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ABSTRACT

Objectives This study aims to estimate the proportion

of lung cancer cases and deaths attributable to tobacco
smoking in Portugal in 2018, complemented by trends in
incidence and mortality, by sex and region.

Design Cancer cases for 1998-2011 and cancer

deaths for 1991-2018 were obtained from population-
based registries and Statistics Portugal, respectively. We
projected cases for 2018 and used reported deaths for the
same year to estimate, using Peto’s method, the number
and proportion of lung cancer cases and deaths caused by
tobacco smoking in 2018. We calculated the age-adjusted
incidence and mortality rates in each year of diagnosis
and death. We fitted a joinpoint regression to the observed
data to estimate the annual percentage change (APC) in
the rates.

Setting Portugal.

Results In 2018, an estimated 3859 cases and 3192
deaths from lung cancer were attributable to tobacco
smoking in Portugal, with men presenting a population
attributable fraction (PAF) of 82.6% (n=3064) for incidence
and 84.1% (n=2749) for mortality, while in women

those values were 51.0% (n=795) and 42.7% (n=443),
respectively. In both sexes and metrics, the Azores were
the region with the highest PAF and the Centre with the
lowest. During 1998-2011, the APC for incidence ranged
from 0.6% to 3.0% in men and 3.6% to 7.9% in women,
depending on region, with mortality presenting a similar
pattern between sexes.

Conclusion Exposure to tobacco smoking has accounted
for most of the lung cancer cases and deaths estimated

in Portugal in 2018. Differential patterns of tobacco
consumption across the country, varying implementation
of primary prevention programmes and differences in
personal cancer awareness may have contributed to the
disparities observed. Primary prevention of lung cancer
remains a public health priority, particularly among
women.

INTRODUCTION

Lung cancer is the most frequent cancer and
the leading cause of cancer mortality world-
wide.! There were an estimated 2.1million
new cases and 1.8 million deaths in 2018,
accounting for 11.6% of all cancer cases and

Strengths and limitations of this study

» This is the first population-based study to provide an
estimate of the attributable fraction of tobacco con-
sumption and lung cancer by sex and geographical
region in Portugal.

» The study used incidence data obtained from
population-based cancer registries covering the
whole country for the 14-year period 1998-2011,
and mortality data as reported from Statistics
Portugal for the 28-year period 1991-2018.

» The study had to assume that the constant by which
the number of cases changed annually still held in
2018.

» The study had to assume that the age-specific and
sex-specific never-smoker incidence and mortality
rates derived from the American Cancer Prevention
Study phase Il cohort are proxies for those in
Portugal.

18.4% of all cancer deaths. In Portugal, lung
cancer ranks fourth in terms of cancer inci-
dence and first in terms of cancer mortality,
with an estimated 5284 new cases and 4671
deaths in 2018."

Tobacco smoking is the leading cause of
lung cancer, with more than 80% of cases
in Western populations being attributed
to this personal habit.> Over 70% of lung
cancer deaths in men and around 55% of
lung cancer deaths in women are caused by
tobacco consumption.” Tobacco smoking is a
stronger aetiological risk factor for squamous
cell carcinoma and small cell lung carcinoma
than for adenocarcinoma, but the effect
of smoking on the risk of adenocarcinoma
decreases less rapidly after smoking cessa-
tion.* Although smoking prevalence rates in
Portugal have been historically low relative to
other European countries,5 around 30% of
men and 17% of women over 15 years of age
were daily smokers in 2018.°
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The relative importance of any exposure as a cause
of cancer in a given population can be measured by the
population attributable fraction (PAF).” This metric incor-
porates the prevalence of the exposure and the strength
of the association between exposure and disease.” It is
defined as the proportion of cancer cases that would not
have occurred if the exposure had not been present in
the population.” The PAF has been used as a guide to
prioritise future cancer control activities.

Our study aims to estimate the proportion of lung
cancer cases and deaths attributable to tobacco smoking
in Portugal in 2018, by sex and region. To our knowledge,
this is the first published study to estimate the fraction
of lung cancer incidence and mortality attributable to a
modifiable risk factor using incidence data for the whole
country.

METHODS

Invasive lung cancer cases (International Statistical Clas-
sification of Diseases and Related Health Problems, 10th
Revision code C34) by single age and region of residence
were obtained for the 14-year time period 1998 through
2011 (the last year for which observed data for the whole
country were available) from four population-based
cancer registries: ROR-Sul (covering the southern part of
mainland Portugal and the archipelago of Madeira, and
representing around 45.2% of the population in 2018 (4
646 150 inhabitants)); RORENO (covering the northern
part of mainland Portugal (30.7% or 3154215 inhabi-
tants)); ROR-Centro (covering the central part of main-
land Portugal (21.7% or 2233406 inhabitants)); RORA
(covering the archipelago of the Azores (2.4% or 242846
inhabitants)). These registries provided only de-iden-
tified information, aggregated at the regional level, so
approval by an ethics committee was not necessary. Only
first primary lung tumours, as defined by international
coding rules,"” have been included in the analysis. We
obtained lung cancer deaths by sex, region, and 5-year
age group for 2018 from Statistics Portugal."’ We chose
the year 2018 because this is the most recent year for
which our incidence projections could be validated
through GLOBOCAN" and the latest year for which offi-
cial mortality data were available. Analyses were restricted
to ages 35 and older to account for the latency period of
smoking and lung cancer.'

We estimated the number of lung cancer cases expected
to occur in Portugal in 2018. To do this, we applied inci-
dence counts for each year in 1998-2011 to the joinpoint
regression model with modified Bayes Information Crite-
rion, with the last segment from the fitted model being
used to project new cases in 2018, by sex and region."”
We assumed that the annual percentage change (APC)
in the number of new cases follows a Poisson distribution
and that the constant by which they change still held in
2018. This analysis was performed using the U.S. National
Cancer Institute (NCI)’s Joinpoint Regression Program
V.4.7.0.0."

The number and percentage of lung cancer cases and
deaths caused by tobacco smoking were estimated using
the method developed by Peto and colleagues' and
refined by Parkin.'® This method is based on the assump-
tion that tobacco smoking is by far the leading cause of
lung cancer, and that the incidence (or mortality) of this
disease in the absence of smoking would be small and
approximately the same in all populations. To estimate
the number of lung cancer cases and deaths expected
in Portugal in the absence of smoking, we applied the
age-specific and sex-specific never-smoker incidence and
mortality rates derived from the American Cancer Preven-
tion Study (CPS) phase II cohort'®'” to the population of
each geographical region in 2018. We assumed that non-
smoker lung cancer rates estimated in the CPS-II study
are proxies for those in Portugal. We obtained population
estimates for 2018, by sex, age group and geographical
region of residence, from Statistics Portugal.'® We finally
calculated the number of cases and deaths attributable to
smoking and the corresponding PAFs by subtracting the
expected cases/deaths from the number projected (inci-
dence) and reported (mortality) in 2018. We performed
a sensitivity analysis using incident data for the observed
period 1998-2011. We divided this period into two 7-year
(1998-2004 and 2005-2011) grouping and calculated the
PAFs by sex and region (online supplemental table 1).

We complemented our analysis by generating trends in
age-adjusted incidence and mortality rates for lung cancer.
We used the period 1998-2011 for incidence and 1991-
2018 for mortality. Lung cancer deaths by sex, region,
and 5-year age group for 1991-2018, as well as popula-
tion estimates for the same period, were obtained from
Statistics Portugal.!' ' We calculated the age-adjusted rate
in each year of diagnosis and death, standardised to the
European population, using NCI’s Joinpoint Regression
Program V.4.7.0.0."* This program was also used to fit
a joinpoint regression to the observed data to estimate
the APC in the rates. We allowed a maximum of two join-
points in the incidence model and a maximum of five
joinpoints in the mortality model.

Patient or public involvement
No patients involved.

Data availability

The data that support the findings of this study are
available from the regional cancer registries—ROR-Sul
(https://www.encr.eu/node/280), RORENO (http://
www.ipoporto.pt/universo-ipo-porto/), ROR-Centro
(http://www.ipocoimbra.min-saude.pt/) and RORA
(http://www.azores.gov.pt/Portal/pt/entidades/srs-
coa/)—and are available from the authors with the
permission of these registries.

RESULTS
A total of 5269 new cases of lung cancer were estimated in
Portugal in 2018 (table 1), representing a 37% departure
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Table 1 Lung cancer cases and deaths attributed to tobacco smoking by sex and region, Portugal, 2018
Incidence Mortality
Projected Excess Reported Excess
cases in Cases attributable  PAF deaths in  Deaths attributable PAF
Region 2018 expected* casest (%) 2018t expected* deathst (%)
Both sexes
South 2120 611 1509 71.2 1906 484 1422 74.6
North 2113 410 1703 80.6 1335 322 1013 75.9
Centre 745 336 409 54.9 833 267 566 67.9
Azores 174 24 150 86.2 139 19 120 86.3
Madeira 117 28 89 76.1 91 22 69 75.8
Portugal 5269 1410 3859 73.2 4305 1113 3192 741
Men
South 1459 281 1178 80.7 1415 226 1189 84.0
North 1533 188 1345 87.8 1044 150 894 85.6
Centre 512 155 357 69.6 625 125 500 80.0
Azores 124 11 113 91.3 113 9 104 92.0
Madeira 83 11 72 86.4 71 9 62 87.3
Portugal 3711 647 3064 82.6 3268 519 2749 84.1
Women
South 661 330 331 50.0 491 258 233 47.5
North 580 222 358 61.7 291 172 119 40.9
Centre 233 181 52 22.3 208 142 66 31.7
Azores 50 13 37 74.0 26 10 16 61.5
Madeira 34 17 17 51.3 20 13 7 35.0
Portugal 1558 763 795 51.0 1037 594 443 42.7

*Lung cancer cases/deaths expected in a 2018 population that had never smoked.
TExcess lung cancer cases/deaths attributable to tobacco smoking in 2018.

FSource: Statistics Portugal.
PAF, population attributable fraction.

from the 3846 new cases reported in 2011, which was
the last year of observed data for the whole country. For
comparison, GLOBOCAN estimated a total of 5284 new
cases in 2018." Of those projected in 2018, 73.2% (3859
cases) were attributable to tobacco smoking, with men
presenting a PAF of 82.6% (3064 cases) and women a
PAF of 51.0% (795 cases). In the same year, a total of
4305 deaths from lung cancer were reported by Statistics
Portugal (table 1), with an overall PAF of 74.1% (3192
deaths) for tobacco smoking (84.1% or 2749 deaths in
men and 42.7% or 443 deaths in women). By age, the
highest PAFs in incidence and mortality were observed in
men and women between 45 and 64 years.

The Azores were the region showing the highest PAFs
(table 2). In men, around 91.3% of lung cancer cases and
92.0% of lung cancer deaths were attributable to tobacco
smoking, while in women those values were 74.0% and
61.5%, respectively. The Centre was the region presenting
the lowest PAFs (table 2). In men, around 69.6% of lung
cancer cases and 80.0% of lung cancer deaths were

attributable to tobacco smoking, while in women those
values were 22.3% and 31.7%, respectively.

The Azores presented the highest age-adjusted rates in
men and women throughout most of the incidence and
mortality periods, although rates for women from the
South have slightly surpassed those for women from the
Azores in recent years (figure 1). Conversely, the Centre
presented the lowest age-adjusted rates throughout most
of the same analysis periods. Among men, the APC in
the incidence period ranged from 0.6% (95% CI 0.1% to
1.2%) in the South to 3.0% (2.1% to 3.8%) in the North,
while in the mortality period the APC ranged from 0.3%
in the South and North (0.1% to 0.5%) to 0.7% (0.4%
to 1.0%) in the Centre. Among women, the APC in the
incidence period ranged from 3.6% (1.6% to 5.6%) in
the Centre to 7.9% (3.9% to 12.2%) in Madeira, while in
the mortality period the last segment of the APC ranged
from 1.1% (0.7% to 1.5%) in the North to 3.5% (2.9% to
4.1%) in the South.
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Table 2 Lung cancer cases and deaths attributed to tobacco smoking by sex and age group, Portugal, 2018

Incidence Mortality
Projected Excess Reported Excess
cases in Cases attributable @ PAF  deathsin  Deaths attributable PAF
Age group (years) 2018 expected* casest (%) 2018% expected* deathst (%)
Both sexes
35-44 136 51 85 62.5 54 33 21 38.9
45-54 776 104 672 86.6 296 72 224 75.7
55-64 1409 202 1207 85.7 945 148 797 84.3
>65 2948 1054 1894 64.2 3010 860 2150 71.4
Total 5269 1410 3859 73.2 4305 1113 3192 741
Men
35-44 68 21 47 69.1 35 14 21 60
45-54 522 44 478 91.6 213 32 181 85
55-64 999 92 907 90.8 738 70 668 90.5
>65 2122 490 1632 76.9 2282 403 1879 82.3
Total 3711 647 3064 82.6 3268 519 2749 84.1
Women
35-44 68 30 38 55.9 19 19 0 0
45-54 254 60 194 76.4 83 40 43 51.8
55-64 410 110 300 73.2 207 78 129 62.3
>65 826 564 262 31.7 728 457 271 37.2
Total 1558 763 795 51 1037 594 443 42.7

*Lung cancer cases/deaths expected in a 2018 population that had never smoked.
TExcess lung cancer cases/deaths attributable to tobacco smoking in 2018.

FSource: Statistics Portugal.
PAF, population attributable fraction.

DISCUSSION

In this study, we used Peto’s method to estimate the
proportion of lung cancer cases and deaths attributable
to tobacco smoking in Portugal in 2018. We estimated
that 3859 new cases (3064 in men and 795 in women)
and 3192 deaths (2749 in men and 443 in women) were
caused by tobacco smoking, corresponding to an overall
PAF of 73.2% for incidence (82.6% in men, 51.0% in
women) and 74.1% for mortality (84.1% in men, 42.7%

in women). Peto’s method is valid only in populations in
which smoking prevalence is high, as is the case in most
developed countries (including Portugal), and it has the
advantage of not requiring risk factor exposure data.”
Many studies have used this method to quantify the lung
cancer burden attributable to tobacco smoking.'®'** Our
overall results for men are similar to those from Australia
reported for the year 2010 (83.5%),?' to those from the
UK for the year 2015 (85%)16 and, to some extent, to
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those from Vietnam for the year 2008 (90.9%)." Results
for women, however, are less comparable. For example,
Parkin reported an overall PAF of 80% for the UK in
2015,'° while we estimated a PAF of 51% (table 1). These
differences would point towards a higher level of tobacco
consumption among British women. However, limitations
in Peto’s method may also impact PAF estimates, in both
men and women. For instance, the cohort study on which
this method relies—CPS-Il—was not completely repre-
sentative of the population as most of its participants
were from the middle class.** This could underestimate
lung cancer mortality in non-smokers and, in turn, lead
to an overestimation of lung cancer mortality attributable
to tobacco consumption.”” The method heavily depends
on the assumption that CPS-I estimates of lung cancer
death rates for smokers and non-smokers can be applied
to other countries and across time.”® Ascertaining the
extent to which these assumptions underestimate or
overestimate our results is beyond the scope of this study.
In addition, it would be difficult to assess that question
because a reference study from Portugal is not available
for comparison.

The PAFs varied greatly among regions. The Azores
presented the highest PAFs in men and women. In a
recent survey, this region showed the highest smokin
rate among men aged 15 years and older (34.7%).”
Compared with other regions, men and women in the
Azores also smoked more cigarettes per day (23 and
16, respectively). In addition, the mean starting age of
smoking in men was 15 years in the Azores, compared
with 17 years in the other regions. Trends in age-adjusted
rates for incidence and mortality are consistent with these
results (figure 1).

Conversely, the lowest PAFs were observed in the
Centre, again in both sexes. The Centre has histori-
cally been the region presenting the lowest incidence
and mortality rates for lung cancer (figure 1). From the
analysis of data concerning mortality to incidence ratios
(online supplemental table 2), incompleteness was noted
for this region. The proportion of lung cancer cases
attributed to smoking is ultimately related to the inci-
dence burden, which in turn depends on completeness.
This could partially explain the lower PAFs observed for
the Centre. However, trends in age-adjusted mortality
rates, which are obtained from a source independent of
the registry, mirror those for incidence (figure 1). There-
fore, we would not expect to see much difference in inci-
dence rates for the Centre, had the level of completeness
been higher. Also, the Centre presented the lowest prev-
alence of tobacco smoking in each of the five National
Health Surveys conducted to date.”® The region was a
pioneer in developing and implementing successful
primary prevention initiatives at the community level,
mainly through the regional branch of the Portuguese
League Against Cancer.” Part of the lower disease risk
might therefore be explained by healthier lifestyles and
improved cancer awareness and control among people
from the Centre.

Figures for the remaining regions lie between those
presented for the Azores and those shown for the
Centre. The South, for example, is vast and heteroge-
neous, including the highly populated metropolitan
area of Lisbon, the strongly rural and sparsely populated
Alentejo, and the southernmost zone of the country
known as the Algarve.”® Due to the differences and asym-
metries observed in the peoples of this vast region, it is
difficult to identify plausible reasons for the results. A
more granular analysis at the district level is warranted to
elucidate the patterns seen in each region.

The highest PAFs were observed in age groups 45-54
and 55-64 years, irrespective of sex. We cannot attribute
causality or association, as our study is based on descrip-
tive data, but these results are consistent with studies
addressing the prevalence of smoking in Portugal and
the latency period. A study by Carreira and colleagues
estimated that smoking prevalence in Portugal was
highest among those aged 30 years or younger and
those between 31 and 50 years.”* The latency period for
smoking and lung cancer is not well established but may
vary between 7 and 33 years,” depending on factors such
as exposure duration (starting age) and smoking inten-
sity (cigarettes per day).*® Smokers in their 20s, 30s and
40s, when consumption peaks, would therefore be the
people who later make up the immense pool of those
who develop and die from lung cancer in their 40s, 50s
and 60s. Worth noting is that contemporary figures for
lung cancer incidence always reflect cumulative expo-
sure to carcinogens in tobacco smoke,'® which varies
according to prevalence and over time, and that certainly
applies to Portugal.

There are still substantial differences between sexes
with respect to daily tobacco consumption in Portugal
overall. For instance, in 2018, the smoking prevalence was
30% in men and 17% in women.’ Since 1987, and despite
these differences, prevalence has been decreasing among
men, while increasing among women, especially in those
at younger ages.”*® Our results are in line with this trend.
Figure 1 shows how cigarette smoking uptake among
women has been influencing lung cancer incidence and
mortality trends across all regions. More girls (5000) than
boys (4100) between the ages of 10 and 14 years are also
daily smokers.” This is of particular concern because of
tobacco smoking’s impact on women’s health and the risk
of prenatal and childhood exposure.”

Portugal has made progress on tobacco control in the
last 10-15 years. The first step was taken when Portugal
ratified the WHO Framework Convention on Tobacco
Control (FCTC) on 8 November 2005.°® This was
followed by a law approving measures to protect citizens
from involuntary exposure to tobacco smoke—Law No.
37/2007—which took effect on 1 January 2008.% Several
control actions followed the law’s implementation, such
as a ban on advertisements on TV and radio, in newspa-
pers and outdoors, and fines for violating implemented
norms. Funds for enforcement of the law are still lacking,
however.”” *
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To comply with the FCTC, in 2012 the Ministry of
Health launched “The National Program for Smoking
Prevention and Tobacco Control” (PNPCT)," whose
strategies are based on the FCTC guidelines and the
MPOWER measures. WHO introduced the latter in 2007
to help countries reduce demand for tobacco products.**
As noted in the latest report submitted by Portugal to
FCTC,*” the four main strategies of the PNPCT are (1)
preventing initiation of consumption in adolescents
and young people; (2) promoting smoking cessation,
with a particular focus on smokers under 40 years of
age, in women and during pregnancy; (3) protecting
people from environmental tobacco smoke (secondhand
smoke); and (4) reducing health inequalities, including
regional disparities in prevention, treatment and tobacco
control. Regional differences in prevention and treat-
ment are one of the main areas of concern identified
by the PNPCT. Future research is needed to elucidate
how each Regional Health Administration, including
the Autonomous Regions of the Azores and Madeira, is
implementing the strategies defined by the PNPCT.

In 2014, Portugal also transposed into national legisla-
tion the Directive 2014/40/EU of the European Parlia-
ment and of the Council, which aims to harmonise all
laws enacted from the Member States concerning the
manufacture, presentation and sale of tobacco and
related products.** More recently, Law No. 63/2017
incorporated the new forms of tobacco, such as electronic
cigarettes, into the concept of smoking.* With all of these
laws in place, Portugal progressed from sporadic infor-
mation and education about the hazards of tobacco to
structured programmes encompassing all stages of the
tobacco control continuum.

Raising taxes to increase the price of tobacco products
is the single most effective tobacco control measure.*
WHO recommends that at least 70% of the retail price
of cigarettes come from excise taxes, that is, those levied
on goods that are considered unnecessary.”’ Barriers to
raising taxes on tobacco are often related to a conflict of
interest between policies intended to promote health and
well-bein% and the commercial interests of the tobacco
industry.”” Often, the latter takes precedence over the
former, and that may have been why Portugal dropped
out of the group of high-income countries that have
raised taxes sufficiently to reach WHO’s benchmark.*
As of 2018, the excise tax for tobacco products sold in
Portugal was, on average, 53%.*

Our study has the usual limitations of descriptive
epidemiology. For example, a lack of individual-level risk
factor data permits only ecological correlations on the
variables under analysis.* In addition, our study focused
solely on the PAF. Despite its usefulness, this metric is
insufficient for providing a more comprehensive assess-
ment of the lung cancer burden attributable to smoking.
Ideally, this assessment should include estimation of
smoking-attributable lung cancer disability-adjusted life-
years (DALYs), modelling of the joint effects of different
tobacco forms on lung cancer and estimation of the

potential impact fraction.® ® The latter measures the
proportion of disease incidence that could be prevented
under a hypothetical intervention scenario.

Regarding DALYs, the Global Burden of Disease
(GBD) study estimated that smoking contributed to
73.0% of lung cancer deaths in men and 31.5% in women
in Portugal in 2017.”' These values cannot be directly
compared with those in our study (84.1% in men and
42.7% in women; table 2) because the methods are not
entirely consistent with one another. Nevertheless, the
high DALYs from GBD and PAFs from our study under-
score how substantially tobacco smoking contributes to
lung cancer mortality.

Some of our analyses were based on low counts (ie,
Azores and Madeira) and the report of new cases referred
to 2011, which required us to forecast 7years of incidence
data and make some assumptions about the constant by
which the number of cases changed annually. In addition,
we had to rely on the assumptions of Peto’s method and
that non-smoker lung cancer rates estimated in the CPS-II
study would also apply to Portugal. Nevertheless, our
sensitivity analysis did not change main results: in men,
the Azores ranked first in terms of cases attributable to
tobacco and the Centre ranked last (online supplemental
table 1); in women, we could not calculate the PAFs in
some of the regions due to low counts, and for those where
PAFs were estimated, we recommend caution in interpre-
tation. Only more recently have incidence rates in women
probably attained a threshold after which Peto’s method
is appropriate for estimation of PAFs, as this method is
valid only in populations where smoking prevalence is
high. Our estimates are somewhat conservative, too, as
they did not include involuntary tobacco smoke exposure
(environmental tobacco smoke; secondhand smoke) or
other types of tobacco use, such as electronic cigarettes,
which are becoming more popular among youth. Finally,
differences among regions are, to some extent, related to
the level of completeness and case ascertainment in each
cancer registry. However, trends in age-adjusted mortality
rates showed patterns similar to those for incidence
(figure 1), with the Azores presenting the highest values
and the Centre the lowest. Notwithstanding these limita-
tions, our results are representative of the whole country,
and our incidence projections for 2018 are very close to
those reported by GLOBOCAN for the same year.'

In conclusion, our study is a contribution to monitoring
the smoking-attributable incidence and mortality burden
of lung cancer in Portugal. It provides useful informa-
tion about tobacco-related surveillance health data, as
mandated by the WHO FCTC and specified in one of
the MPOWER measures (“Monitor tobacco use and
prevention policies”).** Our study also highlights health
inequalities across the country by depicting regional
differences in PAFs and in the incidence and mortality
burdens of lung cancer. Finally, although much has
been accomplished in the past 10-15 years with respect
to tobacco control, far more needs to be done to imple-
ment the provisions of the WHO FCTC fully: taxation
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could be increased, funds for law enforcement improved,
educational programmes enforced, smoke-free places
expanded, cessation programmes scaled up and regional
health disparities addressed.
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