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Summary
Background Lung cancer is a leading cause of mortality, yet disparities in lung cancer across different sociodemo-
graphic groups in the UK remain unclear. This study investigates ethnicity and sociodemographic disparities and
differences in lung cancer in a nationally representative English cohort, aiming to highlight inequalities and promote
equitable access to diagnostic advancements.

Methods We conducted a population-based cohort study using health care records from QResearch, a large primary
care database in England. The study included adults aged 25 and over, spanning the period of 2005–2019. Lung
cancer incidence rates were calculated using age-standardized methods. Multinomial logistic regression was
applied to assess associations between ethnicity/sociodemographic factors and diagnostic characteristics
(histological type, stage, and cancer grade), adjusting for confounders.

Findings From a cohort of over 17.5 million people, we identified disparities in incidence rates across ethnic groups
from 2005 to 2019. Analysis of 84,253 lung cancer cases revealed that younger woman and Individuals of Indian,
other Asian, Black African, Caribbean and Chinese backgrounds had a significantly higher risks of adenocarcinoma
compared with squamous cell carcinoma than their White counterparts (relative risk ratios [RRR] spanning from 1.52
(95% CI 1.18–1.94) to 2.69 (95% CI 1.43–5.05). Men and current smokers were more likely to be diagnosed at an
advanced stage than women and never smokers (RRR: 1.72 [95% CI 1.56–1.90]–2.45 [95% CI 2.16–2.78]). Socio-
economic deprivation was associated with higher risks of moderate or poorly differentiated adenocarcinoma
compared with well differentiated (RRRs between 1.35 [CI: 1.02–1.79] and 1.37 [1.05–1.80]).

Interpretation Our study highlights significant differences in lung cancer incidence and in lung cancer diagnostic
characteristics related to ethnicity, deprivation and other demographic factors. These findings have important im-
plications for the provision of equitable screening and prevention programmes to mitigate health inequalities.
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Introduction
Lung cancer is a leading cause of global mortality,
responsible for over 1.8 million deaths annually and has
a poor prognosis.1 The United Kingdom (UK) also faces
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a significant burden, with lung cancer causing more
than 35,000 deaths each year.2

Early detection and diagnosis are essential for
improving lung cancer outcomes. A key advancement in
ces, Radcliffe Observatory Quarter, Woodstock Road, Oxford, UK.
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Research in context

Evidence before this study
We searched for epidemiological studies investigating the
association of ethnic and/or sociodemographic disparities
with lung cancer outcomes, published up until July 2024 (with
no specified earliest date), in PubMed, Scopus, and Web of
Science using relevant terms (‘lung cancer’ AND (‘ethnic
disparities’ OR ‘socioeconomic status’ OR ‘smoking’ OR
‘cancer diagnostic characteristics’)). We included studies
focusing on ethnic and sociodemographic factors related to
lung cancer incidence, diagnosis, and survival. Our search
found several US studies addressing lung cancer disparities
and smoking behaviours, demonstrating the importance of
these factors in diagnosis and survival outcomes. However,
only a few studies were UK-based, and those often lacked
sufficient representativeness or failed to account for key
factors like socioeconomic status and smoking. Additionally,
while low-dose computerized tomography (LDCT) screening
has proven successful in reducing lung cancer mortality, these
interventions risk exacerbating health inequalities, as
suggested by the inverse equity hypothesis. This study seeks
to fill these gaps by quantifying the impact of ethnicity,
socioeconomic status, and smoking behaviours on lung
cancer outcomes within a nationally representative cohort,
emphasizing the need to address these disparities in future
health strategies.

Added value of this study
This study, spanning from 2005 to 2019, stands as one of the
largest and most comprehensive analyses of ethnic disparities

in lung cancer within an English primary care cohort, revealing
distinct trends in lung cancer incidence among ethnic groups
over time. Our findings show variations in histological cancer
types between ethnic groups, despite adjustment for
smoking, add novel and strong evidence to the existing body
of knowledge suggesting that these differences might not
only be attributed to smoking habits but could also be
influenced by factors such as ethnicity/genetic predispositions
and differences in sociodemographic backgrounds. These
findings, coupled with notable gender and racial differences in
different cancer diagnostics, underscore the importance of
taking into account the unique ethnic and socioeconomic
factors of different ethnic groups.

Implications of all the available evidence
The findings suggested that tailored lung cancer prevention
programmes should take into account the diverse
characteristics of ethnic groups and incorporate ethnicity-
specific factors into clinical practices to address health
inequalities. While our study does not examine screening or
treatment access directly, these insights are valuable for
healthcare providers and policymakers in creating inclusive
health policies. Such policies could contribute to fair access to
future screening programs and treatments, potentially
reducing health disparities among ethnic minorities and
socioeconomically disadvantaged groups.
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this area is the adoption of low-dose computerized to-
mography (LDCT) for lung cancer screening, which has
significantly helped reduced mortality rates.3,4 Many
countries, including the United States (US), are now
implementing lung cancer screening on a national or
regional basis.1 In June 2022, the UK National
Screening Committee recommended targeted LDCT
screening for high-risk individuals aged 55–745 and
focused on geographic areas with high lung cancer
incidence and mortality rates in the initial phases of the
programme.

Despite the advancements in screening and diag-
nosis, existing health disparities, as highlighted by the
inverse equity hypothesis, suggest that new health in-
terventions often disproportionately benefit those from
more affluent backgrounds instead of those who are
most in need.6 Therefore, such preventative measures
necessitate careful planning and monitoring to ensure
equitable access and implementation for all population
segments.

Significant disparities in lung cancer incidence,
diagnosis, and survival are evident across various de-
mographics, notably among ethnic minorities.7–11 These
disparities are further compounded by the relationship
between socioeconomic status and smoking behaviour,
which is a primary risk factor for lung cancer.12 While
extensive research in the United States have shed light
on ethnic disparities in lung cancer incidence and out-
comes,13 the UK has lacked comprehensive data that
fully explores the impact of ethnicity, age and sex on
lung cancer disparities. Previous localised studies
within the UK have showed significant differences in
lung cancer incidence among ethnic groups but were
limited by their scale and focus, often overlooking
crucial factors such as smoking status and histological
type.14–17

Given the under-representation of ethnic minorities
in existing lung cancer research, this study aims to fill a
critical gap by exploring the epidemiology of lung cancer
across diverse ethnic groups within a large, nationally
representative cohort from England. By examining dis-
parities in lung cancer incidence over time and diag-
nostic characteristics, such as stage, histological type,
and cancer grade at diagnosis, this study seeks to pro-
vide insights that could guide the development of more
inclusive health policies and interventions, ensuring
equitable access to advancements in cancer detection
and treatment.
www.thelancet.com Vol 48 January, 2025
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Methods
Data source, study population and study design
We undertook a population-based cohort study using
routinely collected electronic health records (EHRs)
from the QResearch database (version 45). QResearch is
a large consolidated database with anonymised EHRs of
over 35 million patients from 1800+ general practices
and is one of the largest health-care databases in En-
gland, and a Trusted Research Environment accredited
by Health Data Research UK.

We included an open cohort of adult patients aged
25–100 years at cohort entry who were registered with
general practices in England and who contributed to the
QResearch database from January 1, 2005, the start of
the study period and followed up to December 31, 2019,
prior to the start of the COVID-19 pandemic in 2020.
We excluded patients with pre-existing lung cancer
before cohort entry. The broad age range covers the
majority of the adult primary care population and pro-
vides flexibility to examine lung cancer incidence and
select people from different sociodemographic back-
grounds to perform subgroup analyses including those
who do not currently fall into the age bands considered
for screening.

For the analysis of lung cancer diagnostic charac-
teristics, we included only those with an established link
to the cancer registry record available up to 2018 and
restricted cases to those diagnosed between 2005 and
2018. This was necessary because the cancer registry
provides essential details on cancer histology, stage, and
grade, which are critical for our analysis. As such, our
analysis is based on the individuals with established data
linkages.

Study outcomes
The study outcome included incident diagnosis of lung
cancer during follow-up to December 31, 2019, recorded
on one or more of the four linked data sources in QRe-
search—primary care and secondary care (i.e., hospital
episode statistics [HES]) databases, cancer registry (pre-
viously from Public Health England, now part of NHS
England), and death registry (from the Office for National
Statistics [ONS]). We used the earliest date recorded on
any of the four data sources as the date of lung cancer
diagnosis to ensure comprehensive capture of new lung
cancer cases across the various data sources.

We used SNOMED-CT codes to identify lung cancer
diagnoses from the general practice record, and ICD-10
codes to identify events from HES, and cancer and death
registries. The primary outcome was from one or more
of the linked data sources: HES, and ONS.

We also considered three major cancer diagnosis
characteristics of lung cancer, including histological
subtypes of lung cancer, stage at diagnosis, and histo-
logical grading of lung adenocarcinoma to examine
ethnic and sociodemographic disparities and differ-
ences in lung cancer diagnostic factors.
www.thelancet.com Vol 48 January, 2025
Definitions of cancer histology18 were based on the
ICD-10-O-2 system, and were defined as adenocarci-
noma, squamous cell, small cell and large cell carci-
noma, others and unspecified in the study. Cancer
staging was based on the TNM Classification of Malig-
nant Tumours System (Stages I to IV, and not recorded).
The World Health Organization (WHO) grading system
classifies lung adenocarcinomas based on tumour cell
differentiation under microscopic examinations.19 This
approach guides the reported results of our lung
adenocarcinoma grading analysis, defined as well,
moderately and poorly differentiated, undifferentiated
and not recorded according to patients’ records.

Study exposures and variables
Our main exposures of interest were self-assigned
ethnic group as recorded in primary care records
(White, Indian, Pakistani, Bangladeshi, Chinese, Other
Asian, Caribbean, Black African, Other and not recor-
ded) and quintile of Townsend deprivation score (Q1–
Q5 where Q1 is most affluent and Q5 is most
deprived).20 Secondary exposures included age at lung
cancer diagnosis, sex and most recent smoking status
before lung cancer diagnosis (for descriptive analysis,
we used five groups: never, former, light [1–9 cigarettes
per day], moderate [10–19 cigarettes per day] and heavy
smokers [≥20 cigarettes per day]; for the regression
models, we simplified this to three categories: never,
former, and current smokers).

Additional variables included were body mass index
(BMI) recorded closest to diagnosis (below 18.5,
18.5–24.9, 25–29.9, 30–34.9, 35 and above, missing),
broad geographical regions in England (North, Mid-
lands, Southern England and London), and lung related
co-morbidities (tuberculosis, chronic obstructive pul-
monary disease [COPD] and asthma).

Statistical analysis
We report descriptive statistics to characterise the de-
mographic and clinical features of the study cohort and
those diagnosed with lung cancer during the study
period. We calculated crude and European age-stand-
ardised21 annual lung cancer incidence rates, expressed
per 100,000 person-years, and plotted these by ethnicity,
sex, age groups, socioeconomic deprivation (measured
by Townsend quintiles), and smoking status. Incidence
rates were calculated by dividing the number of new
lung cancer cases diagnosed between 2005 and 2019 by
the total person-years at risk. Person-years were sum-
med from each individual’s entry into the study until the
earliest of lung cancer diagnosis, death, loss to follow-
up, or the study’s end on December 31, 2019. Age
standardisation used the direct method with the Euro-
pean Standard Population as the reference to adjust for
age distribution differences across subgroups.

We used adjusted multinomial logistic regression
models in those with a diagnosis of lung cancer between
3
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2005 and 2018 to investigate ethnic and sociodemo-
graphic differences (ie. Townsend quintiles, sex and age
groups) associated with (1) different histological sub-
types of lung cancer, with squamous cell carcinoma as
the reference group, (2) stage at diagnosis with stage I as
the reference group, and (3) histological grading among
lung adenocarcinoma with well-differentiated as the
reference group. The results report the relative risk ra-
tios (RRRs) obtained from the multinomial logistic
regression analysis to investigate the association be-
tween the study exposures and lung cancer outcomes.
The RRR is defined as a measure that compares the
relative likelihood of one outcome category relative to a
reference outcome category between groups, while
holding other covariates constant.

All the regression analyses were adjusted for BMI,
smoking status, geographical regions, and lung related
co-morbidities. For categorical variables with missing
data, we categorised them as “not recorded” to ensure all
available data was used in the analysis. This approach
allowed us to conduct analyses without excluding any
records, ensuring that the dataset remained as
comprehensive as possible.

We also conducted sensitivity analyses using ordinal
regression models to examine differences in histological
grading and stage at diagnosis, and mixed effect
multilevel multinomial logistic models to account for
clustering within GP practices. Furthermore, we
included three additional two-way interaction terms in
the regression models to examine whether the associa-
tions between ethnicity (categorised into broader groups
of White, Asian [Indian, Pakistani, Bangladeshi, Other
Asian], Black [Caribbean, Black African], Chinese and
Others22 for examining interactions) varied by patients’
sex, deprivation quintile, and smoking status in terms of
lung cancer diagnostic characteristics. The statistical
significance level was set as 0.05 in this study. Data were
managed and analysed using Stata 18.0. The QResearch
ethics approval by the East Midlands-Derby Research
Ethics Committee [reference 18/EM/0400].

Role of the funding source
The funding source supported the development of
technical and governance infrastructure to enable data
access for research, as well as the researchers’ time to
conduct the study. The funders had no role in the study
design, protocol development, data curation, analysis,
interpretation, or manuscript writing.
Results
Characteristics of the study cohort
There were 17,990,154 individuals in the initial primary
care cohort, with 17,587,168 remaining after excluding
those with prior lung cancer and those who entered after
December 31, 2019. We used this cohort, to calculate
lung cancer incidence rates from 2005 to 2019 by
ethnicity, sex, age, deprivation, and smoking status. Of
these 84,253 were diagnosed between 2005 and 2018
and included in analyses of lung cancer characteristics
(Table 1).

Among the 84,253 lung cancer cases, ethnicity was
recorded for 57,249 (67.9%) individuals, while it was
not recorded for the remaining 32.1%. Of those with
recorded ethnicity, the vast majority (95.3%) were
White, accounting for 64.8% (n = 54,563) of the total
lung cancer cases, followed by smaller proportions of
Caribbean or Black African (0.7% and 0.3%, respec-
tively), Indian (0.5%), Bangladeshi (0.4%), Pakistani
(0.3%), other Asian or Chinese (0.3%, and 0.2%,
respectively), and other ethnicities (0.6%). The majority
of lung cancer cases were male (55.0%). The proportion
of lung cancer cases that were male was higher among
patients of Pakistani (75.4%), Bangladeshi (78.3%),
Caribbean (71.6%), Indian (66.4%), and other Asian
(63.6%) backgrounds.

Those with a lung cancer diagnosis from non-White
ethnic groups largely came from more deprived back-
grounds (Townsend quintiles Q4–Q5), particularly
among patients from Bangladeshi, Caribbean and black
African backgrounds.

Indian, Black African, Chinese, and other Asian in-
dividuals showed a higher prevalence of adenocarci-
noma diagnoses (41.1%–53.1%) than other ethnic
groups, often with poorly differentiated tumours
(16.0%–23.3%). Higher proportions of people from
Chinese, other Asian, Caribbean, and Black African
backgrounds were diagnosed at stage 4 (43.8%–48.6%)
compared with 34.0%–38.0% in the other groups,
showing distinct patterns of lung cancer manifestation
in different populations.

Trends in incidence of lung cancer by ethnicity
During the study period, the age-standardised incidence
rates of lung cancer varied between the different ethnic
groups, with men showing higher rates than women in
each group. The trends in the age-standardized inci-
dence rates of lung cancer by ethnicity between 2005
and 2019, are detailed in Fig. 1 and Supplementary
Table S1.

Over the most recent decade (2010–2019), Bangla-
deshi men exhibited the highest average age-
standardized incidence rate at 170.2 per 100,000
person-years, followed by White (138.6), Chinese (115.1)
and Caribbean (114.6) men. The lowest rates were
observed in Black African (60.4) and Indian men (50.3).
During the same period, Chinese men experienced the
largest decline in rates, dropping 39.2% from 163.6
(95% confidence interval [CI]: 40.4–286.9) to 99.4 (CI:
37.3–161.5) per 100,000 person-years. White and Ban-
gladeshi men also saw declines of 20% (from 145.9 [CI:
140.4–151.5] to 115.4 [CI: 111.1–119.7] per 100,000
person-years) and 18.3% (from 172.4 [CI: 96.7–248.0] to
140.8 [CI: 72.1.5–209.4] per 100,000 person-years),
www.thelancet.com Vol 48 January, 2025
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White Indian Pakistani Bangladeshi Other Asian Caribbean Black African Chinese Other Not recorded Total

Total %, (N) 64.8 (54,563) 0.5 (384) 0.3 (256) 0.4 (336) 0.3 (231) 0.7 (599) 0.3 (212) 0.2 (128) 0.6 (540) 32.1 (27,004) 84,253

Sex

Female 45.9 (25,043) 33.6 (129) 24.6 (63) 21.7 (73) 36.4 (84) 28.4 (170) 38.2 (81) 47.7 (61) 39.3 (212) 44.5 (12,029) 45.0 (37,945)

Male 54.1 (29,520) 66.4 (255) 75.4 (193) 78.3 (263) 63.6 (147) 71.6 (429) 61.8 (131) 52.3 (67) 60.7 (328) 55.5 (14,975) 55.0 (46,308)

Age at diagnosis

<45 0.8 (427) 2.6 (10) 3.9 (10) 3.0 (10) 3.0 (7) 1.8 (11) 8.0 (17) 3.9 (5) 7.0 (38) 0.9 (231) 0.9 (766)

45–54 4.5 (2447) 6.3 (24) 8.6 (22) 7.7 (26) 12.1 (28) 9.2 (55) 23.1 (49) 10.2 (13) 14.6 (79) 4.8 (1299) 4.8 (4042)

55–64 16.0 (8750) 20.8 (80) 22.3 (57) 14.0 (47) 24.2 (47) 18.9 (113) 24.5 (52) 21.1 (27) 23.5 (127) 16.1 (4.337) 16.2 (13,646)

65–74 32.9 (17,924) 31.3 (120) 24.2 (62) 32.1 (108) 30.3 (108) 27.2 (163) 24.5 (52) 23.4 (30) 23.2 (125) 29.7 (8020) 31.7 (26,674)

75+ 45.9 (25,015) 39.1 (150) 41.0 (105) 43.2 (145) 30.0 (145) 42.9 (257) 19.8 (42) 41.4 (53) 31.7 (171) 48.6 (13,117) 46.4 (39,125)

Townsend quintile

Q1 (least deprived) 20.6 (11,255) 7.8 (30) 3.1 (8) 1.5 (5) 9.5 (22) 1.5 (9) 2.4 (5) 13.3 (17) 7.2 (39) 25.1 (6785) 21.6 (18,175)

Q2 21.0 (11,443) 17.4 (67) 12.1 (31) 3.0 (10) 13.4 (31) 3.7 (22) 5.2 (11) 16.4 (21) 8.1 (44) 24.4 (6598) 21.7 (18,278)

Q3 21.4 (11,698) 24.0 (92) 25.8 (66) 4.2 (14) 22.1 (51) 11.9 (71) 12.3 (26) 24.2 (31) 14.4 (78) 21.7 (5872) 21.4 (17,999)

Q4 19.8 (10,826) 29.7 (114) 40.2 (103) 21.1 (71) 28.6 (66) 25.2 (151) 19.8 (42) 16.4 (21) 23.1 (125) 17.6 (4741) 19.3 (16,260)

Q5 (most deprived) 17.0 (9298) 20.8 (80) 18.8 (48) 70.2 (236) 26.4 (61) 57.6 (345) 60.4 (128) 29.7 (38) 47.0 (254) 11.0 (2975) 16.0 (13,463)

Not recorded 0.1 (43) 0.3 (a) 0 (0) 0 (0) 0 (0) 0.2 (a) 0 (0) 0 (0) 0 (0) 0.1 (33) 0.1 (78)

Geographical regionb

Midlands 15.1 (8250) 17.2 (66) 17.2 (44) 6.3 (21) 7.4 (17) 16.4 (98) 2.4 (a) 14.8 (19) 10.4 (56) 15.2 (4092) 15.0 (12,668)

Southern England 33.0 (17,993) 10.9 (42) 18.4 (47) 5.4 (18) 23.4 (54) 8.2 (49) 9.4 (20) 16.4 (21) 18.7 (101) 41.8 (11,276) 35.2 (29,621)

Northern England 36.1 (19,712) 8.9 (34) 28.9 (74) 6.0 (20) 7.4 (17) 4.0 (24) 3.8 (8) 19.5 (25) 13.5 (73) 35.9 (9705) 35.2 (29,692)

London 15.8 (8608) 63.0 (242) 35.5 (91) 82.4 (277) 61.9 (143) 71.5 (428) 84.4 (179) 49.2 (63) 57.4 (310) 7.2 (1931) 14.6 (12,272)

BMI category

Below 18.5 kg/m2 5.2 (2854) 4.9 (19) 3.9 (10) 4.2 (14) 6.5 (15) 6.5 (39) 3.3 (7) 9.4 (12) 5.7 (31) 4.4 (1185) 5.0 (4186)

18.5–24.9 37.3 (20,352) 45.3 (174) 33.6 (86) 53.0 (178) 45.0 (104) 38.2 (229) 31.6 (67) 54.7 (70) 38.9 (210) 32.4 (8757) 35.9 (30,227)

25–29.9 32.2 (17,592) 33.1 (127) 41.8 (107) 32.1 (108) 29.9 (69) 32.1 (192) 30.2 (64) 26.6 (34) 27.8 (150) 24.9 (6712) 29.9 (25,155)

30–34.9 13.9 (7570) 11.5 (44) 11.7 (30) 6.8 (23) 8.7 (20) 13.5 (81) 18.9 (40) 3.9 (5) 10.9 (59) 9.6 (2590) 12.4 (10,462)

35 and above 5.8 (3185) 2.6 (10) 6.3 (16) 1.2 (a) 3.0 (7) 2.8 (17) 11.3 (24) 0.0 (0) 6.7 (36) 3.7 (989) 5.1 (4288)

Missing 5.5 (3010) 2.6 (10) 2.7 (7) 2.7 (9) 6.9 (16) 6.8 (41) 4.7 (10) 5.5 (7) 10.0 (54) 25.1 (6771) 11.8 (9935)

Smoking category

Never smoker 6.7 (3634) 38.3 (147) 31.6 (81) 11.3 (38) 29.9 (69) 14.9 (89) 39.2 (83) 44.5 (57) 18.5 (100) 8.3 (2250) 7.8 (6548)

Former smoker 54.8 (29,914) 35.9 (138) 40.6 (104) 54.2 (182) 43.3 (100) 41.9 (251) 33.5 (71) 32.8 (42) 37.0 (200) 44.6 (12,049) 51.1 (43,051)

Light smoker (1–9/day) 28.0 (15,254) 22.7 (87) 24.6 (63) 28.9 (97) 19.0 (44) 35.4 (212) 22.2 (47) 14.8 (19) 35.7 (193) 25.9 (7006) 27.3 (23,022)

Moderate smoker (10–19/day) 5.6 (3071) 1.8 (7) 2.0 (a) 4.2 (14) 3.5 (8) 4.8 (29) 3.8 (8) 4.7 (6) 6.5 (35) 4.8 (1307) 5.3 (4490)

Heavy smoker (20 + day) 4.5 (2463) 1.3 (a) 1.2 (a) 1.2 (a) 3.0 (7) 2.5 (15) 1.4 (a) 2.3 (a) 1.7 (9) 4.1 (1120) 4.3 (3632)

Not recorded 0.4 (227) 0 (0) 0 (0) 0.3 (a) 1.3 (a) 0.5 (a) 0 (0) 0.8 (a) 0.6 (a) 12.1 (3272) 4.2 (3510)

Histological type

Adenocarcinoma 26.1 (14,251) 41.1 (158) 31.3 (80) 28.0 (94) 44.6 (103) 36.2 (217) 47.2 (100) 53.1 (68) 40.4 (218) 21.9 (5926) 25.2 (21,215)

Squamous cell 19.3 (10,550) 13.3 (51) 20.3 (52) 26.2 (88) 13.9 (32) 16.5 (99) 11.8 (25) 9.4 (12) 11.1 (60) 16.9 (4570) 18.4 (15,539)

Small cell 10.5 (5705) 5.2 (20) 10.2 (26) 6.8 (23) 6.1 (14) 7.8 (47) 6.6 (14) 5.5 (7) 9.4 (51) 11.0 (2969) 10.5 (8876)

Large cell/Other 4.6 (2533) 6.5 (25) 6.3 (16) 3.9 (13) 7.4 (17) 4.6 (28) 7.5 (16) 7.1 (9) 6.7 (36) 3.7 (1005) 4.4 (3697)

Unspecified 39.4 (21,498) 33.9 (130) 31.6 (81) 35.1 (118) 28.1 (65) 34.7 (208) 26.9 (57) 25.0 (32) 32.2 (174) 46.4 (12,521) 41.4 (34,884)

(Table 1 continues on next page)
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respectively. Conversely, Pakistani and Black African
men showed increases of 87.0% (from 50.1 [CI:
13.2–87.0] to 93.7 [CI: 54.6–132.8]) and 44.7% (from
39.4 [CI: 2.8–76.0] to 57.0 [CI: 27.4–86.6] per 100,000
person-years), respectively.

In the 10 years from 2010 to 2019, White women
had the highest average lung cancer incidence rate at
96.9 per 100,000 person-years, with Chinese women
following at 75.0. In contrast, the lowest rates were
seen in Indian (27.7), Pakistani (26.4), and Black Af-
rican women (23.0). During this time, the incidence
rates among white women slightly increased by 0.3%,
from 90.5 (CI: 86.8–94.7) to 90.8 (CI: 87.0–94.0) per
100,000 person-years. Bangladeshi women showed a
1.0% increase in rates, from 54.1 (CI: 7.4–100.7) to
54.6 (CI: 20.0–89.2) per 100,000 person-years, and In-
dian women saw a higher rise of 36.2%, from 24.6 (CI:
8.1–41.2) to 33.5 (CI: 19.9–47.0) per 100,000 person-
years. In contrast, incidence rates generally declined
among women from other ethnic groups over time.

Trends in incidence of lung cancer by sex, age,
deprivation, and smoking status
The incidence rates displayed contrasting trends be-
tween sexes from 2010 to 2018. During this period, the
rates for females increased by 3.1%, rising from 91.2
(CI: 87.8–94.6) in 2010 to 94.0 (CI: 90.9–97.1) per
100,000 person-years in 2018. In contrast, the rates for
males decreased by 11.7%, dropping from 143.2 (CI:
138.4–147.9) to 126.4 (CI: 122.5–130.3) per 100,000
person-years. However, in 2019, both sexes experi-
enced an over 10% drop in rates compared to 2018.
Fig. 2 and Supplementary Table S2 show the trends in
lung cancer incidence by sex from 2005 to 2019.

Between 2010 and 2019, the highest lung cancer
incidence rates were seen in individuals aged 75 and
older for both sexes. During this period, the incidence
rate increased slightly for females, while it decreased
for males. Age groups below 54 consistently had lower
incidence rates throughout the study period (Fig. 2 and
Supplementary Table S4).

Between 2010 and 2019 lung cancer incidence rates
demonstrated a clear socioeconomic gradient in both
men and women. The most deprived quintile (Q5)
experienced the highest rates, averaging 214.5 for men
and 147.2 for women per 100,000 person-years,
whereas the least deprived quintile (Q1) saw lower
rates, with averages of 93.5 for men and 61.5 for
women per 100,000 person-years. While incidence
rates in men have decreased across different levels of
deprivation, rates in women have remained relatively
stable (Fig. 2 and Supplementary Table S3).

Furthermore, the results highlight marked differ-
ences over time in lung cancer incidence based on
smoking status across both genders and between
ethnic groups. Current smokers had the highest inci-
dence rates for both men and women, with the highest
www.thelancet.com Vol 48 January, 2025
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Fig. 1: Age standardised incidence of lung cancer by ethnicity in the primary care population, 2005–2019. Rates per 100,000 person-years
adjusted to the standard European population.
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observed in heavy smokers—averaging 430.2 for men
and 474.3 for women per 100,000 person-years between
2010 and 2019. These rates declined over time. Never
smokers showed much lower rates, which also declined
throughout the study, particularly in men (from 73.7 in
2005 to 30.1 in 2019 in men; 31.9 to 22.9 in women per
100,000 person-years) (Fig. 2 and Supplementary
Table S5). Trends and detailed lung cancer incidence
rates by smoking status and ethnicity over time are
shown in Supplementary Table S6.

Factors associated with different histological
subtypes of lung cancer diagnosis
The multinomial logistic regression analysis in lung
cancer cases identified ethnicity, sex, age, and smoking
status as significant factors associated with different
Fig. 2: Age standardised incidence of lung cancer by sex, age groups, Tow
2005–2019. Rates per 100,000 person-years adjusted to the standard Eu

www.thelancet.com Vol 48 January, 2025
lung cancer subtypes within the incident lung cancer
cases, as detailed in Fig. 3A and Supplementary
Table S7.

With squamous cell carcinoma as the reference type,
the results showed that individuals of Indian, other
Asian, Caribbean, Black African, Chinese, and other
ethnic backgrounds had significantly higher risks for
adenocarcinoma than their White counterparts, with
relative risk ratios (RRR) spanning from 1.52 (95% CI
1.18–1.94) for Caribbean to 2.69 (95% CI 1.43–5.05) for
Chinese. Females and younger age groups (particularly
<45) had elevated relative risks of developing adeno-
carcinoma, small cell, and large cell/other lung cancer
subtypes in contrast to males and those aged over 75.
Current smokers, regardless of their smoking intensity,
showed increased risks for small cell lung cancer in
nsend quintiles, and smoking status in the primary care population,
ropean population.
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Fig. 3: A. Factors significantly associated with an incident diagnosis of different lung cancer subtypes in the primary care population. Squamous
cell carcinoma as referent category. The figures show relative risks ratios (RRR) with 95% confidence interval (N = 84,253). Note: association
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comparison to squamous cell when compared to never
smokers, but decreased risks for adenocarcinoma and
large cell/other types. Additionally, analyses of in-
teractions found only significant interactions in former
and current smokers whose ethnicity were not recorded.
Details of these interactions are provided in
Supplementary Table S14.

Factors associated with different stages of lung
cancer diagnosis
The modelling results, as shown in Fig. 3B and
Supplementary Table S8, identified sex, age, and
smoking status as significant factors associated with
advanced lung cancer diagnostic stages within the study
population. No significant association was found be-
tween the stage at diagnosis and levels of socioeconomic
deprivation or ethnic backgrounds.

Comparing against stage 1 lung cancer, the analysis
showed that men had a higher relative risk of being
diagnosed with more advanced stages compared to
women, with RRR values of 1.42 (CI: 1.31–1.53) for
stage 2, 1.43 (CI: 1.35–1.51) for stage 3 and 1.39 (CI:
1.32–1.46) for stage 4. Individuals in the 45–54 age
group had the highest risks of being diagnosed with
stages 3 and 4 compared to those above 75, with RRR
values of between 1.41 (CI: 1.24–1.61) and 1.44 (CI:
1.24–1.67). Additionally, former and current smokers,
were more likely to be diagnosed at advanced stages
than never smokers, with RRRs between 1.33 (95% CI:
1.21–1.47) and 2.54 (95% CI 2.11–3.06). However, the
only significant interaction terms were in former and
current smokers whose ethnicity was not-recorded
(Supplementary Table S15).

Factors associated with different grades of lung
adenocarcinoma diagnosis
Fig. 3C and Supplementary Table S9 show that sex, age,
socioeconomic deprivation, and smoking status are
significant factors associated with the grades of di-
agnoses within the lung adenocarcinoma cases.
estimates (relative risk ratios) were obtained from multinomial logistic reg
all listed variables in the models and controlled for BMI, geographical reg
and asthma). The referent category of the covariates is indicated as a dia
age at diagnosis. The X axis is displayed on a logarithmic scale. RRRs for et
Supplementary Table S7. B. Factors significantly associated with an incide
care population. Stage 1 as referent category. The figures show relative
association estimates (relative risk ratios) were obtained from multinom
listed variables in the models and controlled for BMI, geographical region
asthma). The referent category of the covariates is indicated as a diamond
diagnosis. The X axis is displayed on a logarithmic scale. RRRs for ethni
Supplementary Table S8. C. Factors significantly associated with an inciden
the primary care population. Well differentiated as referent category. The
(N = 21,215). Note: association estimates (relative risk ratios) were obta
entiated as referent group and all listed variables in the models and cont
morbidities (tuberculosis, COPD and asthma) among lung adenocarcinom
diamond symbol on the first row of each covariate. Age group refers to ag
ethnicity in the not recorded category are omitted, and can be found in

www.thelancet.com Vol 48 January, 2025
With well-differentiated grades as the reference,
males and those in the 45–54 and 55–64 age groups had
higher risks (RRR between 1.35 [CI: 1.09–1.67] and 1.79
[CI: 1.3–2.47]) of being diagnosed with moderately or
poorly differentiated adenocarcinoma. Both former and
current smokers had a higher risk of aggressive lung
cancer grades (moderately, poorly and undifferentiated)
compared never smokers. Moreover, individuals from
the most deprived backgrounds (Q5) were at a greater
risk of being diagnosed with moderately (RRR: 1.35 [CI:
1.02–1.79]) or poorly differentiated (RRR: 1.37
[1.05–1.8]) lung adenocarcinoma compared to those
from the most affluent background. Interaction analysis
showed no significant interactions between ethnicity
and sex, smoking status and deprivation quintile. Re-
sults from all sensitivity analyses are in Supplementary
Tables S10–S13, with interaction analysis details in
Supplementary Tables S14 and S15.

Discussion
Our population-based study, which is the largest study
to date, has identified varying trends in lung cancer
incidence rates highlighting some disparities among
non-white ethnic groups, reflecting the diverse nature of
lung cancer epidemiology across ethnic backgrounds.
This indicates the need for ethnic-specific prevention
and equitable healthcare access that are sensitive to
these ethnic groups. We also found substantial differ-
ences in lung cancer incidence rates between different
smoking statuses and men and women within each
ethnic group, indicating importance of intersectionality.
Notably, among Bangladeshi, Chinese, Pakistani and
Caribbean populations, these differences are largely due
to the varying prevalence of smoking between males and
females, particularly in Asian and Southeast Asian
communities.1,23 Over the past few decades, smoking
prevalence has generally declined across most ethnic
groups in the UK, but these trends have not been uni-
form. Smoking prevalence among South Asian men
remain relatively high compared to other ethnic groups,
ression models, with squamous cell carcinoma as referent group and
ions in England and lung related co-morbidities (tuberculosis, COPD
mond symbol on the first row of each covariate. Age group refers to
hnicity in the not recorded category are omitted, and can be found in
nt diagnosis of different lung cancer diagnostic stages in the primary
risks ratios (RRR) with 95% confidence interval (N = 84,253). Note:
ial logistic regression models, with stage 1 as referent group and all
s in England and lung related co-morbidities (tuberculosis, COPD and
symbol on the first row of each covariate. Age group refers to age at
city in the not recorded category are omitted, and can be found in
t diagnosis of different diagnostic grades for lung adenocarcinoma in
figures show relative risks ratios (RRR) with 95% confidence interval
ined from multinomial logistic regression models, with well differ-
rolled for BMI, geographical regions in England and lung related co-
a patients. The referent category of the covariates is indicated as a
e at diagnosis. The X axis is displayed on a logarithmic scale. RRRs for
Supplementary Table S9.
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while Chinese and Indian populations have consistently
shown lower smoking prevalence. However, within
these groups, there have been significant gender dif-
ferences, with a much higher smoking prevalence in
men than women.22 This gender gap in smoking prev-
alence has contributed to the observed differences in
lung cancer incidence across these ethnicities.

Furthermore, we found important differences in the
diagnostic characteristics of lung cancer between ethnic
groups. Compared with white men, younger women
and those from Indian, Caribbean, Black African, Chi-
nese and other Asian backgrounds, were more likely to
be diagnosed with adenocarcinoma than squamous cell
carcinoma despite adjustment for smoking status. This
is an important new insight in additional to existing
evidence.24,25 We also found that despite adjustment for
multiple factors, those diagnosed with lung adenocar-
cinoma from the most deprived backgrounds were at a
greater risk of being diagnosed with moderate or poorly
differentiated histological grading than those from the
most affluent backgrounds. In addition, men and cur-
rent cigarette smokers were at a higher relative risk of
being diagnosed with more advanced stages of lung
cancer compared to women and those who never
smoked.

Our findings on differences between ethnic groups
for histological cancer types, despite adjustment for
smoking, adds novel and strong evidence to the existing
body of knowledge suggesting that these disparities
might not only be attributed to smoking habits but could
also be influenced by factors such as ethnicity/genetic
predispositions, differences in nicotine metabolism, and
sociodemographic variables.26 The rise in lung adeno-
carcinoma has been linked to an increase in low tar
cigarette use, with deeper inhalation possibly leading
carcinogens to areas prone to adenocarcinomas.25 These
findings, coupled with notable gender and racial dis-
parities—adenocarcinoma being more common in
women and varied cancer risk factors between white and
non-white smokers—underscores the importance of
taking into account the unique ethnic and socioeco-
nomic factors in different ethnic groups.

This information is important for radiologists who
report on lung cancer scans and for potentially for cli-
nicians delivering smoking prevention and cessation
services, highlighting the need for targeted lung cancer
prevention and treatment strategies that take into ac-
count these multifaceted influences.

Taken together, our results have implications not
only for targeting smoking prevention and cessation
interventions in an accessible way, but also ensuring
equitable delivery of the new lung cancer screening
programme especially for women, those from ethnic
minority groups and deprived areas to avoid exacer-
bating health inequalities. The NHS England Targeted
Lung Health Check programme, now the national
screening programme, began by targeted geographic
areas with high incidence and mortality, reflecting the
intention to start in the areas most in need. These areas
have high levels of socioeconomic deprivation. Local
programmes have materials adapted for ethnic minor-
ities and data are being collected on participation rates.

Our findings on lung cancer incidence rates align
closely with those reported by Cancer Research UK
(CRUK).27 However, our analyses extend these by add-
ing more details on ethnicity and sociodemographic
factors, covering the years 2005–2019, up to the onset of
the COVID pandemic lockdown in the UK. We observed
gender-specific trends, noting a slight increase in lung
cancer incidence among females and a decrease among
males over the last decade. Additionally, our analysis
reinforces evidence of a significant socioeconomic
disparity; lung cancer rates are over twice as high in the
most deprived neighbourhoods compared to the more
affluent.

Additionally, our study identified a decline in age-
standardised lung cancer incidence rates among both
male and female never-smokers, with a more pro-
nounced decrease observed in males. These findings are
in line with a recent UK study that reported decreasing
lung cancer rates among never-smokers of both sexes
over the past two decades.28 Similarly, data from various
global cohorts reveal no significant temporal trends in
lung cancer incidence and mortality among never-
smokers.29 Nevertheless, some studies have noted rising
lung cancer rates—particularly adenocarcinoma—
among never-smokers in certain regions, particularly in
East Asia and among women.29 These observations un-
derscore the need for more focused research on non-
smoking-related risk factors for lung cancer.

Our study, based on a large, nationally representa-
tive, diverse population substantially improves on pre-
vious studies limited by small numbers16,17 or regional
populations in Leicester, London or the South-East of
England14 Another study found no difference between
ethnic groups for histology or stage at diagnosis, but this
was limited as it based on just 423 highly selected pa-
tients recruited from a tertiary referral centre which
didn’t accept referrals of patients with early-stage dis-
ease.17 The authors concluded there was no need to
tailor health advice or interventions by ethnicity
although it is likely that their study was substantially
under-powered. In contrast, our population-based study,
is more than 200 times the size and has sufficient
numbers to report robust analyses by ethnic group and
has therefore reached a different conclusion between
ethnic groups and histology. Furthermore, the majority
of previous studies were conducted over 20 years ago
and the findings are not generalisable to the ethnically
diverse contemporaneous populations.

To the best of our knowledge, this study is the largest
to date, spanning over 15 years, set to offer compre-
hensive insights into the variations in lung cancer
incidence and diagnostic factors in the UK, with a focus
www.thelancet.com Vol 48 January, 2025
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on disparities related ethnicity and sociodemographic
factors, aiming to quantify and address existing health
inequalities in lung cancer. The strengths of our study
include large size, recent data, and long duration of
follow up, representativeness, minimisation of selec-
tion, recall and respondent bias. The use of linked
hospital, mortality and cancer registry data has
increased ascertainment of diagnoses of lung cancer.
The linkage to the cancer registry has enabled the in-
clusion of more granular information on histological
type, stage and grade of diagnosis than previous studies,
although we acknowledge that there are still varying
levels of missing data on cancer histology subtypes,
grades, and stage at diagnosis in the linked data.
Furthermore, in contrast to previous localised studies in
the UK that overlooked smoking status, our study
accounted for its crucial role in lung cancer, considering
the varying impacts of smoking across different ethnic
groups on lung cancer outcomes. However, we
acknowledge that different ethnic groups may have
diverse smoking intensities and frequencies, which may
not be fully captured by simple categorical adjustments.
This limitation could influence some of the observed
ethnicity effects, particularly in groups with distinct
smoking habits.

Our study faced limitations such as missing data for
ethnicity, Townsend quintile, smoking status, BMI, and
the outcomes on lung cancer histological types, stage
and grade. To mitigate the impact on missingness, we
introduced a “not recorded” category for all missing
exposure and outcome variables, to ensure all available
data were included in the analysis to minimise data loss.
This approach allows us to include participants whose
data might otherwise be excluded due to missing values,
which helps maintain the overall sample size and sta-
tistical power of the study. However, we recognise that
this could introduce potential biases of estimates,
especially when embedding trends over time in the “not
recorded” categories in study outcomes that vary over
follow-up time, could potentially bias the estimates by
affecting the distribution of these cases. We observed a
decline in lung cancer incidence within the unrecorded
ethnicity category, particularly among women
(Supplementary Table S1), likely due to improved data
categorisation and shifts in healthcare access among
minority populations. However, this trend suggests
complex relationships between ethnicity and socioeco-
nomic factors that warrant further investigation. We
performed multinomial logistic models on the total lung
cancer cohort for robustness and to identify the main
effects of key variables. Additional analyses including
interaction terms between ethnicity and sex, depriva-
tion, and smoking status revealed wide confidence in-
tervals overall due to small sample sizes in minority
ethnic groups and missing data. This limited statistical
power to detect potential interaction effects in one of the
models. Also, our study design has not enabled us to
www.thelancet.com Vol 48 January, 2025
explore the causes of health inequalities nor suggest
potential interventions to address them.

The national roll-out of the UK screening pro-
gramme is currently one of the best globally in terms of
coverage of the eligible population, facilitated by the
NHS. It is an exemplar of operation delivery of a tar-
geted screening programme. Addressing disparities in
coverage due to avoidable factors is important. There
has already been considerable activity in this area, and it
will be important to ensure data is collected to ensure
minority or higher-risks groups are not disadvantaged
and provided with equitable access to services. Inter-
nationally it is likely that similar health inequalities may
also exist in other countries and even if not, the intro-
duction of a new screening programme is likely to
generate inequalities as has been repeatedly shown in
other clinical areas and populations in accordance with
the inverse equity hypothesis.6 Hence, we believe our
findings are likely to be of interest to clinicians and
policy makers internationally.
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