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SUMMARY

The study aimed at investigating the epidemiology of overall lung cancer
pattern in the Republic of Ireland across different time-periods. The study also
examined the lung cancer incidence pattern across major cell-types (adenocarcinoma,
small cell carcinoma, large cell carcinoma, and squamous cell carcinoma), with
special emphasis on Dublin City populations. Finally, the study addressed the
temporal association between lung cancer deaths and urban air pollution levels using
black smoke (BS) as the indicator variable for urban air pollution mixture in Dublin
City, ten years before and after the introduction of the Coal Ban in 1990 across Dublin
City. The overall aim of the study is also to provide with robust epidemiological
evidence surrounding the hypothesis that there may be a gender difference in the

susceptibility to developing lung cancer.

The study is an ecological analysis, but different methods have been employed
pertinent to specific study objectives. The study made the best use of data available to
date from various sources, using appropriate statistical modelling techniques to
address the issues, together with different statistical software packages. Simple age-
cohort modelling (Poisson regression) for lung cancer risk estimation across different
birth-cohorts (1888-1967), Joinpoint regression modelling for estimating the annual-
percent-changes in lung cancer death rates from 1970 to 1999, multivariable logistic
regression modelling for risk assessment of lung cancer incidence (1994-2001) across
cell-types, and age-period modelling (Poisson regression) for lung cancer-air pollution
association. Attributable risk and population attributable risk have been estimated
where appropriate. All the lung cancer estimates (rates, risks, ratios) are adjusted for

age and smoking, and also standardised to the Irish Population Standard.



From 1990 onwards, lung cancer death rates are declining annually among
males (-2.4%), while females have shown a deceleration in their annual death rates
(0.1%). However, the 85+ year-old females are still showing a significant annual rise
(6.7%). Those born before the World War II have a three-fold increased lung cancer
risk relative to those born in 1963-1967 (the youngest birth-cohorts in the study)
across both sexes. Lung adenocarcinoma (AC) is increasing significantly (8% annual
rise) from 1994 onwards in females across the Republic. Also lung AC has a modest
increased risk for Dublin City populations across both sexes compared to the rest of
the Republic. Assuming a cause-effect relation, 2-5% (n=74-177) excess lung cancer
deaths are attributable to high BS levels in the pre-coal ban period (1981-1990), while
only 1% (n=34) excess lung cancer deaths are attributable to very low BS levels in the
post-coal ban period (1991-2000). Overall, the study does not support the hypothesis

that females have a greater susceptibility to developing lung cancer.

Assuming no changing risk profile of the youngest birth-cohorts, the overall
lung cancer trend over the coming years is expected to be encouraging in the Republic
of Ireland based on the observed declining lung cancer risk pattern for those born after
1935. The study demonstrated an age-cohort phenomenon for lung cancer, consistent
with the changing smoking pattern across successive generations. The underlying
geographical variations in lung cancer cell-types imply some emerging ‘urban’
environmental risk factors contributing in part to the observed variations, together
with the residual confounding effect of active smoking acting differentially on certain
cell-types. In conclusion, further identification and quantification of putative risk
factors for lung cancer (AC among females in particular) is necessary, integrating

traditional epidemiological approaches with modern molecular techniques.
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Epidemiology of Lung Cancer in the Republic of Ireland

INTRODUCTION AND STRUCTURE OF THESIS

This thesis is a detailed epidemiological study of lung cancer pattern in the
Republic of Ireland over thirty years from 1970 to 1999. It also examines the potential
temporal association between lung cancer death pattern and urban air pollution
mixture levels in Dublin City from 1981 to 2000. This study tests the hypothesis that
the introduction of Coal Ban across Dublin City in 1990 has had an impact on the
temporal pattern of lung cancer deaths. In addition, the study investigates the
epidemiological pattern of lung cancer incidence by major histological sub-types
(adenocarcinoma, squamous-cell carcinoma, small cell carcinoma, large cell
carcinoma) in the Republic of Ireland from 1994 to 2001. The study also examines a

possible gender susceptibility to developing lung cancer in the Republic of Ireland.

STRUCTURE OF THESIS

This study is structured into ten distinct chapters, with emphasis on the impact
of urbanization and geographical variations in identifying any potential emerging risk
factors for lung cancer in the Republic of Ireland. Chapter one gives a background to
the present study, an overview of the global epidemiological pattern of lung cancer,
and the reasons for conducting the study in the Republic of Ireland. A summary of the

aim and objectives of the study are also provided in chapter one.

Chapters two, three, four and five critically appraise the research findings

published to date on the epidemiological pattern of lung cancer, and each of these



chapters focuses on specific issues. Chapter two deals with the global pattern of lung
cancer epidemiology, with special emphasis on underlying geographical variations
and urbanization patterns across various geographical regions. Chapter three critically
discusses the major risk factors for lung cancer, and other potential risk factors for
lung cancer. Chapter four looks separately at the epidemiological pattern of lung
cancer histological sub-types across the globe together with the potential risk factors
and biases for the rising lung adenocarcinoma incidence worldwide. Chapter five

brings all the evidence together to support a lung cancer pandemic.

The results are presented in chapters six, seven, eight, and nine, which address
the four study objectives separately. Each chapter is separated into methods, results,
and discussion. Chapter six examines lung cancer death patterns in the Republic of
Ireland across gender over a thirty-year period (from 1970 to 1999). Chapter seven
deals with lung cancer incidence pattern in the Republic of Ireland by major
histological sub-types across gender from 1994 to 2001 together with other study
covariates. Chapter eight looks at lung cancer death patterns in Dublin City from 1981
to 2000. Chapter nine addresses the issue of lung cancer death patterns with regard to
urban air pollution levels in Dublin City from 1981 to 2000, using black smoke levels

as the indicator variable for urban air pollution mixture.

Chapter ten summarises the study findings, draws conclusions on the study
findings, and also provides an insight into the future directions of epidemiological

research in general within the Republic of Ireland.



Chapter One

BACKGROUND TO THE STUDY

1.1  Introduction

The opening chapter leads us through the salient features for undertaking the
present project on lung cancer epidemiological patterns in the Republic of Ireland.
This chapter has two distinct sections. The first section provides a background into the
history, as well as the public-health implications of both traditional and modern
epidemiological approaches to lung cancer across the globe. The same section briefly
spells out the important risk factors for lung cancer development, and also the
possible areas of active research on lung cancer epidemiology from a global
perspective. The second section focuses on two specific populations, comparing and
contrasting the lung cancer epidemiological patterns on this island of Ireland. The
same section also outlines the strengths and limitations of conducting such

epidemiological studies in the Republic of Ireland.

1.2 Lung cancer epidemiological patterns: a global overview
Epidemiological evidence is the foundation for primary and secondary disease
prevention. Epidemiological approaches are used to track the occurrence of disease, to
characterize natural history, and to identify determinants of disease. For lung cancer,
routine mortality statistics have confirmed that the disease became more frequent
during the first half of the 20™ century. Today, lung cancer is the most common
cancer worldwide. In males, the highest incidence rates are seen in Eastern Europe
and North America.' In females, high incidence rates are found in Northern and

Western Europe, as well as in North America. In 2000, it was estimated that there



were about 375,000 cases of lung cancer in Europe: 303,000 in males and 72,000 in
females.' In 2000, the number of lung cancer deaths was about 347,000 (280,000 in
males and 67,000 in females) in Europe. ' This suggests the overall poor survival rates
of lung cancer even in the 21% century. Epidemiologically, this also indicates that lung

cancer mortality rates may closely correspond to incidence rates.

Case-control and cohort studies, the epidemiological study designs that are
used to evaluate exposure in disease association, causally linked smoking to lung
cancer in investigations reported from the 1950 onwards. Around 90% of lung cancer
cases among males are attributed to smoking alone, especially in the developed
countries, as opposed to 40-60% among females.” However, follow-up studies on lung
cancer incidence and mortality rates have shown that their rise and decline parallel the
trends of past smoking habits, more consistently observed across the male
populations. The epidemiological evidence, and the complementary biological
understanding of respiratory carcinogenesis have convincingly supported the

conclusion that smoking is the most dominant risk factor for lung cancer.

At the end of the 20" century, lung cancer had become one of the world’s
leading causes of preventable death. It was a rare disease at the start of that century,
but exposures to new aetiological agents and an increasing lifespan combine to dub
lung cancer as a scourge of the 20™ century. While tobacco had been widely used
throughout the world for centuries, the present pandemic of lung cancer followed the
introduction of manufactured cigarettes with addictive properties that resulted in a

new pattern of sustained exposure of the lung to inhaled carcinogens.



German scientists in Nazi Germany conducted some of the earliest research on
the links between smoking and lung cancer.” By the early 1950s, epidemiological
studies in Britain and the United States using the case-control method had shown that
cigarettes were strongly associated with the risk of lung cancer.*® This association
was corroborated by the pioneering cohort studies of British physicians, US veterans
of the armed forces, and volunteers recruited by the American Cancer Society. By
1964, the evidence was sufficient to support a conclusion by the US Surgeon General
that cigarette smoking caused lung cancer.’” The Royal College of Physicians had
reached the same conclusion two years earlier.® Passive smoking, the involuntary
inhalation of tobacco smoke by non-smokers, also contributes to 25-30% excess lung
cancer cases. = This reported strength of population attributable risk (25-30%) for

passive smoking causing lung cancer has been questioned in a recent study. -

While the predominant cause of lung cancer is now well known (namely,
tobacco smoking), there are other causes, some acting in concert with smoking to
synergistically increase risk. The suspicion that radon was a cause of lung cancer in
underground miners was raised early in the 20" century and led to what was probably
the first occupational respiratory carcinogen to be identified."" Radon in indoor

environments is now considered to be a significant cause of lung cancer.

The list of human occupational causes of lung cancer also includes arsenic,
asbestos, chromates, chloromethyl ethers, nickel, polycyclic aromatic hydrocarbons
(PAH), and other agents.'> Outdoor air pollution, which includes combustion-
generated carcinogens, is also considered to contribute to the lung cancer burden in

13 : . h ! \ ;
‘urban’ dwellers.” Indoor air contains several respiratory carcinogens, including



radon, asbestos, and cigarette smoke. In some developing countries, exposure to
cooking fumes from cooking stoves and fires is associated with lung cancer risk."*
Beginning in the 1980s, associations of diet with lung cancer risk have been
vigorously investigated anticipating that dietary micronutrients might be found that

modify the high lung cancer risk, especially among smoking populations. "

Even though the epidemiology of lung cancer has been extensively
investigated for more than 50 years, there are still active areas of research, some quite
relevant to prevention. It is interesting to note that the majority of the wealthy nations
across the globe did undergo rapid urbanization in the 1960s and 1970s. This might
have compounded the contemporaneous lifestyle patterns gradually changing across
these wealthy nations, probably giving rise to a paradoxical effect of the growing
affluence on populations in the form of less healthful dietary habits and increased

physical inactivity.

No single study has yet investigated a potential underlying geographical
pattern for lung cancer death trends across the wealthy nations representing defined
geographical regions to address such lifestyle issues. An aetiologically distinct
geographical pattern alone may also suggest the emergence of a common
environmental risk factor for lung cancer. This potential local environmental factor
can also be modified by behavioural and cultural patterns across such populations, as
an age-cohort phenomenon, in addition to residual confounding by past smoking
habits. This can be demonstrated in Japanese men with the highest smoking
prevalence in the 1970s, but the corresponding lung cancer death rates were far lower

than the majority of the Western nations.'® This apparent heterogeneity may suggest a



local ‘smoking paradox’, '’ and also the influence of potential effect modifiers on
lung cancer risk. The Japanese men also use a distinct cigarette type (activated-

charcoal filtered).

Lung cancer is reported to be associated with lifestyle factors other than
tobacco smoking alone. This is demonstrated in the apparent association between lung
cancer risk and inadequate physical activity levels. '® Recent epidemiological
investigations for lifestyle factors as that of the association between lung cancer and
diet are encouraging. However, epidemiological studies on lung cancer linking to

changing dietary habits over successive generations are limited.

The European Prospective Investigation into Cancer and Nutrition (EPIC)
project that includes ten European countries is a valuable resource in the future.'® The
Republic of Ireland, however, is not a collaborator of this EPIC project. The apparent
lack of data accessibility to a few of the large historical birth-cohort databases, which
are owned and operated by a few of the European and the US scientists alone, may
also be a limitation for the research community. Such historical cohorts identify serial
changes of dietary intake levels over time across successive birth-cohorts, and also
help in addressing other lifestyle risk factors, such as adult weight gain or physical

inactivity levels.

There is still concern about specific ‘urban’ risk factors. These are indoor and
outdoor pollutants, and also radon and diesel emissions, particularly across the
industrialised nations. There also has been a need for research to track the risks of

smoking over time, as the cigarette has evolved in its design characteristics and yields



of tar and nicotine. This was previously assessed by standard protocols using a
machine since the 1950s. 2° Such lifestyle factors could be addressed through large

historical cohorts within or across the nations.

There is emerging evidence on the genetic determinants of lung cancer risk. A
current research approach, termed molecular epidemiology, integrates the traditional
epidemiological approaches with modern molecular techniques to asses the possibility
of any gene-environment interactions. While the evidence from the traditional
epidemiological approaches conclusively established the carcinogenicity of tobacco
smoke, molecular epidemiology should characterize the sequence of molecular and
cellular changes as a non-malignant becomes malignant, and also the factors
determining susceptibility to tobacco smoke. Biomarkers of exposure, dose,
susceptibility, and genetic damage may allow epidemiological investigations to
uncover specific pathways of human lung carcinogenesis. However, such modern
molecular techniques are both highly localised and specialised, which may not have a

wide application across the globe, especially in the developing nations.

Descriptive epidemiological studies on temporal patterns for lung cancer still
remain important tools for investigating the ‘changing face’ of lung cancer
epidemiology across any populations. Such approaches are still applied to European
populations for risk assessment, despite the explosion of molecular techniques. '
Such approaches are particularly worth considering in countries where no temporal
pattern for lung cancer has yet been delineated that is potentially aetiological, and

may be recently emerging. Temporal patterns reinforce the existing causal

relationship, and also generate new hypothesis. This has been demonstrated in the



notable epidemiological shift in the incidence of lung cancer cell-types across the

globe, especially in the wealthy nations.

After a steady increase in incidence from 1973 to 1987 across the
industrialised nations in particular, lung adenocarcinoma has supplanted lung
squamous-cell carcinoma as the most frequent form of lung cancer across these
populations.”” Lung adenocarcinoma increased markedly in all race-sex subgroups.
This has been attributed to changing smoking habits alone, but new aetiological
patterns across different epidemiological settings may be responsible for such an
underlying biological phenomenon. Such phenomena are essentially important for the
wealthy nations, because they have been undergoing rapid urbanization compounded
with a changing lifestyle, and this can have a gender differential impact on a few of

the potential lifestyle factors for lung cancer risk.

Temporal patterns for lung cancer mortality data could be presented and
interpreted both in traditional methods and by adopting a relatively modern approach
of a probabilistic modelling technique.”® The traditional estimation of trends by age-
adjusted mortality rates alone may not be appropriate for elucidating temporal
variations due to purely secular (period) influences, or due to purely generational
(cohort) influences. Such estimates are both confounded by a changing age structure.
Temporal variations in lung cancer suggest an evolution of the disease due to changes
in the known predominant risk factor (smoking), and this may preclude the immediate
need for investigating other causes for lung cancer. If lung cancer incidence rates are
increasing and cannot be adequately explained by changes over time in active

smoking alone, then the search for new risk factors is necessary.



As cigarette consumption contributes to 90% of lung cancer cases, and the
consumption pattern has changed over successive generations, lung cancer temporal
patterns are more likely to suggest an age-cohort phenomenon. Such cohort
hypothesis could better be explained through an age-cohort modelling technique, as

adopted in lung cancer epidemiological studies over the years.24

An age-period model, on the other hand, is more applicable to identify a
period effect in populations where any intervention programmes (for example,
national tobacco cessation activities) have been undertaken. Such period effects can
also occur if there is any sudden change in an environmental risk factor (namely,
changing urban air pollution levels) following a national legislation similar to the
Clean Air Act in Britain in the 1950s.>* Nevertheless, the overwhelming association
of lung cancer risk with tobacco smoking makes it difficult to identify other potential
lifestyle risk factors, especially among male populations. This implies the effect of
residual confounding by past smoking habits on any epidemiological study findings

examining potential new aetiological factors for lung cancer risk.

1.3 Lung cancer epidemiology in the Republic of Ireland

The Republic of Ireland, a small Western European nation with a population
of about four million people, has one of the highest lung cancer incidence rates across
Europe in recent years, female rates are particularly higher than the European
average.”’ This may suggest the introduction of a relatively new changing lifestyle
across the female populations of the Republic. Unfortunately, lung cancer incidence
data for the whole of the Republic is only available for a short duration (1994-2002),

which is insufficient to give any robust temporal pattern. >> However, lung cancer
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mortality data of the National Central Statistics Office is of longer duration to give an
insight into the lung cancer epidemiological pattern across the Republic. No
comprehensive information exists in the Republic on an underlying temporal pattern
for lung cancer deaths. In addition, risk estimations for lung cancer development
using an age-cohort model, and simultaneously adjusting for cumulative tobacco

consumption across the birth-cohorts, have specifically received little attention.

In 2000, the Republic of Ireland reported 922 and 515 lung cancer deaths in
males and in females, respectively.'! The corresponding age-standardised (world
population standard) death rates per 100,000 person-years were 38.3 and 17.3,
respectively. ' In the 1960s, a study in Northern Ireland reported higher lung cancer
mortality rates in Belfast, the capital city of Northern Ireland. *° The author speculated
that the observed excess lung cancer deaths in urban areas, especially among non-
smokers might be due to the industrialisation in the 1960s, and probably giving rise to
a poor urban air quality. A similar hypothesis was generated in the 1960s across three
other capital cities (Dublin, Helsinki and Oslo). >’ Various estimates computed for
lung cancer attributing to ambient air pollution in the 1980s were 1-2% of all lung
cancer cases, * an ‘urban effect’ of 12% for lung cancer risk, 2* and less than 10 lung

cancer cases per 100,000 persons annually attributable to air pollution. b

In the 1950s and 1960s, Northern Ireland had already established a strong
industrial base, unlike the agrarian economy in the Republic of Ireland. *' The two
neighbouring countries shared a common lifestyle, and probably a similar smoking
habit across the general populations. Relative to the Northern Ireland lung cancer

mortality rates, the rate ratios in the Republic of Ireland were consistently lower for
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both males and females since the beginning of the 1920s, but had started to increase
among females from the 1960s onwards.’’ This period (in the 1960s) mirrors the
urbanization peak in Northern Ireland, and the beginning of a rapid urbanization
phase in the Republic of Ireland. The 1960s also experienced an underlying changing

lifestyle pattern across these two populations.

The apparent inconsistency in lung cancer mortality risk on this island across
the two populations with similar behavioural patterns, however, is unclear. This might
suggest a gender differential of potential lifestyle factors on lung cancer risk across
two apparently different epidemiological settings. The settings are different probably
due to the relative difference in urbanization from 1960 onwards. Such an important
epidemiological transition in the 1960s might have had also modified the future
course of lung cancer incidence pattern across these two population-groups, especially
among females. This transition in lung cancer pattern cannot be observed until the late

1990s, considering the long latency period of lung cancer.

Dublin City, the capital of the Republic of Ireland, has documented evidence
of excess overall mortality in the 1970s and 1980s that could be due to poor air
quality in Dublin City. Dublin City also had episodes of smog in the 1980s.>” A recent
study concluded that the observed excess respiratory and cardiovascular deaths in
Dublin City between 1984 and 1996 were attributed to poor air quality, using black
smoke as an indicator variable for urban air pollution mixture.”> In addition, an
intervention in the form of ban on the marketing, sale, and distributing bituminous
coal, which primarily was used for domestic heating, was introduced across Dublin

City in 1990. The same study reported a statistically significant decline in overall
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mortality in Dublin City, and in particular a marked and sustained decrease in all-
respiratory deaths following the introduction of the Coal Ban in 1990. *> However, no
such temporal association has been documented for lung cancer death patterns before
and after the Coal Ban in 1990 across Dublin City. As outlined earlier, an age-period
modelling technique instead of an age-cohort modelling technique is helpful to give
an insight into such a temporal pattern in Dublin City, following the introduction of

the Coal Ban in 1990.

There is also no documented evidence of a potentially changing pattern for
lung cancer incidence by major histological sub-types (adenocarcinoma, squamous-
cell carcinoma, small-cell carcinoma and large-cell carcinoma) in the Republic of
Ireland. It is, however, unclear whether lung adenocarcinoma incidence is increasing
across the whole of the Republic, or in specific ‘urban’ areas, such as Dublin City.
Such an observation may help in identifying a potentially high-risk population to
target future health-care interventions, and also to provide significant leads to further

investigations, integrating traditional with modern epidemiological approaches.

There 1is consistent epidemiological evidence suggesting that lung
adenocarcinoma is relatively more frequent among non-smokers, in young
individuals, and across female populations. ** This provides clues to an underlying
biological mechanism for lung adenocarcinoma, and also the differential impact of
potential lifestyle factors on the new generation female smokers. The fact that
smoking prevalence across the Republic is declining since the 1970s, ** more rapidly
among males, provides further opportunities for investigating putative risk factors for

lung cancer development, particularly across the female population.

13



1.4 Conclusion

In conclusion, the epidemiology of lung cancer consistently reinforces one
major theme: the preventable nature of the disease. The apparent pandemic of lung
cancer can be reduced through well-targeted health prevention programmes, both
locally and globally. Unfortunately, the existing anti-smoking activities are yet to
have a significant impact at the population level. The changing face of lung cancer
epidemiology also needs an in-depth analysis across different epidemiological settings
for seeking a means to ensure an early greater annual decline in lung cancer rates, and
also for investigating new hypothesis/risk factors. This can be achieved through
traditional descriptive epidemiological study designs in specific populations where
long-term high-quality data are available, or through modern epidemiological
approach trans-nationally if multi-centred studies exist. However, in populations
where neither of the above conditions is currently favourable, such as the Republic of
Ireland, any baseline information on lung cancer epidemiological pattern will have a
significant public-health implication, and will also provide future directions for

exploratory research, risk assessment, and policy-making.

1.5 Aim and objectives of this study

As outlined earlier, there is limited information on the epidemiological pattern
for lung cancer in the Republic of Ireland, and also for the major lung cancer
histological subtypes. Any geographical variation in lung cancer pattern within the
Republic of Ireland is also important for identifying high-risk populations across the
country. Public-health intervention in the form of Coal Ban was introduced across
Dublin City in 1990, and this intervention may also have had a potential impact on the

temporal pattern of lung cancer deaths in Dublin City.
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Therefore, the overall aim of this study is to describe the epidemiology of lung

cancer pattern in the Republic of Ireland, with the following primary objectives to:

Describe temporal patterns for lung cancer deaths in the Republic of Ireland
from 1970 to 1999 by age, gender, and smoking prevalence, together with the
estimation of the strength of temporal association between lung cancer death
rates and cumulative tobacco consumption (in pack-years) across different
birth-cohorts (1888-1967).

Examine the epidemiological patterns for lung cancer incidence across major
histological sub-types (adenocarcinoma; squamous-cell carcinoma; small-cell
carcinoma; large-cell carcinoma), with special emphasis on the annual
incidence rates of these cell-types (adjusting for smoking and age across
gender) in the Republic of Ireland from 1994 to 2001.

Describe the epidemiological pattern of lung cancer deaths in Dublin City
populations from 1981 to 2000 across different time-periods and birth-cohorts,
with a gender-breakdown.

Investigate a temporal association between lung cancer deaths and urban air
pollution levels in Dublin City (1981-2000), using black smoke as an indicator
variable for urban air pollution mixture, ten years before and after the

introduction of the Coal Ban in 1990 across Dublin City.

18



Chapter Two

LUNG CANCER EPIDEMIOLOGY: A LITERATURE REVIEW

2.1 Introduction

This chapter reviews the overall lung cancer epidemiological patterns from a
global perspective, and outlines the temporal patterns for lung cancer across defined
geographical regions (North America; Europe; Asia). The public-health implications
of any underlying geographical variations are discussed. The potential contribution of

urbanization to the underlying geographical variations is also emphasised.

2.2  Patterns of lung cancer occurrence

Because of the high case-fatality rate for lung cancer, the incidence and
mortality rates are nearly equivalent. Consequently, routinely collected mortality data
provides a long record of the occurrence of lung cancer. We are presently amid an
epidemic of lung cancer that dates to the mid-20" century. Lung cancer was rare until
the disease began a sharp rise around 1930 that culminated by mid-century with lung
cancer becoming the leading cause of cancer death among males.*® The epidemic
among females followed that among males, with a sharp rise in rates from the 1960s
to the present, pushing forward lung cancer to become the most frequent cause of

female cancer mortality.*

2.3 Temporal trends (geographic patterns)

Lung cancer is the most commonly diagnosed cancer worldwide, 7 but its

geographical distribution shows marked regional variations.”® The global variation in
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age-standardised incidence rates is greater than four-fold among males, and five-fold
among females.” Because of differences in cancer registration between countries,
caution is needed in interpreting these data. However, this marked variation in rates

cannot be explained on the basis of diagnostic practices and data quality alone.

Lung cancer tends to be most common in developed countries, wealthy
nations in particular, and less common in developing countries, particularly in Africa
and South America.*” The low rates of lung cancer in Africa are comparable to the
United States (US) rates in 1930, when rates of lung cancer were under 5 cases per
100,000 for both sexes.*"** In contrast, African-Americans in the US, an epicentre of
the disease, now experience lung cancer incidence rates that are among the highest in
the world. As the lung cancer epidemic begins to subside in the developed countries,

it is on the rise in the developing world.*’

2.3.1 The North American experience

In the US, it was estimated around 160,000 people would die from lung cancer
in 2000. ** An examination of the time trends of age-specific lung cancer mortality
rates in the US further highlights the differing epidemic patterns in males compared to
females. In the older age groups, the rates continue to increase in both sexes, but the
rates of increase are decelerating more significantly in males than in females.*’ The
rates of lung cancer are now decreasing in the younger age groups, where decreases

that are more pronounced for males are now becoming evident in females.**

As the younger birth cohorts age, their reduced risk of lung cancer should thus

translate into substantial reductions in the overall occurrence of lung cancer. These

17



future reductions may probably be more favourable for males than for females. In a
recent analysis of lung cancer mortality in the US from 1970 to 1997, Jemal et al
found that the rates of decrease in younger males and females (namely, those born
after 1950) were moderating, even though the decline continues.*’ These investigators

suggested that the moderation could reflect patterns of smoking initiation.

2.3.2 The European experience

In Europe, lung cancer is also the most commonly diagnosed cancer. There
were an estimated 375,000 cases (303,000 in males and 72,000 in females) of lung
cancer in Europe in 2000." The number of lung cancer deaths in Europe is only
slightly less in the same year: 347,000 (280,000 in males and 67,000 in females), :
further suggesting the poor survival rates, and the equivalence of lung cancer
mortality rates with incidence rates. So lung cancer mortality rates correspond closely
to incidence rates. There are also substantial differences in incidence and mortality in
the different regions and populations within Europe. In males, incidence and
cumulative risk is highest in Eastern Europe. In females, the highest incidence of lung
cancer is in Northern Europe, which is almost twice as high as Western Europe. A

similar pattern also follows in lung cancer mortality.

A recent analysis*’ of lung cancer mortality trends in the 15 member states of
the European Union (EU) has shown declining trends in males in 11 member states
(the earliest occurring in Finland and the United Kingdom in the early 1970s), stable
trends in France and Greece, but rising trends in Portugal and Spain. Although
tobacco control in Europe has been highly effective in males, there has been almost

‘complete failure’ in females."” Lung cancer mortality in females have been rising
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since the 1950s in Austria, Belgium, Denmark, Finland, France, Germany, Italy,
Luxembourg, the Netherlands, and Sweden. In the case of the Netherlands this
increase has been very steep. The rising trends have slowed in Greece, Ireland,
Portugal and Spain. In the United Kingdom (UK), the overall trend has begun to turn
downward, however, large differences exist in the levels and trends between males

and females, with very high mortality rates in Scotland.*®

2.3.3 The Asian experience

Although male lung cancer has declined since the 1970s in the US and several
European countries, one of the wealthy East Asian countries (namely, Japan) has
shown a continuous increase since the 1950s.*’ In general, lung cancer rates in Asian
countries are low, ranging from 9 to 14 for males in India compared to 30 to 40 in
Japan.® However, much higher rates are seen among male Chinese of Singapore
(69.7), in Hong Kong (78.7) and in Shanghai (53.0). 0 Chinese females have
relatively high rates, for example, 33.2 in Tianjin compared to 44.5 for males, and
21.9 among the Chinese of Singapore.”® Lung cancer has gradually increased across

both sexes in China (1980-1989). *

In Japan, the peak age in both sexes has gradually shifted to more than 85
years old. *° In 1995, the average age of lung cancer death was 71.6 years for males
and 73.0 years for females in Japan.*’ In Korea, these were in the 60s for both sexes.*’
Such differences may be explained by differences in life expectancy, and Japanese
have the highest life expectancy, therefore this alone may account for the age

difference at death for lung cancers.
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2.4 Future implications of underlying geographical variations

International variations, as well as sex differences in lung cancer incidence,
are largely attributable to different smoking patterns; the high rates in Western
countries reflect the increase in cigarette consumption after World War II. It will be
sometime before rates rise in those populations that have begun to smoke recently.
Japanese men had the highest smoking prevalence in the 1970s in the world with very
low cancer rates in the 1990s.'® This also suggests a lesser toxic cigarette (activated

charcoal-filtered) consumption in Japanese men compared to the Americans.'’

Studies investigating temporal trends have revealed significant ‘birth-cohort’
effects. Lee and colleagues showed that in the UK, cohort-specific incidence of lung
cancer is related to the smoking patterns of that same generation. *> Similar
observations were reported in the US.*’ In males, the countries that were first to
experience the smoking epidemic were also the first to show a decrease in smoking
prevalence, with subsequent declines in risk of lung cancer.” This phenomenon was
first observed in the UK and Finland in the 1970s and 1980s.” It is also suggested that

the aetiology of lung cancer may be different in young versus older age groups.

Looking at incidence by birth cohort can also assess the future evolution of
lung cancer burden. Predictions for the year 2010 show that, in the majority of EU
countries (with the exception of Spain, Greece, France and Portugal) there will be a
decline in mortality from lung cancer in males, but an increase in females.” The falls
now observed among males in several populations were heralded by decreases in
younger birth cohorts, even at a time when the disease was increasing in older males.

Lung cancer in females illustrates the ‘birth cohort paradox’: overall rates continue to
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rise, while rates are falling among young females. In Japan, lung cancer deaths are
predicted to double by 2029, because of ageing of the baby-boomer generation (those
born between 1947 and 1951), > although a ‘local smoking paradox’54 might be worth

considering in any future lung cancer patterns in Japan.

2.5 Geographical variations: hypothesis generation?

Substantial geographical variation in lung cancer mortality rates has been
observed within countries. For instance, in the US lung cancer death rates were the
lowest in Utah, the state with the lowest adult smoking prevalence, and were highest
in Kentucky, the state with the highest adult smoking prevalence.f'5 Lung cancer
trends in the regional distribution can provide clues about the determinants of lung
cancer. In the past, rates tended to be highest in urban areas, which led to ‘conjecture’
that air pollution might be a cause of the lung cancer epidemic.’®

Several hypotheses *"° .

were prompted by patterns observed in a systematic
review of US lung cancer mortality rates for the period 1950 to 1969,” particularly
the rates among males. High lung cancer rates in coastal areas were postulated to
reflect employment in shipyards with attendant asbestos exposure. This hypothesis
then was tested in a series of population-based, case-control studies, showing that

employment in the shipbuilding industry was indeed associated with an excess risk of

lung cancer development.*

Another shift then took place in the distribution of lung cancer in the US, with
lung cancer mortality rates among white males becoming highest in the South and

lower in the Northeast.®' This fluidity in the geographical variation underscores the
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value of regularly monitoring lung cancer mortality patterns. Therefore, a distinct
geographical pattern may be potentially aetiological, and may provide significant

leads to generating a new hypothesis, or confirming the existing hypothesis.

2.6 Urban-rural differences within countries

A basic and almost universal observation has been that urban residents have an
increased occurrence of developing lung cancer. The urban-rural difference in death
rates from lung cancer has been demonstrated by a number of investigators using
contrasting methods of study. Stocks in Great Britain used population density as the
reference line for lung cancer rates.”” Lew demonstrated urban-rural differences in
lung cancer, as a part of the comparative study of deaths rates in male industrial
policy-holders and of males holding ordinary insurance policies.®® He correlated a 30-
50% higher rate in the group with urban residence, low economic level and industrial
or manufacturing occupational environment. By contrast, ordinary policyholders
belonged to the higher income groups with significantly fewer opportunities for

protracted exposure to industrial hazards.

Eastcott® in an analysis of native New Zealanders and immigrants studied the
effect of urbanisation on death rates for cancer of various body sites. Of all visceral
cancers, those of the lung and bronchus exclusively showed variations attributable to
exposure of the host to environment. The effect was directly related to the intensity of
antecedent exposure. The exclusive factor in the former environment capable of
incrimination was urban residence. Mancuso et al ® in a study limited to a single,
highly populated and industrialised state (Ohio), correlated urban residence with the

liability to lung cancer by showing that the observed death rate was greater than
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expected in the eight industrialised urban counties, and one-third less than expected in
the remainder of the state. While it is unlikely that occupational exposure to a specific
carcinogenic atmospheric environment can materially affect nation-wide incidence
figures, there is little question that the increased liability to lung cancer is consistent

with the increased industrialisation.

An ecological study in Iowa®® reported lung cancer rates to be significantly
increased in urban counties, even after holding smoking status constant. An
observational study®”’ among different sub-groups of professional drivers in urban and
rural areas of Sweden showed the increased risks of lung cancer in some categories of
drivers in urban areas, as opposed to no increased risk for any categories of drivers in
rural areas. An autopsy-based study in Athens ** showed a higher Reid Index (ratio of
gland and thickness of broncho-aleveolar epithelium) among subjects with mainly

urban residence in comparison with those with mainly rural residence.

2.7 Urbanization: a potential risk factor?

All these observations may suggest an “urban” risk factor for any excess lung
cancer rates. The mostly likely ‘urban’ factor is urban air pollution. However, the so-
called ‘urban’ factor may reflect other influences instead of, or in addition to, outdoor
air pollution: these could include indoor air pollution, patterns of migration, or factors

related to population density.

Contemporaneously, the majority of the urban cities across the industrialised
nations were undergoing rapid urbanization in the 1960s and the 1970s with a

changing lifestyle pattern. The ‘urban’ factor in such populations may be the
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paradoxical effect of rising affluence compounded with a changing lifestyle in the
form of less healthful eating habits, increased mechanization and less physical
activity.”” Such effects occur throughout the life course of a population in a cohort-
wise fashion, and thus urbanization and life course may have an integral part to play
in future epidemiological studies on chronic diseases.”’ So urbanization may have an
independent effect, but it is difficult to disentangle from other temporal factors
influencing the lung cancer death pattern. Epidemiologically, urbanization may be an
intermediate variable, an effect modifier, or a potential confounder for the changing

temporal pattern of lung cancer across a defined popula'cion.23

2.8 Race and ethnicity

The patterns of occurrence of lung cancer by race and ethnicity make lung
cancer a relevant disease for those concerned with the health of females and
minorities. In the US, lung cancer incidence rates are similar among African-
American and white females, but lung cancer occurs about 50% more frequently

among African-American and white males.”’

The marked reduction in cigarette
smoking that has occurred among African-American youths forecasts a possible
reversal of this trend, and, if this trend persists, declines in the incidence of lung
cancer among African-American can be expected.72 In addition, lung cancer mortality
rates among Hispanics, Native Americans, and Asians/Pacific Islanders are
significantly lower than rates among African-American and non-Hispanic whites.®’
However, such huge variations across race and ethnicity are not reported from other

European or Asian countries, probably due to the lack of adequate data, or may be due

to relatively low ethno-cultural mixed population.
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2.9 Socio-economic and religious patterns

An inverse association between lung cancer and socio-economic status,
particularly among males, has been observed. A two-fold difference in mortality
between low and high social class, as measured primarily by occupation, is seen in
British mortality data, with similar results in other surveys measuring income or
education.”® Smoking habits account for at least part of the socio-economic
differentials, with rates of smoking considerably higher among blue-than white-collar

workers and among those with lower levels of education.

In several surveys in the US, a 20% to 50% lowered rate of lung cancer was
found among Jewish males, although some excess risk has been noted among Jewish
females, which remains unexplained.’® At even lower risk are Mormons and Seventh-
Day Adventists, whose religious dictates proscribe the use of tobacco products.*® For
similar reasons, lung cancer incidence is expected to be lower in the majority of the

Arab countries, although data are not currently available.

In conclusion, it is quite evident that lung cancer ‘epidemic’ is still very much
on the radar screen, and there are distinct geographical variations in lung cancer
pattern across the globe. The fact that urbanization compounded with a changing life
style pattern could in part have contributed to the changing face of lung cancer
epidemiology, changing smoking habits over successive generations is still the
predominant contributor to such geographical variations. Nonetheless, it is equally
important to identify putative risk factors for lung cancer recently emerging,
particularly in areas where smoking prevalence has declined substantially. The next

chapter (three) focuses on the major risk factors for lung cancer development.
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Chapter Three
RISK FACTORS FOR LUNG CANCER:

A LITERATURE REVIEW

3.1 Introduction

This chapter critically reviews the published evidence of the major risk factors
for lung cancer. Although the causes of lung cancer are almost exclusively
environmental, evidence also suggests that there is substantial individual variation in
the susceptibility to respiratory carcinogens. Given the multifactorial aetiology of
lung cancer, synergistic interactions among risk factors also have substantial
consequences for lung cancer risk. The emerging understanding of cancer genetics
indicates the additional relevance of gene-environment interactions. Given that many
risk factors have been identified for lung cancer, a practical question is the relative

contribution of these factors to the overall burden of lung cancer.

The population attributable risk (PAR) estimates for lung cancer indicate that
in the US, active smoking is responsible for 90% of lung cancer cases, especially
among males.' Females have a lower PAR of 40-60% for lung cancer risk caused by
active smoking.' Nevertheless, such an overwhelming association makes it difficult to
recognize other lifestyle risk factors for lung cancer. So an apparent association
between lung cancer risk and other potential lifestyle risk factor may be due to the

residual confounding by past smoking habits.
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Outdoor air pollution accounts for 1-2% of all lung cancer cases, "* and dietary
factors have been hypothesized to account for approximately 20% of the lung cancer
burden.”* Passive smoking (environmental tobacco exposure) is also responsible for
25-30% of lung cancer cases.’ Last but not the least, occupational exposures (9-15%),

and radon (10%) are other risk factors for lung cancer.”’

3.2 Smoking: an overview

A single aetiological agent, cigarette smoking, is by far the leading cause of
lung cancer, accounting for approximately 90% of lung cancer, especially among
males and in countries where cigarette smoking is common.”® Compared to never-
smokers, smokers have a 20-fold increased lung cancer risk. In general, trends of lung
cancer occurrence closely reflect patterns of smoking, but rates of occurrence lag
smoking rates by about 20 years. Analyses using statistical modelling techniques
showed a tight association between national mortality rates and smoking. '’ The
unequivocal causal association of cigarette smoking with lung cancer is one of the
most thoroughly documented causal relationships, using traditional epidemiological
approaches. ’® Peto et al have quantified the burden of smoking-related deaths from
lung cancer in the major developed countries.”® They also forecasted a staggering

future burden for China, which now has one-third of the world’s smokers.

Cigar smoking is also an established cause of lung caner, 7 but lung cancer
risks may be less due to differences in smoking frequency and depth of inhalation.
The same pattern holds true for pipe smoking. 7 1t has been suggested that cigarette
smoke is less irritating and thus more easily inhaled than pipe or cigar smoke. In some

Scandinavian countries where pipe and cigar smoking is nearly as common as
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cigarette smoking, risks from pipe/cigars have been almost as high as for cigarettes.®
In certain populations, such as India, where ‘smokeless’ products and bidis are used,
and in Chinese populations where water pipes are common, increased lung cancer
risks have been reported.*® Limited data suggest an increased cancer risk following
consumption of other tobacco products, such as narghile in western Asia and northern

Africa, toombak in Sudan, and also hooka in India.*

3.2.1 Quantitative risks

The risk of lung cancer among cigarette smokers increases with the duration of
smoking, as well as with the number of cigarettes smoked per day. *' This observation
has been made repeatedly in cohort and case-control studies. Doll and Peto *'proposed
a quantitative model for lung cancer risk that predicted a stronger effect of duration of
smoking than of amount smoked per day (intensity). They report that excess risks of
lung cancer rose in proportion to the square of the intensity of smoking, but to the 4™
or 5" power of the duration of smoking. However, studies have shown clear

independent effects of intensity and duration.****

These observations have public-health implications. Those who initiate
smoking earlier in life are most likely to become heavier smokers and remaining
smokers, thus developing lung cancer at younger ages. Prevention strategies
preventing teenage smoking or at least delaying the age of onset of smoking can have
a wide impact at the population level. Hence, clinicians should focus more on the
duration rather than on the actual age of smoking. Epidemiological investigations

have not shown consistent associations between depth of inhalation of tobacco smoke
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and lung cancer, although risks were higher among moderate/deep versus none/slight

inhalers in a large cohort study, ** and also in a large case-control study.

3.2.2 Smoking cessation

Cigarette smokers can benefit at any age by quitting smoking. The likelihood
of developing lung cancer decreases among those who quit smoking compared to
those who continue to smoke. *® As the period of abstinence from smoking cigarettes
increases, the risk of lung cancer decreases. However, even for periods of abstinence
of more than 40 years, the risk of lung cancer among former smokers remains
elevated compared to never-smokers. In general, studies have shown comparable
reductions in risk following smoking cessation, regardless of sex, type of tobacco
smoked, and age of initiation.®” Since periods of temporary quitting tend to be short,
there is a strong relationship between all the temporal variables (age, age at start of
smoking, duration of smoking, time since quitting), which makes it difficult to assess

the independent effect of each of these temporal variables.*’

3.2.3 The Changing Cigarette

The composition of cigarettes has evolved considerably since the 1950s. The
global market shifted from mainly ‘unfiltered’ cigarettes to predominantly ‘filtered’
cigarettes. For example, the percentage of all cigarettes smoked in the US that were
filter-tipped was 19% in 1955, 51% in 1960, 80% in 1970, 92% in 1980, and more
than 97% in 1992.'° The filters in use in the US are predominantly cellulose acetate,
while charcoal filters are common in Japan and some other countries.®® In the mid-

1960s, ventilation holes were added to the filter, but they were technically flawed.
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Reconstituted tobacco has been used increasingly since the 1960s, and there have

been changes to the cigarette papers and additives used. 3

A concomitant shift toward lowered levels of tar and nicotine has also
occurred in the 1960s from about 38 and 2.7 mg to 13.5 and 1.0 mg, respectively.'®
Tar is a complex mixture that includes many chemicals that are cancer initiators
and/or promoters. Tar and nicotine yields were measured with a smoking machine
using the Federal Trade Commission (FTC) standardized protocol.*® Such protocol
did fail to account for any compensatory changes (blocking of the ventilation holes,
more frequent and deeper puffs, and an increase in the number of cigarettes smoked)
in smoking patterns for those switching from higher yield to ‘lower’ yield products.
Although the risk of lung cancer is reported to be 40-50% lower among smokers of
low-tar and low-nicotine cigarettes than among other smokers, consistent evidence is
lacking.®® A similar effect has been observed among long-term smokers of filtered

cigarettes compared to smokers of unfiltered cigarettes, but with controversies.*’

These observations are primarily derived from either case-control or cohort
studies, but epidemiological data do not provide insights into the consequences of
smoking one product or another across the full time period of smoking. Consequently,
researchers cannot compare the risks of smoking one type of cigarette across decades
with that of smoking another. Because of these methodological issues, the
epidemiological data need to be interpreted with caution. Further insights into the
potential ‘beneficial’ effects of ‘lower yield’ cigarettes were investigated through a
series of cohorts (the American Cancer Society Cancer Prevention Study I and II, and

the British physician cohort study of Doll and colleagues). Finally, the Institute of
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Medicine report by Stratton and colleagues concluded that changes in cigarette design

and manufacturing over the last 50 years had not benefited public health.”

3.2.4 Passive Smoking (Environmental Tobacco Smoke)

Passive smokers inhale a complex mixture of smoke that is now widely
referred to as environmental tobacco smoke (ETS). In 1981, two nearly simultaneous
publications indicated that lung cancer risks were increased among non-smoking
females married to smokers.”" ** Since then, the collective epidemiological evidence
in the US (National Research Council, : 1980; Surgeon General, i 1986;
Environmental Protection Agency, °* 1992) suggests that risk of lung cancer was
elevated by about 30% among female non-smokers whose husbands smoked.
Estimates indicate that passive smoking, classified as a class A human carcinogen,
accounts for almost 3000 lung cancer deaths per year in the US.” However, the
reported risk estimates for ETS are constantly being challenged for confounding,
small sample sizes, and exposure misclassification bias for using spouse smoking

habits as a proxy measure for ETS. '

The recent studies”™ **°” have taken all the above limitations into account and
reported fairly similar results. A comprehensive review’® also argued the confounding
effect of poor diets and less healthful lifestyles on a cross-cultural basis, which may
be strongly correlated with having a smoking husband, especially in affluent urban
societies. Also, ‘sidestream’ smoke contains higher concentrations of toxic agents
(mainly nitrosamines) than the ‘mainstream’ smoke.”” The association of lung cancer
and second-hand smoke provides further evidence of the dose-response relationship of

cigarette smoke and lung cancer, and also suggests that there may not be a threshold
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level for tobacco carcinogenesis.” Importantly, epidemiological studies alone can
g P Y, €p g

provide such dose-response evidences.

3.2.5 Smoking prevalence and tobacco consumption patterns

The World Health Organization (WHO) has identified the use of tobacco as
the major preventable cause of death for mankind. *° Worldwide, cigarettes represent
the most important tobacco product. World production of tobacco is approximately
seven million tonnes annually.” China accounts for almost a third of the total. The
people most immediately exposed to the products of tobacco combustion are the
users, that is, the active smokers. The prevalence of smoking varies throughout the
world and is subject to change. The proportion of smokers is decreasing among males
in industrialized countries. More than 70% of males born in Europe and North
America during the first decades of the 20" century were smoking during some time
of their life, but this proportion has decreased in males born in the latter decades of
the 20" century. There are also increasing proportions of former smokers in many

countries, particularly among the older age groups.”

A different pattern is seen in females. Smoking by females only became
prevalent in the second half of the 20™ century. While some countries, such as the
UK, the proportion of females who smoke has started to decrease in recent years, in
most industrialized countries this proportion is still increasing. In developing
countries, less comprehensive data are available. It is clear, however, that a great
increase in smoking has taken place during the last decade in many countries. This
increase is particularly dramatic in China, where more than 60% are estimated to

smoke. Smoking prevalence among females in most developing countries is still low,
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although in many countries young females are taking up the habit. In India and its
neighbouring countries, smokeless tobacco is widely used and ‘bidi” smoking is also

common, this being the cheapest form of smoking available.”

In the US, the prevalence of adult smoking decreased from 24.7% to 22.5%
between 1997 and 2000 alone.'” Smoking among adults is a less sensitive indicator
of trends in smoking initiation than is smoking among adolescents, but it does reflect
the combined overall effect of changes in both smoking initiation and cessation.”> No
state in the US has reached the objective of Healthy People 2010 to reduce the

percentage of adults who smoke to 12%. '*'

In Europe, substantial changes have taken place with regard to smoking
prevalence and the volume of tobacco smoked per capita, although not all tobacco
products ‘consumed’ in a particular country will actually be smoked there.! The
regional temporal variation in the annual per-capita tobacco consumption is very
large: from big declines in the UK (39%), Sweden (33%), and Finland (28%) to a
great increase in Portugal (64%). In addition, there is regional variation in the total
per-capita tobacco consumption: Ireland, for example, had one of the highest per-
capita consumption in 1994 (2550 grams), with lowest in Sweden (870 grams). '
Despite inadequate data, a declining smoking prevalence in males is observed, with a
few countries also reporting a decline in female smoking prevalence (UK, Ireland, the

Netherlands and Belgium). e

Japan had the highest smoking prevalence in the world among males in the

1960s and 1970s, but is also showing a decline more recently.'®
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Appendix one shows a model describing the stages of tobacco epidemic based
on data from developed countries. There is a time lag between increase in

consumption and the manifestation of lung cancer.

3.2.6 Effectiveness of anti-smoking measures: an overview

Since the release of the seminal report of the first US Surgeon General in
1964, knowledge about tobacco use, addiction, and tobacco-related disease has
increased dramatically. With this knowledge have come major public health
improvements. The prevalence of tobacco use has been cut in half, the number of
former smokers nearly equals the number of current smokers, and some gains have
been achieved in reducing lung cancer incidence and mortality rates.'”” However, it is
clear that we have not solved the problems associated with tobacco use, as evident

from our previous discussion.

The first point of the recently revised 1985’s European Code Against Cancer
(ECAC) is “Do not smoke. If you smoke, stop. If you fail to stop, do not smoke in
presence of non-smokers”. ' The risk of cancer rapidly decreases upon stopping
smoking, and the benefit progressively increases over time.'™ Large proportions of
adult smokers want to quit smoking. Marked reductions in future lung cancer
mortality could be achieved if more money and resources were devoted to smoking

cessation programmes, which has the potential to be one of the most cost-effective

public health interventions.

It has been estimated that about half of the population of ‘ever’ smokers in the

US have already stopped smoking, but cessation is nevertheless very difficult for most
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smokers as cigarette smoking in particular is recognised, as been an addictive habit.
From a public-health point of view, persuading aduit smokers to give up rather than
focusing on smoking prevention in adolescents can gain more benefit in terms of an
immediate impact on number of deaths from lung cancer. Adolescent smoking
prevalence is also a better indicator for future lung cancer mortality trends.” Sadly,

smoking prevalence among adolescents is increasing in the industrialised nations. '®

Two broad approaches are used to decrease the prevalence of smoking: the
‘individual’ approach and the ‘community’ intervention strategies." * The individual
approach requires use of proven cessation techniques, availability of appropriate
medications (such as nicotine replacement or psychotropic medications), and, more
importantly, the involvement of physicians in cessation and patient education.
However, the success of this individual approach is limited by the effectiveness of

medication and the physicians’ knowledge of the available options.

On the other hand, community interventions are useful tools for reducing the
smoking prevalence. In many countries, including the UK, Finland and Poland, a
substantial reduction in the number of smokers has been achieved by changing public
attitudes to tobacco.' Such strategies are very difficult to implement especially
without social pressure not to smoke, and a legislative framework to make smoking
expensive. There are huge political conflicts, involving interest groups, such as
agricultural and finance ministries, tobacco growers, and the tobacco industries. It has
been shown that a 10% increase in cigarette price could have a 4% reduction in adult

99

tobacco consumption in high-income countries, =~ and a 20% reduction in teenage
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smoking. '” In summary, such policy changes have effects on the population that

impact both smoking uptake and decisions to quit.

Many countries have smoking cessation programmes in some form or other.
For example, banning smoking in public places in major cities, such as New York,
San Francisco, as well as the recent nationwide Smoking Ban in the workplaces in the

Republic of Ireland.'*

However, very few countries across the globe have a
comprehensive tobacco cessation programme. Singapore is one such a country, which
not only has a comprehensive anti-tobacco programme, but it is also stringently
enforced.'”” Now that tobacco use and second-hand tobacco smoke exposure have
been shown to be causal factors for an expanding list of cancers and other diseases, it
is essential to implement whenever and wherever possible the approaches and

interventions that have shown to be effective. The recent WHO Framework

Convention on Tobacco Control (FCTC) is an important step in this direction.

Although we know that smoking cessation will reduce future cancer risk, we
know little about smoking reduction or transition to other tobacco products (such as
smokeless tobacco use by the US adults) as methods for reducing cancer risk. Do
smokers who use nicotine replacement products (gum, patch, inhaler, or lozenge) to
reduce but not quit smoking decrease their intake of potent carcinogens, and thus
reduce future cancer risk?

A recent study'08

addressed that question and concluded that although reduced
smoking and concomitant reductions in biomarkers of cancer risk can occur with

behavioural and pharmacological support, reduced smoking is of ‘limited value’ as a
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means of reducing the potent tobacco-specific carcinogen, NNK (nitrosamines). The
authors speculated that smokers compensate for the reduced smoking by becoming
more efficient smokers: ie. exerting more from a cigarette, thus, even a large
reduction in smoking is often led to only a modest reduction in levels of NNK

metabolites. Although this observation is consistent with other studies, '*'"°

it is yet
another reminder that standardized methods for assessing tobacco constituent
exposure, such as machine-measured protocols of the US FTC, cannot adequately
account for variations in human smoking behaviour. Consequently, sceptics suggest

that now is the time to implement ‘harm reduction’ approaches, because so many

smokers cannot or will not quit smoking.""'

Nonetheless, there have been advances in our understanding of the
epidemiology, and the genetics of nicotine addiction. These findings have opened new
areas of smoking prevention and cessation research using pharmacological
interventions both with pharmacological agents and nicotine replacement therapy
(NRT). As health professionals, however, we must vigorously support smoking
prevention and cessation programmes. We must also champion efforts to make
tobacco use a socially and culturally unacceptable habit, and support all government
actions to eliminate tobacco as an environmental carcinogen. The so-called ‘reduced
yield’ cigarettes lack consistent evidence for the attenuation of lung cancer risk, and
the evidence base for ‘novel’ products (NRT) is also limited.''> Thus, the publicity
and marketing of such products must not distract attention away from interventions

proven to reduce the prevalence, intensity, and duration of smoking.
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3.3 Air Pollution

During a typical day, the average adult inhales about 10,000 litres of air. '

Consequently, even the carcinogens that are present in the air at low concentrations
are of concern as a risk factor for lung cancer. The relationship of acute and chronic
non-malignant respiratory disease with ambient air pollution is well-established, but
the evidence for an effect of community air quality on cancer risk is far less
conclusive, although an association of air pollution with lung cancer has been
observed for at least 40 years.''* This association has received only sporadic attention,
because of the predominate role played by cigarette smoking in the vast majority of
lung cancers in Western industrialized nations. Nonetheless, there have been
persistent concerns that air pollution may cause lung cancer and other cancers. These
concerns have been prompted by the release of carcinogens into outdoor air from
industrial sources, power plants and motor vehicles, and the recognition that these

outdoor carcinogens also contaminate indoor air.

Three major obstacles lie in the path of establishing a causal connection
between ambient air pollution and lung cancer risk: the latency between exposure and
cancer occurrence combined with pronounced temporal changes in air quality; the
difficulty in estimating cumulative personal exposure to ambient air pollution; and
confounding of cancer risk by other personal exposures, especially active smoking
and ETS.'" These obstacles have not been adequately addressed in the body of
epidemiological evidence on cancer and air pollution. However, there is sufficient
convergence of evidence from many population-based studies that ambient air
pollution has contributed to the human cancer burden, lung cancer in particular. These

11
are as follows: '"°
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e Known and probable human carcinogens are present in the ambient
air environment, for example, organic products of incomplete
combustion (benzo-a-pyrene in particular), arsenic, asbestos, etc.

e Urban residents show a consistent lung cancer excess compared to
rural inhabitants, even when estimates are appropriately adjusted
for tobacco smoking and occupational exposures.

e Among urban residents, gradients of community air pollution
levels correspond with area differences in lung cancer risk.

e Communities adjacent to certain large point sources of
carcinogenic air pollutants, such as arsenic smelters, show an
excess of lung cancer in proportion to the nearness of the
household to the point source, following adjustment for tobacco

and occupational exposure levels.

3.3.1 Urban air pollution (ambient air)

Several migrant and ecological studies provided support for the general
hypothesis that ambient air pollution is associated with lung cancer risk. There is
abundant evidence that lung cancer rates are higher in cities than in rural settings.’ fui%
%7 Although urbanization and lung cancer mortality is linked, this association could
arise from differences in the distributions of other lung cancer risk factors, such as
smoking and occupational exposures, by degree of urbanization. Adjustment for these

factors may considerably attenuate the effect of urban location, but an “urban” effect

persists in a few studies.”
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Cohort and case-control studies are limited by difficulties in assessing past
exposure to the relevant air pollutants. The exposure to air pollution has been assessed
on the basis of proxy indicators or on the basis of actual data on
pollutant levels. These data, however, reflect mainly present levels or levels in the
recent past and refer to total suspended particulates, sulphur dioxides, and nitrogen
oxides, which are not likely to be the agents responsible for the carcinogenic effect, if
any, of air pollution. In addition, the majority of the nations may not have good
quality data from monitoring stations, which are usually fixed. Furthermore, the
sources of data might cover quite a wide area, masking small-scale differences in

exposure levels, and thus giving rise to exposure ascertainment bias.

The quantification of relative risk estimates for lung cancer on both the urban
and rural dwellers is generally on the order of 1.2 to 1.5, following adjustment for
smoking.''® In several of these studies, the joint effect of air pollution and smoking

16 1n addition, none of

appeared to be greater than the addition of individual risks.
these studies considered personal exposure to ETS, and few took into account lifetime
residence. These two factors exert opposite effects on air pollution-lung cancer risk
estimates. Thus, the major limitations of urban-rural comparisons are the absence of
quantitative measures of exposure to ambient air pollution, and the urban-rural
difference in indoor environments caused by ETS. If these studies were the only

sources of evidence, it would be difficult to determine whether the ‘urban effect’ is

due to indoor or outdoor exposures.

The potential confounding effect of differences in urban-rural indoor

exposures should be diminished in studies comparing two or more similarly urbanized
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areas, if appropriate care is given to the consideration of socio-demographic and
occupational variables. Some took advantage of the low prevalence of smoking in the

Seventh Day Adventists. ''” However, the Harvard Six Cities Study' ¥

provides one of
the most complete characterizations of air pollution exposures to date. Although not
statistically significant based on 120 lung cancers, the study reported 1.4 times higher
lung cancer risk in the most polluted compared to that in the least polluted city,
suggesting a 14-20% increase in lung cancer mortality for every 10 microgram/ m’
increase in long-term exposure to fine particulate. This finding was recently
19

confirmed in a long-term follow-up study of the American Cancer Society CPS II,

but an increased risk of 8% for every 10-microgram/m’ rise was observed.

The magnitude of the lung cancer effect per each 10ugm™ increase of
particulate air pollution in the Six Cities Study may have been biased upward by the
convergence of two factors. Firstly, if particulate air pollution exerts its carcinogenic
effect relatively early in the multistage process, it results in a lag of 20 or more years
between effective exposure and disease. Secondly, if differences in the concentrations
of particulate air pollution between the least and the most polluted cities of the Six
Cities Study were greater in the 1950s and 1960s than during the follow-up period

when air monitoring data were being generated for this study.

A few studies have used exposure biomarkers offering a new approach to
quantifying the lung cancer risk associated with air pollution. One of the studies uses
carcinogen-DNA adduct levels, and found that their levels are markedly elevated in

residents of a highly industrialized region (in Poland) in comparison with controls
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from a less polluted region.'”’ Such levels of biomarkers could be used to predict

cancer risks, following validation.

Studies have also taken advantage of ‘natural experiments’. Stevens and
Moolgavkar’* observed declines in lung cancer incidences among non-smoking males
in England and Wales coincident with substantial declines in levels of particulate and
sulphur dioxide pollution that resulted from the implementation of nation-wide air
pollution control measures. Observing that the rates of lung cancer began their decline
within a few years of the reduction in air pollution, critics have challenged the
authors’ interpretation of the data. However, the authors argued that reductions in
lung cancer risk in former smokers have also been observed within two years of
quitting smoking.*® Dublin City experienced a Coal Ban in 1990, 33 which might also
provide a unique opportunity for a ‘natural experiment’ over the next decade,

considering a long latency period of at least 20 years.

In summary, the reported estimates of PAR for lung cancer due to urban air
pollution have been based on markedly different methods. In 1981, Doll and Peto”®
estimated that perhaps 1-2% of lung cancer cases were related to air pollution. Even
in light of recent findings, this appears to remain a reasonable estimate. Karch and
Shneiderman®® in the same year estimated that the ‘urban factor’ accounted for 12%
of lung cancer cases. It has also been argued that cigarette smoke has little impact on
outdoor pollution concentrations. Outdoor combustion-source particulate air pollution
penetrates indoors and, for persons from non-smoking homes, the indoor, outdoor,
and personal exposures are similar and highly correlated. 2! In 1990, the US EPA

estimated that less than 1% of lung cancers could be attributed to the effects of current
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levels of air pollution.'” So, the extent that air pollution may contribute to lung
cancer, and that the overall epidemiological evidence is equivocal, its contribution is

minimal relative to cigarette smoking.

3.3.2 Indoor air pollution

An individual’s total exposure to air pollution depends on indoor, as well as
outdoor exposures. Indoor air quality has large potential health implications because
people may spend substantial amounts of time indoors. Indoor air pollution may stem
from incoming outdoor air or may originate indoors from tobacco smoking, building
materials, soil gases, household products, and combustion from heating and
cooking.'” A trade-off exists between energy efficiency and indoor air quality, as

ventilation allows heated/cooled air to escape but improves air quality.'**

In more developed countries, the two most important indoor pollutants that
influence lung cancer risk in never-smokers are passive smoking and radon.”
Asbestos exposure may pose a risk to building occupants, but its environmental
influence is estimated to be minimal.'”> Of major concern in the developing world,
however, is the indoor air contamination from the use of unprocessed solid fuels,

notably coal, for cooking and space heating.

Mumford and colleagues'® inferred that smoky coal was a major determinant
of the geographical distribution of lung cancer in China. Case-control studies

conducted elsewhere in mainland China'*® and Taiwan'?’

further implicated coal use
as a risk factor for lung cancer. Another case-control study in Shanghai, where most

homes are unheated, reported no association between the use of coal and lung cancer

43



risk.* Exposure to coal burning in the pre-adult years, however, was associated with

lung cancer risk in a study of females in Los Angeles County.I28

More recently,
investigators have argued that the apparent association between air pollution and lung
cancer among Chinese females in Hong Kong is mediated through dietary habits,

because some of the major indoor pollutants (ETS, incense, and cooking fumes) are

associated with dietary habits.'*’

3.3.3 Future directions

Current knowledge about ambient air pollution and lung cancer is based
largely on the experience of Western industrialised nations. The populations of the
developing countries are exposed to levels of air pollution from combustion sources in
both ambient and indoor environments that rival or exceed those commonly observed
in the industrialised West. There has been relatively little research on ambient air
pollution and lung cancer among urban residents of the developing countries.”” As a
greater proportion of the world’s population moves from rural communities to the
rapidly expanding and highly polluted cities of Asia and the Southern Hemisphere,
there is a clear need to address the large gap in epidemiological research. Such
research could guide global policies for public health safety. Nonetheless, direct
epidemiological observation of exposed populations provides the best information for

evaluating the magnitude of outdoor air pollution-related excess lung cancer.
In conclusion, large-scale epidemiological studies of air pollution and lung

cancer are needed if we are to obtain sufficiently informative data. Large numbers of

cases will be necessary to measure the effects of air pollution and other factors, such
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as occupation and smoking. Without improved epidemiological methods, however,

even large studies may fail to inform.

Current developments in biological markers of exposure represent one
approach to improving epidemiological methods. In addition, methods for
retrospective estimation of lifetime exposure to air pollution should be developed and
tested, so that large case-control and retrospective cohort studies can be feasible. If
possible, retrospective characterization of levels of certain physical and chemical
constituents could aid greatly to the interpretation of between-city patterns of lung
cancer occurrence. Finally, new designs and statistical methods (such as hybrid
studies combining ecological-level contrasts for air pollution effects between cities

130

with individual-level data) "~ may provide additional insights.

3.4  Dietary habits: an overview

Diet is considered to be a principal environmental factor for determining the
incidence of many major cancer sites, including lung cancer. Much of the
epidemiological research on diet and lung cancer has been motivated by the
hypothesis that diets high in anti-oxidant nutrients may protect against oxidative DNA

damage, and thereby protect against cancer.'’

The overwhelming contribution of cigarette smoking as a cause of lung cancer
imposes challenges to detecting the role that other lifestyle factors, such as diet, in the
aetiology of lung cancer. Cigarette smoking is so closely associated with less
healthful lifestyles, such as less healthful diets, "' that it is often difficult to discern

whether the dietary factors of interest have truly been disentangled from the effects of
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smoking. Compounding this problem, even associations between dietary factors and
lung cancer that truly exist are likely to be very weak in relation to smoking. In many
instances, the potential residual confounding effects of smoking could thus plausibly
be strong enough to explain the observed associations between lung cancer and

dietary factors.'”

In the future, studies that control for cigarette smoking in the design
are best suited to address the persistent concern about residual confounding by

cigarette smoking.

3.4.1 Fruit and vegetable consumption

The most consistent finding on diet as a determinant of cancer risk is the
association between consumption of vegetables and fruit, and reduced risk of several
cancers.'>> However, observational studies (case-control and cohort) **'** showed
mixed results for a protective effect of fruits on lung cancer risk. The evidence
favouring a protective association for lung cancer is more consistent with vegetable
consumption.'*® Overall, studies indicated that subjects in the highest consumption
categories of vegetables and fruits experience 10-50% less risk for lung cancer

compared to the lowest consumption categories, irrespective of smoking status."’

3.4.2 Micronutrients

Research on vitamins and lung cancer in humans has focused mainly on
carotenoids (total and beta-carotene), vitamins A (retinol), C, and E. Two different
strategies are usually adopted. First, using data from food-frequency-questionnaires
(FFQ), which provides a better average measure of micronutrient ‘exposure’. Second,
using blood measurements, which have the advantage of measuring concentrations

closer to the cellular level where the postulated biological effect occurs. Mixed results
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have been observed with both dietary intake of retinol and circulating retinal

’ i . 1 135, 138
concentrations with regard to lung cancer risk. T

By contrast, total carotenoids,
beta-carotene, and vitamin C are more supportive of a reduction in lung cancer risk,
using both the above approaches for measurements.”> " ** The preponderance of

evidence from observational studies has thus demonstrated a ‘protective’ association

between carotene (specifically, beta-carotene) and lung cancer.

3.4.3 Chemoprevention Trials

Observational studies indicated that the protective effect of beta-carotene
provided a 30-80% reduction in the risk of lung cancer between the highest and lower
intake categories.">® However, this overwhelming evidence of a protective effect from
observational studies, especially beta-carotene, has been challenged by the results of
four randomised, double-blind, placebo-controlled chemoprevention trials. In fact, the
CARET (Carotene and Retinol Efficacy Trial) '** in the US and the ATBC (Alpha-

140 in Finland showed an

Tocopherol Beta-Carotene Cancer Prevention Study)
increased risk of lung cancer with beta-carotene supplementation, especially among

‘heavy’ smokers. However, the Finland study most recently hypothesized that a

combination of dietary antioxidants reduces lung cancer risk in male smokers.'*'

A difference in results between observational studies and preventive trials

would arise if fruits and vegetables were protective due to constituents other than

141

beta-carotene (confounding). ~ Alternatively, at very high non-physiological doses,

beta-carotene might have a paradoxical adverse effect, '*

in particular among
smokers. The chemoprevention trials clearly suggest a more complex role than

researchers had previously thought. These trials also emphasize that we do not know
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whether the associations present in observational studies are specific to the
micronutrients, or whether the micronutrient measurements are merely serving as a
marker of the intake of other protective substances or even of more healthful dietary

habits in general.

3.5 Asbestos exposure

Asbestos, a well-established occupational carcinogen, refers to several forms
of fibrous naturally occurring silicate minerals (chrysotile, crocidolite, amosite, and
tremolite). '*° The epidemiological evidence dates to the 1950s, although clinical case
series had previously led to the hypothesis that asbestos causes lung cancer.'® In a
retrospective cohort study in 1955, Doll observed that asbestos textile workers at a
factory in the UK had a 10-fold elevation in lung cancer risk and that the risk was
most heavily concentrated during the time frame before the regulatory limitations

: 144
were imposed.

A 7-fold excess risk for lung cancer development was subsequently
observed among insulation workers in the US.'*® The peak incidence occurred 30 to
35 years after the initial exposure. This suggests the very long latency period of

: . 146
carcinogenesis.

It is uncertain whether asbestos acts directly as a carcinogen, or indirectly by
causing chronic inflammation. Asbestos and cigarette smoking are both independent
causes of lung cancer, but in combinations they act synergistically to increase lung
cancer risk multiplicatively.'*’ Cigarette smoking may increase the lung cancer risk

associated with asbestos exposure by enhancing the retention of asbestos fibres. '**
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3.6 Radiation

Epidemiological studies of populations that have been exposed to high doses
of radiation show that lung cancer is one of the cancers associated with exposure to
ionising radiation. However, the risks of low-dose radiation, which are more relevant
to contemporary workers and the general population, have proven difficult to
characterize.'"*’ Two types of radiation based on the rate of energy transfer to tissue
are relevant to lung cancer: low linear energy transfer (LET) radiation (for example,

x-rays and gamma rays); and high-LET radiations (neutrons and radon).

3.6.1 High-LET radiation (Radon)

Radon is an inert gas that is produced naturally from radium in the decay
series of uranium. Underground miners exposed to radioactive radon and its decay
products, which emit alpha particles, have been consistently found to be at increased
risk of lung cancer.” A pooled analysis estimated an apparently linear, approximately
6% increased risk per working-level year of exposure.'*® Cigarette smoking and radon
decay products synergistically influence lung cancer risk in a manner that is supra

additive but sub-multiplicative.”

Today the main concern about lung cancer risk from radon and its decay
products comes from residential rather than occupational exposure, because it is a
ubiquitous indoor air pollutant, entering buildings in soil gas. Studies of highly

exposed underground miners have been used as a basis for extrapolation of the risk at
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the typically lower residential doses.” Even the lowest historical radon concentration

in a uranium mine is roughly 50 to 100 times higher than in the average home.'*?
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A meta-analysis'*® resulted in a pooled relative risk of 1.14 at 150 Bg/m® of
exposure, which was similar in smokers and non-smokers, consistent with the
extrapolation based on underground miners. The US EPA and the National Research
Council have estimated that approximately 15,000 to 20,000 lung cancer deaths per

year in the US are caused by radon. e

This is also quantitatively comparable with
risk models derived from underground miners.'> Such coherence lends support to

using extrapolation of the miner data to estimate the risk of indoor radon, which has

been substantiated in recent studies across residential settings. ik

3.6.2 Low-LET radiation (X-Rays and Gamma Rays)

Epidemiological data of low-LET radiation to lung cancer are derived from
three principal sources: the atomic bomb survivors in Japan; 17 patients with disease
such as ankylosing spondylities receiving multiple radiotherapy; '8 and occupational
groups in professions exposed to radiation.'” Taken together, low-LET radiation is
associated with higher lung cancer risk when exposure occurs at a higher dose rate
(atomic bomb survivors, for example) as opposed to those for high-LET radiation,

suggesting that the two types of radiation have different dose-rate relationships. o

3.7 Host factors (genetic/molecular basis of Lung Cancer)

Genetic susceptibility to lung cancer has long been postulated. Environmental
agents, even cigarette smoking, cause lung cancer in only a minority of exposed

persons (less than 10% of the smokers), '

leading to the hypothesis that
susceptibility is inherently determined. Epidemiological evidence showing that a

family history of lung cancer predicts increased risk also supports a genetic basis for
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lung cancer susceptibility. '®* This long-postulated hypothesis is now being actively

addressed using the approach of molecular epidemiology.

Familial aggregation of lung cancer has been demonstrated primarily in case-

control studies. '*

In these studies, a positive family history of lung cancer has been
found to be a risk factor. Although shared smoking patterns within families may

explain a large part of the association with family history, increased related risks were

found even after adjustment for smoking.

3.7.1 High-penetrance genes

Segregation analyses suggest inheritance of a major gene that, in conjunction
with tobacco smoking, might account for 50% to 80% of cases diagnosed below age
60. '* On the other hand, the largest study of lung cancer in twins reported to date did
not provide evidence indicating a genetic basis for susceptibility.'®® This follow-up
study of 15,924 male twin pairs in the US did not show greater concordance in
monozygotic compared with dizygotic twins, and death rates from lung cancer were

similar by zygosity group in surviving twins whose siblings died of lung cancer.

3.7.2 Genetic polymorphisms

With the application of the new and powerful tools of modern molecular and
cell biology, a framework for understanding the genetic basis of lung cancer risk is
emerging. Figure offers a general schema for the process of carcinogenesis by tobacco
smoking (Appendix two). This framework indicates multiple points at which
genetically determined host characteristics might be important (for example,

carcinogen metabolism and activation, and DNA repair capacity).
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Some of the metabolising enzymes (phase I of the cytochrome p450 system)
have been investigated in regard to lung cancer risk (CYP1Al and CYP2D6), with
variations across the populations.'® Among the detoxifying enzymes (phase II), there
are at least four genetically distinct classes of the glutathione S-transferases (GST), '’
which detoxify reactive metabolites of polycyclic aromatic hydrocarbons (PAH)
contained in tobacco smoke. A few studies suggest that individuals with high activity

of a particular GST polymorphism have lower risk of lung cancer.'®” i

3.7.3 Somatic cells and genetic events

There are other candidates for determinants of susceptibility to lung cancer in
smokers, including oncogenes and suppressor genes, and DNA repair capacity.'®’
Much research remains to be done to clarify the association between variations in
DNA repair capacity and lung cancer risk. Individuals with a less proficient DNA
repair capacity phenotype have been shown to have an increased risk of lung
cancer.'” Mutations in the p53 tumour-suppressor gene are also frequent events in
lung cancer. Among lung cancer cases, the proportion of pS3 mutation increases with
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the duration and amount of tobacco smoking. " Point mutations of certain oncogenes

have also been reported in lung cancer.'”

A recent communication revisited an earlier ‘hypothesis’ that female smokers
may be more susceptible than male smokers to the carcinogenic properties of cigarette
smoke.'” Differences in the biology of lung cancer do exist between the two sexes:
higher levels of DNA adduct formation and increased CYPIAI expression among

7

females, '’* as well as decreased DNA repair capacity, '" and increased incidence of

K-ras gene mutations in females.'”> A novel oestrogen receptor I has also been
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detected in lung tumours.'” This suggests that oestrogen signalling may have a

biological role in tumorigenesis.

In summary, gender-specific lung cancer studies should be given a priority to
address this controversial issue of greater susceptibility of females to lung cancer in
terms of hormonal, genetic or metabolic factors. Nonetheless, a recent study found no
gender susceptibility to developing lung cancer, and thus suggested that the search for
biological mechanisms for female-male differences in rates of smoking-induced lung

cancer might not be necessary. '’

3.8 Presence of acquired lung disease

In addition to hereditary factors, increased host susceptibility to lung cancer
may result from previously incurred lung damage. Such acquired lung diseases
assume the two major forms: those that obstruct airflow, such as COPD (Chronic
Obstructive Pulmonary Disease); and fibrotic disorders that restrict lung capacity,
such as pneumoconiosis. However, an apparent association between these disorders

and lung cancer have been controversial for more than sixty years. '”®

Cigarette smoking is the principal cause of both COPD and lung cancer. o
Thus, clarifying the relevance of COPD to the development of lung cancer awaits
further proof that this association is not accounted for by cigarette smoking.
Regardless of any mechanism, the presence of COPD is a clinically useful risk

indicator for lung cancer progress.
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Clarifying the possible relationship between various types of pneumoconiosis
(asbestosis, silicosis, etc) and lung cancer also poses particularly vexing challenges.
Any underlying differences in the pattern of associations between the various types of
pneumoconiosis and lung cancer emphasize that fibrosis is not a homogenous
exposure, but one that is dependent on the properties of the specific mineral fibre,

such as its size, shape, and durability.'*’

In conclusion, lung cancer risk is multifactorial, and active smoking is the

predominant risk factor. Other environmental risk factors are also worth considering,

especially in areas with significant declines in smoking prevalence.
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Chapter Four
LUNG CANCER HISTOLOGICAL PATTERNS:

A LITERATURE REVIEW

4.1 Introduction

This chapter critically reviews the published literature to date on the
epidemiological pattern of lung cancer by major histological sub-types
(adenocarcinoma; squamous cell carcinoma; small cell carcinoma; large cell
carcinoma) from a global perspective. This chapter reviews and outlines the potential
risk factors for the rising lung adenocarcinoma incidence, together with the possible

biases contributing to such an increase in lung adenocarcinoma incidence.

4.2 Major histological sub-types of lung cancer

Lung cancer occurs in multiple histological types, as classified by
conventional light microscopy. The four major types include squamous cell
carcinoma (SQCC), adenocarcinoma (AC), large cell carcinoma (LCC), and small cell
carcinoma (SMCC). Together, these four types of lung cancer account for >90% of
lung cancer cases in the US.'®' Despite extensive research, the mechanisms leading to
these different types of lung cancer remain uncertain. Over recent decades there have
been both geographical and temporal changes in the distribution of histological
subtypes of lung cancer. Knowledge of these modifications, the steady increase in the
incidence of lung AC across the wealthy nations in particular, may help recognize the

potential aetiological and pathological mechanisms in lung cancer.
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Lung AC has become the leading lung cancer subtype in North America, 2

% as well as in Asia.*’ This increase may be partly ‘artefactual’ and

and in Europe, '®
involve several ‘biases’, or may be a ‘real’ change.”* Hypotheses have focused on the
cells of origin of lung cancers, and on the pathways of differentiation of malignant
cells.'®' Smoking has been shown to cause each of the major histological subtypes of

lung cancer, although there is substantial variation in the dose-response relationship

between smoking status and the histological subtypes by gender.'

4.3 Temporal patterns and geographical variations: an overview

General changes in the lung cancer epidemic have been taking place over the
last decade, but to different degrees around the world. In the 1960s, the most frequent
histological subtype in the US and Europe was SQCC. *° During the mid-eighties, the
incidence rate of AC surpassed that of SQCC in the US.?? In parts of Europe, SQCC
still remains the most frequent subtype, '* but is swiftly changing patterns. Consistent
upward trends in AC incidence were reported in the US in the 1960s and 1970s. '**
During the same period upward trend in the incidence of AC was observed in the
86

s ! 5 . 4
Netherlands, 9 Switzerland, 182 and in Asian countries, such as Japan, ? Korea '

and Hong Kong.'*’

A few of the earlier studies in the 1960s and 1970s were either hospital-based
or were autopsy cases, however, more recent population-based studies have confirmed
the upward trend in AC."** "' Similar results have been published using the SEER
(Surveillance, Epidemiology, and End Results) programme of the National Cancer
Institute (US) showing that AC had become the most frequent subtype leading to a

differential shift from SQCC to AC in the beginning of the 1980s.”* '*! In summary,
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this period of 1960-1970 also seems to correspond well with the rapid urbanization

phase in many wealthy nations across the globe.

4.3.1 Temporal and geographical patterns across gender

Geographical and temporal trends also differ in males and females. The
hospital-based studies in the 1960s and the 1970s showed that AC was the most

frequent subtype in males. i

However, this predominance of AC in males was not
confirmed in the subsequent population-based studies. For example, from 1969 to
1971 and from 1984 to 1986, the incidence of AC in the US increased by 110% in
white men and by 151% in black men, while SQCC rates increased by only 25% and
50%, respectively. By contrast, the rates for both AC and SQCC increased by similar

percentages (220% and 209%, respectively) over the same time period among females

in the US. '

In the US, using the 1960-1989 data from the Connecticut Tumour Registry,
the oldest population-based registry in the world, Zheng et al '** showed that the
overall age-adjusted incidence rates for SQCC and SMCC have stabilised in males,
but still increasing in females. The incidence of AC has been increasing in both sexes,
but there has been a sharper increase among females since the mid-1970s. '*®

However, the same study reported that the recent birth-cohorts had a decline in SQCC

and SMCC, as well as in AC across both sexes.

In 1974-1991 data from the SEER programme, Travis et al'”> showed that the
age-adjusted lung cancer rates among white and black females continued to increase

for all histological subtypes, with the exception of LCC among whites. A recent birth-
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cohort study in the US showed that lung cancer incidence rates for white males and
females converged rapidly for AC, SMCC and LCC, but less so for SQCC among

those individuals born after 1960s.'%*

The authors also concluded that their findings
might suggest that males and females may be ‘equally’ susceptible to developing lung
cancer from a given amount of cigarette smoking, rather than supporting the
hypothesis that females are more susceptible to developing lung cancer. n

In Japan, Tanaka'®’

reviewed 282 autopsy cases from 1950 to 1983 and
showed an increasing number of AC, which surpassed SQCC in the 1980s. Watanabe
et al '*° reported that the proportion of AC also increased from 52% to 69% between
the 1960s and the 1980s in females. Recently, Morita ** confirmed the same finding in
a larger study using autopsy cases from 1958 to 1997. Also, the more recent Osaka
Cancer Registry (Japan) analysis'*’ showed that AC, as well as SQCC and SMCC

incidence is increasing among younger adults, and the authors suggested a possible

change in lifestyle as an explanation.

In a Korean clinical study, '*® SQCC accounted for 54% and AC was 18%
among males, while in females AC and SQCC were 45% and 28%, respectively. The
same study reported that SQCC started to decline after 1987, but AC increased since
the 1990s. In Hong Kong, '*’ the proportion of AC in females increased from 34% to
59% from the 1960s to 1980s, and a decrease in the proportion of other subtypes.
China, however, is showing a different pattern altogether where SQCC decreased
from 68% to 53%, and AC increased from 14% to 27% among males between 1980
and 1989, while in females AC decreased from 64% to 39%, but SQCC increased

from 22% to 32% between 1980 and 1989. '’
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In Europe, SQCC predominated in almost all countries around 1985 (45% of
lung cancers in the overall, ranging from 36% in Denmark to 56% in Slovakia). e
The proportion of AC varied greatly between the countries within Europe.198 In males,
AC represented 10% (Poland, Slovakia) to 23% (Denmark) of all lung cancers. In
females, AC was the most frequent cell-type in Denmark (38%), France (36%), Italy

(37%), Spain (55%) and Switzerland (42%). By contrast, SQCC predominated in

females in the Netherlands, Poland and the UK, representing 30-35% of lung cancers.

In a few of the longitudinal studies done in Europe, one of them showed an
increase in the incidence of AC in the Netherlands.'®® In Switzerland, 182 4 birth-
cohort analysis showed that AC incidence increased in both sexes by approximately
2.5 fold between 1974 and 1994; and during the period 1990-1994, it was more than
3-fold higher than the incidence of SQCC in young adults of both sexes. In summary,
there is a changing epidemiology of lung cancer in European countries with an

increasing AC among females since the 1980s and the early 1990s.

In Israel, ' an interesting study was conducted between the Jewish and the
Arab populations. The study showed that from 1981 to 1995, SQCC decreased from
30% to 24% in Jewish males and from 17% to 13% in Jewish females. In Arab male
populations, the opposite occurred and the percentage rose from 24% to 29%. In the
Jewish males, AC increased from 12% to 16%, and from 20% to 23% in females. In
the Arab male population, the percentage also rose from 12% to 15%. Regarding age-
adjusted incidence rates, SQCC rates and AC rates decreased and increased,
respectively, among Jewish population, whereas in the Arab population the incidence

rates of both AC and SQCC had increased.
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4.3.2 Temporal variations in the ratio of Adenocarcinoma/Squamous

Cell Carcinoma (AC/SQCC) by age and gender

A few important temporal changes were also noted in the distribution of
histological sub-types of lung cancer across the geographical regions, such as the
changing ratio of AC over SQCC by gender and by age groups. In North America and
in Asia, '8"%" 29 adenocarcinoma of the lung was the most common subtype in
younger males (age < 55 years). In all these series, the ratio AC/SQCC decreased with
age and SQCC became the most common among older males. In females, AC was the
most common sub-type across all age groups, but a few studies showed a reverse ratio

of AC/SQCC after the age of 55. '***% These findings suggest the importance of age-

specific incidence rates of major histological subtypes of lung cancer over time.

In the US, Dodds study '*'over the 1974-1981 period showed that in males
aged <65 years the incidence of AC increased with time, whereas the incidence of
SQCC decreased. However, the number of both subtypes rose with time in males >65
years old. This suggested that in 1981 AC was becoming the predominant cell type in
younger populations, whereas older adults were more likely to have other subtypes. In
females, the incidence of AC increased roughly in the same proportion in the age
groups over or under 65 years. The incidence of SQCC has been increasing with time
in successive cohorts of females >65 years. However, in females <65 years there has
been no dramatic reduction in the incidence of SQCC. All these differences between

age groups suggest that increasing incidence of AC is ‘not’ just an artefact.>

Similar results were observed in other parts of the US. '® The incidence of

SQCC peaked for males born around 1920-1925, 10-20 years before AC incidence,
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which peaked for males born around 1940. Cohort peaks have been reached 10-20
years earlier for males than for females. In summary, the ratio AC/SQCC in the US
has markedly decreased to 1.9 (1990-1991) since the 1960s, especially among males.

291 This ratio was similar to that observed in Montreal, which was 2.0 in 1993.'%3

In Europe, the ratio of AC/SQCC is still high: 12 in Strasbourg (1993), and 10
in Bohemia (1981-1985). '* However, other European countries have lower ratios,
for example, 1.6 in Denmark (1993-94). 22 The ratio in Asia is low. The ratios were:

2.6 in the Philippines (1990-91), ® 2.1 in China (1979), '*7 2.7 in Japan (1997). ¥

In conclusion, the male-to-female ratios of lung cancer by histological
subtypes could be classified into three distinct types: North American type (ratio
being around 2.0), European type (ratio between 8 and 10), and Asian type (the ratio
being around 3.0). * These patterns may closely correspond with the smoking
patterns across these populations, especially among females, in addition to anti-
smoking policies, changing cigarette designs, and other changing lifestyle patterns,

together with adverse changes in smoking behaviour among younger adults.

4.4 Potential risk factors for the rising lung adenocarcinoma

incidence

Geographical differences and temporal trends lung adenocarcinoma (AC)
incidence lead to the question of changes in risk factors with time. Such variations

may also help identifying any putative risk factors for lung adenocarcinoma.
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4.4.1 Tobacco consumption patterns

The increase in incidence of AC could be partly explained by an increase in
tobacco smoking. Several authors have found a dose-response relationship between
AC and smoking. ' This risk increased with both number of cigarettes per day, and the

duration of smoking.?**

Reduction of tobacco consumption in the 1960s, males in
particular, has been followed by a declining incidence of SQCC in the 1980s, but not

by a decrease in AC incidence. Other environmental factors could partly explain these

differences in temporal trends between the histological subtypes.

Relative risk for AC has been found to decrease more slowly after smoking
cessation than that for SQCC.>* Variations in composition of cigarette tobacco with
time could have played an important role. These variations could have favoured the
development of AC at the expense of SQCC. This could explain too why differences
in incidence patterns between SQCC and AC are less pronounced in females, who

started smoking 10-20 years later than males.

The introduction of filter cigarettes in the 1950s has been incriminated in the
increase in incidence of AC, which occurred 20 years later.'®® Filters remove larger
particles in cigarette smoke, thus reducing deposition of those particles in central
airways where SQCC develop preferentially. This could lead to a reduction in SQCC
incidence.””® AC occurs in the peripheral areas of lung that lacks the defences present
in the major bronchi (ciliated epithelium and mucus-secreting cells). ) Peripheral lung
of the smoker of ‘low-yield’ filter cigarettes is exposed to relatively higher doses of
smoke, including PAHs and NNK, which is an organ tobacco-specific systemic

carcinogen mainly inducing AC in laboratory animals.”’’ Furthermore, the tobacco
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blend (for example, in the US) has increased the nitrate content from about 0.5 to 1.3-
1.5%, which enhances the combustion of tobacco resulting in increased tobacco
smoke.'”> While more ‘complete’ combustion decreases the concentrations of PAHs,
the increased production of nitrogen oxides contributes to the increased formation of
NNKs. Such biological phenomenon constitutes the ‘systemic carcinogen

hypothesis,’'*?

which may be responsible for the increasing AC incidence.

An alternative or additional explanation for the rising AC incidence is the
‘airborne carcinogen hypothesis’. *°® This suggests that the significant reduction in
cigarette tar/nicotine content has caused smokers, especially females, to increase the
number of cigarettes smoked per day, and also to draw greater puff volumes, as well
as inhale more deeply than smokers of plain cigarettes (5 puffs/min with puff volumes

up to 55 ml). e

With increasing puff volume, smoke particles are inhaled into the
lung with greater velocity. This forced inhalation of the smoke aerosol opens the
alveoli widely and facilitates the rapid saturation with nicotine. Consequently, an

increased deposition of smoking particles in the small airways could result in an

increased risk of AC.

The idea that deeper inhalation causes primarily AC in the distant parts of the
lung is also supported by data showing that most lung neoplasms among smokers of

pipes and cigars are SQCC arising from the major bronchi.>”

In addition, cigars and
pipes generate alkaline smoke with significant amounts of unprotonated nicotine that

are rapidly absorbed through the oral mucosa. This also quickly satisfies any craving

L8200
for nicotine.
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4.4.2 Adenocarcinoma in Non-Smokers

The influence of tobacco smoke on the risk of AC is not considered as great as
that of other two histological types is supported by reports that more never smokers
and fewer heavy smokers were observed among patients with AC than among those
with SQCC or SMCC.*"° However, nearly all of the reports were from case-control

211

studies, and these studies generally had very few never-smokers available for

analysis.”!’

Furthermore, investigations have focused on relative risk rather than other
measures of public-health significance, including excess risk and population

attributable risk (PAR).

A recent prospective lowa Women’s Health Study group reported that AC is
more strongly associated with tobacco smoke exposure than previously recognized,

especially in postmenopausal Caucasian females.?'

The same study reported a PAR
of 60% for smoking in AC cases, and the excess risk for heavy smokers compared
with never-smokers was highest for AC (n=206), compared to SQCC (n=122) or

SMCC (n=104).

Nevertheless, lung AC is relatively the most common histological subtype
among never-smokers, and the underlying explanation is yet to be resolved in both
sexes across the developed and the developing countries. In North American males
alone, AC accounts for 31-54% of all lung cancers in non-smokers, as compared to
25-33% in smokers. "> In China, AC represents 64-80% of lung cancers in non-

smoking females.”"
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4.4.3 Lung adenocarcinoma and ETS

Although the risk due to passive smoking (ETS) is probably small, there has

128

been a large population exposed to passive smoking in the past. In Wu’s study, “ the

risk of AC increased with increasing years of passive smoking in non-smokers, but

this did not reach statistical significance. In another study, '

after adjustment for age
and active cigarette smoking, a statistically significant risk for AC was found for

females. But after further adjustment for occupation and income, the risk was no

longer increased.

In a multi-centre population-based case-control study, *'® Fontham found that
tobacco use by spouse was associated with 30% excess risk of lung cancer in non-
smoking females. However, there was no statistical difference between the odds ratio
(OR) for AC (OR=1.29), and the OR for other primary lung carcinoma (OR=1.37),
suggesting an alternative explanation for the changing distribution by histological
subtype. Also, if ‘sidestream’ smoke contains mainly gaseous components penetrating
deeper into the lung than ‘mainstream’ smoke with higher particulate matter, more

. 2 y 8
adenocarcinomas would be expected in passive smokers.*’

The apparent weak association of ETS is likely to be affected by confounding
and other sources of bias. In addition, most of the studies considered ETS exposure
from the spouse only and not from other sources, such as ETS at the workplace,

during transportation, or in social settings.

A recent population-based case-control study in Germany’'’ took the above

limitations into account, and showed an increased OR (1.56) with AC in high ETS

65



exposure at all sources among females that increased to 1.83 when ETS exposure
sources other than home were considered, compared to no or low ETS exposure
across both the settings. Although the results were not statistically significant, they
suggest that females may be at an excess risk of developing AC due to workplace
ETS exposure rather than residential ETS exposure. Kabat et al *'* also noted an
elevated lung cancer risk due to ETS exposure in vehicles among females. These
findings suggest the underlying impact of urbanization on increased lung cancer risk,

particularly AC among working female populations.

A recent study’'? in the US concluded that 76% of never-smokers and 92% of
ever smokers are exposed to ETS through household contacts, as well as 58% and
67% of never-smokers had ETS exposure during childhood and adulthood,
respectively. They argued the importance of quantifying the lifetime ETS exposure in
former and never-smokers. In addition, a Polish study”*” observed that ETS exposure
during childhood (before the age of 18), significantly increased the risk of SQCC and
SMCC, but was not statistically significant for AC. The Mayo Clinic Study?'® also
showed that never-smokers without ETS exposure had a significantly higher

proportion of AC (76%) compared to never-smokers with ETS exposure (66%).

In summary, all these observations reinforce the importance of assessing the
cumulative amount of ETS exposure other than from household/personal history
taking. This is important for understanding the increased risk for AC among female

never-smokers in particular.
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4.4.4 Other Environmental Factors

An excess of AC has been described after exposure to asbestos mainly. **'
However, because of methodological issues (small sample size, lack of non-exposed
controls, inadequate source of pathological material) in such studies, no definitive
conclusion can be given about the relationship between a carcinogen and a particular

lung cancer histological subtype.

The authors who tried to evaluate the relationship between occupational
categories and AC found no or slight increased relative risk of AC.?'> These series
have small numbers of subjects in each occupational category. A study in Finland **?
showed a high risk of AC in the miners and quarries groups, compared to all other
economically active men. Radon, an important occupational carcinogen, is apparently
associated with a higher risk for SMCC, and a lesser risk for other non-small cell lung
cancers (NSCLC). ol

Outdoor air pollution may also play a role. Katsouyanni’>*

studied a small
series of females in Athens and described an interaction between smoking and air
pollution only in Non-Small-Cell Lung Cancers (NSCLC) other than AC. There was

225 the risk of AC increased in the

no effect of air pollution on non-smokers. In Italy,
industrial area (RR=2.1), especially in the proximity of the shipyard (asbestos

exposure) but not in the city centre areas.

In China, the effect of indoor pollution, primarily due to coal burning, was
stronger for SQCC than for AC in one study, but similar in another.'?% 2% Using ETS,

incense, and cooking fumes as examples of major indoor air pollutants among
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Chinese females in Hong Kong, investigators have recently concluded that dietary
habits might be a confounder for such an apparent association, and needs to be

o 129
controlled for such associations.

Association between dietary habits and histological subtypes is generally a
weak inverse relationship. A few case-control studies showed a relatively weak
inverse relationship between beta-carotene intake and AC than with SQCC, **” and a

228
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stronger inverse relationship between fruit intake and AC, as well as with SQCC.
China, non-smoking females showed a stronger inverse dose-response relationship

between fresh fruit or fresh fish consumption and AC than with SQCC or SMCC.**’

Such observations may suggest the influence of other protective nutrients.

4.4.5 Specific Lifestyle Factors

Gender differences in the histological distribution of lung cancer and a
possible greater susceptibility of females than males to tobacco carcinogens, '>%2%%!
suggest the influence of sex-specific hormones. Siegfried”*” first hypothesised that
oestrogens may possibly influence lung cancer development, and subsequently a
positive synergism between smoking and oestrogen replacement therapy was also
reported.” In the 1960s and 1970s, oral contraceptive pills (OC) with high oestrogen
content were introduced into the global market, and consequently, an increase in OC
users.”’ Hormone replacement therapy (HRT) was also introduced during the same

. 0 : t 0 .
period.”® Thus, changing reproductive behaviours among females across successive

generations might also influence the histological subtype patterns over time.
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A recent case-control study in Germany”’* showed that for all major
histological subtypes, a reduction in risk was observed with OC users, which was
least pronounced for AC across all types of users (both ever and long-term users for
more than 12 years), and was not statistically significant. This was, however,
significant in another study.”®® The German study*** also indicated a lowered lung
cancer risk with HRT, particularly among long-term users, and was independent of
cell subtypes. Taioli and colleagues, 21 however, showed a 70% significant excess
risk of AC for HRT users versus non-users. Incidentally, exogenous oestrogens have

- . 236
been classified as a human carcinogen.

Despite its inherent limitation, BMI (body-mass-index) has been used in
epidemiological studies as a proxy measure for obesity, and has also been positively
associated with the risk of a variety of cancers, including the hormone-dependent
cancers (postmenopausal breast cancer, endometrial cancer, prostate cancer), which
are predominantly adenocarcinomas.’’ BMI is also a potential risk factor for

oesophageal adenocarcinoma, colon adenomas and adenocarcinomas.’ 4

There may be a temporal association between the increasing adenocarcinoma
incidence of these major cancer sites, and the rising obesity prevalence across the
wealthy nations in particular. »*” However, the issue of whether obesity is protective
for lung cancer remains unresolved. A major reason is that most studies have been
conducted in populations that smoke, where the strong impact of smoking on both
BMI and lung cancer risk may obscure the true relation between BMI and lung cancer

risk. In addition, none of the studies have examined a potential relationship between
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histological subtypes of lung cancer and BMI, “°" except one.”
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The lone prospective study””’ that examined a relationship between obesity
and histological subtypes of lung cancer concluded that waist circumference might be
differentially associated with the histological subtypes, after adjusting for active
smoking only. Although females in the upper BMI quintile were at decreased risk of
all lung cancer subtypes, especially SQCC, the highest quintile of waist circumference
(a better indicator for central adiposity than waist/hip ratio) was positively associated
with SMCC and SQCC, after adjusting for BMI, but not with AC. This study, >*°
however, did not support the hypothesis that AC is most likely to be associated with a

high level of abdominal fat.

It is possible that a higher waist circumference in a smoker is a marker for
greater levels of active and passive smoking, as well as other poor lifestyle habits,
such as poor levels of physical activity, or poor diet. A recent case-control study, ***
however, showed a positive relation between BMI and overall lung cancer risk for
both never-smokers and former smokers, after adjusting for lifetime ETS exposure
and dietary habits. This study could not adjust for baseline or changing weight
patterns because of the nature of case-control studies in general, but commented on

the possibility of an ‘even stronger positive association.’

The observed positive obesity-lung cancer association may have a biological
plausibility. Obese persons tend to have higher levels of oestrogens, converted from
androgens in fat tissue.”*” In combination with lower levels of steroid hormone-
binding globulin (SHBG), ** there may be more circulating unbound oestrogen, able
to bind to its receptor in lung and other tissues. Oestrogen may act as a promoter, >*'

with high oestrogen levels acting as a growth factor on cancer cells. Obese persons
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are also known to have higher circulating levels of insulin, which also may promote
cancer celis by acting as a growth factor.”** So, an underlying endogenous hormone
metabolism associated with adiposity can stimulate cell proliferation, inhibit apoptosis

. . 4
and enhance angiogenesis.’*’

All the above biological mechanisms are consistent with the obesity-cancer
associations observed in other major cancer sites.’’ The association between
‘leanness’ and lung cancer mortality may not be causal, but rather an artefact of the
effects of smoking and pre-existing disease, A possibly suggesting a ‘reverse
causality bias’. *** Such methodological issues could be better addressed through
long-term follow-ups of large historical cohorts. Innovative epidemiological study
designs involving biochemical-molecular techniques to exclude a genetic
predisposition or any gene-environment interactions in the metabolism of tobacco

carcinogens is worth considering.

4.5 Rising incidence of adenocarcinoma: possible biases

Despite the above possibilities contributing to the apparent rising incidence of
adenocarcinoma across the wealthy nations, and among female populations in
particular, there might be potential biases contributing to such an interesting

phenomenon. Such biases are discussed in the following sections.

4.5.1 Detection bias

Investigations for a diagnosis of lung cancer tend to be made in smokers,

6

particularly males with pulmonary symptoms. McFarlane’*® in an autopsy series

found that 43 of 153 lung cancers (28%) had not been diagnosed ante mortem. The
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proportion of non-smokers was higher in the undiagnosed group than in those patients
having an ante mortem diagnosis of lung cancer (30% versus 8%). This study also
revealed a predominance of females in the undiagnosed group. A case-control study**’
showed that sputum cytology was ordered in patients with chronic cough, recent
cough, male sex and smokers. This leads to a detection bias in non-smokers,
asymptomatic individuals and in females. As adenocarcinoma is the most common
subtype in these groups, its incidence may have been previously underestimated.
Correction of this detection bias might lead to the conclusion that the incidence of

lung cancer in general and adenocarcinoma in particular is increasing with time.

The distribution by histological subtypes in various countries should be
compared with caution, because the proportion of specified histology can vary
greatly. In a country such as the Netherlands or Switzerland more than 90% of lung
cancers have a pathological diagnosis, while in Poland and Hong Kong only 40-50%

of histological subtypes are specified.'”®

Historically in Europe, the origin of
adenocarcinoma in the lung was debated, and adenocarcinomas were often considered
as metastatic from an unknown primary. The proportion of patients with
adenocarcinoma of unknown primary rather than a primary adenocarcinoma of the
lung may vary between institutions or countries. >** So, the degree of change in this

diagnostic classification contributing to an increase in the incidence of

adenocarcinoma has not been evaluated yet.

4.5.2 Changes in diagnostic techniques

Adenocarcinoma often is not bronchogenic but develops in the peripheral

parenchyma of the lung. Because early stage adenocarcinomas do not cause ulceration
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or obstruction of the major bronchi, the first manifestations of these tumours in almost
half of all patients are signs of metastasis. Some peripheral adenocarcinomas may
invade and obliterate bronchi before diagnosis, leading to a misdiagnosis of bronchial
carcinoma. Because the clinical presentation differs from one histological type to
another, the distribution by cell type in series of patients diagnosed by bronchoscopy,
trans-thoracic needle aspirate (TTNA), trans-bronchial needle biopsy, autopsy or

surgery may vary significantly.

In radiological series, 52-75% of adenocarcinomas present as a peripheral
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nodule. This explains why there might be an underestimate of the proportion of

adenocarinomas in bronchoscopy series. However, the introduction of the flexible
bronchoscope in the late 1960s and the increased use of TTNA since the 1980s '
have both improved access to the lung periphery; this may have also led to an increase
in the proportion of adenocarcinoma detected. However, using data from the

l20|

Connecticut Tumour Registry, Thun et a showed that the rise in adenocarcinoma

‘antedated’ these diagnostic innovations.

A continuing decline in the incidence rates for lung cancers of unspecified

histology among males has been observed, since the 1970s. '**

This might partially
explain the observed time trend. Adenocarinoma might also be expected to constitute
a high proportion of surgical cases. Nevertheless, the rate of adenocarcinoma is often
lower than expected. >*° This could be explained by the significantly greater incidence

of unresectability due to the late staging of adenocarcinoma disease compared to

squamous cell carcinoma for an equivalent size of tumour.”*!
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4.5.3 Change in the criteria for histopathological classification

Several authors have evaluated the impact of changing classification on
distribution of cell types by rereading the slides of patients previously diagnosed
using the original classification. There was a 6% increase in rate of adenocarcinoma
when using the first WHO classification, at the expense of the other histological

"% The first WHO classification of lung tumours was published in 1967 and

types.
revised in 1981. *** In the initial classification, solid tumours with mucin production

were classified as large cell carcinoma, whereas in the current classification they are

categorized as adenocarcinoma.

The influence of the second change in classification has been evaluated by

Kungm

who found an increase in the proportion of adenocarcinoma from 34% to
41% after having reviewed the slides using the second WHO classification. However,
using the SEER data, Travis e al ** examined the age-adjusted rates of large cell
carcinoma and mucinous adenocarcinoma between 1977 and 1989, and showed that
large cell carcinoma grew steadily, whereas mucinous adenocarcinoma rose during

the 1970s and plateaued during the 1980s. This suggested no major shifts in

classification from large cell carcinoma to mucinous adenocarcinoma in 1981.

Some authors have also suggested that the observed increase in
adenocarcinoma incidence may reflect differences in the classification of scar cancer
cases, >° because the histological type of scar cancer is usually adenocarcinoma, and
scar cancer has the same clinical features, as well as a similar prognosis to any
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adenocarcinoma of the lung.””" If scar cancer is, indeed, responsible for the observed

increase, then factors that cause scar formation also must be increasing. Some
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investigators, however, have suggested that the origin of the scar is a tissue response
to the tumour itself and, therefore, the result of that growth rather than its precursor.25 ;
Lung cancers that were reported to be associated with scars also vary widely from
6.9% to 29%. Auerbach et al *** studied 505 cases of patients with lung cancer and
found that the percentage of scars in those cases has nearly doubled (from 6.9% in
1955-1975 to 11.7% in 1986-1989), although there were a smaller percentage of

peripheral cases with scar cancer in the recent period (33%) than in the previous

period (44.8%).

4.5.4 Change in pathological techniques

Since the 1980s, Periodic Acid Schiff (PAS), PAS-diastase, mucicarmine have
routinely been used to stain histological specimens for presence of mucin or alcian
blue stains. Valaitis reviewed the impact of staining using mucicarmine and PAS
and/or PAS-disastase in 219 cases of lung cancer.”>® He noted a reduction in number
of undifferentiated carcinomas with an increase of adenocarcinomas. Between 40%
and 47% of cancers initially categorized as undifferentiated carcinomas were
reclassified as adenocarcinomas. Similarly, in another study, **’ the proportion of
adenocarcinomas increased from 11% to 29% after slides were reviewed using special
stains for mucin. However, Thun et al 291 showed that the rise in adenocarcinoma

‘antedated’ these diagnostic innovations.

4.5.5 Inter-reader variability

There is an inter-reader difference in pathological diagnosis, even when using
the same classification. A study where five pathologists reviewed 50 lung cancers,

inter-reader variability ranged from 2% for well-differentiated squamous cell
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carcinoma, 5% for well-differentiated adenocarcinoma to 42% for poorly
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differentiated adenocarcinoma.”" In another study, >~ all the pathologists agreed on a
classification of 67% of 476 lung cancers, and two agreed in 94% of cases. The rates
of agreement were 86% for squamous cell carcinoma, 89% for small cell carcinoma,

26
0 also

76% for adenocarcinoma, and only 40% for large cell carcinoma. Campobasso
reported similar results: a high agreement for SQCC, SMCC and AC (kappa
statistic=0.87, 0.89, 0.85, respectively) in contrast to that for LCC (kappa

statistic=0.71). Weiss, bl however, reported a 47% agreement rate for AC; the lower

the degree of differentiation, the lower was the degree of agreement.

Such differences in interpretation might potentially apply to a hospital-based
study with a small number of pathologists interpreting the results. In population-based
studies, the large number of pathologists might dilute individual differences in
interpretation. Whether the differences are in diagnosis between pathologists from
different countries, however, remains unknown. Interestingly, studies have shown that
non-smokers have a higher proportion of well-differentiated adenocarcinoma than
smokers across both genders.”” It has also been argued that female adenocarcinoma
in the US is predominantly more poorly differentiated subtype, ** whereas the Asian
female non-smokers have predominantly well-differentiated adenocarcinoma.”®”® The

reasons for such variations are unknown.

4.5.6 Prognosis and survival rates of adenocarcinoma

In general, the overall survival of lung cancer patients is poor. The survival
patterns for all the major histological sub-types have not changed significantly over

the past two decades. There is variation in survival rates by gender and race. The five-
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year survival rate for overall lung cancer is 12% for white males and 16% for white
females, but the corresponding percentage for blacks are slightly lower.*® Variation in
survival by cell type is limited, with the poorest survival (about 5%) for small cell
carcinoma.”’ Five-year survival rates reach 46% for localised tumours, but these
account for only 16% of all lung cancers.”’ As adenocarcinoma predominantly
manifests late, because of its peripheral location, as well as the metastatic nature of
presentation, the survival rate is generally poor. Females with adenocarcinoma have a
longer survival when treated with ‘gefitinib.’ 262 This implies the role of endogenous

oestrogens on lung pathogenesis.

4.6 Summary and Conclusions

In summary, there is not much significant change in clinical practice, and in
survival rates of the major histological sub-types of lung cancer to contribute to a
rising adenocarcinoma incidence over the past two decades, together with the fact that
the rise in adenocarcinoma ‘antedated’ any of the diagnostic innovations. Lung
adenocarcinoma incidence rates are consistently increasing worldwide, especially
across the wealthy populations, and much sharper among females, as evident from the

declining male-to-female ratios of AC/SQCC.

These distinct patterns began in the 1960s across a few nations, but were
ubiquitous in the 1980s. Although smoking patterns were changing across the wealthy
nations in the 1960s and 1970s, they were not convincingly consistent with the
underlying temporal and regional variations in lung cancer incidence by major
histological subtypes. The changing patterns may also reflect the exacerbating effects

of diet, reductions in occupational exposures, or reductions in air pollution from coal
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burning that could potentiate the risks from smoking. Other potentially important
parameters that are not directly considered in any temporal and geographical
variations, apparently due to lack of consistent data, include differences in cigarette
composition across countries, and variations in the age of initiation, intensity of

smoking at various ages, and age at cessation, both within and across countries.

Furthermore, the majority of the wealthy nations were undergoing a rapid
urbanization phase in the 1960s and 1970s with a changing lifestyle, and this phase
might be an important epidemiological transition for many chronic diseases, including
lung cancer. The incidence rate of lung adenocarcinoma also peaked around the
1980s, and particularly among female populations. The dose-response relationship
between smoking and lung adenocarcinoma among females is also lower compared to
that in males with lung adenocarcinoma. Lung adenocarcinoma is also relatively more
common among younger individuals (less than 55 years of age). Such consistent
temporal and geographical patterns may suggest the emergence of a major
environmental risk factor. This emerging pattern may be compounded with rapid
urbanization and a changing lifestyle, in addition to the residual confounding by
changing smoking habits. More importantly, such distinct emerging geographical
patterns are aetiologically significant, offering rich opportunities for exploratory

research across such populations.

In conclusion, the recent lung adenocarcinoma rise across the industrialised
nations in particular is real and is less likely to be attributed to all the potential biases
discussed earlier. The fact that such a real increase in lung adenocarcinoma has been

particularly observed since the late 1970s and the early 1980s, it is equally important
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to note that a shift in industrialisation together with a changing life style pattern were
contemporaneous events. The recent rise in lung adenocarcinoma is a complex issue
of host of environmental factors that needs novel epidemiological approaches to
address such issues. Therefore, life course epidemiology and urbanization may have
an integral part to play in future epidemiological studies on chronic diseases, '’

including lung cancer. In summary, the recent pattern of lung adenocarcinoma is a

cohort effect of any changing environmental risk factors in the 1960s and 1970s.
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Chapter Five

LUNG CANCER ‘PANDEMIC’: GOING UP OR DOWN?

So far it has been clear that there is a lung cancer pandemic. This chapter,
however, gives an insight into the changing pattern of such a lung cancer pandemic
over the next few years, as well as outlines a few of the general approaches to address

such a pandemic.

Worldwide, lung cancer is the most common preventable cancer death as 90%
of lung cancer cases are attributed to smoking alone, but there are huge regional
variations in their epidemiological patterns.”® In the US, lung cancer incidence and
mortality among white males has been declining since 1991, and among black males
since 1993.°° This reflects earlier smoking behavioural changes among males

following the publication of the seminal report in 1964.

The recent stabilization in lung cancer incidence and slowing rate of increase
in death rates among white and black females in the US also suggest that a reversal in
the trends among females may be occurring.” This may be consistent with the rising
adenocarcinoma incidence among females. There is also evidence that the recent
birth-cohorts are showing a convergence of lung cancer death rates among both males
and females born after 1960,'** suggesting an encouraging trend. The fact that the
annual adult smoking prevalence is either increasing or have remained stable between
1991 and 2000, together with an overall 600% increase in female lung cancer death

rate from 1930 to 1997 in the US, ' are issues of concern.
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In Europe, lung cancer mortality rates are declining for males in 11 of the
current 15 member states, with stable trends in two, but rising trends in Portugal and

. 47, 264
Spain.

However, majority of the Eastern European countries are showing an
increasing trend.’®> For example, Hungary has the highest current male lung cancer
mortality rate, and is also projected to increase further in the short term. Except the
UK and Ireland, where recent female lung cancer death rates have begun to fall, the
remaining European countries are projected to show a rising death rate over the next
few years.”® ° This rise may also be consistent with the rising incidence of
adenocarcinoma among females in European populations.”®® The Russian Federation
shows a recent downtrend in death rates from lung cancer, which is expected to

s 6 : v
reverse soon with a second peak around 2003.°’ In Europe, large increases in

smoking prevalence among adolescents are equally disturbing.

In Japan, the number of deaths due to lung cancer would double for both
males and females during the next three decades due to the ageing of the baby-boomer

generation (individuals born between 1947-1951). **

In addition, Japan female
populations are showing a rising adenocarcinoma incidence, although there is a
declining male: female ratio.*’ The fact that lung cancer incidence rates among
younger adults (45-49 age groups) are increasing in Japan is worrying, and also needs
to be monitored closely for possible emerging risk factors. The smoking prevalence
among Chinese and Indian populations, the two most populous countries, is

increasing among the younger generations, ° thus, the possibility of global lung

cancer burden being mainly concentrated in the developing countries by 2020.%
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In conclusion, the ‘changing face’ of lung cancer epidemiology mirrors the
changing cigarette epidemic, although the rising lung adenocarcinoma incidence
remains mostly unresolved, especially among female populations. In addition, rising
teenage smoking prevalence may offset the current encouraging trend in the majority

of the wealthy nations.

Therefore, countries with lower rates of smoking prevalence need to act
quickly to prevent smoking prevalence from rising, and to reduce it further. In the
absence of a truly comprehensive national tobacco control programme, and in the
absence of significant social pressures, this epidemiological transition would
eventually result in the tens of millions of premature deaths, including lung cancer
deaths. Global and local initiatives, such as the WHO Framework Convention on
Tobacco Control (FCTC), **® and the recent nationwide Smoking Ban in the
workplace across the Republic of Ireland, ' are certainly bold steps in the right

direction to stop the ‘pandemic’ of lung cancer.

The geographical and regional variations in lung cancer, together with the
gender differences in lung adenocarcinoma ‘epidemic’ are to be actively pursued in
future epidemiological studies integrating traditional with modern molecular
epidemiological approaches. Such analyses would help developing a molecular-
epidemiological risk assessment model for a specific population, and also help early
detection and prevention of clinical lung cancer cases. Sound epidemiological
evidence is necessary to carry forward any bold public-health initiatives. It is also
important that an inter-disciplinary approach is adopted for lung cancer prevention

worldwide, with a strong political commitment.
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Chapter Six

LUNG CANCER DEATHS IN THE REPUBLIC OF IRELAND

6.1 INTRODUCTION

This chapter describes the lung cancer deaths in the Republic of Ireland from
1970 to 1999. Methods, results, and discussion are described separately in three
different sections. The chapter describes the research methodology employed to
examine this particular study objective, and the findings are presented in tables or
graphs, with an underlying message following each table or graph. The final section
discusses in-depth on the main findings of the epidemiological pattern of lung cancer

deaths both from the Irish and the global context.

6.2 METHODS

This section describes in detail the methodology used to examine the
epidemiological pattern of lung cancer deaths in the Republic of Ireland from 1970 to
1999. It begins with a description of the sources of various data used in this study then

the historical perspective to age-cohort modelling is outlined.

6.2.1 Lung Cancer Mortality Data

The Irish Central Statistics Office (CSO) compiles and collates each death
within one calendar year of the date of occurrence of the death. It is a requirement by
law that each death in Ireland must be recorded and registered. Every death is
registered in the county registrar’s district where the death occurred. Because of the

fact that a death can be registered up to a year after its actual occurrence, and because
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the CSO ensures that they have a complete set of records, the complete file of deaths
for any given calendar year is routinely two years behind. For example, 1999
mortality data were only available towards the end of 2001. However, the big
advantage of using the routine mortality data in this study is that there is a
comprehensive set of computerised information available in the Republic of Ireland

from 1970 onwards.

For this study the complete files of mortality data were obtained from the CSO
office for the year 1970 to 1999 inclusive. These records were in ASCII format.
Information on the age of the deceased, the cause of death, county of residence of
deceased, sex, and the date of death was available for each individual death. The
coding used for the cause of death was 162 for lung cancer according to the
International Classification of Death (ICD-9). The coding for lung cancer in ICD-9 (in
1970) and in ICD-10 (in 1997) had very little variation in contributing to any
significant changes to the temporal pattern observed in this study.”® The SAS
program was used for the management of the database and imported in Excel for final
analysis. The Irish Census data for the years 1981, 1986, 1991, and 1996 were used
for standardisation of age-adjusted lung cancer mortality rates. The age-specific
population estimates by gender, as outlined by the CSO website (Www.cso.ie)
between the Censuses were also used for standardisation of lung cancer mortality

rates during the intermediate periods.

6.2.2 Cigarette consumption and smoking prevalence data

Comprehensive national smoking prevalence data for the Republic of Ireland

do not exist. A number of local and national surveys across specific populations have
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been conducted. In 2002 Lee and colleagues '® compiled international smoking
statistics for 30 economically developed countries, including Ireland. For the Republic
of Ireland, the authors'® took data from several sources, including sales and other Irish
survey data, which may be an individual survey or a series of surveys repeated over a
number of years (Appendix three). This study uses the annual per-capita cigarette
consumption (excluding pipe/cigar) for the total populations (not by gender) above
the age of 15 years from 1920 to 1995, as reported by Lee et al.'® For smoking
prevalence data in the Republic, age and gender-specific data are available on an

annual basis only from 1971 to 1994, as documented by Lee and colleagues. 4

The lung cancer mortality data were divided into birth-cohorts: a cohort
consists of those born in a particular year, which has been derived from the year of
death from lung cancer at a specific age. In addition, the lifetime per-capita cigarette
consumption in pack-years (one pack-year=20 cigarettes/day for one year) was
computed, assuming the minimum age of smoking to be from the age of 15 until 10

years before their reported deaths, as adopted recently in one of the studies.””’

A person was born in 1925, and 15 years later (1940) started smoking, died of
lung cancer in 1980 at the age of 55. In 1940 the daily per-capita cigarette
consumption in adults above 15 years in the Republic of Ireland was reported to be
four cigarettes. '® Hence in the whole year (1940) he would have consumed a total of
1460 cigarettes (4*365 days). However, the following year (1941) the reported annual
per-capita cigarette is different. '° So until 10 years prior to his death (in 1970) the
total annual cigarettes consumed by him was computed, and roughly estimates the

lifetime cumulative cigarette consumption of this particular individual. This estimate
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was again translated into pack-years (one pack-year = smoking 20 cigarettes a day for
one complete year). Such computations were carried out for each birth-cohort to
estimate their lifetime cumulative cigarette consumption, which was finally
incorporated into the age-cohort model (Model III, as given below). As there is no
gender-breakdown of cigarette consumption data, the same estimate was used for both

sexes introducing some degree of information bias in the analyses.

For trends in annual smoking prevalence in relation to annual lung cancer
mortality rates, age-specific smoking prevalence of both males and females across the
same calendar period was calculated. This age-specific smoking prevalence was
‘lagged’, assuming a minimum of 10-year lag for the younger age groups (25-45), 20-
year lag for those between 45 and 64, and a maximum lag of 30 years for 65 year-olds
and above. Such age-specific lagged smoking prevalence has been used elsewhere in

161125271

similar studies. For age-cohort models, lifetime cumulative cigarette

consumption is considered to be a better national indicator than the changing annual

smoking prevalence rates at the population level. >”°

6.2.3 Estimated-Annual-Percent-Changes (EAPC) in Death Rates

Age-adjusted lung cancer death rates were calculated (expressed as
rates/100,000 persons) for each year across both genders, standardising to the Irish
Census Data. For continuous changes in these death rates over different time-periods,
a regression model was utilized to estimate their annual-percent-changes (EAPC). The
modelling was done using the recently developed Joinpoint Regression Analysis
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Program (version 2.7) of the United States’ National Cancer Institute’s SEER
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statistical software, which has been used successfully in recent studies.’>*”*

This Joinpoint®” analysis fits a series of joined straight lines on a log scale to
the age-specific and age-standardised lung cancer death rates (including the overall
and truncated: 35-84 year-olds.”” Line segments are joined at points called joinpoints.
Each joinpoint denotes a statistically significant (p=0.05) change in trend. In joinpoint
analysis, the best-fitting points where the rate changes significantly (increase or
decrease) are chosen. The analysis starts with the minimum number of joinpoints, and
tests whether one or more joinpoints are statistically significant and should be added
to the model (up to three joinpoints). In the final model, each joinpoint indicates a
statistically significant change in trend, thus computing the annual percent change
(EPAC) for each of those trends by means of generalised linear models assuming a
Poisson distribution. Significant changes are considered when there are changes in
direction or in the rate of increase or decrease (slope of the line segments). EPAC was
also used for the annual age-specific lagged smoking prevalence. An example of the
output of Joinpoint Analysis Program is in Appendix Four, and the corresponding

graph is in Appendix Five.
In summary, short-term trends of each line segment were denoted by EPAC,

which was estimated by fitting a regression line to the natural logarithm of the rates

by using the calendar year as the regressor variable:

y=mx + b, where y= In (rate) and x = calendar year (Model I)
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Testing the hypothesis that EPAC was equal to zero is equivalent to testing the
hypothesis that the slope of the line segment was equal to zero. Statistical significance

(p< 0.05) was two-sided, and the EPAC = 100 (e™ - 1).

6.2.4 History and implications of age-cohort modelling

By the end of the 19" century, it was realized that disease rates could be
strongly influenced by events occurring early in life. Accordingly, statistical models
were built on such observations that the incidence of many chronic diseases are
strongly influenced by factors that are shared by individuals who are born during the
same time (birth cohorts). Frost introduced graphical methods to describe ‘cohort
analysis’. ** Since then, graphical techniques have been used to show that mortality
from tumours either declined or increased in a cohort-wise fashion. Later on more
formal statistical techniques were used to show that temporal trends of female breast
cancer in Iceland, and in the prefecture of Osaka in Japan were attributable to

increasing risk in successive birth cohorts. >’

No analysis in descriptive cancer epidemiology can ignore age, as the
influence of age on the incidence of chronic diseases is usually dramatic. When there
are strong temporal trends in disease rates, the effect of age can be seriously distorted
in cross-sectional data (data collected during a single period of time). However,
examination of the cross-sectional rates would have had lead to a distorted impression
that risk declined after a certain age. The cohort analyses can provide significant leads
to an aetiological hypothesis, and may also provide aggregated information on disease

trends in populations where there is limited individual-level data.
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In recent years, advances in statistical theory particularly in the field of log-
linear models have led to a re-evaluation of traditional methods of direct and indirect
standardisation of analysis of vital statistics rates.””* For example, direct and indirect
standardization have been based on the definition of summary indices where mortality
for fixed age-specific rates remain constant under changes to the age structure of the
population or cohort under study. A more modern approach views such indices as
estimates or parameters of a probabilistic model for mortality.?” Such a model is a
multiplicative risk model, and when used could detect those temporal variations,
which are due to purely secular influences (period effects that affect age groups
equally), or when they are attributable to generational influences (cohort effects that

affect age groups unequally). 4

The age-cohort model is based on assumption that any temporal evolution of
chronic diseases is determined by factors that are shared by birth cohorts. On the other
hand, an age-period model would be expected to reflect environmental and other
influences at specific periods of time. Such influences might include the effects of
environmental pollutants, the introduction of specific interventions at specific periods
of time, or changes in medical technology that lead to improved diagnosis.
Nonetheless, the age-period-cohort model suffers from an inherent problem of ‘non-
identifiability’. Clayton and Schifflers’’* *’* have suggested an approach to minimise
such problems. Such ‘non-identifiability’ could also be alleviated when population-
based information on specific risk factors is available, > especially when such factors
are introduced in a cohort-wise fashion or during specific calendar periods. For
example, incorporating cumulative tobacco consumption across birth-cohorts in an

age-cohort model, or the inclusion of annual black smoke levels across different time-
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periods in an age-period model for lung cancer death rates could both provide a better

insight into any temporal variations close to a ‘partially ecologic analysis’. **

6.2.5 Age-Cohort Analysis for Lung Cancer Risk in this study

In this study a simple age-cohort model was employed to examine the
temporal pattern for lung cancer deaths across the Republic of Ireland from 1970 to
1999 by gender. It was assumed that the number of lung cancer deaths in each age
group and each birth-cohort was a Poisson random variable that is independent of the
lung cancer deaths in all other age groups and birth-cohorts. A ‘synthetic’ birth cohort
for each age group was created based on the year and age of death of each individual,
using S-year age and 5-year calendar-period intervals for the simple age-cohort
modelling.** Each birth cohort could be identified by the central year in the interval.
For example, the 1955 birth cohort would refer to people born between 1951 and
1959, highlighting ‘non-identifiability’. The goodness of fit for the models was
judged from the deviance (ratio of the deviance value to its corresponding degrees of

274,2
freedom). 2’*?7

In order to test whether temporal trends in lung cancer can be described

largely in terms of cohort effects, the following age-cohort model was used:
E ij= Ai B; N;; (Model II)
E jj = expected number of lung cancer deaths in age group ‘i’ and birth cohort ‘j’
A; = the effect of age group ‘i’
B; = the effect of birth cohort ‘j’

Nij = population at risk (year and age-specific population from the Census data)
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Because the study objective was to estimate the strength of temporal
association between lung cancer and cumulative tobacco consumption across different
birth-cohorts by gender, cumulative tobacco consumption in terms of pack-years was

incorporated into Model II. So, the next model was:

E iji5 Ai Bj Ck Nij (Model III)
Ci = the effect of tobacco consumption units at a particular period on observation ‘k’

The models were fitted by Poisson regression, assuming an idealized
experimental condition where successive events occur independently, and at the same
rate. In other words, Poisson models are appropriate when the total proportion is
fixed, but there is inter-cell variability. This inter-cell variability may lead to over-

. TR, 5
dispersion, i

which were taken into account in this study. Estimated risks for each
5-year interval birth-cohort (maximum likelihood estimates) were calculated relative
to the youngest birth-cohort, adjusted for age and gender, both for models II and III.
All analyses were carried out using Proc GENMOD program of SAS software. > An

output of one of the model findings together with the SAS program of the same model

has been shown in Appendix six.

6.3 RESULTS

This section describes in detail the results of the gender-breakdown of lung
cancer death patterns in the Republic of Ireland from 1970 to 1999. All the results are
presented in tabular or graphical forms with brief comments outlining the underlying
message. EAPCs in death rates and the age-cohort findings are presented in the last

two sub-sections of this third section on results.
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6.3.1 Age-Standardised Lung Cancer Death Rates in the Republic of

Ireland: 1970-1999
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Figure 6.1. Male total lung cancer deaths, and corresponding age-
standardised lung cancer death rates by year in the Republic of Ireland:

1970-1999.
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Figure 6.2. Female total lung cancer deaths and their corresponding
age-standardised lung cancer death rates by year in the Republic of

Ireland: 1970-1999.
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Figures 6.1 & 6.2 (male vs. female):

These figures show both the absolute number of lung cancer deaths, and their
corresponding standardised rates from 1970 to 1999. In the Republic of Ireland, the
lung cancer death rates are higher in males than in females, following age adjustment
and standardising to the Irish Standard Population to control for any demographic
changes. Male lung cancer age-standardised death rates showed an earlier peak
around the mid 1980s followed by a declining death rate, while female lung cancer
age-standardised death rates are yet to decline, but have stabilised since the early
1990s. So the declining lung cancer death rates among males, together with a
stabilisation in lung cancer death rates among females suggest an overall encouraging

trend in lung cancer over the coming years in the Republic of Ireland.
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6.3.2 Age-specific lung cancer rates by the year of birth
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Figure 6.3. Male age-specific standardised lung cancer rates across
different birth-cohorts in the Republic of Ireland (normal scale).
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Figure 6.4. Male age-specific standardised lung cancer rates across
different birth-cohorts in the Republic of Ireland (log scale).
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Figure 6.5. Female age-specific standardised lung cancer rates across
different birth-cohorts in the Republic of Ireland (normal scale).
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Figure 6.6. Female age-specific standardised lung cancer rates across
different birth-cohorts in the Republic of Ireland (log scale).
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Figures 6.3-6.6 (age-specific lung cancer rates across birth-cohorts):

In the Republic of Ireland, the age-specific lung cancer death rates were relatively
higher among males across all age-cohorts (same age groups across different calendar
periods of birth), but were highest among the oldest age-cohorts (80-84 year olds) for
both sexes. All the age-specific rates were showing a decline across different age-
cohorts for both sexes, except for the oldest age-cohorts in females. Rates in the oldest
male age-cohorts decelerated after peaking around 1905, while a stabilisation in rates
was observed among the oldest female age-cohorts. Such observations suggest that
the future lung cancer death rates in the Republic of Ireland would be strongly

influenced by the patterns observed across the oldest age-cohorts of both sexes.

The log scales showed a more realistic picture of the changing lung cancer
rates across different age-cohorts, unlike the conventional age-standardised rates on
normal scales, especially among the youngest age-cohorts, whose rates were relatively
lower. Also, the observed ‘parallelism’ in the age-specific rates of both sexes across

all their age-cohorts signifies minimal interaction (on log scale).

In summary, the figures from 6.3 to 6.6 show the significance of calculating
age-specific lung cancer rates by the year of birth on log scales in particular. These
are more suggestive of an underlying age-cohort phenomenon in lung cancer rates, as
well as reflecting indirectly the future trends in lung cancer rates. So an age-cohort
modelling should be the next step to justify an underlying age-cohort phenomenon,

rather than presenting age-standardised lung cancer death rates alone.
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6.3.3 Estimated-Annual-Percent-Changes (EAPC) in Lung Cancer

Death Rates (Joinpoint Modelling):
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Table 6.1. EAPC (Estimated Annual Percent Changes) with 95% CI (Confidence Intervals) of Lung Cancer Death Rates and
Joinpoint Analysis among Males: age-specific and age-standardised rates in the Republic of Ireland: 1970-1999.

Age-Specific EAPC (95% CI) Trend 1 (First slope) Trend 2 (Second slope)
1970-1999 Years EAPC (95% CI) Years EAPC (95% CI)

30-39 -4.0 (-5.0; -3.0) 1970-1977  -7.9(-14.8; -0.3) 1977-1999  -3.1(-4.8;-1.4)
40-49 -2.5(-3.5;-1.4) 1970-1983  -0.7 (-4.2; 2.8) 1983-1999  -3.9(-6.5;-1.1)
50-54 -2.3 (-2.9; -1.6) 1970-1984  -0.6 (-2.5; 1.3) 1984-1999  -3.9 (-5.6; -2.0)
55-59 -1.5 (-2.1; -0.8) 1970-1982 1.1 (-0.9; 3.2) 1982-1999  -3.2(-4.5;-1.8)
60-64 -1.1(-1.7; -0.5) 1970-1988 0.3 (-0.6; 1.2) 1988-1999  -4.2 (-6.2;-2.1)
65-69 -0.04 (-0.4; 0.3) 1970-1985 E1(03;2.0) 1985-1999  -1.3(-2.2;-0.4)
70-74 0.5 (-0.1; 1.1) 1970-1984 3.1(1.9;4.3) 1984-1999  -1.6 (-2.5;-0.6)
75-79 1.2 (0.4; 2.0) 1970-1976  14.7 (7.6; 22.2) 1976-1999 0.1 (-0.5; 0.7)
80-84 3.0(1.9; 4.0) 1970-1985 8.1(6.3; 9.9) 1985-1999  -0.8 (-2.1; 0.5)
85+ 1.7 16:3:9:2) 1970-1989  11.0(8.8;13.3) 1989-1999  -0.2 (-5.4;5.3)
Age-Standardised

Overall (0-85+) 0.05 (-0.3; 0.4) 1970-1990 0.8 (0.4; 1.2) 1990-1999  -2.4(-3.5; -1.2)
Truncated (30-84) 0.9(0.3; 1.4) 1970-1985 320539 1985-1999  -1.6 (-2.4;-0.9)



Table 6.2. EAPC (Estimated Annual Percent Changes) with 95% CI (Confidence Intervals) of Lung Cancer Death Rates and
Joinpoint Analysis among Females: age-specific and age-standardised rates in the Republic of Ireland: 1970-1999.

Age-Specific EAPC (95% CI) Trend 1 (First slope) Trend 2 (Second slope)
1970-1999 Years EAPC (95% CI) Years EAPC (95% CI)
30-39 -1.1 (-2.5; 0.3) 1970-1990  -3.3 (-6.0; -0.6) 1990-1999 5.4 (-3.0; 14.4)
40-49 12 ¢-2.5:0.1) 1970-1993  -0.7 (-2.7; 1.4) 1993-1999  -4.8 (-17.6; 9.8)
50-54 -0.6 (-1.6; 0.3) 1970-1979 4.1(-1.2;9.6) 1979-1999  -1.9 (-3.3;-0.6)
55-59 -0.3 (-1.4; 0.8) 1970-1983 3.6 (0.5; 6.9) 1983-1999  -3.1(-5.3;-0.8)
60-64 0.5(-0.4; 1.4) 1970-1988 3.1(2.0; 4.3) 1988-1999  -4.6 (-6.8;2.4)
65-69 2.0(1.2;2.8) 1970-1983 4.8 (2.0; 7.6) 1983-1999 0.4 (-1.2; 1.9)
70-74 23(1.6;3.1) 1970-1988 4.0 (2.6; 5.5) 1988-1999  -0.4(-2.7; 1.9)
75-79 4.0 (3.1; 4.9) 1970-1990 5.8(4.3;7.3) 1990-1999 0.3 (-2.7;3.4)
80-84 4.2 (3.5;5.0) 1970-1993 5.1(4.0;6.3) 1993-1999 0.1(-5.1;5.6)
85+ 5.6(3.8;7.4) 1970-1975  -5.2(-23.4; 17.1) 1975-1999 6.7 (4.6; 8.8)
Age-Standardised
Overall (0-85+) 2.4(2.0;2.8) 1970-1989 3.38.7:39) 1989-1999 0.1(-1.3;1.6)
Truncated (30-84) 2. 723 3.2) 1970-1989 3.9(3.4;4.6) 1989-1999  -0.3 (-1.9; 1.3)
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Tables 6.1 and 6.2 (EAPC)

Both sexes show an annual decline in lung cancer death rates across the relatively
younger age groups (less than 64 years), as opposed to the older age groups from
1970 to 1999. The oldest adults (85+ years) have the greatest overall annual rise in

lung cancer death rates across both sexes (sharper among males).

On Joinpoint analyses (two slope segments), there are significant changes in
the direction of annual death rates in two specific time-periods for both sexes across
all age groups. This can be demonstrated in the period 1990-1999. All the age groups
of male lung cancer deaths show an annual decline in their lung cancer death rates,
including the oldest adults (85+ years). By contrast, the oldest female adults (85+

years) alone show a sharper annual rise in the death rates in the most recent decade.

Likewise, the overall age-standardised lung cancer death rates (0-85+ years)
show an annual rise across both sexes from 1970 to 1999 (more significantly among
females). On Joinpoint analyses (two slope segments), again there is a significant
change in the direction of the overall annual age-standardised lung cancer death rates.
This is demonstrated by the deceleration in the annual rise of age-standardised lung
cancer death rates in the most recent decade (1990-1999) in females, but a declining
trend in the annual age-standardised lung cancer death rates among males in the most
recent decade. However, the truncated (30-84 age groups) age-standardised lung
cancer death rates among females have begun showing a declining trend in the period
of 1990-1999, predicting an overall encouraging trend in lung cancer death rates in

the future across the Republic of Ireland.

103



6.3.4 EAPC and Lagged Age-Specific Annual Smoking Prevalence
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Figure 6.7. Male age-standardised lung cancer death rates (25-44 age
groups) and lagged (10-year lag) age-specific smoking prevalence in the
same period: 1971-1994.
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Figure 6.8. Female age-standardised lung cancer death rates (25-44 age
groups) and lagged (10-year lag) age-specific smoking prevalence in the
same period: 1971-1994.
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Figures 6.7 & 6.8 (25-44 age groups across both sexes):

Overall, males had higher age-standardised lung cancer death rates (25-44 age
groups), and also greater five-year declining lung cancer death rates compared to their
female counterparts. Although the lagged (10-year lag) age-specific smoking
prevalence rates were not similar across both sexes, the five-year reduction in
smoking prevalence rates was similar (-10%) across both sexes during the same
period. Such observations suggest that despite using a lagged age-specific smoking
prevalence rate (a better estimate than using the age-specific smoking prevalence rate
alone to adjust for the long latency period when historical smoking prevalence data
are not available), females show a slower annual decline in lung cancer death rates for

the same degree of fall in annual smoking prevalence rates.

Figure 6.9. Male age-standardised lung cancer death rates (45-64 age
groups) and lagged (20-year lag) age-specific smoking prevalence in the
same period: 1971-1994.
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Figure 6.10. Female age-standardised lung cancer death rates (45-64
age groups) and lagged (20-year lag) age-specific smoking prevalence in
the same period: 1971-1994.
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Figures 6.9 & 6.10 (45-64 age groups across both sexes):

Females had lower age-standardised lung cancer death rates among the relatively
young adults (45-64 age groups), but they were rising over the periods studied (1.5%),
unlike their male counterparts (-4.8%). Although the lagged (20-year lag) age-specific
smoking prevalence rate was relatively higher among males throughout the study
period, their five-year declining rate was again broadly similar (-9 to —10%) across
both sexes over the same periods. Therefore, the rising lung cancer death rates among
the relatively young female adults (45-64 age groups) would not be adequately
explained by the differential impact of a changing smoking prevalence across gender

alone for the periods studied in the Republic of Ireland.
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Figure 6.11. Male age-standardised lung cancer death rates (65-84 age

groups) and lagged (30-year lag) age-specific smoking prevalence in the
same period: 1971-1994.
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Figure 6.12. Female age-standardised lung cancer death rates (65-84

age groups) and lagged (30-year lag) age-specific smoking prevalence in
the same period: 1971-1994.
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Figures 6.11 & 6.12 (65-84 age groups across both sexes):

The lung cancer death rates among the older female adults (65-84 age groups) were
lower, but were increasing at a greater rate (16.2%) than their male counterparts
(5.9%). By contrast, the lagged (30-year lag) smoking prevalence rates for the same
age groups were higher among males, but there was broadly a similar five-year

reduction rate across both sexes (-9 to —11%)).

In summary, all the above six figures (6.7-6.12) suggest the apparent
inconsistencies in using annual smoking prevalence rates as an indicator for the
annual changing pattern of lung cancer death rates across gender for all age groups
(especially in those above 65 years) at the national level. Lung cancer death rates
change in a cohort-wise fashion across successive generations. This indicates the
significance of using lifetime cumulative cigarette consumption across different birth-

cohorts, as done in the subsequent analyses.
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6.3.5 Birth-cohort modelling for lung cancer risk estimation by

gender and smoking
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Figure 6.13. Per-capita annual cigarette consumption among adults (15 years and above) in the Republic of Ireland: 1920-
1995.'6

12

10

Number of cigarettes/day
(=)

S B o6 A A4k
Kty \9"'9 x‘ﬂ \9@ »9@ o \9’ @‘\ \9@ »9‘9 \9‘? \96’ '9" ~°é \“é S \9“ \9@ \9# »9# «919 \9& &9‘)

Year

18 Forey B, Hamling J, Lee P, Wald N. In: International Smoking Statistics: a collection of historical data from 30 economically developed countries
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Figure 6.14. Relative Risks (RR) of total lung cancer deaths in the
Republic of Ireland across different birth-cohorts (age and gender-
adjusted), before and after controlling for smoking (cumulative cigarette
consumption in pack years).
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Figure 6.15. Relative Risks (RR) of lung cancer deaths (age-adjusted)
in the Republic of Ireland by gender and birth-cohorts, before and after
adjusting for cumulative lifetime cigarette consumption.
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Table 6.3. Relative Risk (RR) estimates with 95% Confidence Intervals (CI)
of Total Lung Cancer deaths in the Republic of Ireland across different birth-
cohorts, before and after their adjustment for cumulative smoking (adult per-

capita annual cigarette consumption units in pack-years).

Adjusted for Adjusted for

Birth-Cohorts Age & gender age, gender &
Smoking

Central year of birth RR (95% CI) RR (95%CI)
1888-1892 1.83 (0.93, 3.60) * 1.22. .50, 2.98) *
1893-1897 2.20 (1.18,4.12) 1.52 (0.69, 3.38) *
1898-1902 3.08 (1.71, 5.54) 2.21 (1.09, 4.48)
1903-1907 3.49 (2.02, 6.04) 2.58 (1.36, 4.90)
1908-1912 B31(2:23:6:22) 2.88 (1.65, 5.04)
1913-1917 3.76 (2.33, 6.06) 3.02 (1.83, 4.98)
1918-1922 3:61(2:31,:5162) 3.00 (1.92, 4.70)
1923-1927 3.49 (2.31,5.27) 2.99 (1.99, 4.49)
1928-1932 3.15 (2.15, 4.62) 2.78 (1.92, 4.03)
1933-1937 2.50 (1.76, 3.57) 2.27 (1.61, 3.19)
1938-1942 2:15(1.55,2.98) 1.98 (1.44,2.71)
1943-1947 1.98 (1.45, 2.70) 1:85¢(11:3752:50)
1948-1952 1.47 (1.09, 1.99) 1.39 (1.03, 1.86)
1953-1957 0.86 (0.58, 1.28) * 0.81 (0.56, 1.19) *
1958-1962 L135:0.81, L5 1.09 (0.79, 1.50) *
1963-1967 Reference (RR=1) Reference (RR=1)

Deviance (Goodness of Fit)

Cohort Effect

Smoking Estimate

1.60
p<0.0001

Not Applicable

1.47
p<0.0001

-98.5% (p=0.002)

* Not Statistically Significant
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Table 6.4. Relative Risk (RR) estimates with 95% Confidence Intervals (CI)
of Male Lung Cancer deaths in the Republic of Ireland across different birth-
cohorts, before and after their adjustment for cumulative smoking (adult per-

capita annual cigarette consumption units in pack-years).

Adjusted for Adjusted for
Birth-Cohorts age alone age & smoking
Central year of birth RR (95% CI) RR (95%CI)
1888-1892 1.42 (0.64, 3.13) * 0.74 (0.27, 2.04) *
1893-1897 1.96 (0.94, 4.09) * 1.10 (0.44, 2.73) *
1898-1902 2.91 (1.47, 5.81) 1.77 (0.78, 3.98) *
1903-1907 3.33 (1.75, 6.37) 2.15 (1.02, 4.51)
1908-1912 3.58 (1.96, 6.58) 2.51 (1.30, 4.84)
1913-1917 3.61 (2.05, 6.38) 2.71 (1.49, 4.91)
1918-1922 3.60 (2.12, 6.13) 2.88 (1.67, 4.94)
1923-1927 3.54 (2.16, 5.81) 2.98 (1.82, 4.89)
1928-1932 3.25 (2.05, 5.16) 2.88 (1.83, 4.53)
1933-1937 2.72 (1.76, 4.19) 2.50 (1.64, 3.81)
1938-1942 2:36/(1:58,/3:53) 2.21 (1.49, 3.26)
1943-1947 2.14 (1.45, 3.15) 2.03 (1.39, 2.96)
1948-1952 1.56 (1.06, 2.28) 1.48 (1.02, 2.15)
1953-1957 0.99 (0.60, 1.60) * 0.93 (0.58, 1.49) *
1958-1962 1.40 (0.93,2.10) * 1.31 (0.88, 1.95) *
1963-1967 Reference (RR=1) Reference (RR=1)

Deviance (Goodness of Fit)

Cohort Effect

Smoking Estimate

1.49
p<0.0001

NA

1.38
p<0.0001

-94.6%(p=0.002)

* Not Statistically Significant
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Table 6.5. Relative Risk (RR) estimates with 95% Confidence Intervals (CI)
of Female Lung Cancer deaths in the Republic of Ireland across different birth-
cohorts, before and after their adjustment for cumulative smoking (adult per-

capita annual cigarette consumption units in pack-years).

Adjusted for Adjusted for
Birth-Cohorts age alone age & smoking
Central year of birth RR (95% CI) RR (95%CI)
1888-1892 3.78 (1.29, 11.08) 3.37 (0.65, 17.46) *
1893-1897 3.69(1.37, 9.99) 3.32(0.77, 14.34) *
1898-1902 4.65 (1.84, 11.76) 4.19 (1.16, 15.12)
1903-1907 4.95 (2.09, 11.75) 4.49 (1.43, 14.10)
1908-1912 5.20 (2.33, 11.61) 4.73 (1.79, 12.52)
1913-1917 5.44 (2.59, 11.43) 5.01 (2.16, 11.65)
1918-1922 4.85 (2.45, 9.63) 4.51 (2.18, 9.34)
1923-1927 4.57 (2.43, 8.57) 4.26 (2.27,7.99)
1928-1932 3.89 (2.18, 6.92) 3.64 (2.11, 6.29)
1933-1937 2.65 (1.57, 4.49) 2.52 (1.54,4.11)
1938-1942 2.19 (1.36, 3.54) 2.08 (1.34, 3.24)
1943-1947 2:07:(1:33:13:123) 1.98 (1.31, 2.99)
1948-1952 1.551(1.02,2:37) 1.48 (1.00, 2.21)
1953-1957 0.79 (0.45, 1.38) * 0.74 (0.43, 1.29) *
1958-1962 0.86 (0.54, 1.37) * 0.84 (0.53, 1L.32)™*
1963-1967 Reference (RR=1) Reference (RR=1)

Deviance (Goodness of Fit)

Cohort Effect

Smoking Estimate

1.23
p<0.0001

NA

119
p<0.0001

0.1%(p=0.07)

*Not Statistically Significant
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Birth-Cohort Analysis (lung cancer risks):

In the Republic of Ireland, individuals born in 1913-1917 (around the World War I)
had the highest lung cancer risks. These estimates are based on a Poisson distribution
of lung cancer death rates from 1970 to 1999. Following adjustment for cigarette
consumption, the observed lung cancer risk declined substantially (50% to 90% risk
reduction) across both sexes until 1927, while a lesser risk reduction (5-30%) among

those born after 1927 has been observed.

The overall lung cancer risk was relatively higher for females compared to
their male counterparts across all birth-cohorts relative to their youngest birth-cohorts
(born in 1963-1967). Lung cancer risk due to smoking has also reduced significantly
(96%) across the male cohorts (p=0.002), but a moderate (0.1%) increased smoking
risk has been estimated for female cohorts (p=0.07). Following adjustment for the
cumulative cigarette consumption, females also showed a relatively lower reduction in

lung cancer risk than those observed in their corresponding male counterparts.

The lung cancer risks among the relatively young birth-cohorts (especially
those born after 1935) had almost a similar risk pattern for both sexes, irrespective of
cigarette adjustment. Those individuals with the greatest lung cancer risk were born
between 1913-1917 for both sexes, despite assuming a gender variation in smoking
habits among the older birth-cohorts. The observed peak of those female birth-cohorts
at the highest risk of developing lung cancer (1913-1917) showed no change
following adjustment for cigarette consumption compared to their male counterparts.
This suggests that factors other than gender variation in annual per-capita cigarette

consumption alone would be contributing to such an observation.
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6.4 DISCUSSION

This section discusses in-depth the main findings of lung cancer pattern
observed in the Republic of Ireland from 1970 to 1999, although brief comments have

been outlined following each table or figure in the third section on results.

The approaches employed for examining this particular study objective are
both traditional and advanced methods of representing lung cancer death rates.
However neither method is without limitations. As outlined in chapter one, the
underlying aim of this study is also to describe epidemiologically as to whether there
is any gender susceptibility to developing lung cancer in the Irish population.
However, the lack of comprehensive information on smoking history in Ireland has
meant that concrete conclusions cannot be made on a few aspects of this study. This is
demonstrated by the lack of historical information on the gender-breakdown of annual
per-capita cigarette consumption. Also, specific smoking topographical factors, such
as age at initiation, age at quitting, proportions of smokers and non-smokers across all
the birth-cohorts (1888-1967) included in this study population, are not

comprehensively available.

Therefore, many of the conclusions drawn are based on epidemiological
studies done elsewhere, as discussed in previous chapters (three to five). Such issues
are also applicable to the findings discussed in subsequent chapters (seven to nine).
Overall, this study design is ecological, with its inherent methodological limitation of
ecological fallacy for utilising population-level data, also because individual-level

data were not adequately available for this study population.
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6.4.1 Lung Cancer Rates

The lung cancer death rate pattern suggests an upward trend in female lung
cancer death rates, which may continue rising over the coming years in the Republic
of Ireland. Such an observation indicates three possibilities: a demographic change,
with longer survival rates in female lung cancer patients; delayed smoking debut for
female populations in the Republic leading to an underlying age-cohort phenomenon;
a changing lung cancer risk profile across successive generations for female
populations in particular. Information on the longer survival rates for female lung
cancer patients in the Republic is limited, *° although such changes would have
minimal contribution. The observed gender variation in lung cancer death rates by
age, year of birth, and in the EAPCs, however, suggests an underlying age-cohort
phenomenon in the Republic. Such a phenomenon is most likely attributable to a
gender variation in changing smoking behaviour occurring in a cohort-wise fashion

. . 24,45 46
over successive generations, as reported elsewhere.”* **

The study findings also indicate that annual changing smoking prevalence rate
is not consistent with the annual lung cancer mortality rates across all age groups,
although a lagged age-specific smoking prevalence was taken into account. Also, no
gender variation was observed in the annual changing pattern of lagged age-specific
smoking prevalence rates over the periods studied. Such findings are consistent with
the fact that the changing annual smoking prevalence rate is not a better national
indicator at the population level for adequately explaining an underlying age-cohort
phenomenon in lung cancer, unlike the cumulative lifetime assessment of cigarette
consumption across different birth-cohorts. No such comprehensive information has

been produced before in the Republic of Ireland.
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6.4.2 Lung Cancer Risks

This section discusses the importance of birth-cohort analyses in estimating
lung cancer risks instead of lung cancer rates alone. It also shows the biological
implication of incorporating cumulative lifetime cigarette consumption into an age-

cohort modelling technique for better explanations.

Based on a simple age-cohort modelling technique, the study findings suggest
that the older female birth-cohorts in the Republic of Ireland have experienced a
different risk profile not only relative to their younger birth-cohorts, but also when
compared with their male counterparts indirectly. Such a gender variation can be
explained due to an underlying gender difference in a few of the specific smoking
topographical factors. These include: variations in the duration of persistent smoking,
gender variation in per-capita cigarette consumption, or even due to different
inhalation patterns. Unfortunately, such information is not available for the Irish

populations for the periods studied to enable one to draw robust conclusions.

The lung cancer deaths pattern in the Republic of Ireland is very similar to the
UK data. ** Consistent with the UK pattern, ** the older birth-cohorts have started
smoking in middle age in the Republic. The annual per-capita cigarette consumption
subsiantially increased in the post-Second World War (1950 onwards) and peaked
arowd the early 1970s in the Republic of Ireland, again similar to the UK pattern.'®
The percentage of filter cigarettes across both countries was also similar (50% in the
mid 1960s, reaching 90% in the early 1980s). '® The US pattern was slightly different:
the everage per-capita consumption was higher for each year; and the observed peak

attaied in the 1950s was also more sustained until the early 1970s. Unlike Ireland,
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50% of'the cigarettes were filter-tipped in the 1950s, and by the late 1970s 90% filter-

tipped cigarettes were available across the US. "

The annual cigarette consumption across both sides of the Atlantic has a
different temporal pattern. > The observed variations in their national lung cancer
death rates would be due to gender differences in the cumulative consumption of
cigarettes (including filter-tipped) throughout a person’s lifetime. Consistent with the

UK pattern, o

it is less likely that the majority of the older cohorts in the Republic of
Ireland had persisted smoking until their death. Similar to the UK cohorts, 2** the Irish
cohorts born before 1950 would have had started smoking when they were in their
mid-30s. If such cohorts had stopped smoking a few years earlier before their deaths,
those born before and during the World War I would have had consumed higher

amounts of cigarettes annually (figure 6.13). Likewise, those born during and after the

World War II would have had consumed lesser amounts of cigarettes.

Therefore, the observed lung cancer risk pattern across different birth-cohorts
in the Republic of Ireland is particularly reflective of a variation in the cumulative
cigarette consumption throughout a person’s lifetime, rather than an overall changing
smoking behaviour, consistent with observations elewhere.”’® Although the older
birth-cohorts would have smoked both cigars and pipes, whose patterns usually vary
across gender, **° this study is restricted to the cumulative cigarette consumption

alone, rather than cigars and pipe smoking.

Historically, it is not clear whether the Irish females started smoking 10-15

years later than their male counterparts did, as observed in North America and other

121



European countries. ' It is also not clear whether there were any gender variations in
the duration of smoking habits among the older generations in the Republic of Ireland.
However, this study, and Joinpoint analysis in particular, shows that annual lung
cancer rates among the oldest female adults (85+ year olds) are still rising, as opposed
to a decline in the corresponding oldest male adults. This suggests that the Irish

females did start smoking a few years later compared with their male counterparts.

Birth-cohort analysis (figure 6.15) shows that the peaking of female birth-
cohort lung cancer risk pattern did not shift following adjustment for cumulative
cigarette smoking. By contrast, there was a shift in peak across male birth-cohorts. As
outlined earlier, the average per-capita cigarette consumption among the older female
birth-cohorts may be similar, if not higher than their male counterparts, relative to

their younger birth-cohorts.

In Glasgow where lung cancer death rate is one of the highest in Europe, £
the extreme rates were observed for women born after 1915 (during World War 1),
consistent with the birth-cohorts’ lung cancer risk pattern in this study. This suggests
an earlier smoking debut for older female birth-cohorts in the Republic. The female
lung cancer risk estimates across specific birth-cohorts in this study corresponded well
with similar birth-cohorts for male lung cancer risk pattern in a British study. ** This
again implies that the lung cancer risk pattern for older female birth-cohorts in the
Republic is greater. A recent analysis also showed that the rates of all tobacco-
attributed deaths (including lung cancer) from 1950 to 2000 in the Republic of Ireland
had peaked during the same calendar period (1985) across both sexes for the older age

cohorts (70-79 age groups in particular). "°
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All these observations point that the older generations of both sexes in the
Republic of Ireland started smoking broadly during the same calendar period.
However, the reasons whether the older female birth-cohorts have had a greater lung
cancer risk when compared with their male counterparts relative to their respective

referent youngest birth-cohorts, are discussed subsequently.

The youngest birth-cohorts (1963-1967) in the Republic of Ireland were born
when the average per-capita cigarette consumption was peaking (figure 6.13). The
annual smoking prevalence across all age groups in the early 1970s was also at its
peak. *° Therefore those born after 1950 in the Republic of Ireland would have had
started smoking quite young, probably in their teens, as observed in the UK.*** The
Republic of Ireland was beginning to experience a rapid urbanization during the early
1970s, following its inclusion into the European Union in 1973. The country was also
undergoing a changing life style pattern in the form of altered nutrition and increased
mechanization. Consequently these youngest birth-cohorts (1963-1967) have had a
relatively high exposure to environmental pollution in different forms: passive
smoking (both in domestic and public settings), urban (ambient) and indoor air

pollution, and asbestos exposure from massive building constructions.

Evidence suggests that exposure to passive smoking during childhood
predisposes to developing lung cancer later in life, regardless of adult exposure. T
In addition, the referent youngest birth-cohorts (born in1963-1967) used in this study
analyses would have had started smoking (around 1980s) when the annual smoking

prevalence across the general populations was declining in both sexes, with a

relatively faster decline among male populations.*’
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Furthermore, a recent prospective study in a US cohort (both males and
females) aged 40-75 years at baseline (1986) showed no significant gender differences

7

in the mean duration of smoking, 177 although evidence suggests that females in

230 177

general have a lesser duration of smoking.”" Based on this US prospective study
and other studies, >*° the older birth-cohorts in this study would comprise a relatively

fewer proportion of female former smokers than in males, and a greater proportion of

persistent smokers in females than in males.

Likewise, very few older female and male birth-cohorts in this study would
have had started smoking before the age of 15 years, while the proportions of males
and females who had stopped smoking for ten or more years would also be equivalent.
Taken together, the background risk profile of the referent birth-cohorts (1963-1967)
in this study have been relatively high among females in terms of their smoking status
that provides an insight into the observed greater relative risk among the older female

birth-cohorts when compared with their male counterparts (figure 6.15).

So far it is clear that the observed greater relative risk in lung cancer among
the female birth-cohorts (older cohorts in particular) is not due to gender differences
in the duration of smoking or due to age at initiation. It is also unlikely to be due to
the average per-capita cigarette consumption among females. Gender variation,
however, in smoking inhalation patterns is an important contributor to the observed
gender differential in lung cancer risk pattern. If this particular condition is also ruled
out, it can be confirmed that the observed higher relative lung cancer risk among the
older female birth-cohorts (born before 1935) in the Republic of Ireland is due to

gender difference in their background risk profile, rather than hypothesising that
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females in general have a greater susceptibility to developing lung cancer, as observed

230, 279

elsewhere. However, a recent prospective study demonstrated no gender

variation in lung cancer risk pattern at a given level of cigarette oonsumption.]77

The smoking inhalation pattern is reported to differ across gender, although no
such information is available for the Irish population. In general, females smoked and
inhaled greater puff volume when filter cigarettes were introduced into the global
market in the late 1950s and the 1960s.'®® Only 50% of the cigarettes were filter-
tipped in the late 1960s in the Republic of Ireland, ' and the tar and nicotine content

were also high during such periods, although the nitrate content was declining.

It is very unlikely that the older female birth-cohorts (born before 1935) in the
Republic of Ireland have got enough opportunity to smoke filter-tipped cigarettes for
a longer duration for the following reasons: delayed age of initiation (mid-30s), poor
coverage of filter cigarettes between the two World Wars, filter-tipped cigarettes were
relatively expensive, and the older generations were more inclined to remain with
their traditional brands. Such anecdotal evidence also suggests that the older female
cohorts have used a long cigarette holder device to smoke through, which were

popular with female film stars in the 1960s.

The likelihood of changing smoking inhalation pattern due to the introduction
of filter-tipped cigarettes alone was most unlikely among the older female birth-
cohorts in the Republic of Ireland. In addition, studies have shown no gender
difference in lung cancer risk pattern when non-inhalers were excluded.”’” 2%

Conversely, younger birth-cohorts would have had smoked filter-tipped cigarettes for
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a longer duration. This may have an impact on the observed lung cancer pattern in the

Republic of Ireland, particularly from 1990 onwards.

6.4.3 Summary and Conclusion

In summary, the proportions of persistent smokers among the older female
birth-cohorts in the Republic of Ireland is relatively high compared to males, together
with a fewer proportion of former smokers in older female birth-cohorts compared
with males, as observed elsewhere.!”” This is also consistent with the fact that because
historically more of the older male birth-cohorts worked outside the home, their
opportunity to smoke was severely reduced compared to their female counterparts
who stayed at home and could smoke at will. For similar reasons, older female birth-
cohorts who were ‘ever smokers’ have consumed relatively greater numbers of

cigarettes, if not similar to their male counterparts.

Evidence suggests that the older birth-cohorts are long-term smokers, while
the youngest birth-cohorts are ‘light’ smokers and smoke for a shorter duration, %
although no such information is available for the Irish populations. The youngest
female birth-cohorts would have had started smoking earlier, and consequently have
had relatively fewer proportions of non-smokers, as reflected in their smoking
prevalence during the same calendar periods in the Republic of Ireland.’® Taken
together, the observed higher relative risk in the older female birth-cohorts is a
reflection of the difference in absolute risk in their referent groups, as observed

elsewhere in similar epidemiological studies.”®® So, it is unlikely that the observed

higher relative risk in the older female birth-cohorts when compared with their male
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counterparts is due to a greater female susceptibility to developing lung cancer in the

Republic of Ireland.

Any underlying lung cancer pattern from 1990 onwards in the Republic of
Ireland is reflective of those born after 1935, considering the long latency period of
lung cancer development. However, those born after 1935 in the Republic of Ireland
have a lung cancer risk profile that is independent of the adjustment for cumulative
cigarette consumption. So the relatively young birth-cohorts (born after 1935), and
particularly the youngest birth-cohorts (born in 1963-1967) have a lung cancer risk
profile different from their older birth-cohorts in terms of smoking, which is still the
predominant risk factor for lung cancer development. The lung cancer risk pattern for
the most recent and also for the youngest birth-cohorts of the Republic of Ireland
suggests emerging risk factors, in addition to active smoking, acting differentially to
modify the lung cancer risk pattern across different age groups in a cohort-wise

fashion within the Irish populations.

Furthermore, the older female birth-cohorts in the Republic of Ireland do not
have a greater lung cancer risk compared with their male counterparts, because of an
underlying gender difference in their background risk profile. Changing smoking
habits as the predominant risk factor for lung cancer development have less influence
on the relatively young birth-cohorts in the Republic of Ireland. Thus, it is worth
considering any putative risk factors for lung cancer and also for cell-types in
particular across populations where changing lifestyle pattern is compounded with

rapid urbanization (Dublin City populations, for example).
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Despite the inherent limitations of ecological analyses, the study findings
helped to generate a new hypothesis for the younger birth-cohorts in the Republic of
Ireland, i.e. they are less likely to develop lung cancer due to active smoking alone,
akhough smoking is a strong residual confounder for such observations. The study
findings also showed that the observed risks for the younger birth-cohorts are lower
relative to their older birth-cohorts across both sexes. This suggests an overall
declining lung cancer death pattern over the coming years in the Republic of Ireland,

assuming no change in the current risk profile of the youngest birth-cohorts.

In conclusion, female lung cancer death rates would continue rising over the
coming years across the Republic of Ireland because of the continual annual rise in
rates among the older female adults in a cohort-wise fashion, until the rates level off
and then begin to decline. A declining lung cancer risk pattern in the youngest birth
cohorts in the Republic is encouraging, while a rising teenage smoking prevalence can
be a disturbing trend for any future lung cancer pattern. However, the 2003 ISAAC
data in the Republic of Ireland shows teenage smoking fell from 20% in 1995 to 13%
in 2003 (Pat Goodman Personal communication). In addition, the recent Smoking

Ban naationwide'”

will further minimise environmental tobacco exposure, which can
also nfluence future lung cancer pattern. In summary, an encouraging trend in lung

cancer pattern is expected over the coming years across the Republic of Ireland.
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Chapter Seven
LUNG CANCER INCIDENCE BY HISTOLOGICAL SUB-TYPES

IN THE REPUBLIC OF IRELAND

7.1 INTRODUCTION

This chapter deals with the lung cancer incidence pattern across major
histological sub-types: Adenocarcinoma (AC), Squamous Cell Carcinoma (SQCC),
Small Cell Carcinoma (SMCC), and Large Cell Carcinoma (LCC) in the Republic of
Ireland from 1994 to 2001, as outlined in the study objective. The chapter describes in
detail the methods employed to examine this issue and presents the findings with brief
comments following each table/figure. Finally there is a discussion on the main
findings of the epidemiological pattern of lung cancer incidence across major

histological sub-types over an eight-year study period.

7.2 METHODS

This section describes the methods employed to examine the epidemiological
pattern of lung cancer incidence by major histological sub-types in the Republic of
Ireland from 1994 to 2001. The data source for lung cancer incidence data is
explained, while the source of smoking prevalence and Irish Census population data
have already been mentioned in the methods section of chapter six. Calculations of
age-standardised incidence rates (ASIR) across specific cell-types, and also of male-
to-female age-standardised incidence rate ratios (ASIRR) are explained. When
estimating the risk for each cell-type across a specific study covariate, the remaining

covariates are controlled for using a multivariable logistic regression model.
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7.2.1 Source of cancer incidence data

The Irish National Cancer Registry Board located in Cork (Ireland) has been
registering all cancers diagnosed since January 1%, 1994, in persons resident in the
Republic of Ireland.”® The Board has also registered deaths due to cancer since that
time, and records the deaths, from whatever cause, of patients diagnosed as having
cancer since January 1% 1994. Reporting to the Registry is voluntary, and data
collection is mainly active. The only information received passively at present is on
notification forms returned by general practitioners. All other information is actively
gathered by eighteen nurses trained in cancer registration methods who are employed
by the Registry with title of Tumour Registration Officer (TRO). These TRO’s are
based in hospitals around the country. Each is responsible for gathering cancer data
from a group of hospitals, and from other sources within a designated geographical
area. Within their catchment areas, they liase with hospital pathology and
haematology laboratories, special clinics, hospital administrators and medical records
staff, Hospital In-Patient Enquiry (HIPE) and casemix staff, and any other persons
they consider to be a useful source of cancer registration data. They also maintain

links with public health nurses and nursing homes in the community.

Most cancer cases (97%) are first recorded in hospital. The predominant
source of notification of cases (81% of the total) is from reports provided by
pathology departments within hospitals. HIPE has become a more significant source
of information, with the proportion of cases reported from this source increasing from
6% in 1994 to 11% in 1998.%° Death certificates are the most important non-hospital
source of cancer cases (1.4% only). However, the importance of death certificates as a

primary source of case notification has been decreasing from 1.8% (1994) cases to
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0.9% cases (1998). *° The Registry, at present, does not register a case based on death
certification alone, but only after the diagnosis has been confirmed from another
source. The Registry carries out internal quality control checks on the data throughout
collection and processing. A simple capture-recapture method shows a completeness
of around 96%. A more complex survival method also shows that registration
completeness has reached an asymptotic level of just 96% at 2 years after diagnosis. i
However, histological verification is a strong guarantee of the accuracy of the data.
The level of histological verification in Ireland is quite high by international
standards. The overall level of histological verification has been increasing steadily
since 1994, from 88% to 89.5% in 1998, ?° although the level of histological
verification is quite low for lung cancer (around 75%). The date, cause and place of

death are all entered by linkage with death certificates and the ward data by linkage of

the address with a national address database.

7.2.2 Lung cancer incidence data by histological sub-types

The Irish lung cancer incidence data from 1994 to 2001 were collected in
electronic format (Excel) on a case-by-case basis from the Na<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>