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Estimated impact of a tobacco-elimination strategy on lung-
cancer mortality in 185 countries: a population-based birth-
cohort simulation study

Julia Rey Brandariz, Harriet Rumgay, Olalekan Ayo-Yusuf*, Richard Edwards*, Farhad Islami*, Shiwei Liu, Ménica Pérez-Rios*,
Paulo César Rodrigues Pinto Corréa*, Alberto Ruano-Ravina*, Isabelle Soerjomataram

Summary

Background The tobacco-free generation aims to prevent the sale of tobacco to people born after a specific year. We
aimed to estimate the impact of eliminating tobacco smoking on lung-cancer mortality in people born during 2006-10
in 185 countries.

Methods For this population-based birth-cohort simulation study, we proposed a scenario in which tobacco sales were
banned for people born between Jan 1, 2006, and Dec 31, 2010, and in which this intervention was perfectly enforced,
quantified until Dec 31, 2095. To predict future lung-cancer mortality rates, we extracted lung-cancer mortality data by
sex, 5-year age group, and 5-year calendar period for countries with at least 15 years of data from the WHO Mortality
Database. For countries for which mortality data were not available, we extracted data on lung-cancer incidence from
the Cancer Incidence in Five Continents. To establish the number of lung-cancer deaths that could be prevented in
the birth cohort if tobacco smoking was eliminated, we subtracted reported age-specific rate of deaths in people who
had never smoked tobacco (hereafter referred to as never smokers) from a previous study from the expected rate of
lung-cancer deaths in our birth cohort and applied this difference to the size of the population. We computed
population impact fractions (PIFs), the percentage of lung-cancer deaths that could be prevented, by dividing the
number of preventable lung-cancer deaths by the expected lung-cancer deaths in the birth cohort. We also aggregated
expected and prevented deaths into the four World Bank income groups (ie, high-income, upper-middle-income,
lower-middle-income, and low-income). The primary outcome was the impact on lung-cancer mortality of
implementing a tobacco-free generation.

Findings Our birth cohort included a total population of 650525 800 people. Globally, we predicted that 2951400 lung-
cancer deaths could occur in the population born during 2006-10 if lung-cancer rates continue to follow trends
observed during the past 15 years. Of these deaths, 1842900 (62-4%) were predicted to occur in male individuals and
1108500 (37-6%) were expected to occur in female individuals. We estimated that 1186500 (40 - 2%) of 2951400 lung-
cancer deaths in people born during 2006-10 could be prevented if tobacco elimination (ie, a tobacco-free generation)
was achieved. We estimated that more lung-cancer deaths could be prevented in male individuals (844 200 [45 - 8%)] of
1842900 deaths) than in female individuals (342400 [30-9%)] of 1108 500 deaths). In male individuals, central and
eastern Europe had the highest PIF (48 900 [74-3%)] of 65800 deaths) whereas in female individuals, western Europe
had the highest PIF (56 200 [77-7%] of 72 300 deaths). Middle Africa was the region with the lowest PIF in both male
individuals (180 [2-1%)] of 8600 deaths) and female individuals (60 [0-9%] of 6400 deaths). In both sexes combined,
PIF was 17400 (13-5%) of 128 900 deaths in low-income countries, 104 900 (15 - 8%) of 662 800 deaths in lower-middle-
income countries, 650100 (43-9%) of 1482200 deaths in upper-middle-income countries, and 414100 (61-1%) of
677 600 deaths in high-income countries.

Interpretation The implementation of a tobacco-free generation could substantially reduce global lung-cancer
mortality. However, data from low-income countries were scarce and our estimates should be interpreted with
caution.

Funding Spanish Society of Pneumology and Thoracic Surgery.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction

Lung cancer is the second most diagnosed cancer and
the leading cause of cancer death worldwide, responsible
for approximately 1-8 million deaths per year.' Tobacco
smoking is the most important risk factor for lung cancer

and, in 2019, was estimated to cause more than 67% of
lung-cancer deaths globally.?

Tobacco control is a priority for global public health.
Strategies such as the WHO MPOWER measures (ie,
monitoring tobacco use; protecting people from tobacco
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Research in context

Evidence before this study

Tobacco smoking is the leading cause of preventable deaths
worldwide. Identifying and implementing effective tobacco-
prevention strategies is essential to reduce the prevalence of
smoking and to increase control of poor health outcomes as a
result of tobacco use. In the past 10 years, new proposals have
emerged as part of comprehensive tobacco-elimination
strategies, such as the tobacco-free generation, which aims for
a substantial reduction in prevalence of tobacco smoking and
elimination of it among younger generations. To identify
studies that estimated the impact of eliminating tobacco
smoking in a population by restricting the sale of tobacco to
people born after a specific year, we searched PubMed for
articles published between database inception and

Oct 26, 2023. We used the search terms (“tobacco-free
generation” OR “smoke-free generation” OR “tobacco
endgame”) AND “lung cancer”, without language restrictions.
Four simulation studies analysed the impact of a tobacco-free
generation on the population of a specific country, but most
focused on health gains rather than mortality.

Added value of this study

To our knowledge, our simulation study is the first to evaluate
the impact of a tobacco-free generation on lung-cancer
mortality in any country. We estimated the impact of a

smoke; quitting smoking; warning about the dangers of
tobacco; enforcing bans on tobacco advertising,
promotion, and sponsorship; and increasing tobacco
taxes) have been developed to control poor health
outcomes as a result of tobacco use. However, few
countries have the highest level of achievement in the
measures.’ In the past 10 years, a new strategy to
combat poor health outcomes as a result of tobacco use,
known as the tobacco endgame, has emerged. The aim
of tobacco-endgame strategies is to accelerate tobacco
control by rapidly, equitably, and profoundly reducing
the prevalence of tobacco smoking and eliminating it
among the population. One of the measures included
in many proposed tobacco-endgame strategies is the
tobacco-free generation, which would restrict the sale
and supply of tobacco to people born after a specific
year.* New Zealand was a pioneer in the tobacco-free
generation strategy by proposing to ban the sale of
tobacco to people born on or after Jan 1, 2009.° Although
some other cities have implemented a similar strategy,
such as Balanga City (Philippines)® and Brookline (MA,
USA),” and countries such as the UK® are considering
implementing one, few studies have analysed the
impact of a tobacco-free generation on population
health.”"

We aimed to estimate the impact of eliminating tobacco
smoking on lung-cancer mortality in people born during
2006-10 in 185 countries.

tobacco-free generation on lung-cancer mortality in a birth
cohort of people from 185 countries. Globally, the
implementation of a tobacco-free generation could prevent
more than 1.1 million lung-cancer deaths in people born
between Jan 1, 2006, and Dec 31, 2010. In sensitivity analyses,
we estimated that 961 500 lung-cancer deaths could be
prevented in this birth cohort if the effectiveness of smoking
control was reduced by 25% and, if lung-cancer mortality rates
remained stable from 2022 onwards, the estimates differ from
those using the predicted rates up to 2040-44.

Implications of all the available evidence

Our results provide global and national insights into the
burden of lung-cancer mortality that could be prevented by
implementing a restriction on tobacco sales to people born
during 2006-10. The burden of lung-cancer mortality
attributable to tobacco smoking remains high in many
countries and is expected to increase in others. Our findings
indicate that implementation of a tobacco-free generation
could reduce the impact of tobacco smoking on lung-cancer
mortality in future generations. Furthermore, our methods
could be used to assess the impact of tobacco-free generations
on other cancers or causes of death related to tobacco
smoking.

Methods

Study design

To analyse the impact of implementing a tobacco-free
generation on lung-cancer mortality in this population-
based birth-cohort simulation study, we proposed a
scenario in which tobacco sales were banned for people
born between Jan 1, 2006, and Dec 31, 2010, and in which
this intervention was perfectly enforced. We quantified
the number of preventable lung-cancer deaths in this
birth cohort until Dec 31, 2095.

Population and procedures

To predict future lung-cancer mortality rates, we
extracted lung-cancer mortality data (ICD-10 codes
C33-34) by sex, 5-year age group (eg, 0—4 years,
5-9 years, 10-14 years, until age 85 years or older), and
5-year calendar period (eg, 2005-09, 2010-14, 2015-19)
for countries with at least 15 years of data (ie, three
5-year calendar periods) from the WHO Mortality
Database. For countries for which mortality data were
not available, we extracted data on lung-cancer incidence
from the Cancer Incidence in Five Continents database,
which are collected via population-based cancer regis-
tries. Sufficient lung-cancer data over time were
available for 82 countries (appendix pp 2-4). We
obtained current and predicted population sizes from
the UN World Population Prospects 2019 medium-
fertility variant.”
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We predicted sex-specific and age-specific lung-cancer
rates up to 2040—44 for each of the 82 countries using the
Nordpred software package in R version 4.3.0, which is
based on an age-period cohort model.” To improve our
estimation, we calculated Nordpred predictions for a
period of five blocks of 5 years, the first period being
2020-24 and the fifth being 2040-44. We incorporated an
attenuation effect using drift parameters of 25% in the
second prediction period (2025-29), 50% in the third
prediction period (2030-34), and 75% in the fourth
(2035-39) and fifth (2040-44) prediction periods
(appendix pp 2—4).

From the predicted age-specific lung-cancer rates, we
established lung-cancer rates for the cohort born between
Jan 1, 2006, and Dec 31, 2010, using a Lexis diagram
(appendix pp 5-7). Although cohort-specific rates up to
2040-44 were derived from the predicted rates, we
assumed the rates remained constant from this block
onwards, as the predictions become more uncertain after
this time period.

Although data were available for 82 countries, we
decided to expand our estimates to 185 countries to
evaluate potential global benefits of the implementation
of a tobacco-free generation across regions with different
smoking prevalences. Thus, after deriving cohort-specific
mortality rates, we calculated the ratio between lung-
cancer rates in the birth cohort and the baseline period
(ie, 2006-10) by age and sex for each of the 82 countries
for which the prediction was done, to allow us to
transform period rates to cohort rates for additional
countries. We then applied this period/cohort ratio to
lung-cancer mortality rates from the Global Cancer
Observatory 2022 database, which was modelled and
adjusted for missing data, to obtain birth-cohort rates by
country and sex for 185 countries. In countries where
data to predict cohort-specific lung-cancer rates were not
available, a regional mean period/cohort ratio was
applied. We derived the regional mean period/cohort
ratio from countries that were in the same geographical
region or had similar lung-cancer mortality rates in
2022 (appendix pp 8-14).

To calculate the number of lung-cancer deaths expected
in the birth cohort as per business as usual, we con-
structed the population structure of this cohort using
age-specific, sex-specific, 5-year-period-specific, and
country-specific population sizes from Jan 1, 2006, to
Dec 31, 2095, from the UN Population Prospects 2019
medium-fertility variant.” At the end of the simulation,
all age groups older than 85 years were included. We
obtained expected lung-cancer deaths in the birth cohort
by multiplying lung-cancer mortality rates by the size of
the population.

To establish the number of lung-cancer deaths that
could be prevented in the birth cohort if tobacco
smoking was eliminated, we subtracted reported age-
specific rate of deaths in people who had never smoked
tobacco (hereafter referred to as never smokers) from a
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previous study" from the expected rate of lung-cancer
deaths in our birth cohort and applied this difference to
the size of the population. We used the Cancer
Prevention Study phase II* for all countries and regions
with a high lung-cancer rate (eg, Europe, North America,
Australia, and New Zealand) and the Korean Cancer
Prevention Study® for all countries and regions with a
low lung-cancer rate (eg, Asia [excluding female indi-
viduals from China and North Korea], Africa, and Latin
America). We categorised countries with more than
35 deaths per 100000 population as having high lung-
cancer mortality rates. For female individuals from
China and North Korea, in whom lung-cancer rates are
much higher than for female individuals in other
countries, we used lung-cancer incidence rates from
four cities in China during 1983-87" The rates of never
smokers used for each country are provided in the
appendix (pp 15-17). We computed population impact
fractions (PIFs), interpreted as the percentage of lung-
cancer deaths that could be prevented by stopping the
generation born during 2006-10 from tobacco smoking,
by dividing the number of preventable lung-cancer
deaths by the expected lung-cancer deaths in the birth
cohort (appendix p 18).

Statistical analysis
The primary outcome was the impact on lung-cancer
mortality of implementing a tobacco-free generation.

Prediction of lung-cancer mortality rates was done in R
version 4.3.0 and the remaining statistical analyses were
done in Stata version 170. Our results are presented in
absolute numbers rounded to the nearest 100, propor-
tions, and age-standardised rates (ASRs; Segi-Doll world
standard)”™® by sex and 19 UN world regions.” In
addition, we aggregated expected and prevented deaths
into the four World Bank income groups (ie, high-
income, upper-middle-income, lower-middle-income,
and low-income).”

We conducted two sensitivity analyses (appendix
pp 19-24). In the first sensitivity analysis, we quantified a
conservative reduction in lung-cancer mortality in a
scenario in which the tobacco-free generation reduced
lung-cancer mortality rates to 25% more than those of
never smokers. We chose this scenario to assess what
would happen if implementation of the tobacco-free
generation was not fully achieved. We set this percentage
at 25% on the basis of a study published by Ait Ouakrim
and colleagues,’ in which they assumed that implemen-
tation of a tobacco-free generation would result in a
90% (95% uncertainty interval 78-5-97-4) reduction in
rates of initiating tobacco smoking. In the second sensi-
tivity analysis, we held lung-cancer mortality rates stable
from 2022 onwards to assess whether the results of the
primary analysis differed depending on the evolution of
rates over time. Based on reported stabilisation of lung-
cancer rates in several upper-middle-income countries,
such as Brazil** and South Africa,” we also assessed

For the Global Cancer
Observatory see
https://gco.iarc.fr/en
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whether the results obtained for these two countries
differed if we assumed that lung-cancer mortality rates
remained stable after 2022. For this purpose, instead of
using lung-cancer mortality rates for the birth cohort, we
used lung-cancer mortality rates for the 2022 period from
GLOBOCAN 2022 to calculate both prevented lung-
cancer deaths and PIFs.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Our birth cohort included all births occurring between
Jan 1, 2006, and Dec 31, 2010, in 185 countries
(appendix pp 3, 26-34), with a total population of
650525800 people. Of the 82 countries with sufficient
lung-cancer data, 46 (56%) were high-income countries
with mortality registries or cancer registries. In the
remaining 103 (56%) of 185 countries, data to predict
cohort-specific lung-cancer rates were not available.

Globally, we predicted that 2951400 lung-cancer deaths
could occur in the population born during 2006-10 if
lung-cancer rates continue to follow trends observed
during the past 15 years. Of these deaths, 1842900 (62 - 4%)
were predicted to occur in male individuals and
1108500 (37-6%) were expected to occur in female indi-
viduals (table 1). Asian regions were expected to have the
highest number of lung-cancer deaths in both sexes, at
1863640 (63-1%) of the global total. Upper-middle-
income countries were expected to have the highest
number of lung-cancer deaths, at 1482200 (50-2%) of
the global total (table 2).

We estimated that 1186 500 (40-2%) of 2951400 lung-
cancer deaths in people born during 2006-10 could be
prevented if tobacco elimination (ie, a tobacco-free gen-
eration) was achieved. We estimated that more
lung-cancer deaths could be prevented in male individu-
als (844200 [45-8%)] of 1842900 deaths) than in female
individuals (342400 [30-9%)] of 1108 500 deaths; table 1).

In both sexes, we estimated the impact of eliminating
tobacco smoking measured via PIF to be greater than
50% in eight (47-1%) of 17 world regions (table 1), par-
ticularly in Europe. In male individuals, central and
eastern Europe had the highest PIF (48900 [74-3%)] of
65800 deaths) whereas in female individuals, western
Europe had the highest PIF (56200 [77-7%)] of
72300 deaths). Middle Africa was the region with the
lowest PIF in both male individuals (180 [2-1%)] of
8600 deaths) and female individuals (60 [0-9%] of
6400 deaths). Estimated PIFs for six regions
(ie, western Africa, Latin America and the Caribbean,
North America, northern Europe, western Europe, and
Australia and New Zealand) were higher in female
individuals than in male individuals (table 1; appendix
p 25).
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Total

Female individuals

Male individuals

PIF ASR of ASR of

Prevented
deaths

Expected
deaths

ASR of ASR of

PIF

Prevented
deaths

Expected
deaths

PIF ASR of ASR of

Prevented
deaths

Expected
deaths

prevented
deaths

expected
deaths

expected prevented

deaths

expected  prevented

deaths

deaths

deaths

77
8.0

11.9

61-1%
43-9%
15-8%
13:-5%
40-2%

414100

677 600
1482200

6-9
17
0-4

105
03

66-0%
20:9%

212300
109000

321600
522700
205200

8.4
141

13-4

56-7%
56-4%
19-6%
163%
45-8%

201900

541100

356000

High-income

166
6-2

650100

105

22.5

959500

Upper-middle-income

13
0-6

42

104900

662800

38
30

7:3%
10-3%
30-9%

15000

2.2
09

87
48

132

89900

457600

Lower-middle-income

38
9-9

17400
1186500

128900
2951400

6100
342400

59100
1108500

11300
844200

69800
1842900

Low-income

World

1.8

6-7

age-standardised rate. PIF=population impact fraction.

Country-income group was derived from The World Bank. ASRs are per 100 000 population. ASR

Table 2: Numbers, PIFs, and ASRs of expected and prevented lung-cancer deaths in male individuals, female individuals, and both sexes combined, by country-income group
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Figure 1: Percentages and ASRs of prevented lung-cancer deaths in male individuals born 2006-10, by country
ASRs are per 100 000 population. ASR=age-standardised rate. PIF=population impact fraction.

Eastern Asia (18-6 per 100 000 population) and central
and eastern Europe (18-4 per 100000 population) were
the regions with the highest estimated ASRs of prevented
lung-cancer deaths in male individuals. By contrast,
eastern Africa (0- 2 per 100 000 population), western Africa
(0-2 per 100000 population), and middle Africa
(0-1 per 100000 population) had the lowest ASRs in male
individuals. Western Europe (13-8 per 100000 popula-
tion) and southern Europe (10-3 per 100000 population)
were the regions with the highest estimated ASRs of
prevented lung-cancer deaths in female individuals. By
contrast, eastern Africa (0-1 per 100000 population),
western Africa (0-1 per 100000 population), and
middle Africa (0-0 per 100000 population) had the lowest
ASRs in female individuals (table 1; appendix p 25).

Countries with the highest estimated PIFs in male
individuals were Cyprus (1100 [87-3%)] of 1200 deaths),
Belarus (2600 [82-5%] of 3100 deaths), and Greece
(4900 [83-0%] of 5900 deaths) and in female individuals

were Hungary (3000 [84-0%] of 3500 deaths),
the Netherlands (6400 [82-6%] of 7800 deaths), and
Canada (18 300 [81-5%] of 22400 deaths). The highest
estimated ASRs of prevented lung-cancer deaths in male
individuals were in Tiirkiye (41-4 per 100000 population),
Cyprus (37-6 per 100000 population), and French
Polynesia (32-7 per 100000 population) and in female
individuals were in Hungary (17-4 per 100 000 population),
France (16-9 per 100 000 population), and Serbia (15-7 per
100000 population; figures 1, 2; appendix pp 26-34).

In both sexes combined and each sex separately, PIF
was estimated to increase by World Bank country-income
group. In both sexes combined, PIF was 17400 (13 -5%) of
128900 deaths in low-income countries, 104900 (15-8%)
of 662800 deaths in lower-middle-income countries,
650100 (43-9%) of 1482200 deaths in upper-middle-
income countries, and 414100 (61-1%) of 677600 deaths
in high-income countries. A similar gradient by country-
income group was observed for the estimated ASR of
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Figure 2: Percentages and ASRs of prevented lung-cancer deaths in female individuals born 2006-10, by country
ASRs are per 100 000 population. ASR=age-standardised rate. PIF=population impact fraction.

prevented lung-cancer deaths in female individuals, with
the highest ASR in high-income countries (6-9 per
100000 population). In male individuals, however, the
highest estimated ASR of prevented lung-cancer deaths
was in upper-middle-income countries (14-1 per
100000 population; table 2). Between the four income
groups, the largest proportion of prevented lung-cancer
deaths in male individuals was estimated to occur in
upper-middle-income countries (541100 [64-1%] of
844200 deaths), whereas in female individuals it was in
high-income countries (212 300 [62 - 0%] of 342400 deaths;
figure 3).

In sensitivity analyses, assuming that the tobacco-free
generation intervention would reduce lung-cancer
mortality rates to 25% more than that of never smokers,
we estimated that 961500 (32-6%) of 2951400 total lung-
cancer deaths could be prevented. 696800 (37-8%) of
1842900 lung-cancer deaths could be prevented in male
individuals and 264700 (23 -9%) of 1108 500 lung-cancer

www.thelancet.com/public-health Vol 9 October 2024

deaths could be prevented in female individuals. By
world region, the smallest difference between PIFs
obtained in this scenario and the main analysis was in
middle Africa, with an absolute decrease of 0-5 percent-
age points in both sexes combined. The largest difference
between PIFs was observed in southern Africa, with an
absolute decrease of 12-7 percentage points in both
sexes combined. When assuming that lung-cancer
mortality rates remained stable after 2022, there were
large differences by sex across world regions (appendix
pp 19-24).

Discussion

We estimated that 1186500 (40-2%) of 2951400 lung-
cancer deaths in people born during 2006-10 could be
prevented globally if tobacco smoking was eliminated in
this cohort. The estimated impact of a tobacco-free gen-
eration on lung-cancer deaths varied by sex, country,
world region, and country-income group.
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Figure 3: Percentage of prevented lung-cancer deaths as a proportion of total prevented deaths in the
2006-10 birth cohort, by country-income group
(A) Male individuals. (B) Female individuals. (C) Total.
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Globally, we estimated that elimination of tobacco
smoking in the evaluated birth cohort could prevent a
greater number and proportion of lung-cancer deaths in
male individuals than in female individuals, likely related
to higher prevalence and earlier onset of smoking in
male individuals.* The disparities in our results by sex
were particularly important in southern Africa,
northern Africa, eastern Asia, southeast Asia, and
western Asia, where the proportion of prevented lung-
cancer deaths in male individuals was estimated to be
20 percentage points higher than in female individuals.
In countries in these regions, smoking prevalence was
more than 30-40% in male individuals in 1970 and
around 20—40% in 2020, compared with smoking preva-
lence far less than 10% in female individuals during the
same period.* However, lobbying from the tobacco
industry in several countries in these regions is strong®
and smoking prevalence could increase in the near
future. Therefore, our estimated impact of a tobacco-free
generation could be an underestimate.” By contrast, in
North America, Australia and New Zealand, northern
Europe, and western Europe, we estimated that a larger
number of lung-cancer deaths could be prevented in
female individuals than in male individuals. In these
regions, recognition of poor health outcomes as a result
of tobacco use started earlier than in other regions.*

A previous study estimated that 80% of lung-cancer
deaths are caused by tobacco smoking in high-income
countries,” although this percentage reduced to
64% globally.® The percentage of lung-cancer deaths
attributed to tobacco use in high-income countries has

declined during 2010-19, whereas this percentage
increased in different regions of Africa during 2010-19.**
The decline in high-income countries is likely to continue
in the coming years due to declining smoking preva-
lence? and improved lung-cancer diagnostic techniques
and survival after diagnosis.*

The deaths that we estimated could not be prevented
could be due to other risk factors associated with lung
cancer. For example, the GBD 2019 Respiratory Tract
Cancers Collaborators* found that lung-cancer mortality
attributed to air pollution and exposure to second-hand
smoke decreased during 2010-19 in countries with high
sociodemographic index and increased in countries with
low sociodemographic index. These diverging trends
could have influenced our estimated lung-cancer deaths.

Although we estimated that high-income countries had
a larger proportion of prevented lung-cancer deaths, our
study also showed that, in terms of number of prevented
lung-cancer deaths, the largest contribution came from
low-income or middle-income countries (LMICs). LMICs
generally have younger populations than high-income
countries, so the relative size of our 2006-10 cohort was
larger. Furthermore, although youth smoking prevalence
has decreased in many high-income countries, it remains
high in many LMICs.’ Therefore, measures, such as the
tobacco-free generation, that aim to eliminate smoking
uptake could have the greatest impact in LMICs.**
Although there has been progress in the implementation
of tobacco-control measures since 2020 in LMICs, imple-
mentation remains higher in high-income countries.’
Therefore, the long delay in implementation of tobacco-
control measures and increasing smoking prevalence in
many LMICs* suggest that LMICs should remain an
important focus for global tobacco-control efforts.

The implementation of a tobacco-free generation
could be more successful in countries with strong
tobacco-control policies, where smoking prevalence is
less than 15%, or where there has been a rapid decline in
prevalence.* The implementation of a tobacco-free gen-
eration needs to occur alongside other tobacco-control
measures, such as setting a nicotine cap, increasing
taxes, or reducing the number of retail outlets that sell
tobacco products.”** However, the introduction of a
tobacco-free generation alone would take many years to
have an effect on smoking prevalence’* and, conse-
quently, on lung-cancer mortality rates. Moreover, it is a
measure that focuses on preventing initiation of
smoking and would not affect current smokers.
Therefore, a tobacco-free generation and other measures
proposed in the tobacco-endgame strategy should be
implemented in conjunction with policies that are
effective, such as increased taxes, smoke-free environ-
ments, and smoking-cessation support.”* There is still a
need to focus on current smokers and smoking
cessation.

Our study has multiple strengths, including being, to
our knowledge, the first to provide estimates of the
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impact of a tobacco-free generation on global lung-cancer
mortality. Furthermore, we used lung-cancer mortality
data from population-based registries, where available.

Our study has multiple limitations. We did not
formally consider the multitude of factors that can
influence the implementation of tobacco-control pro-
grammes, such as the black market or compliance.
Other measures based on early smoking bans, such as
increasing the minimum legal age of tobacco use,
showed variation in compliance between 62% and 949.%*
In our sensitivity analysis, we estimated that if the effec-
tiveness of smoking-control activities was reduced
by 25%, the impact of the tobacco-free generation would
decrease by between 1 percentage pointand 13 percentage
points, depending on the region. Furthermore, we
mainly studied impacts on the younger generation, for
whom the effects of a tobacco-free generation on
lung-cancer mortality would only materialise in
five or six decades, when rates of lung cancer increase.
As such, multiple interventions targeting different
cohorts and subsets of populations are key to reducing
lung-cancer mortality in the near future. Trends in
tobacco smoking and therefore lung cancer might also
change due to evolving tobacco and nicotine products,
such as the use of non-combustible devices (eg, electronic
cigarettes), which has increased in the young popula-
tion. This development was not captured in our study as
the product was introduced to the market only 20 years
ago and its impact on lung-cancer mortality is unclear.

We could only estimate lung-cancer prevalence and
mortality with local data in 82 countries. For the
remaining 103, we extrapolated predictions on the basis
of geographical location and lung-cancer burden, which
might have led to overestimation or underestimation.
Most recorded data came from high-income countries
with good health-information systems. Data from low-
income countries were scarce and our estimates should
be interpreted with caution. We used an established
method to estimate long-term cancer trends, but changes
in rates during 2010-19 might not be captured in our
prediction. One of our sensitivity analyses, with an alter-
native assumption in which lung-cancer mortality rates
remained constant in all regions, showed the importance
of including recent data. Furthermore, we assumed that
lung-cancer rates would remain constant from 2044
onwards as prediction became increasingly uncertain
beyond this period.” Thus, we could have underesti-
mated expected lung-cancer deaths in countries where
the lung-cancer mortality rate could have an upward
trend and overestimated them in countries that could
have a downward trend.

Another limitation is the scarce data on lung-cancer
rates among never smokers, which were only available
for the USA, South Korea, and China. The use of lung-
cancer mortality rates in never smokers from before the
2000s could influence our estimates, as rates might have
changed by 2022—the year in which much of the data
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used in our calculations was obtained—due to improve-
ments in lung-cancer tumour-detection techniques or
changes in exposure to other lung-cancer risk factors.
Furthermore, by using lung-cancer mortality rates in
never smokers, we did not consider deaths linked to
second-hand smoke. If we had included these deaths, the
number of preventable lung-cancer deaths due to the
tobacco-free generation could be higher.

In summary, we estimated that more than 1-1 million
lung-cancer deaths in 185 countries could be prevented
in one 5-year birth cohort if smoking uptake was elimi-
nated. Europe, North America, and Australia and
New Zealand were the regions where more lung-cancer
deaths could be prevented by strengthening tobacco-
control measures to achieve a tobacco-free generation.
However, the impact of tobacco smoking on lung-cancer
mortality remains high in many countries and will
increase in others. Therefore, the implementation of
tobacco-control measures to help reduce the prevalence
of tobacco smoking, and its impact, is imperative.
Tobacco-control measures, including a tobacco-free gen-
eration, should be used in conjunction to achieve the
tobacco endgame.
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