participants—with incidence rising especially
in females aged over 50 years, and males over 80 years.
This may reflect that lower exposure to cigarette smoke
is causing people that are predisposed to developing lung
cancer, to develop it at an older age.

Alternatively, in recent years, electronic cigarettes have
been promoted as a harm reduction strategy to a greater
extent than in many other countries. The effects of this are
largely unknown, especially with the lag time before cancer
onset, so the effect of this may not yet be full seen (42).

Other risk factors include COPD, which is an
independent risk factor for lung cancer (2). Nearly a quarter
(24.5%) of patients had a prior diagnosis of COPD across
both sexes, which is higher than existing estimates of
COPD prevalence in the overall population (43).

In never-smokers, defined as individuals who have smoked
fewer than 100 cigarettes in their lifetime (39), radon is the
leading environmental cause of lung cancer (44). As with
smoking, there is a substantial exposure-cancer-mortality
delay (45), and public health campaigns have aimed to
reduce exposure (6). Air pollution is also an established risk
factor for lung cancer (46) with a study using UK Biobank

demonstrating additive interactions between air pollution
and genetic-related risk factors for lung cancer (47). Despite
apparent reductions of exposure to the discussed major
modifiable risk factors in the UK, incidence and prevalence
of lung cancer has increased in our study.

While not a sex-specific cancer, lung cancer shows sex-
specific trends in our data as well as has been reported
nationally and internationally (48-50). A recent review
attributed this finding to many factors such as the slower
relative reduction in female smoking compared to males
(8,49), coupled with females being exposed to different
risk factors, as well as differences in oestrogen levels (49),
exposure to human papillomavirus (HPV) (51) and genetic
polymorphisms (49). Furthermore, females have been
reported to have a higher frequency of mutations in critical
genes, such as TP53 and the KRAS leading to higher risk of
the disease (52-54).

Although incidence and prevalence are increasing in
females, overall survival is better in females compared to
males in line with a similar study using primary care data
from the UK (27). Again, reasons for this difference are
likely to be multifactorial involving different risk factors,
treatment decisions, and cancer histology (48). Furthermore,
changes in age and sex distributions of those diagnosed with
lung cancer over time could also contribute to the observed
differences in survival. Survival from lung cancer has
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substantially improved since 2000, which has corresponded
with major advancements in lung cancer treatments (2,12).
Towards the start of this period, management of this disease
progressively included a multi-disciplinary team (MDT) for
cancer care (11,55,56). Additionally, lung cancer treatments
have further shifted towards more targeted regimens, after
demonstrating better survival than existing therapy in
trials (12). Additionally, there has been a concurrent
expansion of lung cancer surgery, which has been shown to
further improve treatment outcomes (57,58).

The increases in survival, incidence, and prevalence, in
this study could also be due to better diagnostic methods
and improved public awareness of lung cancer symptoms,
leading to earlier detection. For instance, a 2012 UK
Department of Health campaign was implemented to raise
awareness of persistent cough as a lung cancer symptom,
leading to a 3.1% increase in the proportion of non-
small cell lung cancer (NSCLC) diagnosed at stage 1 (59),
with similar campaigns since (60). If diagnoses are indeed
occurring at an earlier stage, lead-time bias may result
in improvements in the survival data that do not exist in
practice due to the fact the cancer was simply detected
earlier, even if the treatment given and ultimate date of
death is unchanged (61). Of course, it may be the case
that whilst cancers are diagnosed sooner, this is coupled
with better treatment, not only for an equivalent stage
due to improved therapy but also because even better
treatment may be delivered at the earlier stage of cancer.
The introduction of CT screening may increase the
recorded incidence, prevalence, and survival, of lung cancer
for similar reasons, which should be explored by future
research.

The main strength of this study is the use of a large
primary care database covering the whole of the UK and
validation of the results using another database from
England. CPRD GOLD covers primary care practices from
England, Wales, Scotland, and Northern Ireland whereas
CPRD Aurum covers primary care practices in England.
The similarity between the results in both databases, and
their overall agreement with National Cancer Statistics
(NCS) and national audit programmes provide increased
generalizability across the UK. The sharp increase in
incidence at the start of the study period between 2000-
2004 could be due and the institution of cancer quality
improvement measures by the NHS in 2003 as well as the
introduction of the Quality and Outcomes Framework
(QOF) in 2004 which encourages general practitioners to
record all new cases of cancer which could partly explain

© AME Publishing Company.
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the increase in cancer recording (62).

Another strength of our study is the inclusion of a
complete study population database for the assessment
of incidence and prevalence. In contrast, cancer registry
studies extrapolate the registry data to the whole population
using national population statistics, potentially introducing
biases (63,64). The high validity and completeness of
mortality data with over 98% accuracy compared to
national mortality records (20) allowed us to examine the
impact of calendar time on overall survival—one of the key
outcomes in cancer care.

Our study also has some limitations. Firstly, we used
primary care data without linkage to a cancer registry
which could lead to misclassification, delayed recording,
or incompleteness of cancer diagnoses (65) which could
results in lower estimates. A previous validation study has
shown high accuracy and completeness of cancer diagnoses
in primary care records. However, although a high positive
predictive value (>80%) was observed, a lower sensitivity
was also reported (66). Secondly, our use of primary care
records, means we do not have information on tumour
histology, genetic mutations, staging, specific treatments,
and further environmental factors, which means that
survival estimates might not fully account for variability
in outcomes based on these factors (67). Therefore, our
survival estimates may overestimate survival in those with
higher staging as well as those with specific subtypes or
mutations associated with poorer survival such as small
cell lung cancer (SCLC) (68). Other factors, such as socio-
economic status, environmental exposures such as air
pollution and ethnicity could also result in different values
for incidence, prevalence, and survival (46,47). Thirdly, in
this study, we calculated overall survival, which does not
differentiate between deaths caused by cancer vs. other
causes. Therefore, it is a broad measure of overall survival
rather than specifically cancer mortality. However, with the
introduction of low-dose CT screening being introduced
in the UK for targeted groups, the use of overall survival
will enable the assessment of how much screening promotes
overall survival and prevents all-cause mortality (including
for instance changes related to non-lung cancer incidental
diagnoses on CT screening), not just mortality related to
lung cancer, and the overall benefit (or harm) associated
with lung cancer treatments. Finally, smoking status was
missing in 34.8% of lung cancer patients in this study with
48.3% of patients recorded as smokers which is around
3-5x the overall population prevalence of smoking for this
period, however may be higher (8). Although not possible
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in CPRD due to missingness which could create biases in
results, future research using alternative databases could
be used to quantify the relative contribution of smoking in
‘pack-years’, alongside alternative discussed risk factors.

Conclusions

Despite the falling prevalence of smoking in the UK, the
incidence and prevalence of lung cancer is increasing.
Reassuringly, the improvements in survival over the study
period highlight the development of better-targeted
treatments and earlier diagnosis of high-risk populations.
However, the rise of lung cancer even with a decrease in
smoking is a cause for concern, particularly in females.
Further work needs to focus on understanding this
demographic shift, to explain why lung cancer continues to
rise, which could lead to better prevention, earlier diagnosis,
and further targeted treatments. As the UK Lung Cancer
Screening Programme is introduced, with a target of
100% implementation by 2030, our study has the potential
to enable subsequent comparisons of not only survival
rates, but the baseline medical characteristics of people
at diagnosis ultimately enabling a more comprehensive
assessment of the impact of the screening programme and
resulting public health interventions in the UK.
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Supplementary

Table S1 Clinical code lists for lung cancer

Concept ID Concept SNOMED code Concept description

Code used for

443388 363358000
258369 93880001

4092216 187862007
4089756 187870002
4151250 269464000
4246121 93827000

4089754 187866005
4092217 187864008
258375 109371002
4092218 187865009
256646 372112000
261236 372135002
433973 93729006

762426 354701000119107
762427 354741000119109

4110587 254625005
4110589 254629004
4110590 254631008
4110591 254632001
4110705 254634000
4110706 254638002
4111807 254635004
4112738 254626006
4112739 254633006
4115276 254637007
4140471 427038005
4143825 426964009
4155293 372111007
4157454 372110008
4162248 372113005
4162252 372136001
4196724 313353007
4196725 313355000
4197581 313354001
4197582 313356004
4197583 313357008
4208307 440173001
4246027 93730001

4246126 93865007

4246148 93991009

4246804 93732009

4246805 93733004

4247727 93731002

4247832 93864006

4307118 423050000
4308479 423121009
4310448 423295000
4310703 424132000
4311501 93992002

4311997 422968005
4312274 425376008
4312567 93993007

4312768 424970000
4313200 423468007
4313751 423600008
4314040 424938000
4314172 425048006
4322387 425230006

36686537  12235561000119100
36686538  12235601000119100
36712707  1078881000119100
36712708  1078901000119100
36712709  1078931000119100
36712815  12240951000119100
36712816  12240991000119100
36712981  15956381000119100
36713366 683991000119103

36716426 722425009
36716500 722528008

36717017  1078961000119100

37109576 723301009
37110031 724056005
37110032 724058006
37110033 724059003
37110034 724060008
37311684 822969007

Malignant tumor of lung

Primary malignant neoplasm of lung

Malignant neoplasm of upper lobe of lung

Malignant neoplasm of lower lobe of lung

Malignant neoplasm of upper lobe, bronchus or lung
Primary malignant neoplasm of hilus of lung

Malignant neoplasm of middle lobe of lung

Malignant neoplasm of middle lobe, bronchus or lung
Overlapping malignant neoplasm of bronchus and lung
Malignant neoplasm of middle lobe bronchus

Primary malignant neoplasm of middle lobe, bronchus or lung
Primary malignant neoplasm of upper lobe, bronchus or lung
Primary malignant neoplasm of bronchus of left lower lobe
Primary malignant neoplasm of left lung

Primary malignant neoplasm of right lung

Malignant tumor of lung parenchyma

Large cell carcinoma of lung

Giant cell carcinoma of lung

Small cell carcinoma of lung

Squamous cell carcinoma of lung

Pancoast tumor

Epithelioid hemangioendothelioma of lung

Adenocarcinoma of lung

Oat cell carcinoma of lung

Non-small cell lung cancer

Epidermal growth factor receptor negative non-small cell lung cancer
Epidermal growth factor receptor positive non-small cell lung cancer
Carcinoma of lower lobe, bronchus or lung

Primary malignant neoplasm of lower lobe, bronchus or lung
Carcinoma of middle lobe, bronchus or lung

Carcinoma of upper lobe, bronchus or lung

Squamous cell carcinoma of bronchus in left lower lobe
Squamous cell carcinoma of bronchus in right lower lobe
Squamous cell carcinoma of bronchus in left upper lobe
Squamous cell carcinoma of bronchus in right middle lobe
Squamous cell carcinoma of bronchus in right upper lobe
Nonsquamous non-small cell neoplasm of lung

Primary malignant neoplasm of bronchus of left upper lobe
Primary malignant neoplasm of left upper lobe of lung
Primary malignant neoplasm of right lower lobe of lung
Primary malignant neoplasm of bronchus of right middle lobe
Primary malignant neoplasm of bronchus of right upper lobe
Primary malignant neoplasm of bronchus of right lower lobe
Primary malignant neoplasm of lower lobe of left lung

Large cell carcinoma of lung, TNM stage 2

Non-small cell carcinoma of lung, TNM stage 4

Squamous cell carcinoma of lung, TNM stage 1

Non-small cell carcinoma of lung, TNM stage 1

Primary malignant neoplasm of right middle lobe of lung
Non-small cell carcinoma of lung, TNM stage 3

Squamous cell carcinoma of lung, TNM stage 4

Primary malignant neoplasm of upper lobe of right lung
Large cell carcinoma of lung, TNM stage 3

Squamous cell carcinoma of lung, TNM stage 2

Large cell carcinoma of lung, TNM stage 4

Large cell carcinoma of lung, TNM stage 1

Non-small cell carcinoma of lung, TNM stage 2

Squamous cell carcinoma of lung, TNM stage 3

Large cell carcinoma of left lung

Large cell carcinoma of right lung

Primary adenocarcinoma of lower lobe of left lung

Primary adenocarcinoma of upper lobe of left lung

Primary adenocarcinoma of lower lobe of right lung
Squamous cell carcinoma of left lung

Squamous cell carcinoma of right lung

Adenocarcinoma of right lung

Extensive stage primary small cell carcinoma of lung
Reactive oxygen species 1 positive non-small cell lung cancer
Primary malignant neuroendocrine neoplasm of lung
Primary adenocarcinoma of upper lobe of right lung
Squamous non-small cell lung cancer

Malignant neoplasm of lower lobe of right lung

Malignant neoplasm of upper lobe of left lung

Malignant neoplasm of lower lobe of left lung

Malignant neoplasm of right upper lobe of lung

Acinar cell cystadenocarcinoma of lung

Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence

Incidence and prevalence

37395648 67811000119102 Primary small cell malignant neoplasm of lung, TNM stage 1 Incidence and prevalence

37395649 67821000119109 Primary small cell malignant neoplasm of lung, TNM stage 2 Incidence and prevalence

37395650 67831000119107 Primary small cell malignant neoplasm of lung, TNM stage 3 Incidence and prevalence

37395651 67841000119103 Primary small cell malignant neoplasm of lung, TNM stage 4 Incidence and prevalence

40391740 189815007
40492938 448993007

42539251  15956341000119100

45766129 703228009

45766131 703230006

45768879 707403002
45768880 707404008
45768881 707405009
45768883 707408006
45768884 707409003
45768885 707410008
45768886 707411007
45768916 707451005
45768917 707452003
45768918 707453008
45768919 707454002
45768920 707456000
45768921 707457009
45768922 707458004
45768923 707460002
45768927 707464006
45768928 707466008
45768929 707467004
45768930 707468009

45768931 707469001
45768932 707470000
45769034 707595001
45769035 707596000
45772933 707407001
45772938 707455001
45772939 707465007
46272955 711414003
4198434 314954002
4201621 315006004

Pulmonary blastoma
Carcinoma of lung
Adenocarcinoma of left lung

Non-small cell lung cancer with mutation in epidermal growth factor
receptor

Non-small cell lung cancer without mutation in epidermal growth
factor receptor

Primary fetal adenocarcinoma of lung

Primary mixed subtype adenocarcinoma of lung
Primary adenosquamous carcinoma of lung
Primary small cell non-keratinizing squamous cell carcinoma of lung
Primary acinar cell carcinoma of lung

Primary solid carcinoma of lung

Primary papillary adenocarcinoma of lung

Primary adenocarcinoma of lung

Primary mucinous adenocarcinoma of lung
Primary clear cell squamous cell carcinoma of lung
Primary basaloid squamous cell carcinoma of lung
Primary undifferentiated carcinoma of lung

Primary spindle cell carcinoma of lung

Primary pleomorphic carcinoma of lung

Primary pseudosarcomatous carcinoma of lung
Primary myoepithelial carcinoma of lung

Primary adenoid cystic carcinoma of lung

Primary salivary gland type carcinoma of lung

Primary mixed mucinous and non-mucinous bronchiolo-alveolar
carcinoma of lung

Primary non-mucinous bronchiolo-alveolar carcinoma of lung
Primary mucinous bronchiolo-alveolar carcinoma of lung
Primary mucinous cystadenocarcinoma of lung

Primary carcinosarcoma of lung

Primary signet ring cell carcinoma of lung

Primary papillary squamous cell carcinoma of lung

Primary mucoepidermoid carcinoma of lung

Primary clear cell adenocarcinoma of lung

Local recurrence of malignant tumor of lung

Metastasis from malignant tumor of lung

Incidence and prevalence
Incidence and prevalence
Incidence and prevalence

Incidence and prevalence

Incidence and prevalence

Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence

Incidence and prevalence

Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Incidence and prevalence
Prevalence only

Prevalence only

The clinical codelists used for lung cancer is listed in the table below with the corresponding SNOMED concept ID, OMOP concept ID and
concept description. Only diagnosis records alone were used to identify cancer outcome for this study. Different codelists were created for
incident and prevalent definitions of lung cancer. We developed concept definitions using ATLAS, the OHDSI open-source platform (https://
github.com/OHDSI/atlas). Clinical adjudicators reviewed the cohort definitions and associated concept sets.

© AME Publishing Company. https://dx.doi.org/10.21037/tlcr-24-241


https://github.com/OHDSI/atlas
https://github.com/OHDSI/atlas

Table S2 Population attrition showing eligible patients for study from each database

N Reason Excluded, n Database
39999011 Starting population Aurum
39999011 Missing year of birth 0
39999011 Missing sex 0
34833388 Cannot satisfy age criteria during the study period based on year of birth 5165623
29190480 No observation time available during study period 5642908
29190480 Doesn't satisfy age criteria during the study period 0
25483313 Prior history requirement not fulfilled during study period 3707167
24340860 No observation time available after applying age and prior history criteria 1142453
24340860 Starting analysis population

24340860 Estimating prevalence

24334950 Excluded due to prior event (do not pass outcome washout during study period) 5910
24334950 Estimating incidence

88540 With a cancer diagnosis 24246410
86710 Cancer diagnosis not on same date as death 1830
86710 Estimating survival

17054819 Starting population GOLD
17054819 Missing year of birth 0
17054819 Missing sex 0
15210165 Cannot satisfy age criteria during the study period based on year of birth 1844654
13978229 No observation time available during study period 1231936
13978229 Doesn't satisfy age criteria during the study period 0
12254874 Prior history requirement not fulfilled during study period 1723355
11388117 No observation time available after applying age and prior history criteria 866757
11388117 Starting analysis population

11388117 Estimating prevalence

11385621 Excluded due to prior event (do not pass outcome washout during study period) 2496
11385621 Estimating incidence

45563 With a cancer diagnosis 11340058
43903 Cancer diagnosis not on same date as death 1660
43903 Estimating survival

© AME Publishing Company.
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Table S3 Baseline characteristics of lung cancer patients at the time of diagnosis for CPRD GOLD stratified by region (England, Northern

Ireland, Scotland and Wales)

Region England Northern Ireland Scotland Wales
Number of lung cancer patients 21595 2363 14118 7487
Sex: male 12087 (56.0%) 1273 (63.9%) 7202 (51.0%) 4007 (53.5%)

Age (years), median (IQR)
Age groups (years), N (%)

18-29

30-39

40-49

50-59

60-69

70-79

80-89

90+

Prior history, days

Smoking status (any time 5 years prior)

Non-smoker
Former smoker
Current smoker
Missing

General conditions (any time prior)
Atrial Fibrillation
Cerebrovascular Disease
Chronic Liver Disease
Chronic Obstructive Lung Disease
Coronary Arteriosclerosis
Crohn's Disease
Dementia
Depressive Disorder
Diabetes Mellitus
Gastroesophageal Reflux Disease
Gastrointestinal Hemorrhage
Heart Disease
Heart Failure
HIV
Hyperlipidemia
Hypertensive disorder
Ischemic Heart Disease
Obesity
Osteoarthritis
Peripheral Vascular Disease
Pneumonia
Pulmonary Embolism
Renal Impairment
Ulcerative Colitis

Venous Thrombosis

73 (65 to 79)

16 (0.1%)

63 (0.3%)

519 (2.4%)
2212 (10.2%)
5692 (26.4%)
7750 (35.9%)
4706 (21.8%)

637 (2.9%)

3691 (2,057 to 5,312)

3600 (16.7%)
367 (1.7%)
9331 (43.2%)
8297 (38.4%)

1535 (7.1%)
1806 (8.4%)
86 (0.4%)
5058 (23.4%)
292 (1.4%)
65 (0.3%)
332 (1.5%)
3237 (15.0%)
2474 (11.5%)
513 (2.4%)
1691 (7.8%)
5305 (24.6%)
1075 (5.0%)
5 (0.0%)
2367 (11.0%)
6293 (29.1%)
3180 (14.7%)
432 (2.0%)
5218 (24.2%)
1014 (4.7%)
1232 (5.7%)
386 (1.8%)
2832 (13.1%)
103 (0.5%)
1275 (5.9%)

71 (64 to 78)

0
<5
55 (2.3%)
260 (11.0%)
710 (30.0%)
843 (35.7%)
447 (18.9%)
46 (1.9%)
4180 (2,419 to 5,788)

410 (17.4%)
19 (0.8%)
1321 (55.9%)
613 (25.9%)

192 (8.1%)
212 (9.0%)
19 (0.8%)
650 (27.5%)
20 (0.8%)
16 (0.7%)
52 (2.2%)
455 (19.3%)
311 (13.2%)
56 (2.4%)
235 (9.9%)
598 (25.3%)
114 (4.8%)
<5
350 (14.8%)
639 (27.0%)
356 (15.1%)
64 (2.7%)
491 (20.8%)
151 (6.4%)
168 (7.1%)
29 (1.2%)
389 (16.5%)
13 (0.6%)
134 (5.7%)

72 (65 to 79)

<5

49 (0.3%)

299 (2.1%)
1484 (10.5%)
3857 (27.3%)
5317 (37.7%)
2820 (20.0%)

289 (2.0%)

3444.5 (1,854 to 5,193)

1896 (13.4%)
92 (0.7%)
7673 (54.3%)
4457 (31.6%)

904 (6.4%)
1207 (8.5%)
89 (0.6%)
3537 (25.1%)
274 (1.9%)
48 (0.3%)
270 (1.9%)
1716 (12.2%)
1553 (11.0%)
404 (2.9%)
614 (4.3%)
3079 (21.8%)
521 (3.7%)
<5
1011 (7.2%)
3363 (23.8%)
1746 (12.4%)
251 (1.8%)
2499 (17.7%)
789 (5.6%)
727 (5.1%)
242 (1.7%)
1823 (12.9%)
36 (0.3%)
482 (3.4%)

73 (65 to 79)

5 (0.1%)
15 (0.2%)

157 (2.1%)

704 (9.4%)
1990 (26.6%)
2835 (37.9%)
1573 (21.0%)

208 (2.8%)

3820 (2,052 to 5,642)

1248 (16.7%)
65 (0.9%)
3694 (49.3%)
2480 (33.1%)

559 (7.5%)
600 (8.0%)
48 (0.6%)
1879 (25.1%)
89 (1.2%)
25 (0.3%)
111 (1.5%)
981 (13.1%)
967 (12.9%)
283 (3.8%)
559 (7.5%)
1698 (22.7%)
291 (3.9%)
<5
853 (11.4%)
2090 (27.9%)
946 (12.6%)
181 (2.4%)
1622 (21.7%)
301 (4.0%)
406 (5.4%)
135 (1.8%)
1086 (14.5%)
29 (0.4%)
427 (5.7%)
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Table S4 Baseline characteristics of lung cancer patients at the time of diagnosis for CPRD GOLD stratified by smoking status (any time 5 years

prior)

Smoking status Non-smoker Former smoker Smoker Missing
Number of lung cancer patients 7154 543 22019 15847
Sex: male 3487 (48.7%) 315 (58.0%) 11446 (52.0%) 9321 (58.8%)

Age (years), median (IQR)

Age groups (years), N (%)
18-29
30-39
40-49
50-59
60-69
70-79
80-89
90+

Prior history, days

General conditions (any time prior)
Atrial Fibrillation
Cerebrovascular Disease
Chronic Liver Disease
Chronic Obstructive Lung Disease
Coronary Arteriosclerosis
Crohn's Disease
Dementia
Depressive Disorder
Diabetes Mellitus
Gastroesophageal Reflux Disease
Gastrointestinal Hemorrhage
Heart Disease
Heart Failure
HIV
Hyperlipidemia
Hypertensive disorder
Ischemic Heart Disease
Obesity
Osteoarthritis
Peripheral Vascular Disease
Pneumonia
Pulmonary Embolism
Renal Impairment
Ulcerative Colitis

Venous Thrombosis

77 (69 to 83)

14 (0.2%)
38 (0.5%)
111 (1.6%)
377 (5.3%)
1263 (17.7%)
2536 (35.4%)
2366 (33.1%)
449 (6.3%)
3626.5 (1,978 to 5,432)

687 (9.6%)
606 (8.5%)
25 (0.3%)
905 (12.7%)
114 (1.6%)
19 (0.3%)
155 (2.2%)
793 (11.1%)
1101 (15.4%)
229 (3.2%)
590 (8.2%)
1979 (27.7%)
368 (5.1%)
<5
823 (11.5%)
2420 (33.8%)
1115 (15.6%)
186 (2.6%)
1829 (25.6%)
208 (2.9%)
377 (5.3%)
170 (2.4%)
1466 (20.5%)
34 (0.5%)
463 (6.5%)

72 (65 to 77)

0
<5
9 (1.7%)
37 (6.8%)
182 (33.5%)
231 (42.5%)
75 (13.8%)
8 (1.5%)
3198 (1,691 to 4,836)

36 (6.6%)
47 (8.7%)
7 (1.3%)
181 (33.3%)
7 (1.3%)
<5
<5
64 (11.8%)
73 (13.4%)
23 (4.2%)
39 (7.2%)
148 (27.3%)
31 (5.7%)
<5
62 (11.4%)
152 (28.0%)
103 (19.0%)
11 (2.0%)
117 (21.5%)
30 (5.5%)
37 (6.8%)
<5
67 (12.3%)
<5
32 (5.9%)

69 (62 to 76)

<5

61 (0.3%)

681 (3.1%)
3109 (14.1%)
7436 (33.8%)
7678 (34.9%)
2885 (13.1%)

165 (0.7%)

3676 (2,105 to 5,357)

1119 (5.1%)
1812 (8.2%)
153 (0.7%)
6588 (29.9%)
304 (1.4%)
87 (0.4%)
305 (1.4%)
3721 (16.9%)
2406 (10.9%)
556 (2.5%)
1353 (6.1%)
4422 (20.1%)
707 (3.2%)
7 (0.0%)
2227 (10.1%)
5587 (25.4%)
2728 (12.4%)
391 (1.8%)
4163 (18.9%)
1332 (6.0%)
1156 (5.3%)
309 (1.4%)
2353 (10.7%)
60 (0.3%)
908 (4.1%)

75 (68 to 81)

6 (0.0%)
29 (0.2%)

229 (1.4%)
1137 (7.2%)
3368 (21.3%)
6300 (39.8%)
4220 (26.6%)
558 (3.5%)
3662 (1,883 to 5,320)

1348 (8.5%)
1360 (8.6%)
57 (0.4%)
3450 (21.8%)
250 (1.6%)
47 (0.3%)
302 (1.9%)
1811 (11.4%)
1725 (10.9%)
448 (2.8%)
1117 (7.0%)
4131 (26.1%)
895 (5.6%)
<5
1469 (9.3%)
4226 (26.7%)
2282 (14.4%)
340 (2.1%)
3721 (23.5%)
685 (4.3%)
963 (6.1%)
309 (1.9%)
2244 (14.2%)
83 (0.5%)
915 (5.8%)
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Table S5 Baseline characteristics of lung cancer patients at the time of diagnosis for CPRD Aurum

Database

CPRD Aurum

Number of patients
Sex: male
Age, median (IQR)
Age groups, years

18-29

30-39

40-49

50-59

60-69

70-79

80-89

90+

Prior history, days, median [IQR]

General conditions (any time prior)

Atrial fibrillation
Cerebrovascular disease

Chronic liver disease

Chronic obstructive lung disease

Coronary arteriosclerosis
Crohn’s disease
Dementia

Depressive disorder

Diabetes mellitus

Gastroesophageal reflux disease

Gastrointestinal haemorrhage

Heart disease

Heart failure

Hepatitis C

HIV

Hyperlipidemia
Hypertensive disorder
Ischemic heart disease
Lesion of liver

Obesity

Osteoarthritis
Peripheral vascular disease
Pneumonia

Psoriasis

Pulmonary embolism
Renal impairment
Rheumatoid arthritis
Schizophrenia

Ulcerative colitis

Urinary tract infectious disease

Venous thrombosis

Visual system disorder

88540
48819 (55.1%)
73 (65 to 80)

45 (0.1%)
274 (0.3%)
1880 (2.1%)

8981 (10.1%)
23278 (26.3%)
31897 (36.0%)
19488 (22.0%)
2697 (3.00%)

6775 (3,487 to 10,987)

7056 (8.0%)
8298 (9.4%)
530 (0.6%)
23599 (26.7%)
1261 (1.4%)
346 (0.4%)
1656 (1.9%)
12974 (14.7%)
12822 (14.5%)
3058 (3.5%)
6691 (7.6%)
24166 (27.3%)
4276 (4.8%)
126 (0.1%)
23 (0.00%)
10449 (11.8%)
35469 (40.1%)
14929 (16.9%)
1556 (1.8%)
2403 (2.7%)
25083 (28.3%)
4932 (5.6%)
6741 (7.6%)
3740 (4.2%)
1923 (2.2%)
13373 (15.1%)
2104 (2.4%)
420 (0.5%)
472 (0.5%)
12018 (13.6%)
5252 (5.9%)
36552 (41.3%)
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Table S6 Overall incidence rates (with 95% confidence intervals) for lung cancer from 2000 to 2021 for CPRD GOLD and 2000 to 2019 for

Aurum stratified by database and age group

Age group (years) People, n pys Events, n Incidence (100,000 pys) Database
18 to 29 9,238,441 31,941,436 45 0.14 (0.10 t0 0.19) CPRD Aurum
30to 39 8,292,622 32,680,100 274 0.84 (0.74 to 0.94)

40 to 49 6,515,966 32,924,342 1,880 5.71 (56.45 t0 5.97)

50 to 59 5,438,224 28,668,826 8,981 31.33 (30.7 to 32.0)

60 to 69 4,170,276 22,500,850 23,278 103.5 (102.1 to 104.8)

70to 79 3,119,104 16,252,188 31,897 196.3 (194.1 to 198.4)

80 to 89 1,949,102 8,834,297 19,488 220.59 (217.5 t0 223.7)

90+ 666,317 2,269,618 2,697 118.8 (114.4 to 123.4)

18to 29 3,871,131 16,018,568 24 0.2(0.1t00.2) CPRD GOLD
30to 39 3,682,403 15,107,431 129 0.9 (0.7 to 1.0)

40 to 49 3,246,901 16,116,689 1,030 6.4 (6.0 to 6.8)

50 to 59 2,885,599 14,721,668 4,660 31.7 (30.8 to 32.6)

60 to 69 2,293,348 11,892,162 12,249 103.0 (101.2 to 104.8)

70to 79 1,682,118 8,407,711 16,745 199.2 (196.2 to 202.2)

80 to 89 1,023,695 4,422,107 9,546 215.9 (211.6 to 220.2)

90+ 322,801 965,457 1,181 122.3 (115.5 to 129.5)

Pys, person years.

Table S7 Survival (%) after 1, 5 and 10 years after lung cancer diagnosis stratified by database and sex

Time (years) Sex % Survival (95% ClI) Database
1 Male 38.0 (37.6-38.5) Aurum
5 11.1 (10.7-11.4)

10 5.6 (56.3-5.9)

1 Female 44.6 (44.1-45.2)

5 16.0 (15.6-16.5)

10 9.46 (9.0-9.9)

1 Male 35.8 (35.21-36.48) GOLD
5 10.0 (9.6-10.5)

10 5.0 (4.6-5.4)

1 Female 42.6 (41.9-43.4)

5 14.4 (13.8-15.0)

10 8.2 (7.6-8.78)

Cl, confidence interval.
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Table S8 Median survival stratified by database and age group

Age group (years) Median survival in years (95% ClI) People, n Events, n Database
18 to 29 Not achieved 45 14 Aurum
30to 39 1.314 (1.008 - 2.062) 272 163

40 to 49 0.947 (0.862 - 1.038) 1850 1323

50 to 59 0.917 (0.890 - 0.945) 8845 6603

60 to 69 0.851 (0.830 - 0.871) 22923 17474

70to 79 0.698 (0.684 - 0.715) 31247 24582

80 to 89 0.504 (0.485 - 0.523) 18932 15166

90 + 0.361 (0.329 - 0.397) 2596 2096

18to 29 Not achieved 24 6 GOLD
30to 39 1.478 (0.810 - 2.177) 127 82

40 to 49 0.903 (0.786 - 1.027) 999 740

50 to 59 0.827 (0.789 - 0.873) 4549 3467

60 to 69 0.797 (0.775 - 0.824) 11907 9415

70to 79 0.638 (0.621 - 0.657) 16164 13232

80 to 89 0.463 (0.449 - 0.479) 9041 7535

90 + 0.353 (0.301 - 0.386) 1092 904

Not achieved: median survival was not achieved in study period.

Table S9 Survival rates (and 95% confidence intervals) of lung cancer from for GOLD (2000-2021) and Aurum (2000-2019) stratified by database
and age group

Age group One-year survival (%) Five-year survival (%) Ten-year survival (%)

(vears) GOLD Aurum GOLD Aurum GOLD Aurum
18-29 82.7 (68.6-99.7)  77.3(65.3-91.7) 71.6 (54.3-94.2)  57.5 (40.4-81.6) - -

30-39 54.0 (45.7-63.7)  56.0 (50.1-62.6) 30.3 (22.6-40.6)  31.9 (26.1-39.1) 21.6 (13.1-35.4)  26.0 (20.1-33.5)
40-49 47.8 (44.7-51.1) 48.6 (46.3-51.1) 19.4 (16.8-22.4) 21.3 (19.3-23.6) 14.8 (12.2-18.0) 15.5(13.4-17.9)
50-59 44.7 (43.2-46.2)  47.2 (46.1-48.3) 16.4 (15.2-17.7)  17.6 (16.7-18.5) 11.3(10.1-12.6)  12.0 (11.1-13.0)
60-69 435 (42.6-44.5)  45.4 (44.7-46.0) 15.1 (14.3-15.8)  16.8 (16.2-17.3) 8.6 (7.9-9.4) 10.1 (9.49-10.7)
70-79 38.4 (37.6-39.2)  40.9 (40.3-41.4) 11.3(10.7-11.9)  12.6 (12.1-13.0) 5.1 (4.5-5.6) 5.76 (5.34-6.22)
80-89 31.5(30.5-32.5)  33.7 (33.0-34.4) 6.2 (5.6-6.9) 7.5 (7.0-8.0) 1.5 (1.0-2.1) 2.25 (1.83-2.75)
90+ 24.2 (21.6-27.0)  25.6 (23.9-27.5) 3.2 (1.9-5.5) 2.53 (1.70-3.78) - 0.51 (0.17-1.50)
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Table S10 Median survival stratified by database, calendar year for whole population and sex

Sex Calendar year Median survival in years (95% CI) People, n Events, n Database
Both 2000 to 2004 0.635 (0.613-0.654) 12019 8028 Aurum
Male 0.591 (0.564-0.616) 7188 4977

Female 0.701 (0.671-0.753) 4831 3051

Both 2005 to 2009 0.594 (0.578-0.608) 20204 14397

Male 0.561 (0.542-0.583) 11592 8529

Female 0.646 (0.616-0.671) 8612 5868

Both 2010 to 2014 0.690 (0.674-0.709) 25364 16950

Male 0.624 (0.602-0.649) 13678 9458

Female 0.772 (0.745-0.799) 11686 7492

Both 2015 to 2019 0.923 (0.898-0.947) 29123 17285

Male 0.783 (0.756-0.819) 15311 9670

Female 1.125 (1.073-1.175) 13812 7615

Both 2000 to 2004 0.559 (0.526-0.589) 6250 4259 GOLD
Male 0.512 (0.482-0.548) 3718 2617

Female 0.630 (0.586-0.679) 2532 1642

Both 2005 to 2009 0.594 (0.578-0.613) 12111 8617

Male 0.553 (0.534-0.578) 6792 4963

Female 0.660 (0.627-0.687) 5319 3654

Both 2010 to 2014 0.668 (0.643-0.693) 12847 8616

Male 0.611 (0.591-0.643) 6780 4691

Female 0.745 (0.706-0.786) 6067 3925

Both 2015 to 2019 0.832 (0.791-0.865) 9650 5951

Male 0.709 (0.665-0.745) 4808 3099

Female 0.950 (0.898-1.021) 4842 2852

Both 2020 to 2021 0.767 (0.690-0.810) 3045 1490

Male 0.712 (0.619-0.789) 1523 776

Female 0.816 (0.709-0.958) 1522 714

Cl, confidence interval.
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Table S11 Survival (%) after 1 and 5 years after lung cancer diagnosis stratified by database, sex and calendar year

2005 to 2009
2010 to 2014

8.24 (6.95-9.76)
10.69 (9.28-12.31)

Calendar year Time (years) % Survival (95% ClI) Sex Database
2000 to 2004 1 37.23 (36.29-38.20) Both Aurum
2005 to 2009 1 35.17 (34.46-35.89)
2010 to 2014 1 40.06 (39.40-40.72)
2015 to 2019 1 48.02 (47.40-48.65)
2000 to 2004 1 33.43 (32.14-34.77) GOLD
2005 to 2009 1 35.28 (34.36-36.21)
2010 to 2014 1 39.58 (38.67-40.51)
2015 to 2019 1 45.20 (44.13-46.30)
2020 to 2021 1 44.12 (42.06-46.28)
2000 to 2004 1 40.23 (38.72-41.80) Female Aurum
2005 to 2009 1 37.95 (36.84-39.09)
2010 to 2014 1 43.11 (42.14-44.10)
2015 to 2019 1 52.41 (51.52-53.32)
2000 to 2004 1 37.38 (35.32-39.56) GOLD
2005 to 2009 1 38.83 (37.43-40.27)
2010 to 2014 1 42.64 (41.32-44.01)
2015 to 2019 1 48.98 (47.49-50.53)
2020 to 2021 1 46.26 (43.37-49.35)
2000 to 2004 1 35.24 (34.04-36.48) Male Aurum
2005 to 2009 1 33.14 (32.23-34.09)
2010 to 2014 1 37.45 (36.57-38.34)
2015 to 2019 1 44.07 (43.22-44.93)
2000 to 2004 1 30.77 (29.14-32.48) GOLD
2005 to 2009 1 32.49 (31.30-33.73)
2010 to 2014 1 36.82 (35.59-38.09)
2015 to 2019 1 41.29 (39.78-42.85)
2020 to 2021 1 41.99 (39.12-45.07)
2000 to 2004 5 10.47 (9.24-11.85) Both Aurum
2005 to 2009 5 9.09 (8.25-10.02)
2010 to 2014 5 12.53 (11.56-13.58)
2015 to 2019 5 19.51 (18.33-20.77)
2000 to 2004 5 8.89 (7.30-10.82) GOLD
2005 to 2009 5 8.46 (7.00-10.22)
2010 to 2014 5 12.96 (11.84-14.19)
2015 to 2019 5 17.31 (15.81-18.94)
2000 to 2004 5 12.91 (10.73-15.54) Female Aurum
2005 to 2009 5 11.03 (9.70-12.54)
2010 to 2014 5 15.12 (13.72-16.67)
2015 to 2019 5 24.41 (22.84-26.09)
2000 to 2004 5 10.39 (7.52-14.34) GOLD
2005 to 2009 5 8.90 (6.42-12.34)
2010 to 2014 5 15.43 (13.68-17.40)
2015 to 2019 5 21.06 (18.80-23.58)
2000 to 2004 5 8.94 (7.56-10.57) Male Aurum
2005 to 2009 5 7.69 (6.63-8.91)
2010 to 2014 5 10.31 (9.02-11.79)
2015 to 2019 5 15.05 (13.24-17.10)
2000 to 2004 5 7.72 (6.06-9.85) GOLD
5
5
5

2015 to 2019

13.49 (11.64-15.64)
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Figure S1 Annualised age standardized incidence rates for lung cancer from 2000 to 2021 for CPRD GOLD stratified by sex-age
standardized to the European Standard Population 2013. Band represents 95% CI.
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Figure S2 Annualised age standardized incidence rates for lung cancer from 2000 to 2021 for CPRD GOLD stratified by sex and region-
age standardized to the European Standard Population 2013. Band represents 95% CI.
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Figure S3 Annualised incidence rates for lung cancer from 2000 to 2021 stratified by database, sex and age group. Band represents 95% CI.
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Figure S6 Kaplan-Meier survival curve of lung cancer by database and sex.
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