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Abstract

Background

More deprived populations typically experience higher cancer incidence rates and smoking
prevalence compared to less deprived populations. We calculated the proportion of cancer
cases attributable to smoking by socio-economic deprivation in England and estimated the
impact smoking has on the deprivation gap for cancer incidence.

Methods

Data for cancer incidence (2013—-2017), smoking prevalence (2003—2007) and population
estimates (2013—2017) were split by sex, age-group and deprivation quintile. Relative risk
estimates from meta-analyses were used to estimate the population attributable fraction
(PAF) for 15 cancer types associated with smoking. The deprivation gap was calculated
using age-specific incidence rates by deprivation quintile.

Results

Smoking-related cancer PAFs in England are 2.2 times larger in the most deprived quintile
compared to the least deprived quintile (from 9.7% to 21.1%). If everyone had the same
smoking prevalence as the least deprived quintile, 20% of the deprivation gap in cancer inci-
dence could have been prevented. If nobody smoked, 61% of the deprivation gap could
have been prevented.

Conclusions

The majority of the deprivation gap in cancer incidence could have been prevented in
England between 2013-2017 if nobody had smoked. Policy makers should ensure that
tobacco control policies reduce overall smoking prevalence by tackling smoking
inequalities.
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Background

Smoking is the main cause of preventable cancer and death in the UK [1, 2]. In England,
smoking accounted for 15% (around 44,000 cases) of all cancer cases in 2015 [1]. Smoking
causes at least 15 different types of cancer, and the proportion of cases caused by smoking var-
ies greatly by cancer type, ranging from 0.3% for ovarian cancer to 72% for lung cancer in
England.

Cancer incidence varies by socio-economic position across the UK [3-6]. For example, can-
cer incidence rates for all cancers combined in England are 17% higher in the most deprived
quintile compared to the least [7].

The majority of cancer types’ incidence rates are positively associated with deprivation in
England, leading to an estimated 27,200 deprivation-associated cancer cases each year [3].
Many of the cancer types associated with deprivation are also associated with smoking [3, 8].

A clear socio-economic divide is observed for adult smoking prevalence in the UK [9]. Of
the general population in England, smoking prevalence is around 2.5 times higher in the low-
est income group compared to the highest [9, 10]. In line with this, previous studies in France
and Australia have reported that more deprived populations had a higher burden of cancer
incidence attributable to smoking [11, 12]. These studies also investigated the impact of the
removal of smoking inequalities, which estimated that 7-13% of all cancers caused by smoking
in men and 8-9% in women, could be prevented if everyone smoked like the least deprived
quintile.

We aimed to estimate the proportion of cancer cases attributable to smoking by socio-eco-
nomic position in England. Additionally, we estimated what proportion of the observed depri-
vation gap in cancer incidence in England could have been prevented if: 1) everyone had the
same smoking prevalence as the least deprived group; 2) nobody smoked.

Methods

Cancer types

To calculate the proportion of cancer cases attributable to smoking we included 15 cancer
types which have ‘sufficient’ evidence of a causal association with smoking based on the Inter-
national Agency for Research on Cancer (IARC) Monograph [8]: oral cavity, pharynx, naso-
pharynx (nasal cavity and paranasal sinus), larynx, oesophagus, stomach, colorectal, liver
(including bile duct), pancreas, lung, cervix uteri, kidney (including renal pelvic and ureter),
bladder, ovarian (mucinous) and acute myeloid leukaemia (see S1 Table in S1 File for Interna-
tional Classification of Diseases version 10 codes). These cancers contribute to 44% (around
134,300 cases) of the total cancer incidence in England every year (2013-2017). We will refer
to these cancer types as ‘smoking-related cancers’.

Only cancer types positively associated with deprivation—defined as having significantly
higher age-standardised incidence rates in the most deprived quintile compared to the least
deprived—between 2013 and 2017 in England were included for calculation of the observed
deprivation gap in cancer incidence [3]: head and neck (oral cavity, salivary glands, pharynx,
nasopharynx, larynx, nasal cavity and middle ear, accessory sinuses), oesophagus, stomach,
colorectal, liver, pancreas, lung, cervix uteri, kidney, bladder, small intestine, anal, gallbladder,
vulva, vagina, uterus, penis, Hodgkin lymphoma and cancer of unknown primary (S1 Table in
S1 File for ICD-10 codes). These cancers contribute to 50% (around 154,000 cases) of the total
cancer incidence in England every year (2013-2017). We will refer to these cancer types as
‘deprivation-related cancer types’.
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Data sources

Cancer incidence for England between 2013 and 2017 was provided by Public Health England
and population estimates between 2013 and 2017 were provided by the Office for National
Statistics. Each data set was split by sex, 5-year age band and quintiles of the Income domain
from the Index of Multiple Deprivation 2015 (IMD 2015). The Income domain of the IMD is a
relative, objective, local-level measure of deprivation based on the proportion of the popula-
tion in that area estimated to experience deprivation because of low income which includes
both out-of-work and employed adults on low earnings. The indicators that comprise the
income domain relate to the proportion of adults and children in receipt of certain means-
tested benefits [13]. It was not possible to use individual-level self-reported income as this
information is not available in the cancer data. Nor was it possible to split the smoking and
cancer data by income plus other domains of inequality such as ethnic group, age, or sex, as
this would have impacted reliability through reduced sample size. The cancer data was addi-
tionally split by ICD-10 3-digit code, or International Classification of Diseases for Oncology
version 3 (ICD-O-3) code (e.g. mucinous ovarian, oesophageal adenocarcinoma and oesopha-
geal squamous cell carcinoma).

Adult (16+ years) smoking prevalence between 2003-2007 and second-hand smoking prev-
alence was collated from Health Survey for England (HSE) datasets (2003-2007) and catego-
rised by sex, 10-year age band and equivalised household income quintiles, accessed through
the UK Data Service. A 10-year latency period between smoking exposure and subsequent can-
cer incidence was used in line with previous methodology [1, 14]. Smoking prevalence for
2004 had to be imputed using a simple linear model based on available years: 2003, 2005, 2006
and 2007. Question wording was reasonably consistent across survey years used (52 Appendix
in S1 File).

Relative risk (RR) estimates (S1 Table in S1 File) were obtained from meta-analyses through
a literature search using previously defined search terms (see S3 Table in S1 File) [1]. The liter-
ature was reviewed between two researchers (NP and KB) to decide on the most appropriate
RR estimate to use for each cancer type. An alternative collection of RRs for smoking-attribut-
able disease has recently been published in the UK, however the estimates we collated are gen-
erally more conservative and are more closely aligned with how cancer types are grouped in
this analysis [15].

Population attributable fraction formula
To calculate the proportion of cancer cases attributable to smoking by deprivation quintile, the
standard population attributable fraction (PAF) formula was used [14]:

(p, X ERR,) + (p, X ERR,)
1+ [(p, x ERR,) + (p, X ERR,)]

Where p; is the proportion of ‘current cigarette smokers’ in England, p, is the proportion of
‘ex-regular cigarette smokers’, ERR; is the excess relative risk (relative risk- 1) for current
smokers and ERR, is the excess relative risk (relative risk- 1) for ex-smokers. Lung cancer is
the only cancer type to be causally associated with second-hand smoke according to IARC
classifications [8], therefore we implemented a specific adjustment to the calculation which
included an extension of the formula above to account for second-hand smoke exposure prev-
alence (S4 Appendix in S1 File).

Smoking-attributable cases were calculated for each cancer type and then summed to
obtain figures for all smoking-related cancer types combined. Overall PAF estimates used the
smoking-attributable cancer cases as the numerator and all cancers combined excluding non-

PLOS ONE | https://doi.org/10.1371/journal.pone.0272202 September 21, 2022 3/13


https://doi.org/10.1371/journal.pone.0272202

PLOS ONE

Socio-economic deprivation, smoking and cancer incidence in England

melanoma skin cancer (C00-C97 excl. C44) as the denominator, by sex and deprivation quin-
tile. PAF estimates are presented for all ages combined (0-99+ years) and broken down by two
broad age groups (24-64 years and 65+ years). Confidence intervals were not calculated, all
comparisons are based on point estimates.

Observed deprivation gap in cancer incidence and smoking

To further investigate the contribution of smoking to cancer incidence by socio-economic
position in England, we grouped smoking-related cancer types together to form a combined
age-standardised incidence rate (ASR) by deprivation quintile (2013-2017). We then modelled
ASR’s for two hypothetical smoking scenarios based on smoking-related cancer types where:
scenario 1) everyone had the same smoking prevalence as the least deprived quintile; scenario
2) nobody smoked. Rates were age-standardised to the 2013 European Standard Population
[16].

To calculate the proportion of avoidable cases under each smoking scenario, we used depri-
vation-associated cases for deprivation-related cancer types (representing the observed depri-
vation gap in cancer incidence) as the denominator, and the number of deprivation-associated
cases in scenario 1 and scenario 2 as the numerator.

Deprivation-associated cases were calculated using age-specific incidence rates, as has been
previously described [17]. Briefly, ‘expected’ cases were estimated by applying the age-specific
incidence rate from the least deprived quintile to each population of the remaining 4 quintiles.
The ‘expected’ cases were then subtracted from their corresponding observed cases to produce
excess deprivation-associated cases. For the remainder of this article, ‘deprivation-associated
cases’ will be used to refer to excess cases due to higher incidence rates in more deprived popu-
lations compared to the least deprived.

Confidence intervals were calculated for ASRs, but not for deprivation-associated case
estimates. See S5 and S6 Appendices in S1 File for more detailed information on these
calculations.

Sensitivity analysis

Due to lack of data, the measure of deprivation used for smoking prevalence (equivalised
household income) and cancer incidence (income domain of IMD) was not a direct match. To
assess the robustness of the main results to differences in deprivation measurement, PAFs
were also calculated with smoking prevalence by ‘all domains’ IMD (7 domains: income,
employment, health and disability, education, barriers to housing and services, crime and liv-
ing environment) from HSE datasets (2003-2007), accessed through the UK Data Service.

Results

Population Attributable Fraction (PAF) of cancer related to smoking by
deprivation quintile
A strong deprivation gradient was observed for the proportion of cancer cases attributable to
smoking in England (Table 1). For all ages combined, the smoking PAF was 2.2 times larger in
the most deprived quintile compared to the least deprived quintile. The smoking PAF
increased from 9.7% in the least deprived quintile to 21.1% in the most deprived quintile. Simi-
lar relative increases in PAFs were observed for both sexes, but the PAFs were generally larger
for males compared to females.

A similar deprivation gradient was found for each broad age group. However, the smoking
PAFs were generally smaller in the younger age group compared to the older age group. There

PLOS ONE | https://doi.org/10.1371/journal.pone.0272202 September 21, 2022 4/13


https://doi.org/10.1371/journal.pone.0272202

PLOS ONE Socio-economic deprivation, smoking and cancer incidence in England

Table 1. Average number and proportion of smoking-attributable cancer cases per year by sex, age and deprivation quintile, England, 2013-2017.

Deprivation 25-64 years 65+ years All ages (0-99+ years)
quintile
Observed | PAF" | Smoking attributable | Observed | PAF* | Smoking attributable | Observed | PAF® | Smoking attributable
cases cases cases cases cases cases
Females
1 (least) 11,675 4.6% 542 18,654 9.7% 1,817 30,626 7.7% 2,359
2 11,919 6.3% 751 19,969 10.9% 2,184 32,176 9.1% 2,935
3 11,404 8.2% 930 18,934 13.1% 2,482 30,654 11.1% 3,413
4 11,202 10.3% 1,153 17,042 16.9% 2,872 28,569 14.1% 4,026
5 (most) 10,990 14.3% 1,566 15,009 19.9% 2,991 26,398 17.3% 4,558
Males
1 (least) 8,832 9.2% 810 24,049 12.6% 3,031 33,203 11.6% 3,841
2 9,067 12.1% 1,099 25,223 15.1% 3,812 34,616 14.2% 4,911
3 8,954 14.9% 1,332 22,743 17.5% 3,979 32,011 16.6% 5,311
4 8,945 18.1% 1,619 19,768 21.4% 4,227 29,059 20.1% 5,846
5 (most) 9,228 23.4% 2,161 17,198 26.3% 4,529 26,829 24.9% 6,690
Persons
1 (least) 20,507 6.6% 1,352 42,703 11.4% 4,848 63,828 9.7% 6,200
2 20,986 8.8% 1,850 45,192 13.3% 5,996 66,792 11.7% 7,846
3 20,358 11.1% 2,262 41,677 15.5% 6,461 62,665 13.9% 8,724
4 20,147 13.8% 2,772 36,810 19.3% 7,099 57,628 17.1% 9,871
5 (most) 20,217 18.4% 3,727 32,206 23.3% 7,520 53,227 21.1% 11,247

* PAF: Population attributable fraction out of all cancers (excl. non-melanoma skin cancer)

https://doi.org/10.1371/journal.pone.0272202.t001

was variation in PAFs by cancer type, with both lung cancer and laryngeal cancer having the
largest PAFs, as well as strong deprivation gradients (Fig 1A and 1B).

Cancer incidence by deprivation quintile

Age-standardised incidence rates by deprivation quintile and sex are displayed in Fig 2A and
2B. A clear deprivation gradient is observed for smoking-related cancer types for both sexes,
with a 63% and a 60% relative increase in ASR between the least and most deprived quintiles
for females and males, respectively.

The deprivation gap for incidence rates between the least and most deprived quintiles is
partly reduced in scenario 1 to a 51% and 45% relative increase in ASR between the least and
most deprived quintile for females and males, respectively. For scenario 2 where nobody
smoked, there is a marked reduction in both the cancer incidence rate and the deprivation gra-
dient, which shows a 28% and 24% relative increase in ASR between the least and most
deprived quintile for females and males, respectively.

Deprivation gap in cancer incidence and smoking

A summary of deprivation-associated cases and the proportion of the observed deprivation
gap in cancer incidence that could have been prevented in scenarios 1 and 2 is presented in
Table 2. For deprivation-related cancer types, it is estimated that there were an average of
27,156 cases (11,851 in females and 15,305 in males) associated with deprivation every year in
England between 2013 and 2017.

PLOS ONE | https://doi.org/10.1371/journal.pone.0272202 September 21, 2022 5/13


https://doi.org/10.1371/journal.pone.0272202.t001
https://doi.org/10.1371/journal.pone.0272202

PLOS ONE Socio-economic deprivation, smoking and cancer incidence in England

WP
g 1004 A
N
C
§e]
=
[&]
® 751
L
Q
Ke]
3
350'
2
e
=
<
S 251
ie)
©
5
o
O | -
o 01 =
g x _
o [0 = * (2] =
e — S = > = * o x
5 & % § ¢ & § @2 ©°© s L & o © S 8§
- ° ) 5 5 = B E 2 S < ° o S G £
o o ° v o - ©) o @ = =
m 8 e - % % 5 (@) a a: N
Z
=}
=
Cancer Type
—
X
<1009 B
C
§e]
=
®
o 757
Qo
Ke]
©
5 501
2
—
=
<
c 257
§e]
=
©
=
8_0_- -
e : - : : : : : — : . . : - :
— c >
o © > = x 2] = e
S > @©
s 8§ % & & § 2 s & 3 o & 5 8
= o S S = = = [o3 D3 o ) o ® =
< @ S < L = - S S s @ < 3 IS
(B 8 o (@] o o %]
Z
Cancer Type

Deprivation Quintile: 1 (least) . 2 . 3 . 4 . 5 (most)

Fig 1. A (females) and B (males). Population Attributable Fraction (PAF) for smoking, by cancer type and deprivation quintile, England, 2013-2017.
*Acute myeloid leukaemia; **Oesophageal adenocarcinoma; ***Oesophageal squamous cell carcinoma.

https:/doi.org/10.1371/journal.pone.0272202.g001

If everyone had the same smoking prevalence as the least deprived quintile 20.3% (5,504
cases every year) of deprivation-associated cases could have been prevented. If nobody
smoked, 60.9% (16,544 cases every year) of deprivation-associated cases could have been
prevented.

PLOS ONE | https://doi.org/10.1371/journal.pone.0272202 September 21, 2022 6/13


https://doi.org/10.1371/journal.pone.0272202.g001
https://doi.org/10.1371/journal.pone.0272202

PLOS ONE

Socio-economic deprivation, smoking and cancer incidence in England

500 A

(s
.0
ko
g_ 400 1
o
o
o
o
©. 3001
o
o
f S
[}
o
Qo 200 1
©
Y
[0}
g
o 1001
o
o
£

0 4

1 (least) 2 3 4 5 (most)
Deprivation Quintile
.S 500 1 B
ko
a
O 400
o
o
o
o.
o 300
o
|
[0}
2200 -
9
©
Y
8 100
=
[0}
o
o
£ 01
1 (least) 2 3 4 5 (most)
Deprivation Quintile
Scenario: Observed . Scenario 1: everyone smoked like least deprived - Scenario 2: nobody smoked

Fig 2. A (females) and B (males). Combined European Age-Standardised incidence rates (ASR) per 100,000 population for smoking-related cancer
types* by deprivation quintile and sex, for observed cancer incidence (the current situation), scenario 1 and scenario 2, England, 2013-2017. *oral
cavity, pharynx, nasopharynx, larynx, oesophagus, stomach, colorectal, liver, pancreas, lung, cervix uteri, kidney, bladder, ovarian (mucinous) and
leukaemia (acute myeloid).

https://doi.org/10.1371/journal.pone.0272202.9002

Sensitivity analysis

The PAFs estimated from smoking prevalence by IMD all domains were similar to the PAFs
estimated from smoking prevalence by equivalised household income. For females, the PAFs
increased from 7.9% in the least deprived quintile to 18.4% in the most deprived. For males,
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Table 2. Estimated average number of deprivation-associated cases per year for deprivation-related cancer types* and smoking-related cancer types**, scenario 1
and scenario 2; and the estimated number of deprivation-associated cases and proportion of the observed deprivation gap in cancer incidence that could have been
prevented, in England, in 2013-2017.

25-64 years 65+ years All ages (0-99+ years)
Female Male Persons | Female Male Persons | Female Male Persons
Deprivation-associated cases Deprivation 4,380 5,242 9,622 7,467 10,043 17,510 11,851 15,305 27,156
-related cancer
types
Smoking-related 3,562 4,782 8,344 6,413 9,248 15,661 10,009 14,057 24,066
cancer types
Scenario 1 2,605 3,481 6,086 5,403 7,012 12,415 8,043 10,519 18,562
Scenario 22 1,154 1,474 2,628 2,281 2,552 4,833 3,470 4,052 7,522
Preventable deprivation-associated cases Scenario 1} 957 1,301 2,258 1,010 2,236 3246 1,966 3,538 5,504
(Preventable proportion of the observed (21.9%) | (24.8%) | (23.5%) | (13.5%) | (22.3%) | (18.5%) | (16.6%) | (23.1%) | (20.3%)
. . o . a
deprivation gap in cancer incidence) Scenario 2* 2,408 3,308 5,716 4.132 6,696 10,828 6,539 10,005 16,544

(55.0%) | (63.1%) | (59.4%) | (55.3%) | (66.7%) | (61.8%) | (55.2%) | (65.4%) | (60.9%)

'Scenario where everyone has the same smoking prevalence as the least deprived quintile;

2Scenario where nobody smoked

“Calculation: 957 = 3562-2605; 21.9% = 957/4380

*head and neck (oral cavity, salivary glands, pharynx, nasopharynx, larynx, nasal cavity and middle ear, accessory sinuses), oesophagus, stomach, colorectal, liver,
pancreas, lung, cervix uteri, kidney, bladder, small intestine, anal, gallbladder, vulva, vagina, corpus uteri, penis, Hodgkin Lymphoma and cancer of unknown primary
**oral cavity, pharynx, nasopharynx, larynx, oesophagus, stomach, colorectal, liver, pancreas, lung, cervix uteri, kidney, bladder, ovarian (mucinous) and leukaemia
(acute myeloid)

https://doi.org/10.1371/journal.pone.0272202.1002

the PAFs increased from 12.1% in the least deprived to 24.3% in the most deprived (see S7
Table in S1 File).

Discussion
Interpretation of main findings

We observed a strong deprivation gradient for the proportion of cancer cases attributable to
smoking in England, which reflects the clear and longstanding socio-economic inequality
observed for smoking prevalence in England [10, 18].

Smoking is a key driver of socio-economic inequality in cancer incidence in England. If
everyone had the same smoking prevalence as the least deprived quintile 20% (5,504 cases
every year) of deprivation-associated cancer cases between 2013 and 2017 could have been pre-
vented. If no one in England had smoked, 61% (16,544 cases every year) of deprivation-associ-
ated cases could have been prevented, indicating that smoking explained the majority of the
observed deprivation gap in cancer incidence in England between 2013 and 2017.

Though the majority of the observed deprivation gap in cancer incidence can be explained
by smoking for both sexes, other risk factors are probably contributing to the remainder of the
gap. Obesity (body mass index [BMI] 30+) is positively associated with deprivation for adults
in England [10], as well as being related to 8 cancer types that are also related to deprivation [3,
8]. Routine and manual workers may have higher risk of exposure to occupational risk factors
(e.g. asbestos, silica, aromatic amines) that are related to cancers of the lung, head and neck
and bladder [19-22]. Prevalence of the human papillomavirus (HPV) infection and helicobac-
ter pylori infection are positively associated with deprivation in the UK, and are linked to
numerous cancers that are more common in deprived areas [8, 23, 24].

Other research has addressed the hypothetical removal of socio-economic inequality in risk
factor exposure on subsequent cancer incidence or mortality, however direct comparisons are
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precluded by methodological differences (e.g. measure of deprivation, RRs, outcome mea-
sures). A French study estimated that 43.4% and 27.5% of deprivation-associated cancer cases
for smoking-related cancer types could have been prevented if everyone smoked like the least
deprived, in females and males respectively [11]. In Australia it was estimated that 4% of all
cancer cases could have been prevented if smoking, overweight and obesity and physical activ-
ity prevalence matched the least deprived across all deprivation quintiles [12]. Smoking
accounted for the vast majority of these deprivation-associated cases. A UK team showed that
30% of lung and laryngeal cancer deaths in men, and 23% of those in women, could be pre-
vented if everyone smoked like those with tertiary education [25].

Policy implications

The UK government’s prevention green paper recently set the aim of England becoming
smoke free by 2030, defined as smoking prevalence below 5% [26]. Successful UK public
health initiatives have contributed to overall smoking prevalence declining over time [27],
but smoking inequalities have widened [9, 17]. The Marmot review of 2010 argued that
action is needed across the social gradient ‘with a scale and intensity that is proportionate to
the level of disadvantage’ [28]. To incorporate this, action is needed at both a national and
local level.

Fiscal measures provide a national cost-effective approach to help target and reduce smok-
ing prevalence, particularly for future generations, whilst also increasing government revenues
[29]. And fiscal measures may also be effective for more deprived smokers where price is more
of a potential barrier to consumption [30, 31]. A study modelling the impact of a 10% increase
per annum in the price of cigarettes in England and Wales projected a 74% and 86% reduction
in the socio-economic gap in lung cancer incidence by 2050, in females and males, respectively
[32].

Local level support can aid smoking cessation for current smokers, particularly for those
from the most deprived communities. Smokers from deprived backgrounds are subject to bar-
riers (e.g. lack of social support, high nicotine dependence) that makes it difficult for them to
quit [33-35]. Local Stop Smoking Services provide multi-faceted smoking cessation support
within communities that can engage with smokers from deprived communities [32, 36]. How-
ever, these services are increasingly threatened due to central funding cuts, making it difficult
for them provide support locally across the country.

A UK parliamentary group has set out a comprehensive set of recommendations that argue
for targeted investment along with behavioural change campaigns to reduce inequalities in
smoking-related ill-health. Among these suggestions, they argue for regional mass media cam-
paigns in regions of the country where smoking rates are higher—and generally where the
population is more deprived—as a cost-effective means to tackle smoking inequalities. But
investment for such media campaigns has dropped by 90% in the last decade [37].

Sustained funding into smoking cessation initiatives would likely help tackle smoking
inequalities and prove cost-effective, by reducing smoking-related ill-health that negatively
impacts on the National Health Service and productivity [38, 39].

Strengths and limitations

We provide a unique quantification of the relationship between socio-economic deprivation,
smoking and subsequent cancer incidence in England. Modelling like this may help inform
and reinforce policy to prevent smoking-related cancer and improve health more generally in
deprived populations. The analysis used high quality cancer incidence and smoking prevalence
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data, which was averaged over 5 years to reduce the risk of spurious results as a consequence of
any year-on-year fluctuation.

This analysis is not without limitations. The same RRs for current and ex-smoking preva-
lence were applied across all deprivation quintiles. This may reduce the accuracy of the point
estimates if the risk associated with those broad definitions varies by deprivation quintile. For
example, more deprived smokers may smoke more heavily and start smoking younger [40,
41]. They are also more likely to have multiple cancer risk factors [42], including those which
combine synergistically with smoking to raise cancer risk, such as alcohol [43, 44], obesity [45,
46] and occupational exposures [47, 48]. However, the net effect of this is likely to be underes-
timation of the deprivation gap in smoking PAFs.

We used significant difference in ASRs between the least and most deprived to distinguish
a cancer type’s association with deprivation. This means some cancer types with a less strong
association with deprivation could have been missed, resulting in a potential over estimation
of the percentage of deprivation-associated cancer cases that could have been avoided. How-
ever, the analysis is based on five years of data to provide sufficient power to detect true differ-
ences in incidence by deprivation. In addition, the number of cancer cases with no significant
association with deprivation either positive or negative constitutes a small proportion (~13%)
of the England total cancer cases. Therefore, the margin of error around the absolute numbers
and proportions presented here remains relatively low.

Restricting the cancer types included in the analysis to those with IARC-classified ‘suffi-
cient’ evidence may have resulted in an underestimation in the total number of smoking-
attributable cancer cases. However, currently only breast cancer is classified as having ‘limited
evidence’ [8]. Including this cancer type would markedly complicate interpretation of results
because it is inversely associated with deprivation due primarily to screening uptake and
reproductive behaviour [49, 50].

These calculations can only be considered estimates because of the PAF methodology
used, which is an indirect and relatively simple method that is subject to some uncertainty
around point estimates. We used a 10-year latency period, in line with Parkin et al.’s method-
ology [14], and to correspond with the average follow-up period of the most recent relative
risk sources. Choice of latency period is a contentious issue with no agreed solution. It may
be inappropriate to use older relative risks with a longer follow-up to correspond with a lon-
ger latency period if smoking patterns and products have changed over time. But using a
shorter latency period to match with more recent relative risks may under-represent the true
lag time between smoking exposure and subsequent cancer incidence. Additionally, this
analysis required smoking prevalence by deprivation quintile, and increasing the latency
period would have led to issues around reliable data availability. A 10-year latency period
also assumes people will remain in the same deprivation group from exposure through to
recording of cancer incidence. The cancer incidence data uses highly granular area-level
rather than individual-level deprivation, meaning these findings may be subject to ecological
fallacy.

Conclusion

Smoking is an important driver of cancer incidence inequalities in England. Efforts to reduce
smoking prevalence should focus on minimising smoking inequalities. Future research should
assess the projected impact of no intervention on smoking prevalence on the deprivation gap
in cancer incidence compared to varying levels of smoking cessation interventions. More
research is required to better understand and overcome the complex barriers that smokers
from deprived populations face in order to enhance smoking cessation interventions.
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