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Preface

Of the five components of cancer control, prevention, early detection (including
screening) treatment, rehabilitation and palliative care, prevention is regarded as the
most important. Yet the knowledge available to prevent many cancers is incom-
plete, and even if we know the main causal factors for a cancer, we often lack the
understanding on how to put this knowledge into effect. Further, with the long natu-
ral history of most cancers, it could take many years to make an appreciable impact
upon the incidence of cancer.

Because of these facts, many have come to believe that screening has the most
potential for reduction of the burden of cancer. Yet, as we have tried to apply the
knowledge gained on screening for cancer, we have come to recognize that screen-
ing can have major disadvantages, and achieve little at substantial cost, thus reduc-
ing the resources that are potentially available for both prevention and treatment.

Thus the time seems right for a comprehensive overview of the evidence base for
both cancer prevention and screening. The main aim of the book is to provide a
realistic appraisal of the evidence for both cancer prevention and cancer screening,
combined with an accounting of the extent programs based upon available knowl-
edge have had an impact in the population.

The issues are that the evidence base for many approaches to cancer prevention
does not include an assessment of the extent prevention programs have had an
impact, and in the case of screening, a failure of recognition that much of the evi-
dence available is from trials conducted many years ago, and with advances in can-
cer treatment, the contribution of screening may be far less than many would have
us believe.

Thus the book has the following objectives:

1. To present a rigorous and realistic evaluation of the evidence for population-
based interventions in prevention of and screening for cancer, with particular
relevance to those believed to be applicable now, or on the cusp of application.

2. To evaluate the relative contributions of prevention and screening.

3. To discuss how, within the health systems with which the authors are familiar,
prevention and screening for cancer can be enhanced.
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You will find as you go through the book some overlap between the chapters and
some disagreements as to conclusions or interpretation of data. Overlap is often
instructive as are disagreements, as they identify areas where further research may
be needed to provide the necessary evidence base for action.

I trust you will enjoy reading the book. I should be grateful, if you detect errors,
if you could bring them to my attention.

Toronto, ON, Canada Anthony B. Miller
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Part I
Prevention of Cancer



Chapter 1
Health Promotion Approaches to Reducing
Cancer Incidence

Roy Cameron and Jon Kerner

1.1 Introduction

Modifiable risk factors for cancer and other preventable chronic diseases (e.g., heart,
lung, and diabetes) are prevalent worldwide. It is urgent to reduce the incidence of
these diseases to enhance health, to support health care system sustainability, and to
promote global development and prosperity. Hence, the WHO is spearheading a
United Nations noncommunicable disease (NCD) initiative (The World Bank
Human Development Network 2011).

The Ottawa Charter for Health Promotion (World Health Organization 1986)
characterizes health promotion as “the process of enabling people to increase control
over, and to improve, their health” (p. 1). To that end, the charter emphasizes the
importance of (1) building healthy public policy, (2) creating supportive
environments, (3) strengthening community actions, (4) developing personal skills,
and (5) reorienting health services. These means to achieving health are highly
applicable to reducing cancer incidence. This chapter provides an overview how
progress is being made and can be accelerated.

Health promotion interventions can reduce disease at national, state, and community
levels. For instance, in Finland a comprehensive, sustained program led to a 65 %
reduction in annual coronary heart disease mortality among middle-aged men between
baseline (1967-1971) and 1995 and reduced lung cancer mortality by almost 60 %
(Puska 2002). Risk factor reduction led to 50-72 % of the drop in coronary heart
disease mortality in Finland between 1982 and 1997; 23 % of the drop was due to

R. Cameron (<)

School of Public Health and Health Systems and Propel Centre for Population Health Impact,
University of Waterloo, 200 University Avenue, West Waterloo, ON N2L 3G1, Canada
e-mail: cameron@healthy.uwaterloo.ca
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Canadian Partnerships Against Cancer, Toronto, ON, Canada

A.B. Miller (ed.), Epidemiologic Studies in Cancer Prevention and Screening, 3
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1 Health Promotion Approaches to Reducing Cancer Incidence 5

improved treatment (Laatikainen et al. 2005). California’s tobacco control program led
to a 6 % drop in lung cancer incidence within the first decade (averting some 11,000
cases), with no comparable decrease in comparison jurisdictions (Barnoya and Glantz
2004). During the 2 years after Toronto banned smoking in public indoor spaces,
hospital admissions for cardiovascular and respiratory conditions fell 39 % and 33 %,
respectively, in this city, but not in surrounding communities (Naiman et al. 2010).

It is critical to be strategic in addressing health promotion for NCD prevention.
A first strategic decision involves selecting intervention targets. Tobacco use,
physical inactivity, and unhealthy eating are major sources of cancer risk and thus
current strategic priorities (e.g., Willett et al. 2006, World Bank: see Fig. 1.1 from
Willett).

A second strategic decision involves defining the approach to intervention. This
chapter overviews three intervention strategies that can work in concert: (1) “scaling
up” face-to-face clinical intervention with individuals; (2) using high-reach, low-cost
delivery systems (e.g., print, electronic) to influence large numbers of people at risk;
and (3) altering environments (social, physical, policy) to promote population
health. The emphasis here is on the latter two approaches, particularly the third
strategy, which is at the heart of health promotion. All three strategies are described
to provide perspective and to illustrate how linkage and synergy is created across the
strategies. Each approach is presented at a high level.

Major influential organizations provide ready access to evidence and resources
pertinent to action. These sources of regularly updated evidence (Appendix
Table A.1.1) are provided to promote resources of ongoing value.

The final section of this chapter concerns capacity to create and execute coherent
prevention strategies. Lessons learned from tobacco control inform the NCD agenda
(Green et al. 2006). Hence, examples from tobacco control are often used as
illustrations. A core lesson is that appropriate research methods must guide action
at system and population levels. What is often most valuable is not definitive “proof™
that an intervention works, but rather ongoing integration of evidence from multiple
sources (traditional research, evaluation, surveillance) to guide continuous
improvement of interventions and systems as they are implemented in specific, ever
evolving contexts (see Fig. 1.2). This framing pervades this chapter.

1.2 Strategies

1.2.1 Strategy 1: Scaling Up Face-to-Face Intervention
Within the Health Care System

Face-to-face intervention with individuals or small groups can have population level
impact if efficacious interventions are widely implemented. The US Preventive
Services Task Force synthesizes pertinent evidence and disseminates guidelines for
providers, especially for primary care (Appendix Table A.1.1).
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Fig. 1.2 Dynamic model of cancer research and diffusion and dissemination

The evidence is typically from randomized controlled trials so treatment effects
can be interpreted with confidence. Recently, the importance of directly assessing
the generalizability of findings across providers, settings, and patients has been
emphasized (Glasgow et al. 1999). This approach reflects the established “pipeline”
research model (Greenwald et al. 1990).

To go beyond helping individual patients and contribute to reduced disease inci-
dence, additional research approaches are needed. Spoth’s (2008) framework shifts
research toward a paradigm of public health impact. It describes a translational
research agenda with four domains: (1) effectiveness of interventions, (2) extensive-
ness of their population coverage, (3) efficiency of interventions, and (4) engagement
of eligible populations or organizations. Strategic research in each domain provides
evidence to enhance the population level impact of preventive maneuvers across
health care systems. Observational studies to identify attributes of primary care
practices that facilitate delivery of health promotion maneuvers may also guide
practice managers and policymakers seeking to improve practice and system-level
prevention impact (Hogg et al. 2009).

Health care systems can help reduce disease incidence, but this strategy has
limitations. Scaling up clinical preventive maneuvers to levels required for popula-
tion level impact is costly and constrained by system capacity. For instance, Yarnall
et al. (2003) estimated that an average family physician would need about 7.4 h per
working day to implement all recommendations of the US Preventive Services Task
Force, aside from time needed to address all other patient issues. There are typically
even tighter constraints in systems serving vulnerable populations (e.g., the poor,



1 Health Promotion Approaches to Reducing Cancer Incidence 7

aboriginal populations, racial/ethnic minorities, the geographically isolated).
In some settings, use of all practice staff may surmount constraints (Peckham et al.
2011).

Use of lay volunteers to deliver face-to-face prevention programs (e.g., smoking
cessation) also could expand capacity to provide “clinical” programs in a context of
constrained resources. But to be “scaled up” and sustained, such programs would
require a host organization (e.g., a nongovernment organization — NGO) to provide
capacity to recruit, train, organize, and monitor volunteers. This would impose
major opportunity costs (e.g., by diverting resources from advocacy for public poli-
cies) that may or may not be defensible. Little is known about the costs and benefits
of this approach given the historical emphasis on efficacy studies and absence of
evidence to inform decisions about program design, delivery, and cost (Manske
et al. 2004).

1.2.2 Strategy 2: High-Reach, Low-Cost Programs Directed
at Individuals at Risk

Behavior change programs based on print, telephone, and electronic media can con-
tribute to population level impact given their high reach and relatively low cost.

Such programs are used, for instance, to support smoking cessation. Government-
funded telephone-based quitlines serve states and provinces in North America,
based on evidence of efficacy (Stead et al. 2007). The North American Quitline
Consortium (NAQC) now facilitates continual improvement of the lines using
ongoing evaluation and surveillance data. NAQC sponsored development of the
Minimal Data Set (Campbell et al. 2007) to enable standardized evaluation for com-
parative studies of relative costs and impacts of various service models. Such studies
can support accountability requirements, guide continual improvement, and assess
outcomes in an evolving context (e.g., as the population of smokers changes). This
adds direct value to those who fund, provide, or use these services.

Surveillance studies show that most cessation lines reach a low percentage of
smokers in the populations they serve. Since it is more feasible to enhance the popu-
lation level impact of the lines (i.e., the total number of smokers who quit or cut
down) by increasing reach versus the quit rate (McDonald 1999), increasing reach
is now a priority of the Consortium. If new promotions increase the proportion of
smokers who use lines (assessed via surveillance), ongoing evaluation research can
assess changes in quit rate as the population of smokers served broadens. It is not
just a matter of “proving efficacy” and scaling up an intervention but continuing to
use evaluation and surveillance studies to guide system-level decisions and improve
population level impact.

Social media are being used to promote health behavior change, including
smoking cessation (Shahab and McEwen 2009; Free et al. 2009). These programs,
and the platforms that support them, evolve very rapidly. By the time a traditional
research study is completed and reported, the program and technology may both be
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obsolete. In this context, developmental evaluation (Patton 2010) may be ideal for
enabling service providers and researchers to jointly engage in ongoing develop-
ment, improvement, and testing of programs, platforms, and promotional
strategies.

Face-to-face and high-reach, low-cost strategies can be combined. For instance,
to extend the reach of quitlines, the North American Quitline Consortium is seeking
to enhance linkage between health care providers and quitlines. This could enable
more providers to address smoking with more patients since they can limit their role
to referral and not spend time on intervention delivery.

Integration of clinical and high-reach/low-cost approaches to create an efficient,
coherent service system was envisioned by Abrams et al. (1996). The model calls
for matching smokers to services based on an initial assessment of their needs, then
referring them to progressively more intensive (and costly) services as needed in a
“stepped care” approach. This would use resources efficiently and provide smokers
with a coherent, staged set of services, with systematic follow-up with more inten-
sive intervention as needed after failed quit attempts. Ongoing evaluation can guide
development and improvement of such systems, which are now being proposed
(e.g., Smoke-Free Ontario — Scientific Advisory Committee 2010).

1.2.3 Strategy 3: Environmental Change to Influence
Entire Populations

Environments (social, physical, and policy) profoundly influence behavior, although
this influence is grossly underestimated (Ross and Nisbett 1991). This empirically
demonstrated effect of environments exerting widespread and sustained influence
on behavior provides a compelling empirical rationale for environmental interven-
tion, the foundation of the health promotion approach (Potvin and Jones 2011).
Geoffrey Rose (1992) provided a core conceptual foundation for this orientation.
Rose distinguished between variability in risk of diseases across individuals within
a population and variability in incidence of diseases across populations. A high-risk
(clinical) approach seeks to modify factors (e.g., behaviors) that put individuals at
relative risk within a population. A population-based approach is ecological; it seeks
to modify environmental factors that cause differences in disease incidence across
populations. Rose contended that if a population approach is taken, “there is no
known biological reason why every population should not be as healthy as the best”
(Rose 1992, p. 1). Environmental change is now the central approach to reducing
incidence of chronic disease, based largely on experience with tobacco control.
This approach uses policies implemented through all government departments,
not just health, to create healthy living conditions, including environments that sup-
port nonsmoking, physical activity, and healthy eating. One way to advance this
approach is to subject all government policies to health impact assessments (Collins
and Koplan 2009; Puska and Stahl 2010). The Canadian Partnership Against Cancer
regularly updates its online Prevention Policy Directory to allow research, practice,
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and policy experts to identify and examine chronic disease prevention policies being
implemented within federal, provincial, and territorial jurisdictions in Canada and
is considering expanding this to encompass municipal level policies.'

Environmental change is driving success in tobacco control. The WHO
Framework Convention on Tobacco Control focuses on environmental interventions
(e.g., policies related to tobacco packaging and warning labels, smoke-free spaces,
tax policy). Such policies create environments that simultaneously (1) support ces-
sation, (2) discourage tobacco use among both new users (to lower prevalence) and
current users (to reduce dosage, thus mitigating risk and harm), and (3) minimize
exposure to environmental tobacco smoke. Healthy public policy is vital beyond
tobacco control. The World Cancer Research Fund and the American Institute for
Cancer Research (2009) distilled evidence for 48 policy recommendations designed
to substantially reduce cancer risk in populations based on widespread improve-
ment in dietary patterns and physical activity levels, reduced obesity rates, and
increased rates of breast feeding.

What type of direct evidence supports use of environmental interventions? It is
occasionally feasible to test environmental interventions using randomized trials.
For instance, Ludwig et al. (2011) randomized 1,788 women living in public hous-
ing in impoverished neighborhoods to receive housing vouchers redeemable only in
low-poverty neighborhoods, along with counseling on moving. This intervention
led to a small but potentially important reduction in the prevalence of extreme obe-
sity and diabetes more than a decade after the intervention was introduced.

But such randomized trials are rarely feasible. Researchers typically lack the
requisite policy levers, large budgets (e.g., for major social marketing campaigns),
or influence to effect environmental intervention. Moreover, it is difficult to induce
jurisdictions to participate in randomized policy studies.

Thus, with environmental interventions, the major “experiments” are done typi-
cally not by researchers, but by “social actors” (Cameron 2009). The role of research
is to study innovative interventions as they are implemented, so as to identify what
works, for whom, in what context, at what cost. The studies demonstrating improved
population health in response to programs in Finland, California, and Toronto
described earlier all involved nonrandomized assessments of policy-driven social
change. This approach reflects Donald Campbell’s (1991) notion of creating a
“methodology for an experimenting society” to enable systematic learning from
social innovation. In this realm, Green’s (2006) adage that “if we want more
evidence-based practice, we need more practice-based evidence” is very apt.

There have been many calls for going beyond randomized designs in studying
the impact of policies, programs (individually and in combination), and systems
designed to reduce disease incidence (Cameron et al. 2007; De Leeuw 2009; Hawe
and Potvin 2009; Smith and Petticrew 2010). This has major implications for public
health science and practice and links between the two.

Uhttp://www.cancerview.ca/portal/server.pt/community/prevention_policies/464/prevention_
policies_directory
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The deepest implication is that the usual notion that intervention research studies
precede and inform practice does not always apply with environmental intervention.
Scientists may actually impede progress by opposing untested interventions rather
than engaging as evaluators of social interventions. This was the experience of
Dalip Bal, who headed the groundbreaking California Tobacco Control Program:
“Bal is frustrated by colleagues who wait for high-level evidence before acting....
‘Most scientists will say you need a randomized controlled trial level of proof to do
a community intervention. That’s horse feathers. We tried twenty-five things—
twelve worked and we renewed those. Empirical trial and error is the oldest scientific
device and we used it to distinction.... Where there is no science you have to go and
be venturesome —you can’t use the paucity of science as an excuse to do nothing...
all the scientists came in behind us and analyzed what we did’”’ (Sweet and Moynihan
2007).

A second implication is that in the absence of direct evidence of what works, it
is critical to enable scientists and practitioners to jointly design innovative popula-
tion level interventions. Much is known about principles of behavior change
(Bandura 1986; Hill and Dixon 2010). Scientists can collaborate with policy and
program leaders to discern how to incorporate these principles in intervention
design. For instance, Fong and his colleagues (Strahan et al. 2002) distilled princi-
ples that could be applied to design of tobacco warning labels and worked with
Canadian Cancer Society staff to ensure regulators were able to apply these in deter-
mining the design of what were then world precedent-setting Canadian graphic
warning labels.

A third implication is that the scientific enterprise must work in concert with the
public policy agenda, as research is “grafted on” to policy experiments. Traditional
scientific funding mechanisms and practices may need to be augmented with new
funding approaches, especially given the evidence of profound misalignment
between the evidence generated and the evidence needed (Millward et al. 2003).
Special funding programs are evolving (e.g., the Population Health Intervention
Research Initiative for Canada, coordinated by the Canadian Institutes of Health
Research).

Examples of high-impact research pertinent to the WHO NCD initiative are
emerging. For instance, Geoffrey Fong and colleagues mounted the International
Tobacco Control Policy Evaluation Project, to deliberately generate evidence
required to guide 174 countries implementing the WHO Framework Convention for
Tobacco Control (FCTC). They follow cohorts of smokers in over 20 countries in all
regions of the world to examine the impact of all policies, as they are implemented,
using rigorous methods, built into a sophisticated quasi-experimental study (Fong
et al. 2006). Findings are disseminated through FCTC mechanisms and via custom-
ized reports and direct consultations with individual countries. Use of research
methods (and perhaps infrastructures) developed through such studies may acceler-
ate the broader global NCD prevention effort. A second example is the Canadian
Partnership Against Cancer’s Coalitions Linking Action and Science for Prevention
that enable researchers to work with policy and program leaders in coalitions across
jurisdictions within Canada (Manafo et al. 2011).
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A fourth implication is that care is required to guide appropriate systematic
reviews and syntheses. If RCT evidence is required for strong endorsement of inter-
ventions, environmental interventions with the greatest potential to reduce disease
incidence may not be supported since they are not generally amenable to study
using an RCT. New approaches are emerging which balance rigor with the potential
to achieve reduced disease incidence (Swinburn et al. 2005).

In short, interventions at the level of countries, states/provinces/territories, and
communities have been shown to reduce disease incidence and disease burden
within populations. But there is an urgent need for more evidence about what
specific policies, and combinations of policies, will have the greatest effect in
improving population health in widely diverse and ever changing contexts. New
paradigms and infrastructures are required to support deliberate, efficient, ongoing
generation and use of evidence to develop and continually improve policies that
reduce disease incidence.

The scope of research required to reduce disease incidence must be broadened.
For instance, studies are needed to address the role of corporations in creating envi-
ronments that either undermine (Bakan 2004; Bakan 2011; Hammond et al. 2006)
or enhance (Porter and Kramer 2011) health. The current emphasis on addressing
risk factors must expand to include social determinants of health (Evans et al. 1994;
Marmot and Wilkinson 2006; Laatikainen et al. 2005; Wilkinson and Pickett 2009)
and understanding long-term health impacts of multiple social policies (McLeod
et al. 2012; Siddiqi and Hertzman 2007). Evidence of prenatal influences on epige-
netics and disease outcomes (Gluckman et al. 2008), possibility including cancer
(Eriksson et al. 2010), may build public support for prevention policies, just as evi-
dence of injurious effects of environmental tobacco smoke accelerated societal sup-
port for tobacco control.

Links between environmental change and other strategies, described above,
can facilitate progress. For instance, in tobacco control, smokers were offered
clinical and public health cessation services as restrictive smoking policies were
introduced. This synergy facilitated widespread cessation, and provision of cessa-
tion services helped create public support for restrictive policies. Moreover, health
care providers and organizations that represent them can be powerful advocates
for social policy (Collishaw 2011). Clinicians may be more likely to become
advocates if they realize that most smokers who quit do so not in response to clini-
cal intervention, but “on their own” with stimulus and support from public poli-
cies (Chapman 2011).

1.3 The Need for an Implementation Strategy and Mechanisms

Implementation strategies and mechanisms are required to drive progress within
and across jurisdictions. The WHO FCTC provides a model for building coherent
efforts and for promoting learning across countries. The WHO NCD initiative has
the potential to replicate or build on these international structures.
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But the real action is at the level of nations, states/provinces/territories, and com-
munities, where requisite jurisdiction authority and resources are vested. Progress
will be accelerated if there is coordination of plans and mutually supportive actions
across jurisdictional levels and across sectors (government, NGO, research) within
countries.

Models have been created for integrating functions that span jurisdictional levels
and sectors to advance cancer control, including primary prevention (Advisory
Committee on Cancer Control 1994; Hiatt and Rimer 2003; Kerner et al. 2005).
Schematic representations of such integrative models are evolving and being used
to help organizations work together coherently to form a cancer/disease prevention
“system.” Figure 1.2 draws attention to the need for organizations to work together
to produce and integrate evidence from traditional pertinent research, evaluation,
and surveillance methods.

Interorganizational strategy development and execution is critical to create
capacity as implied by Fig. 1.2. Disjointed activities are unlikely to optimize prog-
ress. Coherent planning and action is so vital to success that in the foreseeable
future, failure of institutions to work in concert to advance their prevention missions
may come to be seen by taxpayers and donors as organizational malpractice.

Evidence must guide not only interventions but also the development of the
implementation capacity. Although concepts are emerging for facilitating collabo-
ration across organizations (Westley et al. 2006), there is still much to learn.
Developmental evaluation (Patton 2010) may enable organizational leaders and
researchers working together pragmatically to continually plan, test, and refine new
ways of enabling organizations to work together to optimize their individual and
collective impact.

Leading organizations are already building interagency support. Specifically, key
organizations are building capacity to synthesize and promote use of relevant evi-
dence in decision making. For instance, the Guide to Community Preventive
Services, overseen by the Task Force on Community Preventive Services, was
established by the US Department of Health and Human Services (DHHS) to
develop evidence-informed guidance on which community-based health promotion
and disease prevention interventions work and which do not work. The Centers for
Disease Control and Prevention provides the Task Force with technical and admin-
istrative support (Truman et al. 2000).

To support cancer control, the US National Cancer Institute launched Cancer
Control PL.A.N.E.T. (Plan, Link, Act, Network with Evidence-based Tools) in
2003 to help public health practitioners in the USA find surveillance and interven-
tion research evidence needed to plan, implement, and evaluate their cancer preven-
tion and control programs (Kerner et al. 2005). In 2008, the PLANET website model
was adopted and adapted by the Canadian Partnership Against Cancer (the
Partnership). The Partnership added additional evidence links to the Canadian
PLANET website (e.g., to the Cochrane Collaboration library and the Best Practices
Portal of the Public Health Agency of Canada). Appendix Table A.1.1 provides a
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detailed listing of evidence-based resources for health promotion interventions in
general and diet/nutrition, physical activity, sun safety, and tobacco control inter-
vention approaches in particular.

There is an emerging research agenda designed to enable organizations pro-
mote evidence to inform action to improve their practices (Lavis et al. 2008a, b, c).
This sort of research has potential to improve links between evidence and action and
illustrates how research may inform improved interorganizational collaboration.

1.4 Conclusion

There is evidence that population-based initiatives can reduce the incidence and
burden of cancer and other chronic diseases. Progress will be accelerated if a strate-
gic approach is taken to investing in and linking interventions delivered by health
care providers, high-reach, low-cost programs (e.g., using print, web, and social
media platforms), and environmental change through policy. There is a need to
develop mechanisms and infrastructures to enable research, policy, and practice
communities to work together in organized ways to accelerate progress by deliber-
ately and efficiently generating and using evidence to advance progress in rapidly
changing societies around the world.

1.5 Appendix
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Chapter 2
Preventing Cancer by Ending Tobacco Use

Neil Collishaw and Cynthia Callard

2.1 Introduction

Widely accepted epidemiological evidence about the health hazards of smoking
was first published in the early 1950s (Doll and Hill 1950; Wynder and Graham
1950). By the early 1960s, the causal link between smoking and lung cancer and
several other diseases had been definitively established and was documented in
reports of the British Royal College of Physicians and Surgeons (Royal College of
Physicians of London, Committee on Smoking and Atmospheric Pollution 1962)
and the United States Surgeon General (United States Public Health Service 1964).
As time went on, more and more diseases were found to be linked to smoking and
passive smoking. By 2004, the United States Surgeon General had identified over
50 diseases and conditions caused or possibly caused by tobacco smoke (Surgeon
General 2004). Over a dozen of these are cancers. It has recently been estimated that
19.4 % of all new cases of cancer in the United Kingdom are attributable to tobacco
smoke (Parkin 2011). Similar results could be expected for countries at a similar
mature stage of the tobacco epidemic (Lopez et al. 1994). Cancers caused by smok-
ing occur disproportionately at sites with the poorest prognosis, such as lung,
oesophagus and pancreas (American Cancer Society 2011). As a result, cancer
caused by smoking or passive smoking accounts for a higher proportion of cancer
deaths than other cancer cases — one-quarter to one-third of all cancer mortality
(Cancer Research UK 2011; Canadian Cancer Society 2003).

Throughout the whole of the latter half of the twentieth century, many people
believed that the link between smoking and disease was “not proven” (Oreskes and
Conway 2010). However, because of a series of court settlements in the United
States that required the release of previously secret tobacco industry documents,
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scholars now have access to an extraordinary cache of information in over 13 mil-
lion previously secret documents. Scholarly analyses of these documents have
revealed that the “not proven” sentiment prevailed because the tobacco industry
deliberately created it and maintained it over decades, even in the face of definitive
scientific information to the contrary (Brandt 2007, 2012; Oreskes and Conway
2010; Michaels 2008). In an extensive trial initiated by the United States Department
of Justice, tobacco companies were found guilty of racketeering and conspiracy
under the US Racketeer Influenced and Corrupt Organizations Act. Their misde-
meanours are documented in the judgement against them (Kessler 2006).

2.2 Progress in Tobacco Control to Date

Most of the tobacco control measures implemented to date seek to discourage
tobacco use by smokers and potential smokers; they can be characterized as demand
reduction measures. Other measures can be imagined that would seek to alter the
current structure of the tobacco industry in ways favourable to public health protec-
tion. These can be thought of as supply control measures. One example would be an
upper limit on the number of cigarettes permitted to be sold. Another example
would be government-imposed conditions and restrictions under which tobacco
companies may be permitted to earn profits. To date, governments have mainly
eschewed use of supply control measures in constructing their tobacco control
policies.

Partly because of the tobacco industry’s campaign to manufacture doubt and
uncertainty where none existed, governments were slow to act to control the tobacco
epidemic. Among the countries that pioneered tobacco control measures were
Norway, Finland and Singapore, which implemented tobacco advertising bans and
other control measures in the 1970s. Canada, Australia and New Zealand followed
with advertising bans, requirements for warnings on packages and other control
measures in the late 1980s and early 1990s.

The 1990s also saw the first steps towards development of the Framework
Convention on Tobacco Control (FCTC), a global tobacco control treaty. It came
into force in 2005 and boasted 174 Parties by the end of 2011. The treaty codifies in
international law the elements of the comprehensive tobacco control programmes
that were already in force in a few countries. Most elements of the FCTC are demand
reduction measures. They encourage or require Parties to adopt a series of tobacco
control measures that include:

* Higher tobacco taxes to discourage consumption

* Bans on smoking in public places and workplaces

* Reporting of toxic substances in tobacco

* Large health warnings on packages (preferably with pictures)
» Extensive restrictions or bans on tobacco advertising

* Health education, health promotion

* Smoking cessation services
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* Controls on smuggling

e Bans on sales to minors

* Promotion of alternative livelihoods for displaced tobacco workers
» Facilitation of legal liability action against tobacco companies

Other measures include guarding against the interference of the tobacco industry
in the setting of public health policy, encouragement for general strengthening of
tobacco control and provisions for further research, monitoring, reporting and coop-
eration. The existence of the FCTC and its rapid ratification by a large number of
countries may have helped quicken the pace of adoption of tobacco control mea-
sures around the world. However, the FCTC is far from being fully implemented.
Despite recent progress, only 6 % of the global population lives in countries that
have comprehensive advertising bans and 15 % live in countries with large, graphic
health warnings on cigarette packages (World Health Organization 2011). Even
with the FCTC in force, the tobacco industry is continuing its longstanding practice
of opposing national tobacco control measures. For example, Philip Morris has
launched a challenge of Australia’s new law requiring plain packaging. Philip
Morris contends that the new law is a violation of a bilateral investment treaty
between Australia and Hong Kong, a claim rejected by the Australian government
legal team (Australian Government, Attorney General’s Department 2011). Many
FCTC-compliant laws have recently been contested in national courts. In some
cases, the tobacco industry has succeeded in having tobacco control laws weakened
or overturned. In all cases, litigation or the threat of litigation can slow or weaken
the adoption of national tobacco control measures (Corporate Accountability
International 2005). Tobacco companies also can and do challenge tobacco control
laws in international tribunals. Currently, aspects of national tobacco control laws
of FCTC Parties Norway, Australia and Uruguay are being challenged in interna-
tional tribunals by the tobacco companies (Webster 2011).

2.3 Structural Impediments Will Slow Further Progress

By law, tobacco corporations are compelled to make profits. Under current corpo-
rate law, profit-making is a legal requirement that imposes an obligation on tobacco
company management to seek to minimize the impact of public health measures to
reduce smoking. In the 1980s, Player’s cigarettes were advertised in Canada by
means of the advertisement shown on the left of Fig. 2.1. In 1988, cigarette advertis-
ing was banned with certain limited exceptions for sponsorship advertising. When
that law (The Tobacco Products Control Act) was invalidated in 1995, it was replaced
by the Tobacco Act in 1997, which also banned tobacco advertising, also with cer-
tain limited exceptions for sponsorship advertising. Even after this second law was
passed, Imperial Tobacco Company of Canada managed to skate through the
regulations and find a way to continue advertising Player’s cigarettes, using
practically the same imagery as they had been using a decade earlier, while remaining
technically within the law. The post-advertising ban example is shown in the



24 N. Collishaw and C. Callard

Before ad ban After ad ban

Player's

»

Ly
C 8 Team Player's ]

wew.playpar . g

Rt Bt o e Lt ey, p—
i g Mg ki g T 11 o s g e g 1 | 8

Fig. 2.1 Canadian advertisements for Player’s cigarettes in the 1980s (left panel) and in 1998, two
advertising bans later (right panel)

right-hand panel of Fig. 2.1. That legal loophole was closed and all tobacco spon-
sorship advertising has disappeared from Canadian media. Nevertheless, Imperial
Tobacco was able to stretch out tobacco advertising, using their preferred imagery,
for more than a decade after tobacco advertising had supposedly been prohibited.

State tobacco monopolies, even if they do not make profits for shareholders, are
nevertheless required to maximize financial return to the state. There too, making
money is given higher priority under law than protecting health. Tobacco companies
do not adopt tobacco control measures; they adapt to them. It can be expected that
in the future, unless their fiduciary obligations are fundamentally altered, tobacco
companies will continue to oppose, weaken and mitigate tobacco control measures,
particularly if they may threaten profit-making (Callard et al. 2005a).

2.4 More and Better Demand Reduction Measures
Will Be Needed

The FCTC has proven itself an excellent tool for improving tobacco control around
the world. In spite of the slow rate of progress of FCTC implementation and tobacco
industry countermeasures, more and more countries are implementing effective
tobacco control measures. As mentioned earlier, the FCTC mainly mandates demand
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reduction measures. Even if it were fully implemented in all countries, there is
scope and justification for more tobacco demand reduction measures. There is a
specific provision in the FCTC for Parties to implement stronger tobacco control
measures than those required by the FCTC. Some of these additional demand reduc-
tion measures could include:

» Large warnings on packages, occupying 80—100 % of the largest surfaces of the
package

* Plain and standardized packaging (currently being implemented in Australia)

* Retail display bans (currently in force in Canada, Iceland, Thailand and a few
other countries)

* Bans on promotional allowances to wholesalers and retailers

Despite tobacco industry countermeasure, there has been progress in curbing the
tobacco epidemic. For example, smoking prevalence declined from 50 % of adults
in Canada in the mid-1960s to just 20 % in 2010 (Physicians for a Smoke-Free
Canada 2011). In addition, at least two jurisdictions have proposed ambitious near-
term targets for tobacco control, based largely on an expanded set of demand reduc-
tion measures. California has proposed targets of 10 % adult smoking prevalence
and 8 % smoking prevalence for high-school-aged youth to be achieved by the end
of 2014 (California Department of Public Health 2011). Australia has set a target of
adult daily smoking prevalence of 10 % or less by 2018 (Australian Government
2011). Based on their success to date, both jurisdictions are on track to achieve these
targets. However, while progress is being made in some countries in tobacco con-
trol, tobacco companies are expanding markets in others, particularly in Asia. The
net result has been that global consumption of cigarettes remains high. It was esti-
mated to be about six trillion cigarettes in 2011 (Euromonitor International 2011).

Even if all FCTC measures were implemented, as well as additional demand
reduction measures, the combination of the powerful addictiveness of tobacco and
the structural imperative that requires tobacco companies to oppose and weaken all
public health measures that may threaten profits mean that we cannot expect to
appreciably quicken the pace of progress against the global tobacco epidemic,
unless something changes and changes radically.

2.5 A Paradigm Shift: Some Options for Supply Control
Measures

More progress could be made if supply control measure were added to our current
armamentarium of demand control measures for tobacco control. Supply control
measures would change the ways that tobacco companies do business, to bring them
more nearly in line with public health objectives. Governments have been reluctant
to consider supply control measures, and their use has been discouraged by the
World Bank (World Bank 1999). Nevertheless, some observers have proposed more
comprehensive tobacco control measures that would include both demand and
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supply control measures. A few governments are also considering expanding
tobacco control to include supply control measures.

2.5.1 Proposals to Make Finland and New Zealand
Tobacco-Free Nations

Ending tobacco use has been set as a national goal by the governments of Finland
and New Zealand. In the case of Finland, the 2010 Tobacco Act states that the
government aims to “put an end to the use of tobacco products in Finland” (Ministry
of Social Affairs and Health of Finland 2010). An official document of the New
Zealand government (but not a statute) states, “the Government agrees with a longer
term goal of reducing smoking prevalence and tobacco availability to minimal lev-
els, thereby making New Zealand essentially a smoke-free nation by 2025”. The
same document also states, “The Government agrees to investigate further options
for measures to reduce tobacco supply” (New Zealand Government 2010). Both of
these governments have set bold objectives to make their countries tobacco-free.
The New Zealand government did state that is would be considering a variety of
policy proposals, including tobacco supply reduction proposals. However, neither
the government of Finland nor the government of New Zealand has yet specified
precisely how their ambitious goals might be accomplished. Others, however, have
provided suggestions that these and other governments could consider.

2.5.2 The Sinking Lid (New Zealand)

A group of New Zealand researchers (Thomson et al. 2010) has proposed that a
comprehensive set of demand control measures be combined with gradually more
restrictive supply control measures, such as a 10 % per year reduction in manufac-
turing and import quotas for tobacco products (the sinking lid), until importation
and sale of tobacco ceased or reached an acceptable low level (e.g. under 1 % preva-
lence). The researchers have proposed that the ever-declining tobacco supply quota
be sold at auction to tobacco manufacturers. Increasing scarcity of quota would
drive up its price, which would, in turn, drive up the price of cigarettes, further
reducing prevalence. The authors acknowledge that such a system might work best,
at least initially, in a geographically isolated country with no domestic tobacco
manufacturing industry, such as New Zealand.

2.5.3 The Tobacco Supply Agency (Australia)

An Australian researcher (Borland 2003) has proposed that a monopsonistic agency
be set up as the sole buyer and distributor of domestic and imported tobacco
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products. Through selective buying and regulation, such an agency could require
manufacturers to supply more harm-reduced products and phase out the most
harmful products. The new Tobacco Control Agency could also eliminate advertising,
require plain packaging and large health warnings and otherwise restrict or even
eliminate altogether communication by tobacco manufacturers with consumers.
While the practicality of this proposal has been questioned (Liberman 2006),
Borland has replied, “I think we should confront the fox of the tobacco industry
rather than Liberman’s approach of fixing holes in the fence of regulation” (Borland
2006). No nation has yet adopted the regulated market model.

2.5.4 Performance-Based Targets and Reversing Incentives
(United States)

Stephen Sugarman, a Professor of Law at the University of California at Berkeley,
has examined how performance-based regulation might be applied to
health-threatening consumer products including cigarettes, alcohol, guns, junk food
and motor vehicles (Sugarman 2009). Sugarman suggests that the ultimate perfor-
mance-based measure for tobacco control would be reduced tobacco-caused disease
and death, but its achievement would take too long to be a practical standard in a
revised regulatory system. Instead, he proposes using reliable data on smoking rates
as a satisfactory performance standard around which new tobacco control regula-
tions could be built. Sugarman suggests that there be substantial financial penalties
proposed if specified smoking prevalence reduction targets were not met. Sugarman
expresses a preference for a penalty-only scheme as likely the most politically
attractive. However, he also outlines a reward and penalty option that could be used,
should the latter prove to be the more politically attractive. Under this scheme, firms
would continue to be penalized for failing to meet targets. The added feature is that
they would receive generous financial bonuses for surpassing their targets.

2.5.5 Performance-Based Targets and Reversing Incentives
(Canada)

A Canadian team (Callard et al. 2005a, b) has proposed that, as an ideal outcome,
control of the tobacco supply should be transferred to a non-profit agency with a
public health purpose to phase out tobacco. Various ways of achieving this transfer
and various structures for the operation of such a non-profit agency were
proposed.

Later, it was recognized that “the world is not yet ready for wholesale replace-
ment of institutions and structures by new ones” (Physicians for a Smoke-Free
Canada 2010). They went on to describe a new system of performance-based
regulation that would require existing tobacco companies to meet public health
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goals of year-over-year reductions in tobacco use. However, some significant change
would have to happen for the tobacco industry to actually want to achieve significant
public health purposes.

Large-scale performance-based regulation cannot be contemplated for the
tobacco industry unless motivation for them to work in favour of public health can
be created. It was proposed that the profit-making incentives be reversed. Some
judicious combination of rewards and penalties could be constructed that would
penalize companies with profit-negating penalties if targeted reductions in smoking
prevalence were not met and reward them with profits if prevalence reduction tar-
gets were surpassed. This model (Physicians for a Smoke-Free Canada 2010) is
similar to one proposed by Sugarman (2009). In this way, tobacco corporations
could continue to fulfil their fiduciary responsibilities to make profits for their share-
holders, but now they would be striving to accomplish tobacco prevalence reduc-
tions, a public health goal.

2.6 Discussion and Conclusions

The tobacco industry would almost certainly oppose any of the schemes outlined
here. They would especially oppose supply control measures that they would see a
direct attack on the way they do business. In the case of proposals for reversing
incentives, one would not want to embark on such schemes unless there was also a
willingness to transfer tobacco supply from profit-making enterprises to a non-profit
agency with public health purpose, should the tobacco industry prove intransigent
in their opposition to a new system of making profits through reversed incentives
and performance-based regulation.

It has been suggested that there is a sound business case for purchasing the tobacco
industry and transferring it to non-profit agencies with a public health purpose
(Callard 2010; Collishaw 2011; Callard and Collishaw 2012). The sound business
case applies both at the national and global levels. Using performance-based regula-
tions and reversed incentives, a scheme to phase out tobacco over a couple of decades
has the advantage that it could be done within existing structures and tobacco com-
panies could still earn profits for their shareholders, with the important difference
that profitability would be achieved by selling fewer cigarettes, not more. This route
to profits would nevertheless necessarily end in 20-30 years when tobacco consump-
tion reached near-zero levels. Two to three decades would be plenty of time for
tobacco corporations to redeploy their capital into other profit-making pursuits. Like
other future scenarios for tobacco control, no discernable steps are being taken
towards implementation of performance-based regulation of tobacco.

There are early indications that governments in Finland and New Zealand wish
to devise schemes to make their countries tobacco-free. Their wishes, however, have
not yet been translated into concrete actions. Encouragingly, schemes proposed by
researchers in New Zealand, Australia, the United States and Canada supply some
ideas that could eventually be translated into government policy.
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All proposals reviewed here recognize the fundamental conflict between the
fiduciary obligation of tobacco companies to make money for their shareholders and
the public health objective of reducing tobacco use to near-zero levels. Still other
proposals not reviewed here also make the observation that the tobacco industry is a
roadblock to the achievement of tobacco control and propose various solutions, all of
which would alter the current structure or profit-making potential of the tobacco
industry in some way (Glantz 1993; Liberman 2003; Enzi 2007; Hall and West 2008;
Gerace 1999; Sugarman 2009; Gilmore et al. 2010; Khoo et al. 2010; Malone 2010;
Rand Europe 2010; Tobacco Strategy Advisory Group 2010). A variety of options for
restructuring to achieve public health goals have been proposed. While the structures
proposed differ, they all seek to resolve or at least mitigate the fundamental conflict
between the tobacco industry’s goal of maximizing tobacco sales and the public
health goal of phasing out tobacco. All these schemes share another characteristic—
not one has been implemented. Moreover, apart from the official statements by
Finland and New Zealand, there is little indication that even first steps along the road
to planned supply and demand reduction of tobacco leading to its phase-out or near
phase-out in a prescribed period of time are even being contemplated anywhere in
the world. The only exception is the Himalayan Kingdom of Bhutan, which has
banned the sale, but not the use, of tobacco products (Ugen 2003).

What would such first steps be? Before a solution can be implemented, there
would first have to be widespread recognition that a problem exists. In open demo-
cratic societies, for a change that would be felt by millions of people, at least a very
substantial minority would have to perceive that there was a problem and want
something to be done about it. We are still a very long way from that situation.
When asked who is responsible for the problem of uptake of smoking by youth,
only 7 % of Canadians cite the tobacco industry (Canadian Tobacco Use Monitoring
Survey 2010). Much larger proportions cited friends and peers (41 %), parents
(22 %) and young people themselves (16 %). Few recognize that an oft-repeated
objective of Imperial Tobacco Company of Canada was “to support the continued
social acceptability of smoking” (Imperial Tobacco Limited 1988). Imperial Tobacco
succeeded and continues to succeed in this objective. It is likely that they succeed
by frequent, subtle and indirect influences on the friends, peers, parents and young
people popularly believed to be responsible for the uptake of smoking by youth.

Greater awareness of the role of the tobacco industry in sustaining the tobacco
epidemic is needed. The Health Officers Council of British Columbia (2011) has
recognized this need, not only with respect to tobacco but also about alcohol and
illicit drugs. They have recommended “that a national commission of inquiry be
established to recommend ways of increasing emphasis on public health oriented
approaches to alcohol, tobacco, currently illegal, prescription and other psychoactive
substances”. They would call on such a commission “to make recommendations for
coherent and comprehensive public health oriented psychoactive substances related
policies and programs”. Such a commission of inquiry would raise public aware-
ness of the control of tobacco and other psychoactive substances and could well be
a very good initial step towards fostering greater public understanding of the need
for a sound public health approach to the control of tobacco and other psychoactive
substances.
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Chapter 3
Prevention of Occupationally Induced Cancer

Aaron Blair, Karin Hohenadel, Paul Demers, Loraine Marrett,
and Kurt Straif

3.1 Occupational Causes of Cancer

Observations on workers provided some of the earliest information on the causes of
cancer and other diseases. Ramazzini, in the 1700s, described many occupational
diseases in De Morbis Artificum Diatriba (Bisetti 2006), and Percival Pott (1775)
linked scrotal cancer in chimney sweeps to the nature of their work and exposure to
soot providing the first identification of a chemical carcinogen. Expansion of the
effort to identify occupational causes of cancer in the twentieth century through
laboratory and epidemiologic investigations greatly increased our understanding of
hazards in the workplace. Siemiatycki et al. (2004), in evaluation of the results of
the International Agency for Research on Cancer (IARC) Monograph Program for
the Evaluation of Carcinogenic Risks to Humans, found 31 % (28 of 89) of group 1
carcinogens were largely identified and characterized from the occupational arena,
as were 42 % of the substances classified in group 2A (probably carcinogenic to
humans) and group 2B (possibly carcinogenic to humans). Although the rate of
identification of new workplace carcinogens may have diminished in recent decades
(Blair et al. 2011), findings from studies of the workplace still play an important role
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in the identification of new human carcinogens, and the list of suspected occupational
exposures that need further evaluation continues to grow (Straif 2008).

Given the large number of occupational exposures (and workplace conditions,
such as shift work) implicated in the development of cancer, a number of efforts
have been taken to estimate the proportion of cancer that might be due to occupational
factors. Although there has been considerable debate regarding the utility and
accuracy of such efforts (Saracci and Vineis 2011), estimates of the fraction of all
cancers attributed to occupational exposures have generally been around 5 % (Straif
2008). This overall estimate, however, does not fully describe the impact of
occupational exposures for several reasons. First, the contribution of occupational
carcinogens to the overall burden of cancer should also be viewed in relation to the
relative contributions from other categories of established cancer risk factors. The
estimated fraction of cancers related to occupational exposures is similar to that for
most other groups of risk factors, and only the estimated contributions from diet and
tobacco are considerably larger (Doll and Peto 1981). Second, there is considerable
variation in the reliability of the estimates of burden from the various categories of
carcinogenic factors. For example, the estimated contribution from diet is probably
more speculative than that for occupation. Third, there is considerable variation in
the occupational contribution by type of cancer. The lung is the most frequent target
organ for established occupational carcinogens (about one-third of the IARC class
1 occupational carcinogens affect the lungs) (Tomatis et al. 1997), and approxi-
mately twenty percent of this cancer in men may have an occupational origin
(Nurminen and Karjalainen 2001; Rushton et al. 2010; Steenland et al. 2003; Straif
et al. 2009). This is important because of the general lack of effective treatment and
high mortality rate for lung cancer. Fourth, the cancer burden from occupational
exposures is largely borne by blue-collar workers. Occupational exposures for these
workers are typically not under their control, and the attributable fraction for cancer
among these workers is considerably larger than the overall population value. This
was well expressed by Doll and Peto (1981) when they noted that “Occupational
cancer, moreover, tends to be concentrated among relatively small groups of people
among whom the risk of developing the disease may be quite large, and such risks
can usually be reduced or even eliminated, once they have been identified. The
detection of occupational hazards should therefore have a higher priority in any
program of cancer prevention than their proportional importance might suggest.”

Although a considerable number of occupational exposures have been estab-
lished as human carcinogens, our understanding of workplace hazards is far from
complete. Many important workplace substances have not been fully evaluated and
new exposures enter the workplace each year. Even for established workplace car-
cinogens, studies continue to provide new and valuable information on cancer risk
in relation to low levels of exposure, individual susceptibility, and links with new
cancer sites. Recent IARC deliberations for Monograph Volume 100 expanded the
number of cancers linked to many established or suspected occupational carcinogens.
Among the 87 agents listed as human carcinogens before Volume 100, for 25
substances there was sufficient evidence to add additional cancer sites as related to
the exposure, and for 11 exposures there was limited evidence for additional sites
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(Cogliano et al. 2011). For example, working groups concluded that there was
sufficient evidence to link cancers of the larynx and of the ovary with asbestos
exposure, in addition to long-established links with lung cancer and mesothelioma
(Straif et al. 2009). The identification of new cancer sites associated with previously
labeled carcinogenic substances can sometimes significantly increase the number of
cancers associated with certain occupational exposures, as occurred with designa-
tion of leukemia as a cancer caused by formaldehyde, in addition to the previous
link with cancer of the nasopharynx, a very rare tumor (Cogliano et al. 2011).

It is clear that occupationally induced cancers are an important contributor to the
overall cancer burden and that they remain a public health concern. A recent survey
of individuals from the scientific, medical, industry, and worker communities under-
scored this concern and identified occupational exposures and topics that they con-
sidered priority issues for future research (Hohenadel et al. 2011a).

3.2 Societal Efforts to Control Occupational Exposures

Because of the number of workplace factors that are known or suspected human
carcinogens, efforts have been undertaken by the public and private sectors to elimi-
nate or control exposure and reduce cancer risk. Control of occupational risk factors
can be accomplished by a number of approaches, including eliminating the use of
the hazardous material entirely, use of closed production technology, changing pro-
duction methods, use of protective devices to limit risk by reducing exposures, and
changing work practices or schedules, such as might be necessary to mitigate the
effects of night shift work (Cherrie 2009).

Classification systems for carcinogens (e.g., IARC (Cogliano et al. 2011)) are an
essential component of the effort to control hazardous workplace exposures.
Information from these classification systems are used for regulation, hazardous
product labeling, and material safety data sheets. Establishment of occupational
exposure limits is also used to control exposure to carcinogens. Regulatory agencies
in many countries perform such standard-setting activities. Some nongovernmental
organizations are also involved. Organizations involved in recommending exposure
limits, such as the American Conference of Governmental Industrial Hygienists and
the European Union’s Standing Committee on Occupational Exposures, generally
use a large margin of safety for carcinogens as well as a carcinogen notation.
However, other guideline-setting organizations such as the German MAK Committee
will not set exposure limits for carcinogens without a known threshold for effect,
and some regulating bodies have requirements to reduce exposure to as low as rea-
sonably achievable (often referred to as ALARA). Perhaps surprisingly, relatively
few carcinogens have been banned outright (e.g., asbestos in many countries). Other
workplace carcinogens, such as benzidine and bis(chloromethyl)ether, have been
banned in several countries or have had the scope of their usage reduced and strictly
regulated. Some jurisdictions have passed toxic-use reduction legislation to encour-
age, or require, companies to reduce the use of hazardous substances through
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substitution with less toxic substances or through changes in industrial processes or
work practices.

The underlying goal of all these activities is to eliminate or lower exposures and
reduce cancer risk. These efforts have been successful in reducing exposure.
Symanski and colleagues (1998a) assembled information from 119 published papers
and other data resources to evaluate changes in occupational exposures over time.
They found exposure levels decreased over time in 78 % of the studies and increased
in 22 %. The decrease in exposure levels ranged from 4 % to 14 % per year, with a
median annual decline of 8 % (Symanski et al. 1998b). Exposures declined more
rapidly in manufacturing than mining, for aerosols than vapors, for studies includ-
ing biological-based monitoring than those with only airborne monitoring, and for
exposures measured after 1972 than those obtained earlier.

In the United Kingdom, Creely et al. (2006), using data from the National
Exposure Database (NEDB), found that workplace exposures decreased between
the early 1980s and early 2000s for dust and fumes in the rubber industry, toluene
in the paint industry, respirable dust and respirable quartz in quarries, and wood dust
in several industries. Thus, although there is evidence that efforts to reduce many
exposures in industry have been successful over the past few decades, Cherrie et al.
(2007) also found that the average exposure for 12 of 19 substances evaluated from
the NEDB still exceeded the British occupational exposure limits, indicating that
work is not complete and that additional intervention efforts are needed.

It is also important to recognize that exposure to workplace carcinogens remains
quite common, especially in some industrial sectors. For example, shift work involv-
ing circadian disruption, classified as probably carcinogenic to humans based on
limited evidence for increased risk of breast cancer (Cogliano et al. 2011), impacts
approximately 20 % of the working populations in industrialized countries. Two
other very common nonchemical exposures are occupational sun exposure and
environmental tobacco (secondhand) smoke. The latter has diminished dramatically
in many countries due to the introduction of regulations banning smoking in public
places and workplaces, but occupational sun exposure remains common. The esti-
mate from CAREX Canada is that approximately 10 % of the workforce has out-
door jobs. Other common exposures include diesel engine exhaust, polycyclic
aromatic hydrocarbons, crystalline silica, benzene, and wood dust (http:\\www.car-
excanada.ca). Millions of workers remain exposed to established or suspected car-
cinogens based on the recent efforts by the WHO to estimate the global burden of
occupational disease (Driscoll et al. 2005).

Despite the number of occupational exposures labeled as definite or possible
human carcinogens and the sizable effort in recent times to eliminate exposures or
control their levels, there are few studies that specifically evaluate the effectiveness
of these intervention efforts in reducing cancer rates in the workplace (Stayner et al.
1996; Tomatis et al. 1997). The conduct of such studies is challenging. The most
direct approach would be through epidemiologic studies designed to compare can-
cer risks before and after exposure modification. These, however, are rare. Mirabelli
(2009) found only five epidemiologic studies that assessed changes in cancer risk
after efforts to control occupational exposure to asbestos or benzene. A recent effort
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focusing on asbestos found nine such studies among the voluminous literature on
asbestos (Hohenadel et al. 2011b), and the primary purpose of most of these reports
was actually hazard identification.

There are probably a number of reasons for this paucity of studies on the effec-
tiveness of exposure control on disease prevention. First, control of exposure may
itself be seen as the end point of the disease prevention effort. After all, causality has
been established and actions to restrict exposure to an acceptable level have been
designed and undertaken. Thus, it might appear that the most important activity is
to monitor exposure to make sure target exposure limits are not exceeded. Exposure
monitoring, including biomonitoring to assess all exposure routes and susceptible
populations, is probably easier than monitoring an anticipated reduction in disease
occurrence in relation to exposure control. Second, the assumption that removing or
reducing exposure will result in a decrease in disease is not only rational but backed
up by empirical evidence on some carcinogens. There is a wealth of information on
changes in cancer risk following reduction or cessation of tobacco smoking (IARC
2007). Thus, one might conclude that direct evidence is not required for every car-
cinogen. The change in cancer risk following cessation of smoking, however, varies
somewhat by cancer site, and it might not be unreasonable to expect such differ-
ences could also occur for various occupations, which have a much greater diversity
of exposure—cancer combinations than with tobacco. Empiric information on such
differences, should they occur, would provide important evidence regarding the
effectiveness of standard setting. Exposure-response patterns used in the evaluation
and characterization of occupational hazards for cancer can also be used to predict
changes in disease occurrence that might be expected from reduction in exposure.
Armstrong and Darnton (2011) found that the shape of the exposure-response rela-
tionship and the distribution of exposure were important in the prediction of the
reduction in occupational disease associated with exposure control. Third, for most
occupational carcinogens, the time period from achieving critical exposure until
development of cancer symptoms or diagnosis is typically long and may span
decades. Thus, the time required before changes in cancer rates could be observed
following exposure reduction might be equally long. However, lung cancer, which
typically has a long latency following smoking initiation, shows a reduction in risk
after cessation of smoking compared to continuing smokers in just a few years
(IARC 2007). Fourth, the design of epidemiologic studies to compare cancer rates
after exposure changes is challenging for several reasons. Direct comparison in a
single workplace is difficult because many of the workers employed when the expo-
sure modification took place will have already experienced earlier and heavier
exposures. This contamination complicates isolating the cancer risks from the lower
exposure levels after intervention from earlier, higher levels. Use of workers first
employed after the exposure control would avoid the “contamination” problem, but
this would most likely result in age at exposure and other differences between work-
ers employed before and after the change that would complicate comparisons
between the two groups. Selecting a “comparison” facility where exposure
modification has not occurred would be another option, but this may introduce other
problems and it would certainly increase the cost of the study. Finally, there may be



38 A. Blair et al.

no obvious source of funding for studies of an “established” workplace carcinogen.
Funding for epidemiologic studies is largely devoted to hazard identification or
characterization. Establishment of an exposure standard is probably a disincentive
for funding for further study, rather than an advantage.

Registries of exposed workers and occupational cancers (Anttila et al. 1996;
Bruske-Hohlfeld et al. 1997; McCormack et al. 2012; Straif and Silverstein 1997,
Scarselli et al. 2010a, 2010b) are resources that may be used to assess prevention
and protection measures. Compensation for occupational diseases is a type of sur-
veillance that can provide an indication of changes in the cancer burden from occu-
pational exposures following exposure elimination or reduction. However, this
approach heavily depends on the legal context and is probably most effective for
cancers that are overwhelmingly tied to a specific occupational exposure, such as
mesothelioma. There are not many such sentinel cancers. This approach would not
work well for lung cancer from asbestos exposure because cancer of the lung is
often associated with other occupational carcinogens and many nonoccupational
factors. A study of compensation and cancer registry databases in Ontario found
that only 35 % of Ontarians diagnosed with mesothelioma between 1980 and 2002
filed for worker’s compensation (Payne and Pichora 2009). Although an estimated
1 to10 lung cancers occur from asbestos exposure for every mesothelioma (Albin
et al. 1999), the Ontario study found that only one-half as many lung cancers as
mesotheliomas were awarded compensation in relation to asbestos exposure
(Pichora and Payne 2007).

3.3 Evidence for Reduction in Cancer from Control
of Workplace Exposure

Despite the challenges in evaluating the effectiveness of workplace prevention
efforts, there are a few examples in the literature that demonstrate changes in cancer
occurrence are associated with reductions in exposure. An early effort compared the
incidence of bladder cancer in a cohort of benzidine manufacturing workers before
and after exposure-reduction efforts (Meigs et al. 1986). The risk of bladder cancer
risk was considerably greater among men first employed during the earliest years of
the plant operation and before preventive measures were undertaken than among
those employed later, even after rates were adjusted for duration of follow-up. Rates
of nasal cancer were high during the early part of the twentieth century when respi-
rable dust control in the wood furniture industry was lacking. Hayes et al. (1986)
found that nasal cancer rates were considerably lower among workers in the
Netherlands first entering the industry after 1940 than those entering earlier. In fact,
no nasal cancers were found among those entering after 1941 when controls on
wood dust exposure were introduced. Lung cancer among chloromethyl ether work-
ers was dramatically lower among those exposed more recently than those employed
in the industry earlier when exposures were higher (Swerdlow 1990). Follow-up,
however, among the more recent workers may not have been sufficiently long to
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allow for the full impact of the exposure on disease occurrence, particularly because
lower exposures may result in longer latencies. The risk of nasal cancer among
nickel refinery workers in Norway was considerably lower among those entering
the industry around 1960s than among those entering in the 1930s, when exposures
were higher (Magnus et al. 1982). The risk of angiosarcoma of the liver decreased
dramatically from those first employed in vinyl chloride industry in the 1940s to
those first employed in the 1960s, consistent with a reduction of exposure (Boffetta
et al. 2003). Risk of lung cancer decreased with time since last exposure to arsenic
among smelter workers, which is a type of exposure control (Lubin et al. 2008).

In a recent effort to examine the effectiveness of asbestos-related interventions,
a systematic review of the published literature was conducted to identify studies that
evaluated changes in occurrence of lung cancer, mesothelioma, or overall malig-
nancy with changes in exposure (Hohenadel et al. 2011b). The review examined
744 papers cited in the JARC Monographs on asbestos (volumes 7, 14 and 100C)
and 350 articles found on PubMed since the last monograph (from March 2009 to
December 2010). From these 1,094 epidemiological papers, nine provided informa-
tion on changes in cancer risk subsequent to attempts at control of asbestos exposure.
Decreases in risk of lung cancer, mesothelioma, and/or overall malignancy were
evaluated in all studies and some studies additionally included information on other
cancer sites. Exposure interventions included efforts to reduce asbestos dust
exposure by application of closed-drum mixing and introducing wet processes,
production discontinuation and factory closures, and total governmental bans.
Although a number of decreases in cancer rates were observed in these studies,
results were complex and few overall discernible patterns emerged across studies. It
did appear that decreases in risk tended to occur for lung cancer sooner than for
mesothelioma; that for studies providing information on risk by timing of exposure
or change in exposure, relative risks started to decline 10—15 years after exposure
control for both lung cancer and mesothelioma; and that in some cases, the decline
in risk appeared to begin prior to the actual exposure intervention.

These findings underscore the challenges in evaluating patterns of relative risk
following occupational exposure interventions. First, few studies were conducted
specifically to measure the effectiveness of interventions on reducing cancer risk.
Second, the interventions described, the cancers evaluated, and the length of the
follow-up periods varied substantially for the different studies. This made it largely
impossible to create summary variables or to perform meta-analyses, across studies
to assess overall changes in disease patterns. Third, the approach to handling poten-
tial confounders, such as tobacco smoking, varied among the studies, and often the
numbers of cases were small (particularly for mesothelioma). Still, this review pro-
vides evidence that interventions on asbestos exposure have been effective in
decreasing cancer risk, and it highlights the need for studies on interventions in the
future to more fully characterize these efforts for established occupational
carcinogens.

In some situations, it is possible to look at the impact of an intervention on cancer
risks at a population level. Because most mesotheliomas are caused by workplace
exposure to asbestos, it is a good target for ecologic-/geographic-based efforts to
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assess the impact of exposure-based regulations on disease rates over time. Use of
asbestos in many industrialized countries peaked in the 1970s, providing an oppor-
tunity to track subsequent changes in mesothelioma rates in the population.
Assuming a 30—40-year lag, reflecting the latency of this disease, rates should be
peaking now or in the next decade for the earliest interventions. Sweden, which
passed regulations to restrict exposure to asbestos in the mid-1970s, saw a
stabilization of the incidence rate of pleural mesothelioma in the 1990s (Hemminki
and Hussain 2008). In Canada, where regulation was initiated somewhat later, the
incidence of mesothelioma has continued to rise (Marrett et al. 2008; Kirkham et al.
2011). In Great Britain, the peak for mesothelioma is projected for 2015 with a
rapid decline thereafter (Hodgson et al. 2005; Tan et al. 2010).

3.4 Future Needs

A number of past and present occupational exposures have been identified as known
or suspect carcinogens. Societal efforts to control many of these exposures and to
reduce cancer risks have been implemented, particularly in developed countries.
Intervention efforts may not be as extensive in developing countries and where
enforcement of legal standards — if they exist —may be lacking all together. Although
research efforts devoted to the identification of occupational hazards and major
investments in exposure control activities are commonplace, relatively little atten-
tion or resources has been devoted to assessing the success of these efforts. Although
information on prevention is sometimes obtained in studies focusing on evaluation
of occupational hazards, resources for these studies may be diminishing also.

Some information on prevention of cancer from exposure control can be gleaned
from currently available data resources, but a more thorough assessment would
allow a more complete documentation of the benefits of these actions. The literature
on established occupational carcinogens should be carefully surveyed to extract
information that may be buried in papers that have an etiologic orientation, as was
found for asbestos (Hohenadel et al. 2011b). Changes in cancer rate over time and by
geographic area can continue to be used to evaluate changes for cancers that are sen-
tinels for an occupational exposure, such as mesothelioma and angiosarcoma of the
liver. Unfortunately this approach cannot be used for most occupational exposure—
cancer associations because few exposures result in such sentinel cancers.

Some information on disease rates following changes in exposure can probably
be retrieved from unpublished data in completed studies. Cohort studies in industry
often span time periods that include significant exposure modification, and these
could perhaps be used to relate reduction in exposure to changes in disease rates.
Case-control studies might also be used for this purpose, although occupational
exposure assessment is often not sufficient for the task.

Studies specifically designed to evaluate changes in cancer risks following expo-
sure intervention are desirable. They are needed to provide information on various
aspects of the exposure control process, including the success of different exposure
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control approaches; the consistency across different age, gender, and exposure sub-
groups; multiple changes of exposure limits; and possible effect modification by
lifestyle and other occupational exposures. Documented information on successful
interventions on occupational carcinogens at low and moderate levels, as well as at
high levels, would provide additional incentives for occupational cancer control.
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Chapter 4

Human Papillomavirus Vaccination

for the Prevention of Cervical and Other
Related Cancers

F. Xavier Bosch

4.1 Establishment of the Causality Link Between HPV
Infections and Cancer

4.1.1 Etiology

The etiology of cervical cancer has been significantly linked to persistent infection
with up to 15 strains of human papillomavirus (HPV). The association is consistent
worldwide, and causality has been generally accepted based on molecular epide-
miological studies, including prevalence surveys, case—control studies, cohort stud-
ies using cervical intraepithelial neoplasia (CIN) of grade 2/3 as surrogate endpoints,
and screening studies. More recently, HPV vaccination trials have consistently con-
cluded that vaccination against HPV types 16 and 18 could virtually eliminate the
occurrence of HPV 16-/18-related CIN 2/3 if given to individuals not carrying the
infection at the time of vaccination, thus providing the ultimate proof of causality in
human populations.

An International Agency for Research on Cancer (IARC) Monograph Working
Group concluded that there was sufficient evidence in humans for the carcinogenic-
ity of HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 in the cervix
(IARC 2007). HPV types 26, 66, 68 73, and 82 were found to be associated with
cervical cancer in some case—control studies, but the prevalence was very low in
case series. For some rare types (HPV types 26, 53, 68, 73, and 82), the odds ratios
(OR) observed are of similar magnitude to that of HPV 66 but, given the low prevalence
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observed in cases, these types were temporarily classified as “probably” carcinogenic
or, for HPV 66, as “limited evidence”(Bouvard et al. 2009). The consensus to date
is that HPV is the central and necessary cause of cervical cancer and that at least
fifteen HPV types are capable of inducing an invasive cancer.

4.1.2 HPV DNA Type Distribution in Cervical Cancer
and Rationale for HPV 16 and 18 Vaccines

The distribution of HPV types in cervical cancer has been published in a pooled
analysis of about 3,000 cases from the IARC program (Munoz et al. 2004) and in a
meta-analysis of about 14,000 cases (Smith et al. 2007). The eight most common
HPV types detected in both series, in descending order of frequency, were HPV
types 16, 18, 45, 31, 33, 52, 58, and 35, and these are responsible for about 90% of
all cervical cancers worldwide. Two of the types — HPVs 16 and 18 — are consis-
tently found associated with at least 70% of the cases on several worldwide esti-
mates (Bosch et al. 1995; de Sanjose et al. 2010; Munoz et al. 2004), and these were
identified as the two types included in the first generation of virus-like particle
(VLP) HPV vaccines. The results have been recently confirmed in two landmark
studies, one in the US population (Wheeler et al. 2009) and a large international
survey, including specimens from close to 40 countries and slightly over 10,000
cervical cancer cases (de Sanjose et al. 2010).

These two studies are critical because they used unified criteria for the fieldwork,
centralized laboratory protocols both for pathology and for HPV testing and typing,
and unified statistical treatment of the data, particularly on the causality attribution
to any given HPV type when multiple infections were detected in a specimen. These
two studies largely overcome the limitations inherent to meta-analyses and other
forms of literature summaries. The HPV type distributions in cancer are geographi-
cally consistent in identifying HPV 16 and 18 followed by 45, 31, and 33 as the
leading HPV types with moderate variability in the third and subsequent types (e.g.,
in the cases from Asia — particularly from Japan — where HPV types 58, 33, and 52
were relatively common). These distributions are sensitive to the technologies
employed for HPV testing and typing as well as to the methods used to attribute
causality when there are multiple HPV types in a given specimen. Of interest is the
finding that cervical adenocarcinoma is a subtype of cervical cancer related almost
solely to three HPV types (16, 18, and 45), with a tenfold gap in prevalence between
the third most common type and any other type (de Sanjose et al. 2010).

4.1.3 The Role of HPV in Genital Cancers Other than Cervical

The available clinical and epidemiological studies indicate that cancers of the vagina
and of the anus resemble cancer of the cervix with respect to the role of HPV. In
both cases, HPV DNA is detected in the majority of tumors and particularly of their
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precursor lesions. In recent reviews, between 64% and 91% of vaginal cancer cases
and 82% and 100% of vaginal intraepithelial neoplasia of grade 3 (VAIN 3) lesions
are HPV DNA positive. In anal cancers in both genders, HPV DNA is detected in
88-94%. An estimated 40-50% of cancers of the vulva have also been associated
with HPV as have some 40% of the penile carcinomas. The evidence available for
some of these sites is not as comprehensive as for cervical cancer, although causal-
ity has been generally recognized (Forman 2012; IARC 2007).

In all HPV-positive anogenital cancers, HPV 16 is the most common HPV type
detected, followed by HPV types 18, 31, and 33. The combined contribution of HPV
16 and 18 has been estimated in a range of 88-93%, significantly higher that the rela-
tive contribution to cervical cancer (de Vuyst et al. 2009; Miralles-Guri et al. 2009).

4.1.4 The Role of HPV in Head and Neck Cancers

HPV DNA can be consistently identified in a significant fraction of cancers of the
oropharynx (i.e., in the 40-50% range) and in smaller proportions of the specimens
of the remaining cancer of the oral cavity and the larynx (5-15%) (Gillison 2012;
Gillison et al. 2000).

Cancers of the head and neck and particularly of the oropharynx are becoming of
increasing interest since time trends suggest that incidence is on the rise; it strikes
young individuals of both genders, is unrelated to alcohol or tobacco consumption,
and linked to patterns of sexual behavior involving multiple partners and oral sex
(D’Souza et al. 2007; Heck et al. 2010; Rintala et al. 2006). For these cancers, no
screening opportunities have been previously identified. In estimates and projec-
tions of the cancer incidence in the USA, it has been estimated that numerically
these cancers are likely to become more frequent than cervical cancer (Chaturvedi
et al. 2011). Similar trends have been observed in the Nordic countries (Nasman
et al. 2009). However, the natural history of oral HPV infections and the additional
risk factors of neoplastic transformation as well as the characterization of the pre-
neoplastic lesions that could be amenable to screening are largely unknown.

Of interest is the observation that HPV-related head and neck cancers are of
increased sensitivity to treatments with chemotherapy and radiotherapy as compared
to the HPV unrelated cases, usually linked to alcohol and tobacco consumption. HPV
testing is increasingly adopted as part of the routine diagnostic workup of these
cancers and is a useful guide to clinical management (Ragin and Taioli 2007).

4.2 Phase III Vaccination Trials: Synthesis of the Critical
Results

There are currently two HPV vaccines identified as Gardasil® (Merck & Co., Inc.,
Whitehouse Station, NJ, USA) and Cervarix® (GlaxoSmithKline Biologicals,
Rixensart, Belgium). Gardasil targets two oncogenic HPV types (16 and 18) and
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two nononcogenic HPV types (6 and 11) responsible for genital warts and respiratory
papillomatosis. Cervarix targets two oncogenic HPV types (HPV 16 and 18) and is
formulated with a novel adjuvant ASO4 included to boost the immune response.
The essential results of the phase III clinical trials have been already provided, and
these two vaccines are currently licensed in over 120 countries. Most developed
countries have introduced HPV vaccines into routine vaccination programs with
specific recommendations, and more than one hundred million doses have already
been distributed in 2011.

Phase III results for both vaccines are available for women in the 15-26 age
range (Table 4.1). Trials have examined vaccine efficacy (VE) in several cohorts of
HPV-unexposed and HPV-exposed women and in several age ranges. For simplic-
ity, results in Table 4.1 are presented in qualitative format and reflect VE in the most
appropriate study cohort. In addition, several ancillary protocols have been com-
pleted or are under way including bridging studies in the 9-15 years of age for both
girls and boys and in the 26-45 years of age women. More limited information is
also available of the VE in adult men and in special populations (immunosuppressed
transplant patients, HIV-infected populations, infants, and others).

These two vaccines have shown to date a very high efficacy against the predefined
endpoint lesions (HPV 16- or 18-related CIN 2 or superior [CIN 2+]), adequate
safety and tolerability profiles, high immunogenicity, duration of protection so far
of 7-8 years, and strong indications of ability to induce immune memory. Some
degree of cross protection against CIN 2+ related to other HPV types (HPV 31 for
both vaccines and HPV 33 and 45 for Cervarix) has been documented. Therefore,
the global estimates of the protection against cervical cancer of the currently avail-
able vaccines in properly vaccinated populations range from strictly 70% of the
cervical cancer cases attributed to HPV 16 and 18 to a range of 75-80% adding non-
vaccine HPV-type cross protection. The latter however still requires some addi-
tional evaluation in terms of quantification of the vaccine efficacy estimates and on
the potential duration of the protective effect of the types not included in the vac-
cine. None of the vaccines has shown therapeutic activity. Finally, it is important to
note that these estimates show little geographic variation; thus, these vaccines
should be considered of global validity.

The limitations of current vaccines are known and include the lack of therapeutic
effect, the limited impact of the cross protection effect, and, as a consequence of the
two, the requirement to continue some form of screening programs among vacci-
nated women. Finally, the cost of the production technology is high translating into
the high cost of the vaccine at least in the early years after introduction in developed
countries (Centers for disease control and prevention. 2009; European center for
disease prevention and control 2008; Markowitz et al. 2007; Schiller et al. 2008).

In addition to the pivotal phase III trials, additional research has generated criti-
cal information to guide the use of the HPV vaccines. Among the most relevant
results, trials that have examined vaccine efficacy among women up to the age of 45
have shown that even though the antibody titers generated by vaccination are lower,
protection against persistent infection and CIN 2+ lesions is high (Castellsague
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et al. 2011). This observation prompts the suggestion of expanding the use of HPV
vaccines beyond the currently recommended age groups.

Although protection against other cancer sites was not the primary objective of
the phase III trials, vaccinated women showed a remarkable reduction of the
incidence of preneoplastic lesions of the vulva (VIN 2/3), the vagina (VAIN 2/3),
and in some trials of the preneoplastic lesions of the anal canal (AIN 2/3). Trials of
the Gardasil vaccine have shown very high efficacy in the protection against genital
warts in both males and females (Schiller 2012; Schiller et al. 2008).

The vaccine efficacy observed in preventing genital warts in vaccinated men and
the herd immunity observed among male populations coexisting with a highly vac-
cinated female population in Australia allow the speculation that vaccination will
also protect vaccinated males against the HPV-related fraction of penile carcino-
mas. It is unlikely that a specific trial would ever evaluate specifically the preven-
tive potential of HPV vaccines against such a rare disease. However, the observation
deserves long-term monitoring of trends in penile cancer incidence in populations
that introduce male vaccination or that achieve very high vaccination rates among
women.

There is little information on the preventive potential against the HPV-related
cancers of the oropharynx or on the reduction of respiratory papillomatosis of the
newborn and infants following generalized introduction of the vaccine Gardasil that
includes VLPs of HPV 6 and 11 as antigens.

4.3 HPYV Vaccine Introduction and Early Population-Based
Results

HPYV vaccines were first used in 2006 and gained rapid support among interna-
tional and national licensing offices and advisory boards. General recommenda-
tions gave priority (and in many instances allocated state-supported vaccination
costs) to young girls/adolescents prior to the average ages at onset of sexual activ-
ity. Catch-up vaccination of sexually active women is more variable across coun-
tries. Licensing has been generally granted to ages 45 based on a limited number
of trials showing safety, immunogenicity, and efficacy against persistent HPV
infection and CIN 2+ lesions.

In countries with centralized programs and state-supported vaccine costs, cover-
age of the target populations (adolescents and young girls) is very high, and in a few
settings, early evaluations of the clinical impact have already been shown. For
example, in Australia an enlarged vaccination program offered for 2 years free
vaccination to women up to the age of 26. The program was well coordinated among
all stakeholders, and coverage reached a significant 65-70% of the target population,
girls 12-14, and some 50% coverage of the catch-up older population, women
15-26. In the program Gardasil was the only vaccine used. Early results were
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provided in an ecological type of study reporting on the relative contribution of
genital warts to the series of clinical cases attended in a STD clinic in Melbourne
(the average number of annual patients at the clinic was reported as close to 53,000
per year of which some 5,000 attended because of genital warts). In this noncon-
trolled clinical observation, 3 years after vaccine introduction a significant reduction
in the diagnosis of genital warts has been recorded, and some indication of herd
immunity is being documented. The latter is observed by a significant reduction in
the number of episodes of genital warts among heterosexual males (largely non-
vaccinated) in the same clinics where the reduction among females was documented.
In the same analyses, genital warts in male homosexuals during the interval remained
constant as was the level of all other STDs (Fairley et al. 2009). The analyses
strongly suggest that the reduction in incidence of genital warts in males was a
consequence of the high vaccination coverage of the female population in the same
age range. A significant reduction of the cases of CIN 1+ and CIN 2+ in these popu-
lations has been also recorded within the first 4 years of the vaccination program
(Brotherton et al. 2011).

Very high coverage rates with Cervarix have also been achieved in the United
Kingdom among the target populations aged 12—13 and the catch-up population of
up to 18 years of age. A significant advantage in coverage has been generally
observed in areas where vaccination is offered in the context of school-based
programs. Similar observations have been reported within countries (i.e., the differ-
ent autonomous regions in Spain) by comparing subpopulations served by school-
based programs with populations served by health center-based programs. Even
with an equivalently centralized subsidy of the vaccine costs (the cost of the vacci-
nation program has to be regionally supported), compliance is far better if
controlled school-based programs are implemented.

A number of other examples have been reported from developing areas of the
world where HPV vaccination has been introduced as part of controlled demonstra-
tion programs. One of such programs was led by the Program for Appropriate
Technology in Health (PATH) and explored strategies of vaccine introduction in
four areas in Peru, Vietnam, India, and Uganda. These projects have concluded
among others that vaccine acceptance by the population is satisfactory, that a strat-
egy of using school-based vaccination programs in urban areas is highly appropriate
but combined programs of school and outreach visits are necessary in areas where
the population is dispersed and school attendance is likely to be insufficient.
Moreover, strategies based on campaigns in Uganda (Child Days Plus) unveiled the
complexity of targeting girls based on age rather than on school grade. The former,
particularly if age is restricted to single cohorts, generated a significant time loss
and reduced coverage in trying to verify age.

In other populations of the developing world such as Bhutan or Panama where
HPV vaccine was offered free of charge, vaccination coverage has been very satis-
factory (Markowitz 2012).
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4.4 Issues in Vaccine Use and Introduction

Early indications following phase III trials were strongly driven by the priority of
preventing cervical cancer. At this stage, however, advances in the understanding of
the spectrum of cancers related to HPV, the results of additional vaccination trials,
and the evolution of vaccine costs strongly indicate that some of the original preven-
tive indications are unnecessarily self-limited.

4.4.1 Single-Gender Vaccination

HPV was first recognized as a cause of cervical neoplasia, and all subsequent
preventive efforts were oriented toward cervical cancer, the second most frequent
cancer in women worldwide. However, research has identified the same HPV types,
notably HPV 16, as the cause of a fraction of almost all genital tract cancers in men
and women and more recently, of a significant fraction of cancers of the oral cavity
and oropharynx. Furthermore, HPV vaccine trials in males have shown the potential
of HPV vaccines to prevent genital warts (if Gardasil is used) and anal preinvasive
lesions (AIN 2/3).

Previous experiences with other vaccines (i.e., rubella) showed that in certain
cultural environments, female-only vaccination prompted rumors and negative atti-
tudes toward vaccination on the grounds of unjustified side effects or more extrava-
gant proposals such as the existence of international plots to sterilize young women
or other. As a result, interruption or irregular coverage of all vaccines occurred, and
subsequent outbreaks of previously controlled infections such as polio virus occurred
and spread to areas where the disease was already considered under control. Gender-
neutral vaccination and incorporation of the HPV vaccines into the expanded pro-
gram of immunization (EPI) would bypass the problem and facilitate coverage
(Kane 2012).

Major arguments in favor of male vaccination are the following: (1) the expected
impact on herd immunity in populations where vaccination coverage among women
is low (somehow arbitrarily defined as below 70%); (2) the impact of reducing geni-
tal warts in men, especially men who have sex with men (MSM), if Gardasil is used;
(3) the impact on HPV-related cancers in males; and (4) avoidance of concerns in
the population on the importance and motivation for HPV vaccination, potentially
triggered by the promotion of single-gender vaccination.

Some of the deterrents of the male vaccination proposal at this stage are the
following: (1) the late acquisition of the evidence of the burden of HPV-related
conditions in men as compared to the early focus on cervical cancer, (2) the limited
evidence on the impact of HPV vaccines in men, and (3) the high price of the
vaccines leading to concerns that male immunization is not cost-effective.
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In this rapidly evolving field, vaccination trials among males have been
satisfactorily conducted and licensing by regulatory agencies has already occurred in
the USA and other countries. However, formal introduction into routine vaccination
public programs has not yet been proposed. Some male populations at high risk of
HPYV infections and HPV-related cancers (i.e., MSM) are potential target groups for
first introduction of male HPV vaccination (Advisory Committee on Immunization
Practices 2011; Palefsky et al. 2011).

4.4.2 Target Age Groups for Vaccination

The introduction of HPV vaccines into the routine immunization programs of
peri-adolescent girls in most developed countries is a major first step of preventive
oncology (Global Advisory Committee on Vaccine Safety 2009). However, the
target ages for vaccination offer a canopy of national alternatives with limited
scientific rationale. While all regulatory offices recognize the priority to vaccinate
girls before sexual behavior starts (in the range of 9-14 years of age), in Europe
alone, the upper limit for vaccine recommendations range from single cohorts below
the age of 14 in Spain and Norway to age 18 in the UK or Belgium, to age 23 in
France and to age 26 in some regions in Italy and in Greece. More interestingly, the
vaccination program in Australia, with an estimated national vaccination coverage
of 50% in women up to the age of 26 with Gardasil, achieved an almost disappear-
ance of genital warts and a significant reduction of CIN 2+ lesions in the 4-year
interval following the introduction of the vaccination program.

Vaccination trials in women up to the age of 45 (Castellsague et al. 2011) have
also shown that vaccine efficacy is high among women that are HPV DNA negative
at study entry. It is known that HPV exposure can occur at any age group as long as
the person is sexually active. Therefore, vaccination can offer some degree of pro-
phylactic benefit at any age group, and the major deterrent to a generalized vaccina-
tion program with a difficult-to-determine upper age limit is vaccine cost. The
discussion becomes particularly relevant when considering the reduction of the fre-
quency of screening events required for vaccinated women and additional cost
benefit analyses will have to be conducted accordingly.

4.4.3 Predicted Impact of Vaccinating Sexually Active Adult
Women

Phase III HPV vaccination trials have provided efficacy estimates in different
cohorts, mimicking potential users in the population at large. The preventive value
of HPV vaccines is better expressed in women that are naive to the relevant HPV
types at study entry, and VE decayed rapidly when vaccinated cohorts were evalu-
ated irrespective of the HPV status at study entry and with case counting starting on
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the day after the first dose is delivered (usually described as intention-to-treat [[TT]
or total vaccinated cohort [TVC] type of analyses). Based upon these observations
in the early reports of the trials (interim analyses and analyses within the first 2/3
years of follow-up), VE and vaccination of adult sexually active women was consid-
ered of little interest. However, with the observation of larger number of individuals
for longer periods of follow-up, VE estimates for the ITT/TVC cohorts significantly
increased in both vaccine trials (Garland et al. 2007; Herrero et al. 2011). This is
explained because the CIN 2+ cases that are attributable to prevalent HPV infec-
tions or low-grade lesions at study entry tend to occur in the first years of follow-up
and equally so in both the vaccinated and the control groups. However, as time
elapses, cases related to de novo HPV infections are observed, and VE estimates
increase significantly. Therefore, the potential for prevention of programs that target
the general population at large irrespective of their HPV status at vaccination still
needs to be assessed. Cost benefit analyses and related screening protocols will also
have to pay attention to this observation.

4.4.4 Cost of the Vaccines

The price of the vaccines when first introduced was significantly higher than any
other widely used infant vaccines and similar to the initial prices of hepatitis B vac-
cines. Cost benefit analyses based on prices above 100€ per dose in the private
markets and similar in the public markets strongly limited the rapid introduction of
the vaccine into developing countries and severely reduced vaccine indications in
developed countries by restricting the target populations to one single age cohort in
several of them. As expected, major efforts have been invested in lowering the price
of vaccines including massive negotiations for procurement, tiered prices for emerg-
ing economies, and very low prices for GAVI-eligible countries. Other opportuni-
ties for price reduction in the future will probably come from ongoing studies
evaluating alternative options such as two-dose regimes or different forms of pack-
aging and delivering systems.

With rapidly decreasing prices, the economic limitations that modulated the age
ranges covered by the public system in developed countries may change and move
toward wider vaccination indications such as the one adopted by the Australian
Government. These considerations are likely to be particularly important in emerg-
ing economies and other regions in the world (i.e., eastern European countries,
Turkey, Mexico, etc.) that are now at the planning phases of their national policies
for cervical cancer prevention (Andrus et al. 2008).

4.4.5 Alternative Uses of HPV Vaccines

Ongoing trials and demonstration programs are now evaluating two-dose vaccination
regimes instead of three, using either of the available vaccines. Initial results in the
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Costa Rica trial (Herrero et al. 2011) looked at women who received one or two
doses of Cervarix instead of a standard 3-dose regimen. In this trial, even one dose
showed high antibody titers, not inferior to the titers in people receiving the conven-
tional three-dose schedule. Assessment of the efficacy and duration of protection
with one or two doses requires further validation in formal comparative trials that
are currently underway in India, Canada, and elsewhere.

Alternative schedules using longer intervals between the doses are other alterna-
tives that are being tested in Mexico, Vietnam, and in Quebec, Canada, using sched-
ules at 0, 6, and 60 months (Kreimer et al. 2011; Neuzil et al. 2011). The protocol
should be able to assess the efficacy of two doses as well as the convenience and
impact of a booster dose 5 years after initiation of the vaccination scheme. Short-
term results from the program in Mexico suggest that two doses at 0 and 6 months
induce higher antibody titers than the conventional 0 and 1 or 2 months. No efficacy
results are so far available from these studies.

One of the programs with Cervarix is examining the validity of administering the
vaccine to infants aged 4 months with a view to incorporate them into the EPI
schedules. Further studies in 0—1-year-olds and coadministration formulations with
the other EPI vaccines would represent a major advantage in terms of achieving
high coverage and vaccination of males as well as females. However, to date no
major programs are under way to examine these options.

4.5 Prospects for Second-Generation Vaccines
and Impact on Preventive Strategies

Research is actively ongoing on the preparation of so-called second-generation vac-
cines that would overcome some of the limitations of current vaccines.

The first objective of the second-generation HPV vaccines will be to address the
spectrum of HPV types by increasing the number of antigens. Trials of a nonavalent
HPV (including HPV 6, 11, 16, 18, 45, 31, 33, 52, 58) vaccine targeting protection
against the HPV types that cause 90% of cervical cancer as well as genital warts are
currently in advanced phase III trials, and results are awaited in 2012.

A similar end result could be achieved (i.e., VE >90%) by Cervarix if the reported
impact on CIN 3+ lesions irrespective of HPV type (93.2%VE) is shown to persist
over time.

Other alternatives to increase the valency of HPV vaccines are exploring
L2-based constructs and cheaper high-throughput production systems. These vac-
cines are currently in the early days and entering phase I trials (Jagu et al. 2009).

Figure 4.1 (adapted from Bosch 2009) shows a speculative diagram on plausible
protocols for cervical cancer prevention with broad-spectrum vaccines in develop-
ing and developed countries. Details of several of the steps of the proposal will
require additional clinical research for verification and recommendation.

According to the scheme, HPV vaccination of women could be proposed as
broad as feasible in terms of age groups while retaining the emphasis on young pre-



4 Human Papillomavirus Vaccination for the Prevention of Cervical... 57

DEVELOPED COUNTRIES

DEVELOPING COUNTRIES

Sexually active adult

Sexually active adult
women

Pre-adolescents

women

% BSHPV *

HPV screening (at 25+) R e HPYV screening (at 20-25+)
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BS= Broad spectrum; HPV=Human Papillomavirus; VIA= Visual inspection with acet ic acid

£ = Details of such protocols would require additional clinical research; % = Vaccination event

Adapted from (Bosch 2009)

Fig. 4.1 Cervical cancer prevention strategies using broad-spectrum HPV vaccines. BS broad
spectrum, HPV human papillomavirus, VIA visual inspection with acetic acid. = Details of
such protocols would require additional clinical research; = Vaccination event (Adapted from
(Bosch 2009))

sexual initiation girls who would not need further screening. Needless to say, some
safety evaluations of the proposal would be necessary in focused clinical trials early
in the process.

Vaccinated sexually active young women (i.e., before the ages of 25/30 but years
after sexual initiation) could be offered a single-event HPV screening when reach-
ing the age of 25 or 30. The screen would identify the group of women that were
already HPV positive before vaccination and remained persistently infected who
would then be followed.

Women at ages 30—45+could be offered broad-spectrum HPV vaccines at the
time that a single HPV screen is offered. In the screening event, women found HPV
negative (80—-90% of the target population) will complete the HPV BS vaccination
program with no further screening requirements over their lifetime. For women that
turned out to be HPV positive, diagnostic and follow-up procedures (colposcopy/
biopsy/surgery) could be activated in parallel with completion of the vaccination
scheme. Following treatment of the CIN 2+ cases identified, HPV screening could
be further used once/twice in their lifetime as a proof of cure and a safety net.

Whatever the final format of the protocols, broad-spectrum vaccines have the
potential to (1) alleviate the health services demand of the repeated screening pro-
tocols currently in use, (2) influence the cost benefit analyses in favor of generalized
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vaccination, and (3) trigger a significant reduction in cervical cancer mortality over
a medium term, well before the long-term benefits of the generalized adolescent
HPV vaccination are clearly visible.

Developing countries would follow a similar protocol, while using an adapted
HPV testing system (i.e., the careHPV™ Test, Qiagen Gaithersburg, Inc., MD,
USA) and triage protocol for women testing HPV positive (Blumenthal et al. 2005;
Sankaranarayanan et al. 2005). The HPV DNA test adapted for use in developing
populations achieved significant features of simplicity (average lab technicians can
be trained to use them), technical demands (do not require electricity or running
water), and output (sampling and testing can be achieved in significant numbers
over one shift period) thus allowing for strategies of testing and treating within the
duration of the preventive event.

In brief, the use of BS HPV vaccines should significantly reduce or terminate the
requirement for continuous screening among vaccinated adolescents and dramatically
simplify the strategy for cervical cancer prevention in sexually active adult women
in both developed and developing countries. They will help closing the equity gap
in cervical cancer prevention between developed and developing populations.

4.6 Screening Implications of Generalized HPV Vaccination

4.6.1 Developed Populations

It has been repeatedly shown that under the best technical conditions, using the Pap
smear as the primary screening test, paired with colposcopy and biopsy as the diag-
nostic tools, the achievable reduction in cervical cancer incidence and mortality is
in the range of 50-80% in countries with centrally organized efforts. In countries
with opportunistic screening, the impact in cervical cancer reductions is generally
lower. Likewise, it could be speculated that the reduction in cervical cancer inci-
dence would be in the 80-85+ % range using HPV tests as the primary screening
option with some additional triage test (cytology, HPV typing, p16+Ki 67 stains) to
guide management. Even in well-screened populations in Sweden or within a pri-
vate insurance plan in California, some cervical cancer cases occur, and these are
attributed to either lack of participation to the screening program (56—-64% of the
cases), false-negative results of the Pap smear (32-24% of the cases), or lack of
follow-up of women found at high risk in the cytology results (13—11% of the cases)
(Andrae et al. 2008; Leyden et al. 2005). These seem to be nowadays the population
limits of Pap smear-based screening programs.

Developed countries have now the opportunity to benefit from HPV-related tech-
nologies by implementing strategic combinations of population-based HPV vacci-
nation with a second-generation screening technology program for the prevention
of cervical cancer. Vaccinated populations will experience a dramatic reduction in
the incidence of CIN 2+ due to HPV 16 and 18 (over 60% of the CIN 2+ cases), and
consequently the validity of the Pap smear as primary screening test will suffer.
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A reduction by half of the underlying prevalence of the conditions of interest
(CIN 2+) will imply a significant loss in predictive value (Franco et al. 2006, 2009).
Populations such as the Australian or the British that are currently vaccinating
women that will soon enter the recommended screening age groups are appropriate
scenarios to test at a large scale the validity of HPV-based tests as primary screening
tools and will serve as guidance for future planning in other countries.

Additional public health and clinical research will help define the details of the
most effective and cost-effective combinations of mass vaccination and second-
generation screening and triage protocols. However, it can now be speculated that
in defined developed populations with good preventive care services and adequate
attention to immigrant populations, cervical cancer can be drastically reduced to
achieve the level of disease elimination within a reasonable time frame.

4.6.2 Developing Populations

With few exceptions, developing populations have irregularly benefited from the
conventional Pap smear-based screening strategy, and numerous reviews have docu-
mented the reasons for the failure. Many of these are structural and social, thus
requiring significant improvement of the public health services to achieve the results
described for developed populations. This being the case, cervical cancer remains
the third leading cancer in women worldwide and the number one or second cancer
in women in 82% of the 127 developing nations. Moreover, because in these coun-
tries cervical cancer strikes at young ages and significantly so among young women
(i.e.,<45 years of age), cervical cancer is a major component of the number of years
of life lost to cancer.

In recent years, low-technology tests for secondary prevention of cervical cancer
in developing countries have been proposed and evaluated, such as direct visual
inspection of the cervix with acetic acid (VIA). The validity of the test is limited,
requires careful training and supervision of the observers, and has generated incon-
sistent results in different settings. These methods are usually included in “see and
treat” or “screen and treat” programs in order to minimize attrition in the follow-up
of screened women. However, the number of false positives and overtreatments is
considerable, and its use has not been generally endorsed (Cuzick et al. 2008).

In contrast to the limited success of Pap smear-based screening programs, develop-
ing countries have achieved outstanding results in vaccinating the infant and pediatric
age groups. Vaccination in the expanded program of immunization (EPI) is very high
in virtually all developing populations, thanks to a great extent to international orga-
nizations and donors such as the World Health Organization (WHO), GAVI (formerly
The Global Alliance for Vaccines and Immunisation), the United Nations Children’s
Fund (UNICEF), the Bill & Melinda Gates Foundation, and others. Eradication of
small pox was archived, and elimination or significant control of polio, measles, and
other infectious diseases has been successful in most developing nations. Therefore,
vaccination against HPV seems a relevant option as well as a realistic one to address
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cervical cancer prevention. Like in developed countries, adult sexually active women
in extensive populations in developing countries could benefit from the already avail-
able novel form of HPV DNA screening test, technologically adapted to be used in
low developmentlevel scenarios (Andrusetal. 2008; Qiaoetal. 2008; Sankaranarayanan
et al. 2008, 2009; World Health Organization 2009).

4.7 Opportunities for Research and Progress

Academic research has made tremendous advancements in providing the under-
standing of the causes of cervical cancer and generating the technology to prevent it
both at the primary and secondary levels. Anticipated developments in the years to
come can be summarized as follows:

4.7.1 Etiology

Completion of studies linking and quantifying the impact of HPV infections in the
etiology of anogenital cancer and cancer of the head and neck.

4.7.2 Screening

Screening programs in the public system are likely to gradually adopt HPV tests as
the primary screening tool. The related clinical protocols will require additional
studies to define the management of HPV + women with normal cytology. HPV
DNA testing technologies adapted to developing countries (i.e., careHPV Test) will
be gradually tested and introduced in developing countries.

4.7.3 HPYV Vaccines

Research on novel HPV vaccines to be developed will continue both in the direction
of increasing the valence of the vaccines and/or by including therapeutic compo-
nents in the vaccine products.

4.7.4 Adoption of HPV Vaccines

Continued developments in vaccine development should evolve in parallel to (and
learn from) the implementation experiences. Efforts to introduce HPV vaccines in
all countries should be strongly encouraged, and it would be unjustified to delay it
on the grounds of the promise of better vaccines on the horizon.
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4.7.5 Integrated Cervical Cancer Control

Logistical research and modeling studies will help define the most adequate strate-
gies to address comprehensive cancer prevention strategies in extensive areas and
populations where no preventive options are available nowadays.

4.7.6 Disease Awareness and Medical Education

These will aim at (1) increasing the low level of awareness on the impact of cervical
cancer worldwide and particularly in developing countries, (2) addressing issues of
cervical cancer as a single-gender disease and the stigma of being linked to a sexu-
ally transmitted infection (STI), and (3) counteracting the negative publicity on vac-
cines and HPV vaccination in the media.

4.7.7 Social Consensus on Cervical Cancer Prevention

Political efforts are now needed toward introducing the concepts of cervical cancer
elimination and eradication and help reaching the stage at which the public health
community at large embarks on the required worldwide effort.

4.8 Conclusion

Technologies to dramatically reduce the impact of cervical and other HPV-related
cancers are now available. HPV vaccines and HPV-based screening tests might rep-
resent the technical requirements to begin closing the equity gap in cervical cancer
prevention between developed and developing countries.
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Chapter 5
Prevention of Cancers Due to Infection

Hideo Tanaka

5.1 Hepatitis B Virus and Hepatocellular Carcinoma

5.1.1 Virus Transmission

HBV is classified into at least 10 genotypes (A to J) and several subtypes based on
sequence divergence of the entire HBV genomic sequence of >8 % for genotypes
and 4-8 % for subtypes (Cao 2009; McMahon 2009; Kurbanov et al. 2010).
Genotype A is prevalent in sub-Saharan Africa, Northern Europe, and Western
Africa. Genotype B is found in Japan (B1) (Orito et al. 2001), Taiwan, China,
Indonesia, Vietnam, Philippines, (B2-5), Alaska, Northern Canada, and Greenland
(B6). Genotype C (subtypes C1-5) mainly exists in East and Southeast Asia.
Genotype D with subtypes D1-D5 is prevalent in Africa, the Mediterranean region,
and India. Genotype E is endemic in West Africa. Genotype F (subtypes F1-4) is
found in Central and South America. Genotype G has been reported in France,
Germany, and the United Status.

The modes of transmission leading to the development of chronic HBV carriers
are likely different among HBV genotypes. In East Asian countries, where genotype
B and C are the dominant genotypes, perinatal or vertical transmission plays an
important role in spreading HBV and subsequent chronicity. The likelihood of
transmission resulting in chronic infection from an HBeAg-positive mother or
HBeAg-negative but HBsAg-positive mother before the introduction of HBV
vaccination was reported to be in the range of 70-90 % and 6-21 % in Taiwan,
respectively (Beasley et al. 1977; Tsai et al. 1984; Ko et al. 1986). In adults, the

H. Tanaka ()

Division of Epidemiology and Prevention, Aichi Cancer Center Research Institute,
Osaka, Japan

e-mail: hitanaka@aichi-cc.jp

A.B. Miller (ed.), Epidemiologic Studies in Cancer Prevention and Screening, 65
Statistics for Biology and Health 79, DOI 10.1007/978-1-4614-5586-8_5,
© Springer Science+Business Media New York 2013



66 H. Tanaka

Horizontal transmission Tt

vl
2 <
Asymptomatic HBV carriers

58 \

[=]

3 Chronic hepatitis B\

Cirrhosis
Hepatocellular Carcinoma
1 1 1 1 1 1 1 ]
1 1 1 1 1 1 1 1
Birth 10 20 30 40 50 60 70 (Age

Safer blood supply

HB vaccine | HB vaccine in high-risk group

and/or
HB-Immuno-globuline | Prevention of sexual transmission
in infants

Screening by HBsAg blood test

Detection of chronic HB

* Periodic health check-up

* Smoking cessation

¢ Alcohol abstinence

* Drug therapy in the immune active phase

Fig. 5.1 Natural history of HBV infection and prevention of HB V-related HCC

major routes of transmission are sexual intercourse and needles. The remaining
genotypes are frequently found in areas where horizontal transmission is the main
mode of transmission. Since spreading of transmission in an area is considered to be
positively correlated with accumulated duration of carrier state among the popula-
tion, the likelihood of chronicity after transmission is important to consider when
developing strategies of HBV eradication. The likelihood of developing persistent
HBYV infection after acute hepatitis B was reported to be higher in patients with
genotype A (23 %) than in those with genotype B (11 %) or C (7 %) in Japan (Suzuki
et al. 2005). A nationwide survey conducted in Japan reported that the prevalence of
HBYV genotype A in chronic hepatitis B patients increased from 1.7 % in 2000 to
3.5 % in 2006 (Matsuura et al. 2009). A recent genome-wide association study of
chronic hepatitis B showed that genetic variation in the HLA-DQ genes was strongly
associated with the risk of persistent HBV infection (Mbarek et al. 2011). This study
indicates the importance of host genetic factors in the clearance of HBV.

5.1.2 Natural History of Chronic Hepatitis B

In the natural history of chronic HBV infection (Fig. 5.1), seroconversion of
HBeAg and seroclearance of HBsAg are important events with an estimated annual
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incidence of 12 % and 2 %, respectively (Chen et al. 2002; Hsu et al. 2002; Kao
et al. 2004; Liu et al. 2010). Earlier HBeAg seroconversion to an HBeAb-positive
state is usually involved in a favorable clinical outcome, whereas late or absent
HBeAg seroconversion after multiple hepatitis flares is likely to accelerate the pro-
gression of chronic hepatitis to cirrhosis.

A cohort study conducted in Taiwan with a mean follow-up of 52 months indi-
cated that genotype C infection had a significantly lower rate of spontaneous HBeAg
seroconversion than genotype B (27 % vs. 47 %) (Kao et al. 2004). Clinical obser-
vations reported from Hong Kong and Japan showed that chronic hepatitis B (CHB)
patients with genotype C were more prone to develop advanced fibrosis, cirrhosis,
and HCC than genotype B patients (Sumi et al. 2003; Yuen et al. 2004). A commu-
nity-based prospective cohort study conducted in Taiwan showed that HBV carriers
with genotype C had 2.35 times significantly higher risk of developing HCC than
HBYV carriers with genotype B (Yang et al. 2008). A recent genome-wide associa-
tion study of chronic HBV carriers with HCC and without HCC demonstrated that
one intronic single-nucleotide polymorphism in 1p36.22 was highly associated with
HBV-related HCC (Zhang et al. 2010). This finding indicates the importance of host
genetic factors as well as virus genetic factors in disease progression in chronic
HBYV carriers. In the clinical setting, it is important to predict HCC risk in CHB
patients using available clinical markers as well as patients’ demographic factors.
Yuen et al. (Yuen et al. 2009) followed 820 CHB patients and determined that male
gender (rate ratio (RR) 2.98), increasing age (RR 1.07), and higher HBV DNA level
(RR 7.31) were independent risk factors for the development of HCC. Using these
factors with the optimal cut-off point, they showed the prediction of the 5- and
10-year risks for the development of HCC with sensitivity of >84 % and specificity
of >76 % (Yuen et al. 2009).

Several environmental factors that are considered to be associated with disease
progression and the development of HCC in HBV carriers have been established.
Dietary aflatoxins were classified as established carcinogens of HCC (IARC 1993)
in some areas of developing countries, where HBV infection is endemic. Heavy
drinking is a well-known risk factor for developing HCC (IARC 1988) and is pos-
sibly a liver carcinogen mainly by accelerating liver inflammation which is causally
involved in the development of cirrhosis (Adami et al. 1992; Tsukuma et al. 1993).
In 2004, IARC reported that there is sufficient evidence for the association between
tobacco smoking and liver cancer, mainly, HCC (IARC 2004). Coinfection of
human immunodeficiency virus (HIV) and HBV is relatively prevalent in sub-
Saharan Africa, and it is increasing in Southeast Asia. One cohort study conducted
in the Han Chinese population (Yang et al. 2011) indicated that HIV infection has a
significant impact on the natural progression of HBV infection not only in HBV
carriers who were horizontally infected but also in those who usually have perinatal
HBYV infection. Coinfection with HBV and HCV is rare worldwide, and assessment
of their interaction for HCC risk was inconsistent. A recent published meta-analysis
that included 59 studies that assessed the association between HBV/HCV
monoinfection and coinfection for HCC risk demonstrated that the risk of coinfection
is not significantly greater than that of HBV/HVC monoinfection (Cho et al. 2011).
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This finding may be reasonable from current biological knowledge that superinfec-
tion of one virus tends to inhibit infection of the other virus among coinfected cases
(Sheen et al. 1992; Chu et al. 1998).

5.1.3 Effectiveness of HBV Vaccine

Several clinical trials reported the efficacy of HB vaccine in preventing HBsAg-
positive chronic status occurring through perinatal HBV infection (Beasley et al.
1983; Tsai et al. 1984; Lo et al. 1985a; Lo et al. 1985b). In Taiwan, a nationwide HB
vaccination program for preventing vertical HBV transmission was introduced in
1984, and consistent effectiveness in reducing the prevalence of HBV infection
among children and adolescents was revealed by comparing the prevalence before
and after the program was launched (Chen et al. 1996; Hsu et al. 1999; Ni et al.
2001). Likewise, in other previously endemic areas, Gambia (Whittle et al. 1995)
and Malaysia (Ng et al. 2005), vaccination was proven to be very successful in
reducing the rate of HBV infection. Consequently, a decreasing trend in the inci-
dence of HBV-related HCC in the program-received generation was expected.
Chang et al. (Chang et al. 1997) reported that the average annual incidence (per
100,000 children) of HCC in children 6-14 years of age declined from 0.70 in
1981-1986, to 0.57 in 1986-1990, to 0.36 in 1990-1994 (P<0.01). This important
finding demonstrated that a nationwide universal vaccination program protected
children not only from becoming chronic HBV carriers but also from developing
HCC in a HBV-prevalent population.

In Taiwan, since it was reported that HB immunity as defined by anti-HBs sero-
positivity decreased to 50 % in 15 years after universal HBV vaccination (Lu et al.
2009), the necessity and age at which a boost would be administered among anti-
HBs-negative adolescents were discussed. However, an HB vaccine that has lost
protective (10<mIV/mL) anti-HBs antibody usually shows a rapid anamnestic
response when boosted (Zanetti et al. 2005). This probably means that immunologi-
cal memory for HBsAg can outlast antibody detection, providing long-term protec-
tion against HBV infection and the development of the carrier state (West and
Calandra 1996). Therefore, at least for immunocompetent individuals, booster doses
of HB vaccine do not seem to be necessary to ensure long-term protection (Banatvala
and Van Damme 2003).

Among HBV low-endemic countries, the United Kingdom, Scandinavian coun-
tries, and Japan have adopted a vaccination program targeted to well-defined risk
groups. In Japan, a nationwide prevention program utilizing passive-active immu-
noprophylaxis for infants born to HBsAg-positive mothers was introduced in 1986
(Koyama et al. 2003). This program was expected to reduce the prevalence of
chronic HBV infection and prevent the occurrence of HBV-related HCC among the
program-acquired generations. To evaluate this effect, we reviewed the annual
reports from a nationwide survey of childhood solid tumors (aged 0—14 years) dur-
ing 1981-2008 (Tajiri et al. 2011). The incidence of HBV-HCC rapidly declined
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from 2001 when all of the program-acquired generation become 15 years old and
over, whereas the incidence of hepatoblastoma was almost stable during the same
period (Tajiri et al. 2011). This finding indicates that this high-risk approach intro-
duced in Japan has reduced the occurrence of HB V-related HCC in childhood.

5.1.4 Treatment of Chronic Hepatitis B

There has been cumulative evidence that early treatment and viral suppression in
patients with CHB greatly reduce the risk of progression to cirrhosis, HCC, and
eventual death (Fattovich et al. 2008; Chang et al. 2010). Treatment is more effec-
tive during the immune-active phase of the disease when rates of progressive fibrosis
are increased. There are two possible treatment approaches including stimulating
the immune system through pegylated interferon or suppressing viral load through
nucleotide analogs. Since CHB patients often remain asymptomatic and therefore
are undiagnosed before progression to severe liver disease, a screening program by
a HBsAg blood test in targeted populations should be considered.

5.2 Hepatitis C Virus and Hepatocellular Carcinoma

5.2.1 Viral Transmission

HCV was first identified in 1988 as a RNA virus in the Flaviviridae family (Choo
et al. 1989) and is now classified into 6 major genotypes (Simmonds et al. 1993;
Bukh et al. 1994; Robertson et al. 1998). Recent molecular clock analysis of the
sequences of HCV isolates indicated that HCV-1b penetrated Japan and Europe in
the 1920s and 1940s, respectively; the HCV-4a population showed exponential
growth in South Africa in the 1950s; HCV endemics were dated in the 1960s for
both in the United States (HCV-1a) and former Soviet Union (HCV-3a) and HCV-6a
in the late 1970s in Hong Kong (Tanaka et al. 2006a). The initial spread time of
HCV is considered to be associated with the time trend in the incidence of HCC
with considerable time lag in each area (Tanaka et al. 2006a).

HCYV is mainly transmitted by the parenteral route. Direct percutaneous expo-
sure, that is, the sharing of contaminated needles or syringes among drug abusers
and blood transfusion on blood products from infectious donors (prior to screen-
ing) is the most efficient route of transmission. A recent systematic review esti-
mated that the prevalence of anti-HCV among injection drug users (IDUs) in 25
countries ranged from 60 % to 80 % and that about 10.0 million IDUs worldwide
might be anti-HCV positive (Nelson et al. 2011). The probability of spontaneous
viral clearance in these HCV-parenterally exposed groups is estimated to be
30 %-50 % on the basis of HCV RNA-negative rates among anti-HCV-positive
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individuals in HCV-endemic regions (Tanaka et al. 1994). This means that about
50 %-70 % of those infected with HCV through parenteral exposure will develop
a chronic persistent infection. Sexual transmission occurs inefficiently, but is
attributed to transmission in the United States because of the large number of
individuals at risk (Alter 1997). Perinatal transmission of HCV is less common
than perinatal transmission of HBV and HIV. A study from Japan demonstrated
that the probability of HCV transmission from mother to infant is 6 % among
babies born to mothers with anti-HCV and 10 % among babies born to mothers
with HCV RNA (Ohto et al. 1994). The rate of spontaneous viral clearance among
children with vertically acquired infection observed in the United States was 9 %
(Abdel-Hady et al. 2011).

5.2.2 Factors Associated with the Development of HCC

Many cohort studies and cross-sectional studies of asymptomatic HCV carriers
indicated that 50 %—80 % of persons with chronic HCV infection progress to chronic
hepatitis. Since most HCV-associated HCC occurs in the presence of cirrhosis, HCV
infection may lead to HCC through the indirect mechanism of immune-mediated
damage and subsequent liver cell turnover, although the HCV core protein has
been shown to exhibit oncogenic properties (Moriya et al. 1998; Anzola 2004).
In population-based cohort studies, assuming that most of the HCV carriers are
asymptomatic, the rate ratio of the effect of HCV chronic infection on the develop-
ment of HCC ranged from 21.5 to 35.8 (Osella et al. 2000; Hara et al. 2001; Sun
et al. 2003; Ishiguro et al. 2011), whereas the rate ratio among voluntary blood
donors was 126 (95 % CI 79-202) (Tanaka et al. 2004). Most of the HCV-related
HCC cases occur after age 60. A well-designed retrospective cohort study indicated
that the age of patients is more significant than the duration of HCV infection for
HCC development among patients with posttransfusion HCV (Hamada et al. 2002).
This result is convincing with the finding that the rate of progression of fibrosis was
proportional to patient age at the time of HCV infection, and patient age was the
main factor associated with progression to fibrosis (Anzola 2004).

Although heavy alcohol drinking has been recognized as a risk factor for pri-
mary liver cancer, most of the epidemiologic studies showing a positive associa-
tion did not limit the study subjects to individuals with chronic HCV infection.
However, a systematic review of epidemiologic evidence reported in Japan,
where HCV-related HCC is etiologically dominant, concluded that there is con-
vincing evidence that alcohol drinking increases the risk of primary cancer
(Tanaka et al. 2008a). This finding strongly indicates that heavy alcohol drinking
increases the risk of HCC among individuals with chronic HCV infection. A sim-
ilar notion is plausible in the association of cigarette smoking with the risk of
HCV-related HCC, which was supported through the finding that cigarette smok-
ing probably increases the risk of primary liver cancer in a systematic review of
epidemiologic studies conducted in the Japanese population (Tanaka et al. 2006b).
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There have been several epidemiologic data to indicate that obesity is associated
with an increased risk of liver cancer. Ohki et al. (2008) conducted a cohort study
enrolling 1,431 patients with chronic hepatitis C and reported that being over-
weight (25 <BMI <30) and obesity (BMI >30) were shown to be an independent
risk factor with a hazard ratio of 1.86 and 3.10, respectively, as compared with
underweight patients (BMI<18.5). Coinfection with HIV appears to increase the
risk of progression of HCV-induced liver disease due to insufficient immune
control of HCV chronicity and subsequent risk of HCC (Graham et al. 2001;
Thomas 2002). There have been several epidemiological studies that showed an
inverse association of coffee drinking with the risk of primary liver cancer. To
confirm the association, a meta-analysis of coffee consumption and risk of liver
cancer was performed using data from 4 cohort studies (4 from Japan) and 5
case-control studies (2 from Italy, 2 from Japan, 1 from Greece) (Larsson and
Wolk 2007). They found that consumption of coffee may reduce the risk of liver
cancer; the summary relative risk of coffee consumption per 2 cups/day incre-
ment among the subjects with a history of liver diseases was 0.56 (95 % CI 0.35-
0.91). As the source populations mostly consisted of patients with HCV-related
HCQC, this finding suggests that coffee intake may reduce the risk of HCC among
individuals with chronic HCV infection.

5.2.3 Prevention of HCV-Related HCC

At present, as there is no vaccine to prevent HCV infection, interrupting paren-
teral transmission is very important. Testing of blood donations for anti-HCV and
additionally HCV RNA has led to substantial decrease in the number of posttrans-
fusion hepatitis C cases in many developed countries. The use of disposable nee-
dles and syringes in health-care settings is important to reduce HCV infection in
the general population. The effectiveness of these measures was demonstrated in
the Japanese population in that the spread of HCV essentially ended by the early
1990s at the latest, as evidenced by the recent very low incidence of HCV infec-
tion among repeat donors (Sasaki et al. 1996; Tanaka et al. 1998). We have also
shown that the termination of HCV spread has led to a decrease in the incidence
of HCV-related HCC by the early 2000s at the latest on the population level
(Tanaka et al. 2008b). In the United States, Europe, Australia, New Zealand, and
southern China, however, the most important mode of HCV transmission is now
by IDU (Dore et al. 2003; Garten et al. 2005; Farrell 2007). Avoiding sharing of
needles and blood-contaminated syringes is thought to be important in preventing
HCYV transmission by IDU and is also effective in preventing concomitant HIV
infection. On the other hand, attempts to prevent IDU by educational measures
and public awareness campaigns have not been conspicuously successful (Madden
and Cavalieri 2007) (Fig. 5.2).

There has been strong evidence that the incidence of HCC among patients with
chronic HCV infection can be reduced by antiviral therapy, achieving a sustained
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viral response (SVR) that is nearly equivalent to viral eradication. SVR has been
particularly likely by treatment with interferon in combination with ribavirin (Ueno
et al. 2009). However, this treatment is effective in less than 50 % of the patients
with a high viral load of genotype 1 (Mangia et al. 2005). Viral factors, including
the serum quantity of HCV RNA and HCV genotype, and host factors of gender,
BMI, the presence of steatosis and liver fibrosis, and genetic variations near the
IL28 gene on chromosome 19 have been reported to be significant predictors of
treatment outcome (Tanaka et al. 2009). A recent clinical trial revealed that telapre-
vir, a new protease inhibitor, in combination with peg-interferon alfa-2b and ribavi-
rin led to a high SVR rate (34-88 %) among difficult-to-treat patients with genotype
1 chronic hepatitis C (Hayashi et al. 2012). As the majority of individuals with
chronic hepatitis C are asymptomatic, a community-based anti-HCV screening sys-
tem in HCV-prevalent populations has been a priority in Japan since 2002 (Tanaka
et al. 2008).

Patients with chronic hepatitis C who do not achieve SVR with antiviral therapy
and patients who have viral and host factors for a potential poor response to antiviral
treatment need other strategies to prevent HCC. It may be possible to treat these
patients withursodeoxycholic acid and/or glycyrrhizin to improve liver inflammation,
which was reported to reduce the incidence of HCC among patients with interferon-
resistant active chronic hepatitis C (Ikeda et al. 2006). For these patients, lifestyle
modification such as avoiding heavy alcohol drinking, smoking, and obesity is
likely to be important.
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5.3 H. pylori Infection and Gastric Cancer

5.3.1 Transmission

About half of the world’s population is estimated to be infected with H. pylori, a
spiral-shaped, gram-negative bacterium. It is usually transmitted during early child-
hood possibly through oral-oral and oral-fecal routes in humans and colonizes the
gastric epithelium. A systematic review on acquisition of H. pylori infection indi-
cated that infected mothers, fathers, and siblings are independent risk factors for
childhood H. pylori infection (Weyermann et al. 2009). Inadequate sanitation prac-
tices, low social class, the use of well water instead of municipal water, and male
gender were reported to be associated with acquisition and/or remaining of H. pylori
childhood infection (Queiroz et al. 2012). In developed countries, improvement of
sanitation and hygiene has been responsible for a dramatic reduction in transmis-
sion during the last few decades and was involved in the clear birth cohort effect on
the prevalence of H. pylori infection in the general population.

5.3.2 Factors Associated with the Development of Gastric Cancer
in Chronically H. pylori-Infected Subjects

H. pylori was acknowledged by a working group of the IARC (1994) as a cause of
stomach cancer. It has been causally associated with non-cardia gastric adenocarci-
noma and gastric lymphoma, with an estimated attributable fraction of around 75 %
for both diseases (Parkin 2006). Non-cardia gastric adenocarcinoma is the conse-
quence of a multistep and multifactorial process. It starts from chronic inflammatory
gastritis in the antrum which is induced by persistent H. pylori infection that is thought
to form the initial lesion. It may progress to multifocal chronic atrophic gastritis, intes-
tinal metaplasia, dysplasia, and finally invasive carcinoma (Correa 1992). However,
as only a small proportion of infected subjects developed adenocarcinoma, it raises
the question of why it causes cancer in only a minority of those infected.

H. pylori are genetically highly diverse bacteria, and several genes/genotypes
have been associated with strain virulence, and consequently disease progression
(Basso et al. 2008). Several recent studies showed that virtually all cases of non-
cardia adenocarcinoma occur in subjects infected with strains positive for the cyto-
toxin-associated (CagA) gene, which is present in about 60 % of strains in Western
countries (Gonzalez and Agudo 2012). CagA-positive strains translocate the CagA
protein into gastric epithelial cells by a type IV secretion system, which seems to
play a pivotal role in the development of gastric atrophy (Hamajima et al. 2006).
CagA positivity is strongly associated with positivity for the vacuolating cytotoxin
(VacA) s1/m1 genotype (Plummer et al. 2007), which is involved in higher degrees
of inflammation, with the presence of epithelial damage in the gastric mucosa and
progression of precancerous lesion (Gonzalez et al. 2011).
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As to host genetic factors, polymorphisms of /L-/B and TNF-A showed rela-
tively consistent association with risk of H. pylori infection, possibly due to inhibi-
tion of gastric acid secretion (Hamajima et al. 2006). Polymorphisms of PNPNII,
IL-2, and IL-13 were reported to be significantly associated with the risk of gastric
atrophy (Hamajima et al. 2006). Recently, we investigated the ABO genotype and
risk of H. pylori infection, atrophic gastritis, and gastric cancer in 703 cancer
patients and 1,465 non-cancer patients (Nakao et al. 2011). The results showed that
gastric cancer risk increased with the addition of the A allele (P trend <0.001), and
decreased with the addition of the B allele (P trend=0.023), the odds ratio (OR) of
atrophic gastritis was 0.73 (95 % CI 0.53—-1.09) for blood type B relative to blood
type A, and the OR of H. pylori infection was 0.39 (95%CI 0.17-0.87) for BB geno-
type relative to AA genotype (Nakao et al. 2011). These findings suggest that the
ABO gene locus may influence the development of gastric cancer through persistent
H. pylori infection and subsequent development of atrophic gastritis.

As to lifestyle factors, smoking elevates the risk of gastric cancer (Fujino et al.
2005) as well as the risk of precancerous lesions, intestinal metaplasia, and dyspla-
sia (Kneller et al. 1992; You et al. 2000; Kato et al. 2004), and promotes the grade
of atrophic gastritis in H. pylori-infected subjects (Nakamura et al. 2002). There are
abundant case-control and cohort data on intake of salt or salty foods and risk of
stomach cancer (Wang et al. 2009). It was biologically confirmed that a high-salt
diet dose-dependently enhanced H. pylori-associated gastritis and stomach carcino-
genesis in Mongolian gerbils (Kato et al. 2006). Intake of fresh fruits and vegetables
was inversely associated with gastric cancer risk (Inoue et al. 1996), possibly attrib-
uted to their high concentrations of antioxidant substances.

5.3.3 Prevention of H. pylori-Induced Gastric Cancer

Eradication of H. pylori to prevent gastric cancer has been widely debated, and a
recent meta-analysis of six randomized trials suggested that H. pylori eradication
therapy reduces gastric cancer risk (RR 0.65, 95%CI 0.43-0.98) (Fuccio et al.
2009). There are several observational and randomized controlled studies that
showed that eradication inhibits progression of or even improves gastric mucosal
atrophy in patients with atrophic gastritis (Correa et al. 2000; Sung et al. 2000;
Ohkusa et al. 2001; Watanabe et al. 2003; Arkkila et al. 2006). Similarly, eradication
therapy is assumed to be efficient in inhibiting progression of intestinal metaplasia
in randomized controlled trials (Sung et al. 2000; Leung et al. 2004). From this
accumulated evidence, a consensus has been reached that H. pylori eradication ther-
apy in patients with atrophic gastritis is effective for preventing gastric cancer
(Asaka et al. 2010). The Japanese guidelines for the management of H. pylori infec-
tion recommended that the first-line eradication therapy of H. pylori be 1 week of
triple therapy using a proton-pump inhibitor combined with two antibiotics, amoxi-
cillin and clarithromycin (Asaka et al. 2010). However, the success rate of eradica-
tion from this regimen has recently fallen to 80 % or below because of the increasing
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incidence of clarithromycin resistance. Therefore, some alternative regimens to
improve the success rate are needed (Chuah et al. 2011). When attempting to find
appropriate patients for H. pylori eradication therapy, a screening method using
serum testing of H. pylori antibody combined with pepsinogen I and IT is possibly
useful before the endoscopic examination. Serum pepsinogen testing is clinically
useful for the prediction of gastric lesions in H. pylori-infected persons (Toyoda
etal. 2012).

When we consider primary prevention of H. pylori-associated gastric cancer by
lifestyle interventions, high-risk approaches targeting H. pylori-infected individuals
are not very cost-effective because the number of individuals in the target popula-
tion is quite large and the lifetime risk of developing gastric cancer in the targeted
individuals is relatively small. In contrast, nationwide health promotion activities
such as tobacco control and changes in dietary habits such as reducing salt intake
and increasing fruit and vegetable intakes are likely to be a realistic approach to
preventing the development of H. pylori-induced gastric cancer. Recently, we per-
formed an age-period-cohort analysis of gastric cancer mortality rates in Japan
between 1950 and 2004 and found that a decreasing period effect was observed
from 1950, before improvements in detection and treatment of gastric cancer
(Tanaka et al. 2012). This decreasing period effect occurred during a period when
the Japanese people reduced dietary salt intake and therefore supports the utility of
population approaches of lifestyle modification for prevention of H. pylori-induced
gastric cancer.

5.4 Other Infections That Cause Malignancies

5.4.1 Epstein-Barr Virus (EBV)

EBYV establishes a latent infection and lifelong persistence in more than 90 % of the
world population. It is transmitted through saliva and initially infects the epithelium
of the oropharynx, from which it subsequently spreads into B cells of the lymphoid
tissue (Young and Rickinson 2004). EBV has been determined as a carcinogenic
agent of Burkitt’s lymphoma, nasopharyngeal carcinomas, Hodgkin lymphoma
(NHL), and non-Hodgkin lymphoma in immunosuppressed subjects (IARC 1997).
Vaccines for preventing primary EBV infection are currently under investigation.

5.4.2 Human T-Cell Leukemia Virus Type I (HTLV-1)

HTLV-1, the first human retrovirus that was identified, has a causal role in acute T-cell
leukemia/lymphoma (ATL) IARC 1996). ATL develops only in HTLV-1-infected per-
sons and ATL cells contain monoclonal integrated HTLV-1 provirus. HTLV-1 carriers
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are clustered in southern Japan, southern Philippines, northern Iran, West and Central
Africa, the Caribbean, and in American Indian populations and Melanesian popula-
tions of Australia and the Pacific (Tajima and Takezaki 1999). Viral transmission mostly
occurs from mother to child during breast feeding. It was reported that the overall
infection rate from carrier mother to her children was 10-30 % in Japan (Tajima and
Hinuma 1992). After a latency period that has been shown to last an average of 60
years, approximately 7 % of male and 2 % of female HTLV-1 carriers will develop ATL
(Tajima and Kuroishi 1985; Murphy et al. 1989). As viral eradication by an antiviral
drug is not realistic, prevention of chronic infection is important. Breast feeding has
been shown to reduce the risk of vertical transmission (Takezaki et al. 1997).

5.4.3 Parasitic Infections

Chronic infections with the liver flukes, Opisthorchis viverrini (O. viverrini) and
Clonorchis sinensis (C. sinensis), are both risk factors for cholangiocarcinoma (IARC
1994). O. viverrini is endemic in the Mekong River basin in Thailand, Laos,
Cambodia, and Vietnam, while C. sinensis is endemic in southern and northern
China, Southern Taiwan, Southern Korea, and northern Vietnam (Keiser and Utzinger
2005; Hong and Fang 2012). Infection with these liver flukes occurs mainly through
ingestion of raw and/or fermented river fishes (Songserm et al. 2012) whose muscles
contain metacercariae of the flukes. The most available preventive measure is con-
sidered to be community-based intervention changing the cooking (eating) style of
these dangerous foods; this has been challenging in the Khon Kaen area, where the
incidence of cholangiocarcinoma is the highest in the world (Kamsa-Ard et al. 2011).
Praziquantel (PZQ) is an effective agent in eradicating liver flukes from the biliary
tree. The results of a recent large-scale trial in China indicated the efficacy of one or
two mass-chemotherapy treatments with PZQ in a year targeting the whole popula-
tion in a C. sinensis highly endemic area (Choi et al. 2010). However, as humans
cannot acquire a sufficient immune response to protect from reinfection, cointerrup-
tion of the routes of transmission is strongly recommended.

Schistosoma haematobium (S. haematobium) infection plays a causative role in
the development of bladder cancer (Mostafa et al. 1999). The infectious cercariae of
this fluke are transmitted through human skin during wading and swimming in riv-
ers and ponds where its snail host lives. Approximately 110 million people in sub-
Saharan Africa are infected with S. haematobium.

5.4.4 Human Immunodeficiency Virus Type I (HIV-I)
and Human Herpes Virus 8 (HHV-8)

HIV has been classified as carcinogenic to humans for Kaposi sarcoma and NHL
(IARC 1996). Subsequently, increased risks for several other cancers including
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Hodgkin disease, anal cancer, cervical cancer, and seminoma in HIV-positive sub-
jects have been reported. HIV, however, is not carcinogenic per se and interacts
with the risk for many virus-associated cancers which are induced by
immunodeficiency. The introduction of highly active antiretroviral therapy for treat-
ing HIV-positive adults has led to a decline in the incidence of AIDS-defining can-
cers in the US AIDS population through 1991-2005, although the incidence of
non-AIDS-defining cancers has been increasing by aging (Shiels et al. 2011).

HHV-8, known as Kaposi sarcoma herpes virus, is a casual factor for the devel-
opment of Kaposi sarcoma and a few rare lymphoproliferative disorders (Du et al.
2007). South America and Africa have relatively high prevalence rates possibly
through mother-to-child transmission and inter-sibling transmission, whereas
Europe and North America have low prevalence rates where it is mainly transmitted
through receptive anal intercourse.

References

Abdel-Hady M, Bunn SK, Sira J, Brown RM, Brundler MA, Davies P, et al. Chronic hepatitis C in
children-review of natural history at a National Centre. J Viral Hepat 2011; 18:e535-540.
Adami HO, Hsing AW, Mclaughlin JK, Trichopoulos D, Hacker D, Ekbom A, et al. (1992).
Alcoholism and liver cirrhosis in the etiology of primary liver cancer. Int J Cancer

51:898-902.

Alter MJ. Epidemiology of hepatitis C. Hepatology 1997; 26(Suppl 1): 62S-65S.

Anzola M. Hepatocellular carcinoma: role of hepatitis B and hepatitis C viruses proteins in hepa-
tocarcinogenesis. J Viral Hepat 2004; 11:383-393.

Arkkila PE, Seppala K, Farkkila MA, Veijola L, Sipponen P. Helicobacter pylori eradication in the
healing of atrophic gastritis: a one-year prospective study. Scand J Gastroenterol 2006;
41:782-790.

Asaka M, Kato M, Takahashi S, Fukuda Y, Sugiyama T, Ota H, et al. Guidelines for the manage-
ment of Helicobacter pylori infection in Japan: 2009 revised edition. Helicobacter 2010;
15:1-20.

Banatvala JE, Van Damme P. Hepatitis B vaccine -- do we need boosters? J Viral Hepat 2003;
10:1-6.

Basso D, Zambon CF, Letley DP, Stranges A, Marchet A, Rhead JL, et al. Clinical relevance of
Helicobacter pylori cagA and vacA gene polymorphisms. Gastroenterology 2008; 135:91-99.

Beasley RP, Hwang LY, Stevens CE, Lin CC, Hsieh FJ, Wang KY, et al. Efficacy of hepatitis Bimmune
globulin for prevention of perinatal transmission of the hepatitis B virus carrier state: final report
of a randomized double-blind, placebo-controlled trial. Hepatology 1983; 3:135-141.

Beasley RP, Trepo C, Stevens CE, Szmuness W. The e antigen and vertical transmission of hepati-
tis B surface antigen. Am J Epidemiol 1977; 105:94-98.

Bukh J, Purcell RH, Miller RH. Sequence analysis of the core gene of 14 hepatitis C virus geno-
types. Proc Natl Acad Sci U S A 1994; 91:8239-8243.

Cao GW. Clinical relevance and public health significance of hepatitis B virus genomic variations.
World J Gastroenterol 2009; 15:5761-5769.

Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS, et al. Universal hepatitis B vaccination
in Taiwan and the incidence of hepatocellular carcinoma in children. Taiwan Childhood
Hepatoma Study Group. N Engl J Med 1997; 336:1855-1859.

Chang TT, Lai CL, Kew Yoon S, Lee SS, Coelho HS, Carrilho FJ, et al. Entecavir treatment for up
to 5 years in patients with hepatitis B e antigen-positive chronic hepatitis B. Hepatology 2010;
51:422-430.



78 H. Tanaka

Chen HL, Chang MH, Ni YH, Hsu HY, Lee PI, Lee CY, et al. Seroepidemiology of hepatitis B
virus infection in children: Ten years of mass vaccination in Taiwan. JAMA 1996;
276:906-908.

Chen YC, Sheen IS, Chu CM, Liaw YF. Prognosis following spontaneous HBsAg seroclearance in
chronic hepatitis B patients with or without concurrent infection. Gastroenterology 2002;
123:1084-1089.

Cho LY, Yang JJ, Ko KP, Park B, Shin A, Lim MK, et al. Coinfection of hepatitis B and C viruses
and risk of hepatocellular carcinoma: systematic review and meta-analysis. Int J Cancer 2011;
128:176-184.

Choi MH, Park SK, Li Z, Ji Z, Yu G, Feng Z, et al. Effect of control strategies on prevalence,
incidence and re-infection of clonorchiasis in endemic areas of China. PLoS Negl Trop Dis
20105 4:e601.

Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M (1989) Isolation of a cDNA
clone derived from a blood-borne non-A, non-B viral hepatitis genome. Science
244:359-362.

Chu CM, Yeh CT, Liaw YF. Low-level viremia and intracellular expression of hepatitis B surface
antigen (HBsAg) in HBsAg carriers with concurrent hepatitis C virus infection. J Clin Microbiol
1998; 36:2084-2086.

Chuah SK, Tsay FW, Hsu PI, Wu DC. A new look at anti-Helicobacter pylori therapy. World J
Gastroenterol 2011; 17:3971-3975.

Correa P. Human gastric carcinogenesis: a multistep and multifactorial process-First American
Cancer Society Award Lecture on Cancer Epidemiology and Prevention. Cancer Res 1992;
52:6735-6740.

Correa P, Fontham ET, Bravo JC, Bravo LE, Ruiz B, Zarama G, et al. Chemoprevention of gastric
dysplasia: randomized trial of antioxidant supplements and anti-helicobacter pylori therapy.
J Natl Cancer Inst 2000; 92:1881-1888.

Dore GJ, Law M, Macdonald M, Kaldor JM. Epidemiology of hepatitis C virus infection in
Australia. J Clin Virol 2003; 26:171-184.

Du MQ, Bacon CM, Isaacson PG. Kaposi sarcoma-associated herpesvirus/human herpesvirus 8
and lymphoproliferative disorders. J Clin Pathol 2007; 60:1350-1357.

Farrell GC. New hepatitis C guidelines for the Asia-Pacific region: APASL consensus statements
on the diagnosis, management and treatment of hepatitis C virus infection. J Gastroenterol
Hepatol 2007; 22:607-610.

Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B: special emphasis on
disease progression and prognostic factors. J Hepatol 2008; 48:335-352.

Fuccio L, Zagari RM, Eusebi LH, Laterza L, Cennamo V, Ceroni L, et al. Meta-analysis: can
Helicobacter pylori eradication treatment reduce the risk for gastric cancer? Ann Intern Med
2009; 151:121-128.

Fujino Y, Mizoue T, Tokui N, Kikuchi S, Hoshiyama Y, Toyoshima H, et al. Cigarette smoking and
mortality due to stomach cancer: findings from the JACC Study. J Epidemiol 2005; 15 Suppl
2:S113-119.

Garten RJ, Zhang J, Lai S, Liu W, Chen J, Yu XF. Coinfection with HIV and hepatitis C virus
among injection drug users in southern China. Clin Infect Dis 2005; 41 Suppl 1:S18-24.

Gonzalez CA, Agudo A. Carcinogenesis, prevention and early detection of gastric cancer: where
we are and where we should go. Int J Cancer 2012; 130:745-753.

Gonzalez CA, Figueiredo C, Lic CB, Ferreira RM, Pardo ML, Ruiz Liso JM, et al. Helicobacter
pylori cagA and vacA genotypes as predictors of progression of gastric preneoplastic lesions:
a long-term follow-up in a high-risk area in Spain. Am J Gastroenterol 2011; 106:867-874.

Graham CS, Baden LR, Yu E, Mrus JM, Carnie J, Heeren T, et al. Influence of human
immunodeficiency virus infection on the course of hepatitis C virus infection: a meta-analysis.
Clin Infect Dis 2001; 33:562-569.

Hamada H, Yatsuhashi H, Yano K, Daikoku M, Arisawa K, Inoue O, et al. Impact of aging on the
development of hepatocellular carcinoma in patients with posttransfusion chronic hepatitis C.
Cancer 2002; 95:331-339.



5 Prevention of Cancers Due to Infection 79

Hamajima N, Naito M, Kondo T, Goto Y. Genetic factors involved in the development of
Helicobacter pylori-related gastric cancer. Cancer Sci 2006; 97:1129-1138.

Hara M, Mori M, Hara T, Yamamoto K, Honda M, Nishizumi M. Risk of developing hepatocel-
lular carcinoma according to the titer of antibody to hepatitis C virus. Hepatogastroenterology
2001; 48:498-501.

Hayashi N, Okanoue T, Tsubouchi H, Toyota J, Chayama K, Kumada H. Efficacy and safety of
telaprevir, a new protease inhibitor, for difficult-to-treat patients with genotype 1 chronic hepa-
titis C. J Viral Hepat 2012; 19:e134-142.

Hong ST, Fang Y. Clonorchis sinensis and clonorchiasis, an update. Parasitol Int 2012;
61:17-24.

Hsu HM, Lu CF, Lee SC, Lin SR, Chen DS. Seroepidemiologic survey for hepatitis B virus infec-
tion in Taiwan: the effect of hepatitis B mass immunization. J Infect Dis 1999;179:367-370.

Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY, Chu CM, et al. Long-term outcome after spon-
taneous HBeAg seroconversion in patients with chronic hepatitis B. Hepatology 2002;
35:1522-1527.

IARC. Alcohol Drinking. IARC Monographs on the Evaluation of Carcinogenic Risk to Humans
Vol 44, Lyon, International Agency for Research on Cancer, 1988.

IARC. Some Naturally Occurring Substances: Food Items and Constituents, Heterocyclic Aromatic
Amines and Mycotoxins. IARC Monographs on the Evaluation of Carcinogenic Risk to Humans
Vol. 56 Lyon, International Agency for Research on Cancer, 1993.

IARC. Schistosomes, liver flukes and Helicobacter pylori. IARC Monographs on the Evaluation of
Carcinogenic Risk to Humans Vol 61. Lyon, International Agency for Research on Cancer,
1994.

IARC. Human Immunodeficiency Viruses and Human T-Cell Lymphotropic Viruses. IARC
Monographs on the Evaluation of Carcinogenic Risk to Humans Vol 67. Lyon, International
Agency for Research on Cancer, 1996.

IARC. Epstein-Barr Virus and Kaposi’s Sarcoma Herpesvirus/Human Herpesvirus 8. IARC
Monographs on the Evaluation of Carcinogenic Risk to Humans Vol 70. Lyon, International
Agency for Research on Cancer, 1997.

IARC. Tobacco Smoke and Involuntary Smoking. TARC Monographs on the Evaluation of
Carcinogenic Risk to Humans Vol 83. Lyon, International Agency for Research on Cancer,
2004.

Ikeda K, Arase Y, Kobayashi M, Saitoh S, Someya T, Hosaka T, et al. A long-term glycyrrhizin
injection therapy reduces hepatocellular carcinogenesis rate in patients with interferon-resis-
tant active chronic hepatitis C: a cohort study of 1249 patients. Dig Dis Sci 2006;
51:603-609.

Inoue M, Tajima K, Kobayashi S, Suzuki T, Matsuura A, Nakamura T, et al. Protective factor
against progression from atrophic gastritis to gastric cancer--data from a cohort study in Japan.
Int J Cancer 1996; 66:309-314.

Ishiguro S, Inoue M, Tanaka Y, Mizokami M, Iwasaki M, Tsugane S. Impact of viral load of hepa-
titis C on the incidence of hepatocellular carcinoma: A population-based cohort study (JPHC
Study). Cancer Lett 2011; 300:173-179.

Kamsa-Ard S, Wiangnon S, Suwanrungruang K, Promthet S, Khuntikeo N, Mahaweerawat S.
Trends in Liver Cancer Incidence between 1985 and 2009, Khon Kaen, Thailand:
Cholangiocarcinoma. Asian Pac J Cancer Prev 2011; 12:2209-2213.

Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B virus genotypes and spontaneous hepatitis B e
antigen seroconversion in Taiwanese hepatitis B carriers. J Med Virol 72:363-369.

Kato I, Vivas J, Plummer M, Lopez G, Peraza S, Castro D, et al. Environmental factors in
Helicobacter pylori-related gastric precancerous lesions in Venezuela. Cancer Epidemiol
Biomarkers Prev 2004; 13:468-476.

Kato S, Tsukamoto T, Mizoshita T, Tanaka H, Kumagai T, Ota H, et al. High salt diets dose-
dependently promote gastric chemical carcinogenesis in Helicobacter pylori-infected
Mongolian gerbils associated with a shift in mucin production from glandular to surface
mucous cells. Int J Cancer 2006; 119:1558-1566.



80 H. Tanaka

Keiser J, Utzinger J. Emerging foodborne trematodiasis. Emerg Infect Dis 2005; 11:1507-1514.

Kneller RW, You WC, Chang YS, Liu WD, Zhang L, Zhao L, et al. Cigarette smoking and other
risk factors for progression of precancerous stomach lesions. J Natl Cancer Inst 1992;
84:1261-1266.

Ko TM, Lin KH, Ho MM, Hwang MF, Hwang KC, Hsieh FJ, et al. Perinatal transmission of hepa-
titis B virus in the Taoyuan area. Taiwan Yi Xue Hui Za Zhi 1986; 85:341-351.

Koyama T, Matsuda I, Sato S, Yoshizawa H. Prevention of perinatal hepatitis B virus transmission
by combined passive-active immunoprophylaxis in Iwate, Japan (1981-1992) and epidemio-
logical evidence for its efficacy. Hepatol Res 2003; 26:287-292.

Kurbanov F, Tanaka Y, Mizokami M. Geographical and genetic diversity of the human hepatitis B
virus. Hepatol Res 2010; 40:14-30.

Larsson SC, Wolk A. Coffee consumption and risk of liver cancer: a meta-analysis. Gastroenterology
2007; 132:1740-1745.

Leung WK, Lin SR, Ching JY, To KF, Ng EK, Chan FK, et al. Factors predicting progression of
gastric intestinal metaplasia: results of a randomised trial on Helicobacter pylori eradication.
Gut 2004; 53:1244-1249.

Liu J, Yang HI, Lee MH, Lu SN, Jen CL, Wang LY, et al. Incidence and determinants of spontane-
ous hepatitis B surface antigen seroclearance: a community-based follow-up study.
Gastroenterology 2010; 139:474-482.

Lo KJ, Tsai YT, Lee SD, Wu TC, Wang JY, Chen GH, et al. Immunoprophylaxis of infection with
hepatitis B virus in infants born to hepatitis B surface antigen-positive carrier mothers. J Infect
Dis 1985; 152:817-822.

Lo KJ, Tsai YT, Lee SD, Yeh CL, Wang JY, Chiang BN, et al. Combined passive and active immu-
nization for interruption of perinatal transmission of hepatitis B virus in Taiwan.
Hepatogastroenterology 1985; 32:65-68.

Lu JJ, Cheng CC, Chou SM, Hor CB, Yang YC, Wang HL. Hepatitis B immunity in adolescents
and necessity for boost vaccination: 23 years after nationwide hepatitis B virus vaccination
program in Taiwan. Vaccine 2009; 27:6613-6618.

Madden A, Cavalieri W. Hepatitis C prevention and true harm reduction. Int J Drug Policy 2007;
18:335-337.

Mangia A, Ricci GL, Persico M, Minerva N, Carretta V, Bacca D, et al. A randomized controlled
trial of pegylated interferon alpha-2a (40 KD) or interferon alpha-2a plus ribavirin and aman-
tadine vs interferon alpha-2a and ribavirin in treatment-naive patients with chronic hepatitis C.
J Viral Hepat 2005; 12:292-299.

Matsuura K, Tanaka Y, Hige S, Yamada G, Murawaki Y, Komatsu M, et al. Distribution of hepatitis
B virus genotypes among patients with chronic infection in Japan shifting toward an increase
of genotype A. J Clin Microbiol 2009; 47:1476-1483.

Mbarek H, Ochi H, Urabe Y, Kumar V, Kubo M, Hosono N, et al. A genome-wide association
study of chronic hepatitis B identified novel risk locus in a Japanese population. Hum Mol
Genet 2011; 20:3884-3892.

Mcmahon BJ. The influence of hepatitis B virus genotype and subgenotype on the natural history
of chronic hepatitis B. Hepatol Int 2009; 3:334-342.

Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T, Ishibashi K, et al. The core protein of
hepatitis C virus induces hepatocellular carcinoma in transgenic mice. Nat Med 1998;
4:1065-1067.

Mostata MH, Sheweita SA, O’Connor PJ. Relationship between schistosomiasis and bladder can-
cer. Clin Microbiol Rev 1999; 12:97-111.

Murphy EL, Hanchard B, Figueroa JP, Gibbs WN, Lofters WS, Campbell M, et al. Modelling the
risk of adult T-cell leukemia/lymphoma in persons infected with human T-lymphotropic virus
type L. Int J Cancer 1989; 43:250-253.

Nakamura M, Haruma K, Kamada T, Mihara M, Yoshihara M, Sumioka M, et al. Cigarette smok-
ing promotes atrophic gastritis in Helicobacter pylori-positive subjects. Dig Dis Sci 2002;
47:675-681.



5 Prevention of Cancers Due to Infection 81

Nakao M, Matsuo K, Ito H, Shitara K, Hosono S, Watanabe M, et al. ABO genotype and the risk
of gastric cancer, atrophic gastritis, and Helicobacter pylori infection. Cancer Epidemiol
Biomarkers Prev 2011; 20:1665-1672.

Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D, Horyniak D, et al. (2011) Global
epidemiology of hepatitis B and hepatitis C in people who inject drugs: results of systematic
reviews. Lancet 378:571-583.

Ng KP, Saw TL, Baki A, Rozainah K, Pang KW, Ramanathan M. Impact of the Expanded Program
of Immunization against hepatitis B infection in school children in Malaysia. Med Microbiol
Immunol 2005; 194:163-168.

Ni YH, Chang MH, Huang LM, Chen HL, Hsu HY, Chiu TY, et al. Hepatitis B virus infection in
children and adolescents in a hyperendemic area: 15 years after mass hepatitis B vaccination.
Ann Intern Med 2001; 135:796-800.

Ohki T, Tateishi R, Sato T, Masuzaki R, Imamura J, Goto T, et al. Obesity is an independent risk
factor for hepatocellular carcinoma development in chronic hepatitis C patients. Clin
Gastroenterol Hepatol 2008; 6:459-464.

Ohkusa T, Fujiki K, Takashimizu I, Kumagai J, Tanizawa T, Eishi Y, et al. Improvement in atrophic
gastritis and intestinal metaplasia in patients in whom Helicobacter pylori was eradicated. Ann
Intern Med 2001; 134:380-386.

Ohto H, Terazawa S, Sasaki N, Hino K, Ishiwata C, Kako M, et al. Transmission of hepatitis C
virus from mothers to infants. The Vertical Transmission of Hepatitis C Virus Collaborative
Study Group. N Engl J Med 1994; 330:744-750.

Orito E, Ichida T, Sakugawa H, Sata M, Horiike N, Hino K, et al. Geographic distribution of hepa-
titis B virus (HBV) genotype in patients with chronic HBV infection in Japan. Hepatology
2001; 34:590-594.

Osella AR, Misciagna G, Guerra VM, Chiloiro M, Cuppone R, Cavallini A, et al. Hepatitis C virus
(HCV) infection and liver-related mortality: a population-based cohort study in southern Italy.
The Association for the Study of Liver Disease in Puglia. Int J Epidemiol 2000; 29:922-927.

Parkin DM. The global health burden of infection-associated cancers in the year 2002. Int J Cancer
2006; 118:3030-3044.

Plummer M, Van Doorn LJ, Franceschi S, Kleter B, Canzian F, Vivas J, et al. Helicobacter pylori
cytotoxin-associated genotype and gastric precancerous lesions. J Natl Cancer Inst 2007;
99:1328-1334.

Queiroz DM, Carneiro JG, Braga-Neto MB, Fialho AB, Fialho AM, Goncalves MH, et al. Natural
History of Helicobacter pylori infection in childhood: eight-year follow-up cohort study in an
urban community in northeast of Brazil. Helicobacter 2012; 17:23-29.

Robertson B, Myers G, Howard C, Brettin T, Bukh J, Gaschen B, et al. Classification, nomencla-
ture, and database development for hepatitis C virus (HCV) and related viruses: proposals for
standardization. International Committee on Virus Taxonomy. Arch Virol 1998;
143:2493-2503.

Sasaki F, Tanaka J, Moriya T, Katayama K, Hiraoka M, Ohishi K, et al. Very low incidence rates
of community-acquired hepatitis C virus infection in company employees, long-term inpa-
tients, and blood donors in Japan. J Epidemiol 1996; 6:198-203.

Sheen IS, Liaw YF, Chu CM, Pao CC. Role of hepatitis C virus infection in spontaneous hepatitis
B surface antigen clearance during chronic hepatitis B virus infection. J Infect Dis 1992;
165:831-834.

Shiels MS, Pfeiffer RM, Gail MH, Hall HI, Li J, Chaturvedi AK, et al. Cancer burden in the HI'V-
infected population in the United States. J Natl Cancer Inst 2011; 103:753-62.

Simmonds P, Holmes EC, Cha TA, Chan SW, Mcomish F, Irvine B, et al. Classification of hepatitis
C virus into six major genotypes and a series of subtypes by phylogenetic analysis of the NS-5
region. J Gen Virol 1993; 74 ( Pt 11):2391-2399.

Songserm N, Promthet S, Sithithaworn P, Pientong C, Ekalaksananan T, Chopyjitt P, et al. Risk fac-
tors for cholangiocarcinoma in high-risk area of Thailand: Role of lifestyle, diet and methyle-
netetrahydrofolate reductase polymorphisms. Cancer Epidemiol 2012; 36:¢89-94.



82 H. Tanaka

Sumi H, Yokosuka O, Seki N, Arai M, Imazeki F, Kurihara T, et al. Influence of hepatitis B virus
genotypes on the progression of chronic type B liver disease. Hepatology 2003; 37:19-26.
Sun CA, Wu DM, Lin CC, Lu SN, You SL, Wang LY, et al. Incidence and cofactors of hepatitis C
virus-related hepatocellular carcinoma: a prospective study of 12,008 men in Taiwan. Am J

Epidemiol 2003; 157:674—682.

Sung JJ, Lin SR, Ching JY, Zhou LY, To KF, Wang RT, et al. Atrophy and intestinal metaplasia one
year after cure of H. pylori infection: a prospective, randomized study. Gastroenterology 2000;
119:7-14.

Suzuki Y, Kobayashi M, Ikeda K, Suzuki F, Arfase Y, Akuta N, et al. Persistence of acute infection
with hepatitis B virus genotype A and treatment in Japan. J Med Virol 2005; 76:33-39.

Tajima K, Hinuma Y. Epidemiology of HTLV-1/ 11 in Japan and the world. Gann Monograph on
Cancer Reserch 1992; 39:129-149.

Tajima K, Kuroishi T. Estimation of rate of incidence of ATL among ATLV (HTLV-I) carriers in
Kyushu, Japan. Jpn J Clin Oncol 1985; 15:423-430.

Tajima K, Takezaki T. Human T Cell Leukaemia Virus Type L. In: Newton R, Beral V, Weiss RA
(eds) Infections and Human Cancer, Cancer Surveys. 1999. NewYork, 33: 191-211.

Tajiri H, Tanaka H, Brooks S, Takano T. Reduction of hepatocellular carcinoma in childhood after
introduction of selective vaccination against hepatitis B virus for infants born to HBV carrier
mothers. Cancer Causes Control 2011; 22:523-527.

Takezaki T, Tajima K, Ito M, Ito S, Kinoshita K, Tachibana K, et al. Short-term breast-feeding may
reduce the risk of vertical transmission of HTLV-I. The Tsushima ATL Study Group. Leukemia
1997; 11 Suppl 3:60-62.

Tanaka H, Hiyama T, Tsukuma H, Okubo Y, Yamano H, Kitada A, et al. Prevalence of second
generation antibody to hepatitis C virus among voluntary blood donors in Osaka, Japan. Cancer
Causes Control 1994; 5:409-413.

Tanaka H, Tsukuma H, Hori Y, Nakade T, Yamano H, Kinoshita N, et al. The risk of hepatitis C
virus infection among blood donors in Osaka, Japan. J Epidemiol 1998; 8:292-296.

Tanaka H, Tsukuma H, Yamano H, Oshima A, Shibata H. Prospective study on the risk of hepato-
cellular carcinoma among hepatitis C virus-positive blood donors focusing on demographic
factors, alanine aminotransferase level at donation and interaction with hepatitis B virus. Int J
Cancer 2004; 112:1075-1080.

Tanaka Y, Kurbanov F, Mano S, Orito E, Vargas V, Esteban J1, et al. Molecular tracing of the global
hepatitis C virus epidemic predicts regional patterns of hepatocellular carcinoma mortality.
Gastroenterology 2006a; 130:703-714.

Tanaka K, Tsuji I, Wakai K, Nagata C, Mizoue T, Inoue M, et al. Cigarette smoking and liver can-
cer risk: an evaluation based on a systematic review of epidemiologic evidence among Japanese.
Jpn J Clin Oncol 2006b; 36:445-456.

Tanaka K, Tsuji I, Wakai K, Nagata C, Mizoue T, Inoue M, et al. Alcohol drinking and liver cancer
risk: an evaluation based on a systematic review of epidemiologic evidence among the Japanese
population. Jpn J Clin Oncol 2008a; 38:816-838.

Tanaka H, Imai Y, Hiramatsu N, Ito Y, Imanaka K, Oshita M, et al. Declining incidence of hepato-
cellular carcinoma in Osaka, Japan, from 1990 to 2003. Ann Intern Med 2008b; 148:820-826.

Tanaka M, Ma E, Tanaka H, Ioka A, Nakahara T, Takahashi H. Trends of stomach cancer mortality
in Eastern Asia in 1950-2004: comparative study of Japan, Hong Kong and Singapore using
age, period and cohort analysis. Int J Cancer 2012; 130:930-936.

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Sakamoto N, et al. Genome-wide
association of IL28B with response to pegylated interferon-alpha and ribavirin therapy for
chronic hepatitis C. Nat Genet 2009; 41:1105-1109.

Thomas DL. Hepatitis C and human immunodeficiency virus infection. Hepatology 2002; 36(Suppl
1):S201-209.

Toyoda K, Furusyo N, Ihara T, Ikezaki H, Urita Y, Hayashi J (2012). Serum pepsinogen and
Helicobacter pylori infection-a Japanese population study. Eur J Clin Microbiol Infect Dis
2012; DOI 10.1007/s10096-011-1543-0.



5 Prevention of Cancers Due to Infection 83

Tsai YT, Lo KJ, Lee SD. Immunoprophylaxis against hepatitis B virus infection: a controlled trail
in infants born to HBeAg-negative HBsAg carrier mothers in Taiwan. Chin J Gastroenterol
1984; 1:181-185.

Tsukuma H, Hiyama T, Tanaka S, Nakao M, Yabuuchi T, Kitamura T, et al. Risk factors for hepa-
tocellular carcinoma among patients with chronic liver disease. N Engl J Med 1993;
328:1797-1801.

Ueno Y, Sollano JD, Farrell GC. Prevention of hepatocellular carcinoma complicating chronic
hepatitis C. J Gastroenterol Hepatol 2009; 24:531-536.

Wang XQ, Terry PD, Yan H. Review of salt consumption and stomach cancer risk: epidemiological
and biological evidence. World J Gastroenterol 2009; 15:2204-2213.

Watanabe H, Yamaguchi N, Kuwayama H, Sekine C, Uemura N, Kaise M, et al. Improvement in
gastric histology following Helicobacter pylori eradication therapy in Japanese peptic ulcer
patients. J Int Med Res 2003; 31:362-369.

West DJ, Calandra GB. Vaccine induced immunologic memory for hepatitis B surface antigen:
implications for policy on booster vaccination. Vaccine 1996; 14:1019-1027.

Weyermann M, Rothenbacher D, Brenner H. Acquisition of Helicobacter pylori infection in early
childhood: independent contributions of infected mothers, fathers, and siblings. Am J
Gastroenterol 2009; 104:182-189.

Whittle HC, Maine N, Pilkington J, Mendy M, Fortuin M, Bunn J, et al. Long-term efficacy of
continuing hepatitis B vaccination in infancy in two Gambian villages. Lancet 1995;
345:1089-1092.

Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, et al. Associations between hepatitis B virus
genotype and mutants and the risk of hepatocellular carcinoma. J Natl Cancer Inst 2008;
100:1134-1143.

Yang R, Gui X, Xiong Y, Gao S, Zhang Y, Deng L, et al. Risk of liver-associated morbidity and
mortality in a cohort of HIV and HBV coinfected Han Chinese. Infection 2011; 39:427—431.

You WC, Zhang L, Gail MH, Chang YS, Liu WD, Ma JL, et al. Gastric dysplasia and gastric can-
cer: Helicobacter pylori, serum vitamin C, and other risk factors. J Natl Cancer Inst 2000;
92:1607-1612.

Young LS, Rickinson AB. Epstein-Barr virus: 40 years on. Nat Rev Cancer 2004; 4:757-768.

Yuen MF, Fung SK, Tanaka Y, Kato T, Mizokami M, Yuen JC, et al. Longitudinal study of hepatitis
activity and viral replication before and after HBeAg seroconversion in chronic hepatitis B
patients infected with genotypes B and C. J Clin Microbiol 2004; 42:5036-5040.

Yuen MF, Tanaka Y, Fong DY, Fung J, Wong DK, Yuen JC, et al. Independent risk factors and
predictive score for the development of hepatocellular carcinoma in chronic hepatitis B.
J Hepatol 2009; 50:80-88.

Zanetti AR, Mariano A, Romano L, D’amelio R, Chironna M, Coppola RC, et al. Long-term
immunogenicity of hepatitis B vaccination and policy for booster: an Italian multicentre study.
Lancet 2005; 366:1379-1384.

Zhang H, Zhai Y, Hu Z, Wu C, Qian J, Jia W, et al. Genome-wide association study identifies
1p36.22 as a new susceptibility locus for hepatocellular carcinoma in chronic hepatitis B virus
carriers. Nat Genet 2010; 42:755-758.



Chapter 6
Applying Physical Activity in Cancer Prevention

Christine M. Friedenreich, Brigid M. Lynch, and Annie Langley

6.1 Introduction

Over the past two decades, epidemiological research has generated compelling data
describing the benefits of physical activity in relation to cancer risk. The evidence
has been systematically reviewed by national (Physical Activity Guidelines Advisory
Committee 2008) and international agencies (World Cancer Research Fund and the
American Institute for Cancer Research 2007), and there is broad agreement that
physical activity is associated with a reduced risk of colon, breast, and endometrial
and possibly other cancer sites. Despite progress in understanding the cancer-
protective effects of physical activity, uncertainty still exists regarding the type,
timing, and amount of physical activity required for significant benefit. In this
chapter, we provide an overview of the existing epidemiological evidence relating
physical activity to cancer risk.

A related area of research that has received minimal attention to date is the effect
of sedentary behavior on cancer risk. Sedentary behaviors involve prolonged sitting
or reclining, the absence of whole-body movement, and low (<1.5 metabolic equiva-
lents) energy expenditure. Emerging epidemiological evidence suggests that seden-
tary behavior may increase the risk of colorectal, endometrial, and ovarian cancer,
although only five cancer sites have thus far been studied (results for breast and renal
cell carcinoma have been null) (Lynch 2010). Here we update this review of the
epidemiological literature on associations of sedentary behavior with cancer risk.

An emerging literature is now examining the biologic mechanisms whereby
physical activity influences cancer risk. Observational and randomized intervention
trials are examining how adiposity, endogenous sex hormones, inflammation, and
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insulin resistance might explain the effect of physical activity and sedentary behavior
on cancer risk. We provide an overview of the main findings on these mechanisms.

Finally, we highlight some of the public health implications of using physical
activity as a means for cancer prevention by providing an overview of the current
physical activity guidelines, the prevalence of physical inactivity, and the approaches
that have been used to promote physical activity at a population level.

6.2 Epidemiological Evidence: Physical Activity and Cancer

6.2.1 Colon Cancer

The strongest evidence for an effect of physical activity on cancer prevention exists
for colon cancer. To date, 85 separate studies have been published that have exam-
ined some aspect of physical activity and colon or colorectal cancer risk (Wolin and
Tuchman 2011). Of these studies, 34 found a statistically significant reduced risk
when comparing the most to the least active study participants, 38 studies observed
a nonstatistically significant risk reduction, and 14 showed no effect of physical
activity on colon cancer risk. The magnitude of the risk decrease ranges from 30%
to 35%, and there is evidence of a linear dose-response with increasing physical
activity and decreasing risk in 41 of 47 studies. The risk reduction is somewhat
stronger in case—control studies than in cohort studies (Figs. 6.1 and 6.2). The effect
of physical activity on colon cancer risk is seen equally in men and women, in
different racial/ethnic groups, for all types of activity, and for activity done at differ-
ent time points in life and at different intensities.

6.2.2 Breast Cancer

Nearly equally strong evidence for a role of physical activity exists for breast cancer
as was found for colon cancer with 86 independent studies reported to date (Lynch
et al. 2011a). A statistically significant reduced risk of breast cancer was observed
in 36 studies and a nonstatistically significant reduction in 28 studies.

Only three studies found a slight, nonstatistically significant increased risk
with increased physical activity levels, and 19 found no effect of activity on
risk. The magnitude of the risk reduction was approximately 25% with a stron-
ger association found in case—control than in cohort studies (Figs. 6.3 and 6.4).
Breast cancer risk is decreased most with recreational and household activities
and activity after the menopause. Both moderate- and vigorous-intensity activi-
ties contribute nearly equally to the risk reduction. Some effect modification by
other factors has been investigated with a stronger association found in non-
Caucasian populations, parous women, non-obese women, and those without a
family history of breast cancer.
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Fig. 6.1 Cohort studies of physical activity and colon cancer risk

6.2.3 Endometrial Cancer

Of the 28 studies on physical activity and endometrial cancer, half found a statistically
significant risk reduction with increased activity levels and 9 of 28 a nonstatistically
significant risk decrease (Cust 2011). The association is quite strong ranging from
an average 38% decrease in case—control studies to a 25% decrease in cohort
studies (Fig. 6.5). There is evidence for a dose-response association in 12 of 19
studies that examined this trend. There is no clear effect modification for this
relationship by other factors. All types of activity, done at a moderate—vigorous
intensity level, throughout lifetime, appear to be beneficial for reducing endome-
trial cancer risk.
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Fig. 6.2 Case—control studies of physical activity and colon cancer risk

6.2.4 Ovarian Cancer

In contrast to endometrial cancer, the epidemiological evidence for an association
between physical activity and ovarian cancer is much weaker. Of the 23 studies
published to date, only eight observed statistically significant risk reductions for
ovarian cancer with higher levels of physical activity, four found nonstatistically
significant decreases, eight showed no association, and three observed increased
risks (Cust 2011). The risk reductions were, on average, less than 10%, and there
was evidence for a dose—response effect in only nine of 11 studies (Fig. 6.6). There
is only limited evidence thus far on any subgroup effects, and there is no clarity on
whether any specific type, timing, or dose of activity is more beneficial for ovarian
cancer risk reduction.
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Fig. 6.3 Cohort studies of physical activity and breast cancer risk

6.2.5 Prostate Cancer

In total, 56 separate studies have been conducted on physical activity and prostate
cancer risk (Figs. 6.7 and 6.8), of which 16 have found statistically significant risk
reductions with increased activity levels, 10 nonstatistically significant decreases,
25 no effect, and five studies have detected an increased risk that was statistically
significant in three studies (Leitzmann 2011). The magnitude of the risk decrease is
on average about 10%. There are specific methodological challenges in studies of
prostate cancer given the high prevalence of undetected prostate cancer in many
men who would have served as controls in many of the case—control studies. Hence,
there may have been some nondifferential misclassification bias that obstructed the
ability to detect an association in these studies.
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There is not yet any clear evidence on the type, timing, and dose of activity
needed to reduce prostate cancer risk nor is there any consistent evidence regarding

associations specific to population subgroups.

6.2.6 Lung Cancer

Relatively few studies have been conducted on physical activity and lung cancer
with 27 reported to date (Emaus and Thune 2011). Nearly half of the studies (13/27)
showed a statistically significant risk reduction and six observed nonstatistically
significant risk decreases among the most physically active men and women when
compared to the least active. The magnitude of the risk reduction was about 25%
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and was observed equally in cohort and case—control studies (Figs. 6.9 and 6.10).
A particular methodological issue in these studies is the ability to control for the
possible confounding effect of smoking. Several of the studies examined the asso-
ciation separately for smokers and nonsmokers and found a stronger effect for cur-
rent and former smokers compared to never smokers. Risk reductions appear to be
of equal magnitude for different types of activity and for activity done at different
time points in life or at different doses. There is no evidence yet of any specific

effect modification within population subgroups.

6.2.7 Other Sites

For other cancer sites, such as the hematologic cancers (Pan and Morrison 2011),
kidney, testicular, bladder cancers (Leitzmann 2011), and cervical cancers (Cust 2011),



92 C.M. Friedenreich et al.

Prospective cohont
Schnohr et al, 2005 o e—
Hannan et al, 2005 —
Biesma et al, 2006 it
Patel et al, 2006 e
Bertone et al, 2001 N -

Lahmann et al, 2009

——
Anderson et al, 2004 [——
Chionh et al, 2010 —_——

Population-based case-control
Riman et al, 2004
Camide et 3l, 2009
Cottreau et al, 2000
Pan et al, 2005
Oisen et al, 2007
Moorman et al, 2011
Rossing et al, 2010
Bertone et al, 2002
Zheng et al, 1993 b

Libpptts

Hospital-based case-control
Dosemeci et al, 1993
Zhang et 3l, 2003
Tavani et 3l, 2001

L 4

i

T T T T T T T T T

0.001 0.01 0125 051 2 4 10

Fig. 6.6 Epidemiological studies of physical activity and ovarian cancer risk
there have been only a few studies published to date, and the data are insufficient to
draw any conclusions at this time regarding the strength, dose-response, and con-

sistency of the association between physical activity and risk of these other
cancers.

6.3 Epidemiological Evidence: Sedentary Behavior and Cancer

6.3.1 Colorectal Cancer

Two studies have considered how sedentary behavior affects colorectal cancer
risk (Howard et al. 2008; Steindorf et al. 2000). The National Institutes of
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Fig. 6.7 Cohort studies of physical activity and prostate cancer risk

Health-American Association of Retired Persons (NIH-AARP) Diet and Health
Study examined the associations of television viewing time and total sitting time
with colorectal cancer risk in 300,673 men and women. Colorectal cancer risk
increased significantly by more than 50% for men with longer television viewing
times (29 vs. <3 h/day; RR=1.56, 95% CI: 1.11, 2.20); for women, the risk was
somewhat lower and of borderline significance (RR=1.45, 95% CI: 0.99-2.13).
About a 20% nonstatistically significant increased risk for longer total sitting
time (=9 vs. <3 h/day) was observed for both men and women (Howard et al.
2008). In a small case—control study of Polish women, Steindorf et al. (2000)
found a statistically significant increased risk of colorectal cancer between the
top and bottom tertiles (2 vs. <1.14 h/day) of television viewing (OR=2.22,
95% CI: 1.19-4.17).
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Fig. 6.8 Case—control studies of physical activity and prostate cancer risk

6.3.2 Endometrial Cancer

To date, three cohort studies (Friberg et al. 2006; Moore et al. 2010; Patel et al. 2008)
and two case—control studies (Friedenreich et al. 2010a; Arem et al. 2011) have
examined the association between sedentary behavior and endometrial cancer risk.
Statistically significant increased risks were found in one cohort study (for >5 vs.
<5 h/day television viewing RR=1.66, 95% CI: 1.05-2.61) (Friberg et al. 2006) and
in both case—control studies: OR=1.52 (95% CI: 1.07-2.16) for >8 versus <4 h/day
total sitting time (Arem et al. 2011) and OR=1.11 (95% CI: 1.01-1.22) for every
5 h/week/year of lifetime occupational sitting (Friedenreich et al. 2010a). A border-
line increased risk was shown in the NIH-AARP study: RR=1.23 (95% CI: 0.96—
1.57) for >7 versus <3 h/day total sitting time (Moore et al. 2010). A slightly increased
nonsignificant risk was found in the Cancer Prevention Study II (CPS II) Nutrition
Cohort for >6 versus <3 h/day total sitting time (Patel et al. 2008).
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Fig. 6.9 Cohort studies of physical activity and lung cancer risk

6.3.3 Ovarian Cancer

Two studies have examined the role of sedentary behavior in ovarian cancer risk;
both found a statistically significant association. Total sitting time (=6 vs.<3 h/day)
was associated with an RR of 1.55 (95% CI: 1.08-2.22) among women in the CPS
II Nutrition Cohort (Patel et al. 2006). In a Chinese case—control study, television
viewing time (>4 vs. <2 h/day) was significantly associated with ovarian cancer risk
(OR=3.39,95% CI: 1.0-11.5), as was total sitting time (>10 vs. <4 h/day, OR=1.77,
95% CI: 1.0-3.1) and occupational sitting time (>6 vs. <2 h/day, OR=1.96, 95%
CI: 1.2-3.2) (Zhang et al. 2003).
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Fig. 6.10 Case—control studies of physical activity and lung cancer risk

6.3.4 Other Sites

Neither television viewing nor overall sitting time was associated with breast cancer
(George et al. 2010) or with renal cell carcinoma (George et al. 2011) in the NIH-AARP
Diet and Health study. Similarly, no association between television viewing and breast
cancer was found in a case—control study of Indian women (Mathew et al. 2009).

6.4 Proposed Biologic Mechanisms

A number of biologic pathways relating physical activity and sedentary behavior to
the development and progression of cancer have been proposed (McTiernan 2008;
Friedenreich 2010; Lynch 2010) (Fig. 6.11). It is likely that these mechanisms are
interrelated and that their relative contributions vary by cancer type. To become
firmly established in a causal pathway, each proposed mechanism must relate
significantly both to cancer risk and to physical activity/sedentary behavior.

6.4.1 Adiposity

Adiposity may facilitate carcinogenesis directly or through a number of pathways
including increased levels of sex and metabolic hormones, chronic inflammation,
and altered secretion of adipokines (Neilson et al. 2009; van Kruijsdijk et al. 2009).
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Fig. 6.11 Hypothesized biologic model relating proposed biomarkers of cancer risk to long-term
physical activity and sedentary behavior

There is convincing evidence that adiposity increases colon, postmenopausal breast,
endometrial, kidney, and esophageal cancer risk and cancer-related mortality
(Reeves et al. 2007; Renehan et al. 2008).

There is now evidence from three randomized controlled exercise intervention trials
that physical activity reduces adiposity, all of which found statistically significant
reductions in adiposity levels with increased aerobic exercise as well as a dose-response
effect on all body fat measures with increasing adherence to the exercise intervention
(Irwin et al. 2003; Friedenreich et al. 2010c; Monninkhof et al. 2009).

Time in sedentary behavior generally displaces time spent in light-intensity physi-
cal activity (Owen et al. 2010); such a shift reduces overall cumulative daily energy
expenditure. Sedentary behavior and adiposity are consistently associated in cross-
sectional studies; however, results from cohort studies are mixed (Lynch 2010).

6.4.2 Sex Hormones

Exposure to biologically available sex hormones is a risk factor for hormone-related
cancers, particularly breast, endometrial, and prostate cancers (McTiernan 2008;
Friedenreich 2010). Sex hormone-binding globulin (SHBG) may also affect cancer risk
by binding to sex hormones, rendering them biologically inactive (Neilson et al. 2009).
Both physical activity and sedentary behavior may be associated with endogenous sex
hormones via adiposity. In postmenopausal women, the main source of circulating estro-
gen is from conversion of androgens within adipose tissue (Kendall et al. 2007); hence,
adiposity directly influences levels of total and bioavailable estrogen (Kaaks et al. 2002).
Visceral adipose tissue is also important in the production of adipokines, which influence
estrogen (Pou et al. 2007) and androgen biosynthesis (Bottner et al. 2004).

There is evidence from randomized intervention trials that exercise can reduce the
level of estradiol and increase SHBG but limited evidence for an effect on estrone,
testosterone, and androstenedione (McTiernan et al. 2004; McTiernan et al. 2006;
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Monninkhof et al. 2009; Tworoger et al. 2007; Friedenreich et al. 2010b; Chubak
et al. 2004).

Only one study has considered whether or not sedentary behavior directly affects
sex hormone levels. A cross-sectional study of 565 postmenopausal women exam-
ined associations of sitting time with various estrogens, androgens, and SHBG and
found no statistically significant associations (Tworoger et al. 2007).

6.4.3 Insulin Resistance

Associations between insulin levels and colorectal, postmenopausal breast, pancre-
atic, and endometrial cancers have been demonstrated in epidemiological studies,
while fasting glucose levels have been directly associated with pancreatic, kidney,
liver, endometrial, biliary, and urinary tract cancers (Becker et al. 2009). Neoplastic
cells use glucose for proliferation; therefore, hyperglycemia may promote carcino-
genesis by providing an amiable environment for tumor growth (Xue and Michels
2007). High insulin levels increase bioavailable insulin-like growth factor-1 (IGF),
which is involved in cell differentiation, proliferation, and apoptosis (Nandeesha
2009). Decreasing blood insulin levels also results in increased hepatic synthesis of
SHBG; hence, insulin indirectly increases bioavailability of endogenous sex hormones
(Kaaks 2001; Xue and Michels 2007).

Exercise intervention trials have found that insulin, glucose, and insulin resis-
tance as assessed by the HOMA score are all reduced with aerobic exercise
(Friedenreich et al. 201 1a; Mason et al. 2011). No effect has been found for exercise
on any of the IGF family of proteins (Friedenreich et al. 2011a; Irwin et al. 2005;
McTiernan et al. 2005).

Sedentary behavior could plausibly affect metabolic function via increased adi-
posity and decreased skeletal muscle mass. The sustained periods of muscular inac-
tivity that occur during sedentary behavior may reduce glucose uptake (Hamilton
et al. 2007; Tremblay et al. 2010). Although cross-sectional studies mostly demon-
strate significant associations between sedentary behavior and biomarkers of meta-
bolic dysfunction, no clear evidence of an association has emerged from the limited
prospective research to date (Thorp et al. 2011; Proper et al. 2011).

6.4.4 Adipokines and Inflammation

Chronic inflammation is acknowledged as a risk factor for most types of cancer
(McTiernan 2008; Neilson et al. 2009). Inflammation may induce cell proliferation,
microenvironmental changes, and oxidative stress, which in turn could deregulate
normal cell growth and promote progression and malignant conversion (Coussens
and Werb 2002). Obesity is considered a low-grade, systemic inflammatory state
(Lee et al. 2007). Adipose tissue is a complex metabolic and endocrine organ that
secretes multiple biologically active polypeptides known collectively as adipokines
(Kershaw and Flier 2004; Antuna-Puente et al. 2008), including leptin, adiponectin,
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tumor necrosis factor-o. (TNF-a.), and interleukin-6 (IL-6). C-reactive protein (CRP)
is an acute phase protein produced in the liver in response to TNF-o. and IL-6 levels;
each of these factors is a biomarker of inflammation.

The release of adipokines may play a central role in the development of insulin resis-
tance (Antuna-Puente et al. 2008), and elevated levels of adipokines might also increase
cancer risk by affecting estrogen biosynthesis and activity (Pou et al. 2007).

Exercise intervention trials have demonstrated a direct effect of exercise on CRP
but no effect on TNF-a or IL-6 levels (Friedenreich et al. 2011b; Tworoger et al.
2007; Irwin et al. 2009; Campbell et al. 2009). Likewise, no direct effect on adi-
ponectin was observed; however, the ratio of leptin/adiponectin was associated with
increasing exercise levels (Friedenreich et al. 2011a).

There have been few epidemiological studies linking sedentary behavior with
biomarkers of inflammation. One prospective study found a significant, positive
association between average television time (four assessments over 6 years) and
leptin but no association with CRP (Fung et al. 2000). In contrast, data from the
National Health and Nutrition Examination Survey has demonstrated statistically
significant, cross-sectional associations between accelerometer-assessed sedentary
time and CRP in postmenopausal women (Lynch et al. 2011b) and in the broader
adult population (Healy et al. 2011).

6.5 Public Health Implications

Despite compelling evidence for the health benefits of physical activity, including a
reduced risk of several cancers, many individuals do not meet recommended activ-
ity levels. Several key areas need to be addressed to translate scientific knowledge
on the health benefits of physical activity that include education of the public on
these benefits through evidence-based guidelines, increased health promotion activ-
ities, coordinated efforts at different jurisdictional levels, public engagement, part-
nerships between governmental and nongovernmental organizations, changes in
fiscal policies, and urban and rural planning (Global Advocacy for Physical Activity
(GAPA) 2010).

6.5.1 Physical Activity Guidelines

Global recommendations for physical activity for health issued by the World Health
Organization (WHO) currently recommend that adults 18-64 years of age engage in
at least (1) 150 min of moderate intensity aerobic physical activity, or (2) 75 min of
vigorous intensity aerobic physical activity, or (3) an equivalent combination of mod-
erate and vigorous intensity activity, in intervals of 10 min or greater over the course
of a week. Additional moderate—vigorous aerobic activity (of up to 300 min for mod-
erate, 150 min for vigorous, or an equivalent combination of moderate and vigorous
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activities) and muscle strengthening on two or more occasions may be performed
over the week for additional health benefits (World Health Organization 2010).

Through endorsements from the WHO, national physical activity guidelines have
become available in many countries (World Health Organization 2008; United Nations
General Assembly 2011). National guidelines in Canada (Canadian Society for Exercise
Physiology 2011) and the United States (U.S. Department of Health and Human
Services 2008) are similar but differ from available cancer prevention-specific guide-
lines from the American Cancer Society that recommends at least 30 min of moderate—
vigorous activity on at least 5 days/week for adults (Kushi et al. 2006) and the World
Cancer Research Fund/American Institute for Research on Cancer that recommends
that adults be “physically active everyday in any way for at least 30 min” (World
Cancer Research Fund and the American Institute for Cancer Research 2007).

Despite widespread and long-standing guidelines, the majority of Canadians
(Bryan and Katzmarzyk 2009; Colley et al. 2011) and Americans (Troiano et al.
2008) do not meet recommended activity levels. It is estimated that if recom-
mended all Canadians followed activity guidelines, up to 20% of colon cancer
deaths and 14% of breast cancer deaths in Canada could be prevented (Warburton
et al. 2007).

6.5.2 Population-Based Strategies to Increase Physical
Activity Levels

Physical activity guidelines are not produced under the intention of directly eliciting
behavior change, but rather offer evidence-based targets that if adhered to are asso-
ciated with reduced risks of disease. To encourage uptake and adherence, physical
activity guidelines must be supplemented with effective public health messaging
and, where possible, population-based physical activity programs or interventions.
Effective public health messaging should address not only why physical activity is
important but also how recommended levels may be achieved. Messaging should be
informative and persuasive and be disseminated to the public through a multiphase
social marketing campaign to target the largest possible audience (Brawley and Latimer
2007). Evaluations of messaging strategies have demonstrated only modest and short-
term changes to physical activity levels with this approach alone (Kahn et al. 2002).
Publicly accessible activity programs and/or interventions may be a more direct
and effective means to physical activity promotion, but available resources limit
implementation. Several trials have assessed intervention-based strategies for encour-
aging uptake and adherence to physical activity guidelines. A critical review of this
research revealed that many interventions had only modest effects on changing
activity levels and that few strategies had the capacity to elicit behavioral changes
that are adequate to fulfill currently recommended guidelines (Hillsdon et al. 2005).
Measurement error is one optimistic explanation for the minimal changes to
physical activity levels observed with these strategies, as many studies have
employed self-reported measures of activity that may not be sufficiently sensitive to
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detect meaningful differences between study groups. Further, it may take people
time to change physical activity, and so they may occur beyond the follow-up period
of a typical study. Given these limitations, comprehensive evaluation of activity
promotion should also consider changes in awareness, understanding, motivation,
and self-efficacy to pursue physical activity (Brawley and Latimer 2007).

An important consideration for physical activity intervention trials is the feasi-
bility of interventions on a population level. In their review of the literature, Hillsdon
et al. observed that the most effective interventions were those that included profes-
sional advice and ongoing support and which took place in a community or health-
care center (Hillsdon et al. 2005). Such interventions may be too costly and complex
to apply beyond the research setting. To facilitate this bridge from research to com-
munity, future trials should consider consultation with key stakeholders such as
community organizations and policy makers.

The subtle changes to physical activity levels observed with public health mes-
saging and activity interventions highlight the importance of the underlying socio-
cultural, environmental, and policy influences of inactive and sedentary lifestyles,
which may require transformation in order to achieve the greatest possible changes
to physical activity levels. The 2010 Toronto Charter for Physical Activity and its
supporting action document provide an international consensus regarding the
specific steps that should be taken to promote and support physical activity on a
global scale (Bull 2011). Recommendations advise that governments and organiza-
tions working to improve physical activity levels address the determinants of physi-
cal inactivity in all relevant sectors including programs targeting education,
transport, sports and recreation, primary health-care systems, and urban planning.

Overall, improving physical activity participation in the future requires a concerted
effort from many parties. While approaches to increasing population physical activity
levels have been identified and endorsed, implementing these strategies requires seri-
ous political commitment and strong investments (Bull 2011). Continued dissemina-
tion and advocacy for the Toronto Charter and its specific recommendations and
continued efforts to secure support from key governmental agencies are key priorities
to increasing global physical activity levels and, ultimately, preventing cancer.

6.6 Conclusions

There is now consistent and strong evidence that physical activity reduces the risk
of colon and breast cancers and fairly consistent evidence for endometrial cancer as
well (Table 6.1). The evidence is somewhat weaker for lung and prostate cancers
and currently insufficient for ovarian and other cancer sites.

There is also emerging evidence for an etiologic role of sedentary behavior in
increasing the risk of several cancer sites. Several hypothesized biologic mecha-
nisms have emerged for these associations of physical activity and sedentary behav-
ior and cancer risk with the strongest evidence for a role of adiposity, insulin
resistance, inflammation, and endogenous sex hormones. More research is needed,
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ideally from randomized controlled trials, to improve understanding of the effects
of different doses and types of physical activity and sedentary behavior on the vari-
ous biologic pathways. Translation of this knowledge on cancer prevention benefits
to the general population has not yet occurred; concerted and coordinated efforts are
needed at several jurisdictional levels to increase physical activity levels before
benefit with respect to cancer risk reduction will be realized.
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Chapter 7
Cancer Prevention in the United States

Otis W. Brawley and Barnett S. Kramer

7.1 Introduction

Surveys show that the American public is very interested in cancer prevention.
Unfortunately, cancer prevention is not consistently practiced. It is estimated that
50-60 % of the cancers occurring today could have been prevented if currently
known prevention interventions had been applied years ago (Table 7.1). Many miti-
gating interventions are not widely employed today and represent important areas
for future implementation or dissemination research.

In the United States, tobacco use, the condition of being overweight or obese,
poor nutrition and overnutrition, and physical inactivity are highly prevalent
modifiable risk factors for cancer. Evidence-based programs and policies champi-
oning interventions designed to modify these risk factors have the potential of pre-
venting more than 350,000 deaths per year (American Cancer Society 2011).
Ironically, a number of interventions that are widely used by the American public
under the assumption that they prevent cancer, such as multivitamin and dietary
supplement use, have not been proven to be effective.
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7.2 Tobacco Use

The American Cancer Society estimates that 189,700 Americans died of cancer due
to tobacco use in 2011. Tobacco use causes a third of all cancer deaths in the USA
(American Cancer Society 2011), representing by far the number one cause of pre-
ventable cancer deaths. It causes even more deaths from lung and cardiovascular
disease.

7.2.1 Cigarette Smoking

Most smokers take on the habit between the ages of 14 and 16 years despite laws
barring sale of tobacco products to children. Given that it is unlikely for someone
who has not started smoking by the age of 18 to ever become a regular smoker,
educational and policy strategies aimed at the vulnerable teen years could have an
enormous impact on cancer mortality. To counter childhood smoking, the US
Surgeon General recommends that school-based tobacco prevention programs begin
by sixth grade (U.S. DHHS 2000).

The National Youth Tobacco Survey (NYTS) found that 5.2 % of middle school
students (age 12—-14 years) were current smokers in 2009; susceptibility to start
cigarette smoking (never-smokers who reported an openness to trying cigarettes)
was 21.2 % in middle school students and 24 % in high school students. Between
2000 and 2009, there was no overall change (Jordan and Delnevo 2010). Even sub-
tle exposures during the vulnerable ages of 10—14 years, such as images of smoking
in movies, may be associated with subsequent uptake and persistence of cigarette
smoking (Primack et al. 2012).

The 2009 Youth Risk Behavior Survey (YRBS) showed that 19.5 % of high
school students (age 14—18 years) reported current cigarette smoking (smoking on
at least one day in the past 30 days) and 7.3 % reported frequent smoking (smoking
on 20 or more of the past 30 days) (U.S. DHHS 2010). According to the National
Youth Tobacco Survey (NYTS), about 23.9 % of high school students reported cur-
rent use of some tobacco products (cigarettes, cigars, pipes, kreteks, bidis, and
smokeless tobacco) (CDC 2010). The percentage of high school students who
reported current cigarette smoking decreased from 1997 to 2003, but the prevalence
did not change substantially between 2003 and 2009 (Johnston et al. 2009). The
stall in the decline in youth smoking since 2000 may be related to increased market-
ing by the tobacco industry and declines in state and federal governmental funding
for comprehensive tobacco control programs.

According to the National Health Interview Survey (NHIS), an estimated 20.6 % of
adults (men: 23.5 %, women: 17.9 %) smoked cigarettes in 2009. About 78 % of smok-
ers (36.4 million) used cigarettes daily (US FDA 2009). Between 1997 and 2004, the
percentage of adults who smoked decreased from 27.6 % to 23.4 % in men and from
22.1 % to 18.5 % in women. Adult smoking rates were steady between 2004 and 2006,
declined in 2007, and remained unchanged between 2007 and 2009 (US FDA 2009).
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7.2.2 Other Tobacco Products

The tobacco industry markets smokeless tobacco products, a source of nicotine, in
smoke-free settings. The public may mistakenly view smokeless tobacco products
as a low-risk option for smokers who are unable to quit. However, smokeless tobacco
products may turn out to be a bridge to cigarettes for many people (Gray and
Henningfield 2006; Morrison et al. 2008).

While cigarettes remain the primary tobacco product used by youth, other forms
of tobacco use, including cigars, smokeless tobacco products, and hookahs (tobacco
water pipes), have grown in popularity. Current use estimates for these cigarette
alternatives range from 10 % to 17 % among adolescents (Connolly and Alpert 2008;
American Legacy Foundation 2009; Campaign for Tobacco-Free Kids 2007; Primack
et al. 2008).

Small cigars are similar in shape and size to cigarettes, but they are not regulated
like cigarettes. Between 1997 and 2007, overall sales of small cigars and cigarillos
rose at a much faster rate than sales of large cigars (240 %, 45 %, and 6 %, respec-
tively) (American Legacy Foundation 2009).

The US Department of Health and Human Services has been in the forefront in
emphasizing that the use of tobacco in any form can induce nicotine dependence
and harm health. They stress that prevention and cessation programs should address
all tobacco products, not just cigarettes (US DHHS 2000).

7.2.3 Comprehensive Tobacco Control Programs

Comprehensive tobacco control programs aim to reduce tobacco use by applying
evidence-based economic, policy, regulatory, educational, social, and clinical strate-
gies (CDC 2007). Tobacco dependence is a chronic addictive disease, hence the
focus on preventing the addiction. Interventions that effectively prevent initiation of
tobacco use include increases in tobacco taxes, restrictions on smoking in public
places, prevention and cessation programs, and antitobacco media campaigns (US
DHHS 2000).

According to the US Centers for Disease Control and Prevention’s (CDC’s) Best
Practices for Comprehensive Tobacco Control Programs, a complete program has:

e State and community interventions (e.g., support of tobacco prevention and con-
trol coalitions, implementation of evidence-based policy interventions to reduce
overall tobacco use, funding of community-based organizations, and develop-
ment of community coalitions to strengthen partnerships between local agencies,
grassroots, and voluntary and civic organizations)

e Health communication interventions (e.g., audience research to develop high-
impact campaigns, market research to motivate behavior change, and marketing
surveillance to counter tobacco messaging)

» Cessationinterventions (e.g.,increase of services available through population-based
cessation programs, public and private insurance coverage of evidence-based
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tobacco treatments, and elimination of cost barriers for underserved populations,
including the uninsured)

e Surveillance and evaluation (e.g., regular monitoring of tobacco-related attitudes,
behaviors, and health outcomes; measurement of short-term and intermediate
indicators of program effectiveness, including policy changes and changes in
social norms; and counter-marketing surveillance) (CDC 2007)

Several states have documented the benefits of such programs. For example, the
state of California comprehensive tobacco control program is associated with a
marked drop in adolescent smoking initiation as well as reduced adult consumption
and increased adult cessation rates when compared to those states without a com-
prehensive program (Messer and Pierce 2010). This program included hard-hitting
antitobacco advertising, cigarette tax increases, and smoking cessation counseling.
California has experienced substantial reductions in tobacco usage and reductions
in tobacco-related cancers since the implementation of the program (Barnoya and
Glantz 2004).

The price of cigarettes is inversely and predictably related to consumption: A
10 % increase in price reduces overall cigarette consumption by 3-5 % (US DHHS
2000). This approach is especially effective in young people who smoke. They are
up to three times more responsive to price increases than are adults (Pacula and
Chaloupka 2001). State cigarette taxes vary widely, ranging from 17 cents per pack
in Missouri to $4.35 per pack in New York. The wide differences in taxes have had
an apparent impact on cigarette use. Missouri has a high smoking prevalence,
whereas New York’s prevalence is among the lowest.

A number of comprehensive smoking bans (also referred to as clean indoor air
laws) have been implemented at state and local levels. Today, 79.4 % of the US
population is covered by a 100 % smoke-free provision in workplaces, restaurants,
and bars versus 46.1 % in 1992 (American Nonsmokers’ Rights Foundation 2011;
Giovino et al. 2009).

As the options for traditional advertising venues have narrowed, the tobacco
industry has turned to Internet and point-of-sale advertising. However, there is also
increasing use of sustained mass media campaigns that highlight the negative con-
sequences of tobacco use, to some effect (NCI 2008). States that have combined
mass media campaigns with other antitobacco activities have seen declines in youth
and adult smoking prevalence (NCI 2008; CDC 2007). For example, a Florida
“truth” antismoking campaign developed messages that countered the perception of
smoking as cool and rebellious by highlighting the tobacco industry’s advertising
practices (NCI 2008). It has been widely replicated.

Effective tobacco control can be envisioned as a series of obstacles: make it hard
for the nonsmoker to start smoking and then make it hard for the smoker to smoke
and easier for the smoker to quit. Increasing the price of cigarettes makes them less
affordable. Smoke-free laws make smoking less convenient. If the smoker finds a
place to smoke, advertising on the tobacco pack, on billboards, from electronic
media, and even messages from friends can encourage the smoker to quit. Tobacco
quit lines and a wealth of on-line tobacco cessation information are readily available
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to the large number of smokers who are trying to break their addiction
(1-877-44U-QUIT; see http://www.cancer.gov/cancertopics/tobacco/smoking).

While states have traditionally been at the forefront of tobacco control efforts,
the US federal government has recently enacted some tobacco control legislation. In
2009, federal tobacco taxes were increased on cigarettes (from $0.39 to $1.01 per
pack). In concert with this increase, per-capita cigarette consumption fell to 969
cigarettes per person in 2011 —the lowest figure since the 1920s—and a 17 %
decline since 2008 (the last full year before the tax increase). The tax also serves as
a revenue source for federally funded cessation and tobacco control programs.

The Family Smoking Prevention and Tobacco Control Act of 2009 for the first
time granted the US Food and Drug Administration (FDA) the authority to regulate
the manufacturing, marketing, and sale of tobacco products (US FDA 2009). To
date, the following are banned:

e Fruit or candy flavorings in cigarettes

* Use of potentially misleading or misunderstood advertising descriptors such as
“light,” “low,” and “mild”

* Tobacco brand name sponsorship of sports and entertainment events

* Free tobacco and nontobacco item giveaways

* Sale of cigarettes in packs of less than 20 (Connolly and Alpert 2008)

The law requires the tobacco industry to disclose the ingredients of their prod-
ucts to the FDA, and stores are required to make tobacco products less accessible to
children by placing them behind counters. The law also mandates new, larger, warn-
ing labels on both cigarettes and on smokeless tobacco products. As this chapter is
being written, the tobacco industry is contesting the legality of this part of the legis-
lation in the US courts.

While other flavorings have been banned from cigarettes, menthol was specifically
not banned. However, in March 2011, the FDA’s Tobacco Products Scientific
Advisory Committee found that menthol cigarettes increase youth experimentation
and initiation (Benowitz and Samet 2011). The committee concluded that removing
menthol cigarettes from the marketplace would benefit public health. This conclu-
sion could provide a legal basis for the FDA to try to limit, phase out, or even ban
menthol in cigarettes.

7.2.4 Tobacco Cessation

While it is easier and more effective to prevent smoking, we must help those who
are addicted to tobacco. The US Public Health Service has published guidelines for
smoking cessation treatment. These include use of over-the-counter nicotine
replacement treatment (NRT), prescription medications, or combinations of these
medications and counseling (individual, group, or by telephone) (Clinical Practice
Guideline 2008). The combined use of counseling and medication appears to be
more effective than the use of any individual treatment. Nationally, the receipt and
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use of recommended cessation services remains low. In 2005, about 35 % of then-
current smokers tried to quit (Cokkinides et al. 2008).

However, there have been successes: The State of Massachusetts is providing its
Medicaid beneficiaries access to two 90-day courses of pharmacotherapy and up to 16
individual or group counseling sessions, with minimum cost batriers; co-payments
are as low as $1 to $3. This benefit has been associated with a decline in smoking
prevalence by 10 percentage points between the pre- and post-benefit time period
(38.3-28.3 %), with an estimated annual decline of 15 % (Land et al. 2010).

At the federal level, provisions in the Affordable Care Act, signed into law on
March 23, 2010, assure insurance coverage for evidence-based cessation treatments
for almost all Americans by 2014. These treatments include pharmacotherapy and
cessation counseling.

Tobacco control is the most obvious focus area for cancer prevention and
overall health promotion. Tobacco in any form is an addictive and harmful drug.
When used as intended, tobacco causes the premature death of at least half its
users. While it is the cause of at least 30 % of all cancer deaths, it also causes
lung and cardiovascular disease and is the cause of one in every five American
deaths (ACS 2011).

7.3 Obesity, Physical Inactivity, and Poor Nutrition

The triad of obesity, physical inactivity, and poor nutrition are estimated to cause
172,000 cancer deaths in the USA per year, though these estimates are very impre-
cise and require a number of assumptions (ACS 2011). Together they are associated
with increased risk for developing cancer of the breast (postmenopausal), colon,
endometrium, esophagus, and kidney. In addition, observational studies suggest that
they are correlated with increases in the risk for cancers of the pancreas, gallbladder,
thyroid, ovary, cervix, multiple myeloma, Hodgkin lymphoma, and aggressive
prostate cancer (ACS 2011; Doll and Peto 1981; McGinnis and Foege 1993; IARC
2002; Brawer et al. 2009).

The proportion of obese adults aged 2074 was small and varied little from 1960
to 1980; in contrast, obesity rates more than doubled between 1980 and 2000 from
15.1 % to 31 %. Today, 35 % of Americans are obese, as defined by a body mass
index (BMI) of >30 kg/m? and more than two-thirds are overweight (BMI=25-29.9)
or obese (Ogden et al. 2007).

Between 1980 and 2000, the prevalence of obesity among adolescents aged
12-19 tripled from 5 % to 15.5 %. More than half of all children who are over-
weight will remain overweight in adulthood (US DHHS 2011), hence the impor-
tance of a focus on obesity prevention for children and adolescents (White House
Taskforce on Childhood Obesity 2010; Kumanyika et al. 2008). Historical changes
that likely contributed to this obesity epidemic include reduced leisure time for
physical activity, shifts from using walking as a mode of transportation to increased
reliance on automobiles, shifts to more sedentary work, more meals eaten away
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from home, increased marketing and availability of cheap, energy-dense processed
foods, and increased consumption of larger portion sizes (Darmon and Drewnowski
2008; Koplan et al. 2005; Krebs-Smith et al. 2010; Kushi et al. 2012). Socio-
environmental factors include the lack of access to full-service grocery stores, rela-
tively high costs of healthy foods compared to processed foods, and lack of access
to safe places to play and exercise.

In a 2009 survey, only 24 % of American adults consumed five or more servings
of fruits or vegetables per day, and 25 % reported no leisure-time physical activity
at all (ACS 2011).

As with tobacco control, emphasis is placed on preventing children from
becoming overweight or obese. However, few studies to date have sufficient evidence
suggesting that weight loss reduces the risk of cancer. There are some data showing
that surgery to treat extreme obesity improves insulin sensitivity and hormone
metabolism and reduces risk of some cancers (Adams et al. 2007; Sjostrom et al.
2009, and see James, this volume).

Obesity is a complex problem that requires a broad range of effective
approaches (Koplan et al. 2005; Kushi et al. 2012), underscoring the need for
addressing healthy lifestyles not only at the individual but also at the community
level. The CDC, the Institute of Medicine, and others have outlined a variety of
approaches in schools, worksites, and communities to mitigate or reverse obe-
sity trends (Institute of Medicine 2009; Koplan et al. 2005; Task Force on
Community Preventive Services 2001; Waxman 2004; World Cancer Research
Fund 2007).

Much as with tobacco control, the approach to weight control efforts is rooted in
providing information on the harms of poor nutrition and lack of exercise and the
need to maintain an ideal body weight. The aim is also to be positive and encourage
healthy eating and healthy activity. Although the effectiveness of specific recom-
mendations is not known with precision, public education campaigns usually advise
people to:

Balance caloric intake with physical activity.
e The goal should be to maintain a healthy weight throughout life.
e Try to lose weight if currently overweight or obese.

Consume a healthy diet, with an emphasis on plant sources.
e Eat a variety of fruits and vegetables each day.
e Choose whole grains in preference to processed (refined) grains.

Limit consumption of processed and red meats.

e Select lean cuts of meat and eat smaller portions.

e Prepare meat by baking, broiling, or poaching rather than by frying or
charbroiling.

* Choose fish, poultry, or beans as an alternative to beef, pork, and lamb.

Limit consumption of alcoholic beverages.
e No more than 1 drink per day for women.
e No more than 2 per day for men.



7 Cancer Prevention in the United States 117

Adopt a physically active lifestyle.

e Adults should engage in at least 30 min of moderate to vigorous physical activ-
ity, above usual activities, on 5 or more days of the week; 45—-60 min of inten-
tional physical activity is preferable.

e Children and adolescents should engage in at least 60 min per day of moderate
to vigorous physical activity at least 5 days per week.

In 2010, the President of the United States issued an executive order creating the
White House Task Force on Childhood Obesity. This task force of experts has pub-
lished some strategies to control childhood obesity:

Strategies to promote the availability of affordable healthy food and beverages

e Limit availability, advertising, and marketing of foods and beverages of low
nutritional value, particularly in schools.

e Strengthen nutritional standards in schools for foods and beverages served as
part of the school meal program and for foods and beverages served outside of
the program.

* Encourage restaurants to provide nutrition information on menus, especially
calories.

Strategies to encourage physical activity or limit sedentary activity among chil-
dren and youth
e Invest in community design that supports the development of sidewalks, bike
lanes, and access to parks and green space.
* Increase and enforce physical education requirements in all grades of schools.

Soon after this announcement, First Lady Michelle Obama launched the Let’s
Move initiative, an awareness campaign focused on engaging parents, caregivers,
youth, educators, industry, and policy makers at all levels of government.

7.4 Conclusion

The knowledge and tools to prevent many cancers and cancer deaths now exist, as a
result of research efforts. It has been estimated that cancer prevention interventions,
if fully implemented, could potentially prevent several hundred thousand cancer
deaths per year (McCullough et al. 2011; Colditz et al. 2012). If we are to achieve
this, much of the emphasis should be on children as most prevention interventions
are most useful when deployed early in life.

Numerous obstacles stand in the way of fully applying cancer preventive inter-
ventions. Consistent application of cancer prevention may not occur without effec-
tive interventions at the individual, clinical, community, and policy levels. This is a
public health challenge at national and local levels.
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Disclaimer The opinions expressed in this chapter do not represent official positions of the US
Federal Government or the Department of Health and Human Services.
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Chapter 8
The Role of Nutrition in Cancer Prevention

W. Philip T. James

8.1 Introduction

Diet has been cited as making a contribution to the development of cancer ever
since Doll and Peto (1981) scanned the global prevalence of cancer and estimated
that diet could contribute anything from 25% to 75% to the global incidence of
cancer based on what they recognized were crude ecological analyses combined
with what was already known from more detailed epidemiological studies of the
carcinogenicity of smoking and other environmental contaminants. They then sum-
marized their findings by assuming for the time being that about a third of all can-
cers were of dietary origin. By the late 1970s far more analyses were underway by
epidemiologists, based mostly in Europe and North America and relying on case—
control studies to assess the likelihood of diet being involved (Miller 1977; Morgan
et al. 1978; Howe 1981). However, more general claims started to be made, for
example, by Burkitt, the missionary surgeon whose relatively simple analyses had
already highlighted the infective nature of Burkitt’s lymphoma (Burkitt 1962) based
on his observations of cases coming to hospitals in East Africa. Given this success
he was emboldened to suggest that the startlingly different rates of cancers in
Europeans and Africans were probably due to their very different diets, and in char-
acteristic style he chose dietary fiber as the most likely food ingredient as of major
interest because of the completely different nature of the abdominal organs when he
operated on Europeans and Africans (Burkitt 1988). He already recognized the far
greater daily fecal output in Africans and then linked this to a variety of differences
in intestinal pathologies including the rarity of appendicitis, Crohn’s disease, and
ulcerative colitis as well as colorectal cancer in Africans.
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This set in train far more detailed cross-sectional analyses of dietary patterns in
communities with different cancer rates (Bingham 1985; Chen et al. 1991) together
with metabolic studies attempting to discern which dietary factors might produce or
induce dietary-derived or endogenously induced carcinogens. Soon, the explosion
of interest in the molecular basis of disease took over major funding with the carci-
nogenic process being considered in ever greater detail and with a focus on DNA
repair as it became clearer that cancer was a multistaged process which might be
affected by dietary factors at any stage in the sequence of molecular changes. Then
epidemiologists, having recognized early on that case-control studies had their
severe limitations in attempting to evaluate dietary practices years or even decades
before, began to undertake prospective studies with a very big increase in the num-
bers involved and with varying emphases on the need to improve the accuracy and
detail of the dietary studies (Lipnick et al. 1986; Monroe et al. 2003). Given the
problems of first assessing the dietary intake of ingredients accurately and then also
taking account of the unknown intraindividual and probably genetic-based differ-
ences in the metabolic responses along the dietary-cancer inducing pathways (see
later), a greater emphasis is now being given to detailed metabolic epidemiological
studies in different environments with far more marked differences in dietary habits
than can be expected within any one country as in the wide-ranging European EPIC
studies (Riboli 2001). Migration studies have also helped to emphasize the dynamic
nature of the processes (Haenszel and Kurihara 1968). Now, however, the worlds of
toxicology and nutrition are interacting with new analyses showing, for example,
that polycyclic hydrocarbons come not only from smoking and other environmental
factors but can contaminate as well as be derived from food which provides an
important source for their intake, and these polycyclic hydrocarbons can then be
metabolically amplified in their effects by specific factors in foods, for example,
fatty acids (Diggs et al. 2011).

8.2 The Magnitude of Potential Dietary Factors: Perspectives
from Global and Migrant Studies

Table 8.1 shows the difference between breast, colon/rectum, and prostate cancer
incidence rates in different parts of the world. This shows that for each cancer it is
possible to find rates which vary 6-30-fold between centers but with more affluent
countries such as those in North America or Western Europe having much higher
rates. These differences, of course, could be related to genetic differences between
the ethnic groups or major differences in a variety of environmental exposures.
Nevertheless, these remarkable differences, if not related to genetic factors, suggest
that Doll and Peto’s (1981) range of estimates for cancers of 10-70% attributed to
dietary factors may indeed be closer to their upper limit of 70% for the proportion
of cancers caused by diet than their crude preliminary average figure of 35%.
There is increasing interest in the genetic differences between different ethnic
groups with substantial evidence emerging of the progressive changes in the
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Table 8.1 Breast cancer in women, prostate cancer, and colorectal cancer (all rates age standardized
yearly incidence per 100,000 for the years 1983—1987)

Place Breast (total) Prostate Colon/rectum men Colon/rectum women
China (Shanghai) 21.2 1.7 17.8 15.6
Thailand (Chang Mai) 13.7 4.0 9.9 7.7
India (Madras) 19.9 2.1 3.9 34
Belarus 24.7 9.0 179 13.3
Poland (Warsaw) 18.7 11.9 21.2 18.1
Hungary (Szabolcs) 29.6 14.3 20.8 16.6
Italy (Florence) 65.4 22.0 38.7 27.8
Germany (Saarland) 56.3 28.9 40.5 294
UK(B’ham) 63.4 25.0 38.0 25.4
Cuba 35.0 27.3 13.7 14.6
Brazil (Golania) 40.5 29.0 13.4 12.7
Peru (Trujillo) 28.3 19.9 6.0 9.0
USA Whites (10 regions); 89.2 61.8 46.5 332

Data derived from WCRF/AICR (1977) but based on data from specific cancer registries presented
by the World Health Organization’s International Agency for Research on Cancer

Table 8.2 Examples of the magnitude of change in cancer incidence or mortality in response to
migration

Cancer Population Male Female
Colon  Japanese to USA Incidence/10°
In USA 142.5 90.1
In Japan 69.3 63.5
Colon  Greeks to Australia Relative risk death versus native Australians
<16 years residence 0.36
>16 years residence 0.69
Colon  TIran to British Columbia (BC) Canada Incidence/10°
Iran (Kerman Province) 5.9
Iranians in BC 11.6
Residents in BC 26.6
Breast  Iranian Women to BC Incidence/10°
Kerman Province 16.9
Iranians in BC 68.5
BC Residents 81.4

Data extracted from WCRF/AICR (2007)

retention of “primate” genes derived from nonhuman primate analyses as one tracks
our current understanding of the migration of homo sapiens from Africa to the
Middle East and Europe, then on to India, China, and Japan, then to the aborigines
in Australia, through to the North American Indians, and finally to the Mayans and
Incas of Latin America (Li et al. 2008). Table 8.2 gives examples of some analyses
of cancer incidence relating to immigrants in North America and Australia where it
is difficult to suppose that there are substantial differences in the genetics of those
groups who for one reason or another choose to migrate. The data are selected from



124 W.PT. James

those collated for the World Cancer Research Fund (WCRF) second report WCRF/
AICR (2007) and are used to highlight the way in which cancer rates can change,
often quite dramatically. Furthermore, the incidence of cancer in immigrants comes
much closer to those of the host population the longer they have lived in the country.
This emphasizes the dominance of environmental factors with twin studies also
showing that, although there may be some susceptibility to cancers related to genes,
the effect is not usually very impressive (Risch 2001). Changing cancer trends
within a country also emphasize the flexibility in the carcinogenic process.

8.3 [Establishing the Validity of a Causal Link
Between Diet and Cancer

Given this complexity, how can one begin to establish a robust understanding of
dietary factors in the carcinogenic process? One approach, much favored by those in
public health, is to rely on epidemiological studies because these studies are far more
likely to provide an indication of the quantitative importance and relevance of any
relationship in public health terms. Thus, those fascinated with molecular mecha-
nisms or cellular studies of factors which promote DNA changes still have to establish
how much this is relevant either in vivo or in overall metabolic terms on a long-term
basis. There was therefore often a disjunction between cell biologists and epidemiolo-
gists with the former group confident in the precision and comparative speed of their
methods at the molecular or cellular level and dismayed by the error-ridden vague
approach to dietary surveys and the complexity of seemingly endless statistical adjust-
ments for confounding factors such as age, smoking habits, and the assumptions made
about delay times in the carcinogenic process. The epidemiologists, however, com-
forted themselves by recognizing that the molecular understanding of the process of
DNA change was highlighting the multistaged nature of the process but providing
only a limited perspective of what the overall significance is of any one dietary factor
in the chain of events, leading to the actual induction of cancer.

Any coherent overview of the relationship between diet and cancer has been driven
by the challenge of how to assess the validity of different avenues of research in devel-
oping suitable evidence of sufficient reliability to justify changes in policy whether in
medical practice or government policies. By the late 1980s the US National Academy
of Sciences was already attempting to synthesize different approaches to the diet-
cancer link so that by the time the WCREF established its first analysis in 1994 it was
accepted that a variety of approaches were needed. But now greater emphasis was
being given to cohort studies and to meta-analyses and pooled studies with interven-
tion trials being seen as the ultimate desirable basis for reaching firm conclusions.
Then the WCRF brought together cancer and nutritional experts in the 1990s and set
out an overall analysis of the relationship between food and the principal cancers
found worldwide and began to try to assess the relationships between diet and cancer
on a global basis and with a systematic approach. It was accepted that Bradford Hill’s
criteria of consistency, unbiased, strong, graded, coherent, repeatable, and plausible
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relationships were necessary before one could reasonably assume a substantial causal
link between an exposure such as diet and cancer.

The basis for inferring causation in the relationship of diet and cancer was now
proposed by the WCRF panel as being “confidently inferred when epidemiological
evidence, and experimental and other biological findings, is consistent, unbiased,
strong, graded, coherent, repeated, and plausible.” More detailed requirements were
then given with the convincing category now needing at least two independent
cohort studies. Furthermore, there was a very clear requirement for a plausible bio-
logical dose-response gradient with strong and plausible experimental evidence
either from human studies or suitable animal models showing that typical human
exposures can lead to relevant outcomes

With this array of evidence, the WCRF/AICR (1997) first report on diet and can-
cer developed a scheme whereby they described their criteria for specifying whether
a relationship was convincing, probable, possible, or insufficient and displayed the
data as shown in Table 8.1 which includes their conclusions on the risks for post-
menopausal breast cancer. It was concluded that only the convincing and probable
relationships should be considered sufficiently powerful to justify policy making. To
take the criteria for convincing evidence as an example, they specified that the “epi-
demiological studies show consistent associations, with little or no evidence to the
contrary. There should be a substantial number of acceptable studies (that is, for
dietary variables more than 20 studies) preferably to include prospective designs,
conducted in different populations, controlled for confounding factors. Dietary intake
data should refer to the time preceding occurrence of cancer. Any dose-response
relationship should be supportive of a causal relationship. Associations should be
biologically plausible. Laboratory evidence is usually supportive or strongly sup-
portive.” Thus, it is already evident that the epidemiological evidence was dominat-
ing the decision making, and a series of studies in different countries with a preference
for prospective studies were the cornerstone of decision making with laboratory evi-
dence being relegated to a supporting role. This approach led to a very big surge in
new studies on diet and cancer but with a far greater emphasis on prospective studies.
The WCREF approach to assessing the dietary basis of cancer was in effect endorsed
by WHO in its technical report in 2003 (WHO 2003) which formed the basis of the
current WHO action plan on diet and physical activity for the prevention of the non-
communicable diseases (NCDs) (WHO 2008). However, this WHO technical report
in 2003, on the basis of the earlier WCRF report and analyses by the WHO’s
International Agency for Research in Cancer (IARC), highlighted that there were
“few definite relationships between diet and cancer.”

A decade after its original 1997 report, the WCRF again reviewed the evidence
but now, after often fraught debates, the same categories were used but with differ-
ent criteria and all the epidemiological analyses were based on a novel and very
time-consuming process (WCRF/AICR 2007). A statistical design for all the epide-
miological analyses was first developed by an independent group of epidemiolo-
gists and statisticians, and then the specified categories of diet were assessed for
each cancer according to this protocol by a group of specialists (nine successful
groups in all) who had bid successfully for each contract on the basis of having a
full complement of expertise. Externally appointed monitors of the whole process
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as well as independent evaluators from the main WCRF panel were also involved in
ensuring that the process was followed properly. Then their conclusions had to pass
further scrutiny by the whole WCREF panel of global experts. This is undoubtedly
the most exhaustive review of the evidence to date, and the WCRF has continued to
progressively update and present online the latest analysis of individual diet-cancer
relationships since their major analyses were completed in December 2005. The
choice of dietary factors, ingredients, and nutrients for analysis was not easy, and in
all 60 foods, drinks or nutrients were considered with being breastfed considered
separately. Even this is very crude when in molecular terms we know that specific
minor changes to the molecular structure of compounds alter markedly their bio-
logical properties, but until we have fool-proof biological tools to asses each com-
ponent of the carcinogenic process and specifically of factors modifying their
activity, we will have to move incrementally forward in our understanding.

Table 8.3 gives an example of the assessment of the convincing and probable
factors inducing or protecting against premenopausal and postmenopausal breast
cancer as determined by the WCRF process, which considered a wide range of
foods and nutrients in relation to the development of the breast cancer. Early life
events seem to have an impact because breast cancers are more likely in taller
women, and this is not only genetically determined but has a very important envi-
ronmental component with the WCRF analyses also showing that rapid growth in
childhood seems to promote the process. Furthermore, greater birth weights seem to
promote premenopausal breast cancer with overweight and obesity having opposite
effects depending on whether the cancer develops before or after the menopause.

The overall analysis of diet related to 20 different cancers (pre- and postmeno-
pausal breast cancer being considered separately) and this range included some can-
cers, for example, lung, where there seemed to be overwhelming evidence of the far
greater importance of other factors such as smoking. What came through most pow-
erfully compared with the first WCRF report was that now obesity was seen to be a
particular risk and the evidence for the protective role of vegetables and fruit was
less robust. In terms of specific cancers, red meat was seen to be linked more power-
fully with colon/rectal cancer with processed meats having an even greater risk.

Figure 8.1 reproduces the abbreviated summary of the links between diet and
cancer as set out in the subsequent policy report of the WCRF/AICR (2009). Since
then, there has been a WCRF update which shows a more powerful effect of meat
and processed meat on colon cancer induction, so this is now a convincing relation-
ship. It is clear that some factors are promoting cancers and others are protective. In
the 2009 policy report, WCRF/AICR estimated the potential preventability of can-
cers from changes in nutrition, physical activity, and reduction in body weight, that
is, in body fatness.

Table 8.4 reproduces a table from the WCRF/AICR (2007) report based on the
prevalence of different cancers in four countries for which there were comparatively
clear nationally representative data about the incidence of cancers, dietary patterns,
physical activity levels, and body fatness, that is, USA, UK, Brazil, and China.
Clearly where there are powerful agents involved, for example, alcohol, in inducing
cancers of the mouth, pharynx, larynx, and esophagus, then clearly the majority of
these cancers are preventable by not drinking alcohol. Similarly, endometrial cancer
is highly preventable if one does not increase one’s body fat mass.
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Summary of ‘convincing’ and ‘probable’ judgements
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Fig. 8.1 Food, nutrition, physical activity, and the prevention of cancer: overview of the Panel’s
key judgements

Nevertheless, the analyses suggested that even for lung cancer about a third is
preventable by dietary means. Indeed their overall estimates came surprisingly
close to the original ones of Doll and Peto (1981). When body fatness was assessed
in terms of its contribution to this preventable figure, then the report took the can-
cers previously identified as being promoted by being overweight/obese, that is,
esophagus pancreas, gallbladder, colon/rectum, breast, endometrium, and kidney,
and assessed the role of body fatness in preventing these cancers in men and women
separately. Because the level of obesity is far higher in the USA and UK, this com-
ponent proved more important than in Brazil and China.

8.4 Intervention Studies to Demonstrate the Impact
of Reducing Obesity on Cancer Induction

Traditionally, this has rarely been considered because it is so difficult to imagine major
trials which induce marked changes in diet, physical activity, or body fatness, but
recently, some evidence in this regard has been collated. The first relates to the impact
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Table 8.4 The WCRF/AICR estimates of preventability of different cancers in the USA, UK,
Brazil, and China by an appropriate diet, level of physical activity, and appropriate level of body
fatness (from WCRF/AICR (2009))

f e e e e ]

Estimates’ of cancer preventability by
appropriate food, nutrition, physical activity,
and body fatness in four countries?
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1. These values are percentages rounded to the nearest whole number and are
based on several assumptions. There is a range of likely plausible figures around
these point estimates, but they represent the most likely estimates.

2. Based on the conclusions of the 2007 WCRF/AICR Diet
and Cancer Report.

et A
3. Exposure data not available _CE& o

of marked reductions in obesity by the use of bariatric surgery. A preliminary study
was reported by Christou et al. (2004) who used predominantly by-pass surgery and
found a 76% reduction in new cancer cases with even greater falls in total mortality in
a Quebec sample of over 1,000 patients undergoing bariatric surgery where health
care use was meticulously monitored for a defined 5-year period in comparison with
a sixfold greater number of age-, sex-, and BMI-matched Quebec residents. They later
reported that breast cancer was significantly reduced with a trend to lower cancer rates
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Table 8.5 The impact of intentional weight changes on cancer incidence or mortality

Type of study/ Cancer risk
Author Cancer site  Population studied ~ Body weight loss reduction (%)
Cohort studies
Parker All sites Postmenopausal >16.4% 11

Iowa women
Eliassen Breast US nurses >14.5% 57
Harvie Breast Postmenopausal 25% 64

Towa women
Bariatric surgery

studies

Sjostrom All sites Women 31.9% 42
Men 19.3 3

Adams All sites Women 31.1% 24
Men 2

Christou All sites Men and women 31.9% 78

Dietary RCTs

Pierce Breast Women 0.5% group difference 4

Prentice Breast Women 1.0% group difference 9

Chlebowski Breast Women 3.7% group difference 24

See Byers and Sedjo (2011) for more details

in all other cancers, but the surgical group was too small for detailed analyses of indi-
vidual cancer sites (Christou et al. 2008). Adams et al. (2007) also set out their com-
parison of the impact of marked weight loss after gastric by-pass surgery by comparing
their data from a state cancer registry of the causes of death in their surgical patients
with sex-, age-, and weight-matched data from very obese adults in Utah who had to
specify their weights and heights (from which BMIs corrected for the self-report val-
ues were calculated) when they took out their driving licenses. Comparing the two
groups over an 18-year period showed that the surgical group had within only 7 years
a46% reduction in total death rates with 58.6% lower rates of death from cancer, type
and sex relationships unspecified. Later Adams and Hunt (2009) set out cancer inci-
dence to weight loss in more detail with six times the number of cases assessed in
Quebec. They found a 24% reduction in cancer incidence with a 46% lower cancer
death rate and with the apparent reduction affecting all cancers, not just those consid-
ered normally related to obesity. The Swedish Obese Subjects Study (Sjostrom et al.
2009) with more modest weight losses from lap banding observed a surprising female
only reduction in the incidence of cancer (HR 0.58 95% CI0.44-0.77 p=0.0001) with
detailed follow-up of both their surgical and control groups. Again, a broad range of
cancers seemed to be affected and the results seemed unrelated to that expected from
the usual obesity-cancer relationships. They also could not relate the reduction in
cancer incidence to the degree of weight loss nor to a crude assessment of the fall in
long-term energy intake after the surgical procedures.

From this we might conclude that surgically induced weight loss has a profound
effect on cancer incidence with perhaps an even greater fall in cancer mortality.
These data also suggests that the reduction affects a whole range of cancers and not
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just those which the WCRF analyses of prospective studies suggest as related to
obesity. This finding may relate to the traditional findings in so many animal models
that semi-starvation reduces the incidence of a wide range of both spontaneous and
carcinogen-induced cancers (Hursting et al. 2010). Recently Byers and Sedjo (2011)
reviewed this field of body weight and added the data relating to nonsurgical weight
loss. Their analyses are included in Table 8.5, and on this basis Byers suggested that
the degree of intentional weight loss seems to relate to a proportionate reduction in
cancer incidence and that the effect does occur surprisingly quickly.

8.5 Body Weight, Diet, and Physical Activity in Relation
to Cancer Progression

The distinction between factors which influence the incidence of cancers and
those which promote or inhibit the proliferation of cancers is now being explored.
The 2007 WCREF analyses recognized that thinner people may be more readily
diagnosed with preexisting cancer, and this difference in ready diagnosis may
therefore reduce the apparent relationship between obesity and the incidence of
cancer, but once diagnosed the question then is whether changes in body weight,
physical activity, or diet as such affect the recurrence or progression of the dis-
ease. On the basis of their systematic analyses, the WCRF concluded that higher
body fatness before diagnosis resulted in a worse outcome, but they noted only
one intervention where weight was deliberately lost in patients with early breast
cancer placed on a low-fat diet, namely, the WINS trial where there was a 24%
reduction in breast cancer recurrence (Blackburn and Wang 2007). Additionally,
when subgroups were analyzed, it appeared that the dietary intervention had a
greater effect on relapse-free survival in women with hormone-receptor-negative
(estrogen, progesterone, or both) disease than in women with receptor-positive
disease; the relapse-free survival rate was 42% greater than in the control group,
corresponding to a relapse-free survival rate of 9.5% after 8 years. However, the
groups were not strictly comparable in that the intervention group had had more
radical surgery. A similar study on dietary change without weight loss, the WHEL
study (Thiébaut et al. 2007), showed no effect of a more prudent diet without
weight loss. More recent analyses of weight gain after diagnosis of breast cancer
(Hauner et al. 2011) found that 5 of 6 studies showed not only a clear association
with total mortality but also breast cancer-specific mortality; recurrence rates as
such were clearly related to weight increases. These studies strongly suggest that
weight status is important in determining the outcome of breast cancer with the
latest analyses contradicting the earlier WCRF conclusions that obesity was pro-
tective of premenopausal breast cancer. Eighteen of the 20 studies on physical
activity showed an improvement in the quality of life, but only a third of all stud-
ies reported mortality rates, and these were not significantly affected.

Perhaps what is surprising about these studies is the relatively small number of
studies relating to survival after diagnosis when, as a recent US Institute of Medicine
workshop highlighted (IOM 2012), patients once diagnosed are extremely anxious
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and willing to alter their diet and physical activity if that would help their prognosis,
and there is now reasonable evidence that changes can be achieved in both dietary
patterns and weight loss in these patients (Befort et al. 2012).

8.6 Distinguishing Intake Effects from
Body Weight Differences or Changes

The problem with studies of differences in body weight or weight change is that
there is an automatic association between total energy intake and the size of the
individual. So, increases in body weight mean an increase in basal energy needs and
the cost of physical activity. In practice the basal metabolic rate (BMR), that is,
basal energy requirements, is predominantly related to total body weight with height
adding very little to the predicted relationship and the physical activity level (PAL).
This is usually about 1.6—1.8 times the BMR value for the individual, range 1.4-2.1
depending on the amount and intensity of physical activity. The BMR multiplied by
the PAL gives a value which is a far more reliable prediction of what subjects in
practice eat on average than food frequency questionnaires. So we know that when
subjects lose weight after surgery or after dieting, then their food requirements fall
by about 3040 kcals/kg body weight loss, greater than the normal relationship
predicted from body composition (Rosenbaum et al. 2010). So distinguishing
between the effects of body weight or BMI per se and total energy intake or total fat,
carbohydrate, or other intake is not easy unless there are drastic changes in the com-
position of the food eaten as part of the slimming program.

8.7 Emerging Specific Dietary Relationships

Apart from those dietary relationships highlighted in Fig. 8.1 and relating to data
collected up to 2006 by WCREF, some additional analyses have been made and
emphasize the likely impact of specific macronutrients or dietary components on
the development of cancers.

8.7.1 Fat Intake Relating to Breast Cancer Obscured
by Imprecise Dietary Methods

This has been a much disputed subject for some time with animal studies, cross-
country comparisons, and case—control studies all showing a relationship between
fat intake and the incidence of breast cancer. This led the first WCRF group’s
analyses to conclude (with one dissenting eminent epidemiologist) that fat intake
did probably relate to breast cancer. However, prospective studies with their routine
reliance on food frequency have led to a great debate as to the validity of the food
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frequency questionnaire (FFQ), particularly when adjusted for estimated energy
intake. This author discovered major discrepancies when first applying the now
universally accepted method of calculating basal metabolic rates for the individual
women with a range of possible physical activity levels to estimate their probable
energy intake (assuming reasonably that this will be within <10% of their expendi-
ture). These analyses showed that an embarrassingly large number of subjects must
be underestimating their food intakes because they could not survive long on their
purported food frequency intakes without a profound and rapid loss of weight.
These analyses led several epidemiologists to express all their intakes per 1,000 kcals.
Bingham et al. (2003) then showed that if she used her carefully biomarker vali-
dated recorded 7-day dietary records as well as a FFQ similar to that developed for
the nurses and physicians study that there was a very clear statistical relationship
between total fat and saturated fat intakes and the development of breast cancer,
whereas this was not seen when using the FFQ. This led to a much bigger study with
dietary records in the USA which came to a similar conclusion (Freedman et al.
2006), and a second US study which tried to correct for methodological problems
with the dietary methodology also found a significant relationship of invasive post-
menopausal breast cancer with both total and subtypes of fatty acid intake (Thiebaut
et al. 2007). One feature of large multinational studies with a far larger range of fat
intakes than those seen within a national cohort has also allowed the European EPIC
studies to see a statistically significant relationship between saturated fat intake and
the incidence of invasive breast cancer with a nonsignificant trend observed with
total fat intake (Sieri et al. 2008), while another analysis looking at dietary patterns
associated with high fat intakes showed a doubling of risk of breast cancer irrespec-
tive of BMI status in the EPIC studies (Shulz et al. 2008). There have been several
other powerful statistical analyses highlighting the spurious positive as well as neg-
ative results which may be obtained with FFQs (Day et al. 2004; Thiébaut et al.
2008). A US intervention trial (Prentice et al. 2006) has also been conducted and is
interesting because the investigators were trying to assess the impact of only an 8%
reduction in fat intake expressed as a proportion of presumed energy intake, whereas
globally we have to remember that the Northern Europe and American fat intakes
have traditionally been well over 40% compared with intakes of less than 10% in
many Asian and African countries before the 1980s and with Japanese and Chinese
studies by the 1980s still showing fat intakes of about 15%. So international com-
parisons and migration studies are dealing with far greater ranges of intakes than we
see in most national epidemiological studies and particularly in intervention trials
where the validity of the dietary change is even more questionable. Finally, a careful
statistical review of all the different types of studies, that is, animal studies, interna-
tional comparisons, case-control, prospective, and an intervention trial, has led to
the conclusion that dietary measurement errors are of great importance and there is
a modest but real association between fat intake and breast cancer (Freedman et al.
2008). This then is a different conclusion from the latest WCRF update to May 2008
relating to cancer of the breast (Norat et al. 2008) which in effect continued to con-
sider the evidence as only suggestive. This analysis is dominated by systematic
analyses of all prospective studies without assessing in detail the errors involved in
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the dietary questionnaire methods. So if we take the more rigorous analyses of diet,
they fit the other forms of evidence, suggesting that fat intake is probably related to
the development of breast cancer and specific measures need to be taken to limit the
fat intake in the diet.

8.7.2 Red Meat, Processed Meat, and Fiber Intakes in Relation
to Colon Cancer

This has been well documented in the second WCREF report, but more recently the
WCRF update (Norat et al. 2010) has not only confirmed the relationship but shown
that not only red meat but also processed meat is even more strongly related with the
panel, concluding that the relationships are convincing. The panel also noted that
the evidence for fiber intakes was more protective than hitherto noted. When a pro-
spective nested case-control study with a reasonable number of cases, namely, 579,
was undertaken in seven major cohort studies in the UK with both food frequency
methods and dietary records, then again a very significant protective relationship
with non-starch polysaccharide intake measured by the Englyst method was
observed with the recorded measures of intake but not with the food frequency
questionnaire (Dahm et al. 2010). Other major studies, albeit sometimes focusing
on the less appropriate AOAC method for assessing dietary fiber as typically used
in the US, did not look so robust, but extensive meta-analyses of all the cohort data
showed a statistically significant 10% decreased risk in colorectal cancer per 10 g/
day of dietary fiber intake, and this was even clearer if the potential preventive
effects of folate intake were taken into account. The potential overall effect may be
inferred from the UK study where the benefit of the highest fiber quintile intake
compared to the lowest quintile amounted to a 39% (95% CI 10-58%) reduction in
risk. The evidence for colon cancer looked more impressive than for rectal cancer.

8.8 Challenges in Determining the Dietary Impact
on Carcinogenesis

Two features of these latest analyses are significant. First that the more robust the
methods for measuring dietary intake, the more apparent the diet-cancer relation-
ship. Thus, the validity of the frequently used food frequency questionnaire seems
increasingly in doubt. This is not what epidemiologists want to hear because with
the need to monitor intakes of preferably hundreds of thousands of subjects over a
long period of time, it has always been accepted that the weighed intake method
would be impossible. However, one might reasonably conclude that methods involv-
ing dietary records or direct careful history taking by a nutritionist with dietary
modules for assessing portions sizes as introduced by Jean Hankin (Kolonel et al.
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1981) have been shown to be more valid in relation to biomarkers of food intake
than food frequency questionnaires and should be preferred, with the need to obtain
biomarkers whenever possible as is now emphasized in the EPIC studies.

The second feature of current conclusions is the emphasis given to ever more
complex meta-analyses of cohort studies with seemingly little notice being taken of
biological mechanistic views. This is perhaps almost inevitable given the need to
ensure that population data are robust if one is contemplating policies which involve
advocating changes in societal food intake. However, as many expert groups are
dominated by epidemiologists involved in cohort studies, it seems reasonable to
highlight the value of including if possible human metabolic studies where changes
in diet are tested for their effects on markers relating to the carcinogenic processes
themselves.

8.9 The Value of Physiological and Metabolic Studies
of Potential Carcinogenesis

A good example of this is the question of the impact of diets on free estrogen con-
centrations, bearing in mind the striking and largely ignored circadian cycle of free
estrogens which also depend on the stage of the menstrual cycle (Bao et al. 2004).
This would seem worthwhile in studies on diet and breast cancer given the clear
association between the unbound levels of sex hormones and the likelihood of post-
menopausal breast cancer. A clear association with BMI and with alcohol intake is
already evident for these two known strong risk factors for this cancer (Endogenous
Hormones and Breast Cancer Collaborative Group 2011), but it would be valuable
to document carefully whether fat intakes per se have an independent effect on free
sex hormone levels. Japanese studies show a clear relationship to saturated fat
intakes (Tsuji et al. 2012), but these associations do not seem to have been backed
up by controlled metabolic feeding studies in energy balance (Crighton et al. 1992)
which may need to evaluate the effects of fat/fiber ratios (Aubertin-Leheudre et al.
2011) since fiber intakes are known to affect the endogenous recycling of steroids.
It is important to distinguish between the effects of low-fat/high-fiber diets and
changes in energy balance in carefully controlled feeding studies since without care
subjects being monitored tend to reduce their energy intake, and then negative bal-
ance inducing a reduction in free estrogen levels is difficult to distinguish from fat
intakes per se (Heber et al. 1991).

Another example is the elegant series of metabolic feeding experiments under-
taken by the late Sheila Bingham (Bingham et al. 1996) where in a metabolic ward
she studied the effects of meat intake on fecal nitroso compound excretion. These
compounds increased with meat intake, and the concentration was diluted by the
additional feeding of non-starch polysaccharide-rich wheat bran. Fecal nitrite levels
also increased when changing white meat to red meat, so these metabolic results are
entirely in keeping with the epidemiological studies. Later, she showed that
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vegetables through their effects on transit and fecal weight would also reduce the
colonic mucosal contact with nitroso compounds (Hughes et al. 2002).

More recently, there has been a tendency to search, for example, for biomarkers
of inflammation or antioxidant status, but what is really required are more sophisti-
cated studies of the carcinogenesis process itself and the specific tissue DNA repair
mechanisms. More direct studies are easier to do if direct access to the cells involved
can be achieved, for example, with colonic, prostatic, or breast cells. So far, few
studies have been undertaken because they involve a range of sophisticated skills as
well as volunteers willing to undergo potentially unpleasant procedures which then
have to be conducted under meticulously controlled conditions such as those estab-
lished by Bingham and colleagues.

8.10 Background Metabolic and Genetic Research

WCREF/AICR (1997, 2007) summarized a whole range of processes that are involved
in carcinogenesis, and it is not appropriate to highlight these here but a careful study
of the multiple steps involved and how, for example, obesity can play a part at dif-
ferent stages in the process helps us to understand that the new findings of surpris-
ingly rapid reductions in risk and indeed in the progression of cancer can reasonably
be ascribed to effects during the later stages of carcinogenesis. So the process of
developing cancers may take many years, but this finding is still compatible with a
fairly rapid fall in the actual incidence and progression of established cancer by
dietary measures and particularly by reductions in overall energy intake and a fall in
body weight.

8.11 Conclusions

Although Doll and Peto’s (1981) original seemingly crude but in practice erudite
analyses based on ecological studies suggested perhaps a value of 35% for the
dietary contributions to carcinogenesis, this value was greater than their 30% value
for the impact of smoking which was their normal focus. Yet they also indicated that
this dietary figure might be as great as 70%. After 30 years of endeavor, we can now
be far more confident that the average value of 35% is a conservative figure as Doll
and Peto (1981) considered likely, but we are still bedeviled by the fact that assess-
ing diet accurately and being able to do this repeatedly over a number of years in
prospective cohort studies are exceptionally difficult. The more accurate the methods
and the greater the use of biomarkers of dietary intake, the more likely it seems that
consistent significant dietary relationships are found.

Exhaustive Cochrane searches with independently specified statistical analytical
protocols have come up with a host of dietary factors as in Fig. 8.1. Probable or con-
vincing relationships are apparent for specific tissue cancers in relation to the intake
of individual dietary groups of foods, for example, vegetables and fruit, fiber-rich
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foods, smoked and salted fish, red meats and processed meats, and alcohol. However,
body weight and obesity are becoming ever more clearly arisk factor, in part, because
it so easily measured with accuracy and consistency. A reduced state of energy bal-
ance with weight reduction by dietary means and/or physical activity also seems
independently related to cancer prevention. However, there is a need to have more
effective methods of combining metabolic studies with more refined indices of car-
cinogenesis, and then we may well find that dietary factors explain closer to the 70%
of cancers as specified by Doll and Peto (1981) from ecological studies.

Already trial data are suggesting that interventions in cancer survivors may be
beneficial, particularly when this involves weight loss in overweight/obese subjects.
The range of cancers gaining benefit from this seems to be more wide ranging than that
predicted from our current prospective studies relating to obesity, and there is now
clearly an advantage of conducting more refined studies across a range of cultures so
that the full range of potential intakes can be properly studies in a robust way.
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Chapter 9
Chemoprevention of Cancer: From Nutritional
Epidemiology to Clinical Trials

Mary Reid and James Marshall

9.1 Introduction

The impressive successes of chemotherapy have led to the hope that cancer might
be prevented by use of drugs: chemoprevention. Sporn (1980) was an early advo-
cate and continued to support chemoprevention. (Sporn and Hong 2008)
Chemoprevention may be defined as the use of a drug, nutrient, or other bioactive
compound or, more broadly, as the emphasis of certain dietary components over
others, as a means of preventing cancer’s initial occurrence. A related approach has
been to use dietary manipulation as a form of chemoprevention. The feasibility of
chemoprevention has been supported by the intriguing findings of nutritional epide-
miology; a plethora of studies have suggested that various dietary practices are
associated with diminished risk of various cancers (World Cancer Research Fund/
American Institute for Cancer Research 2007). It is tempting to suspect that, if the
active substances within the diets associated with decreased risk could be identified,
these substances might be administered to healthy people to decrease their vulner-
ability to cancer.

Few active chemical agents, however, have only one effect or act only on a single
metabolic pathway. Thus, a drug that blocks a given pathway in the colon may have
any number of cardiovascular or renal effects. Since chemoprevention would be
administered to healthy people, the safety standard must be quite high for chemo-
prevention. Cancer patients may face an imminent threat to their continued survival;
a cancer drug or treatment can be highly toxic, but, if its overall effect is to decrease
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mortality by even a modest degree, it may be considered useful. However, a chemo-
preventive agent, to be administered to people for whom the risk of any one life-
threatening cancer is relatively low, must be extremely safe. It must impart essentially
no toxicity. An agent that decreases the risk of certain cancers but increases those of
other cancers or of other serious illnesses is not likely to be adopted for chemopre-
vention. Dietary substances, such as vitamins and minerals, already in the food
supply and common, widely used medications may be attractive for chemopreven-
tion, as there is reason to expect that the probability of noteworthy toxicity is low.

The pathway to drug testing and adoption is not as well defined for chemopre-
vention as for chemotherapy. The latter begins with in vitro, then in vivo preclinical
models, followed by phase I, II, and III clinical trials. A particularly vexing question
for potential chemoprevention agents is assessing the importance of observational
epidemiology data—in deciding how the evidence from epidemiologic studies fits
with evidence from in vitro and in vivo studies, as well as from phase I and II clini-
cal trials.

The definitive evaluation of a chemoprevention agent is the controlled clinical
trial in which a given cancer is focal and named as the object to be prevented.
A critical element of this evaluation is toxicity; toxicity must be extremely low and
extremely uncommon. The number of chemoprevention trials to date is relatively
small, in part, because interest in chemoprevention is relatively new. In addition,
chemoprevention trials in which a single set of cancers is focal have to be extremely
large to be adequately powered. Often, such trials have to include several thousand
subjects. This chapter will focus on chemoprevention trials targeted toward the four
major cancers: breast, colon, lung, and prostate.

9.2 Breast Cancer

9.2.1 Dietary Change

The geographic distribution of breast cancer, with greater risk in the western indus-
trialized countries, has given rise to the suspicion that the western diet, possibly
dietary fat, is responsible for this excess of risk. Ecologic data suggest that countries
in which a high-fat, western diet is prevalent experience increased breast cancer risk
(World Cancer Research Fund/American Institute for Cancer Research 2007).
However, the findings of individual-based dietary epidemiologic studies of breast
cancer, whether focused on dietary fat or on other components of the diet, have been
disturbingly inconsistent. Some epidemiologic studies show diet, especially dietary
fat, to be associated with breast cancer risk, but other studies show no such
association (World Cancer Research Fund/American Institute for Cancer Research
2007). Because of suspicion that limitations of the epidemiologic study design and
method might be obscuring associations, several large experimental interventions
have been launched. In these, subjects in one group have been assigned to a diet
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change program, while those in another group have been assigned to receive advice,
but no assistance in diet change.

In the Women’s Health Initiative, experimental women whose diet was assessed
to be relatively high in fat were randomized to a diet modification program designed
to decrease their fat intake and increase their fruit and vegetable intake, or to a com-
parison group. After an average follow-up of over 8 years, the breast cancer incidence
of subjects in this group was essentially equal to that of the control subjects (Prentice
et al. 2006). A smaller study, the Women’s Intervention Nutrition Study (WINS),
focused on dietary fat reduction, was carried out among 2,437 women who had
undergone treatment for early stage breast cancer. The participants were randomly
assigned to a diet intervention or to a comparison group. An interim report indicated
that intervention subjects reported greater decreases in fat intake and weight loss,
and decreased breast cancer recurrence or new primary tumor risk, compared to
subjects assigned to the control condition (Chlebowski et al. 2006). The final report
has yet to be released. The Women’s Healthy Eating and Living Study (WHEL)
followed a similar, randomized design, with experimental subjects encouraged by
an intensive intervention program to substantially increase their intake of fruits and
vegetables. As in the WINS, the participants were breast cancer patients, enrolled
after the completion of definitive therapy, and the outcome was a recurrent or new
primary breast cancer; unlike the WINS, WHEL did not focus on fat intake. WHEL
experimental subjects significantly increased their intake of vegetables, fruits, and
fiber, and they decreased their fat intake, while comparison subjects did not change
their dietary practices. The experimental subject changes in fruit and vegetable
intake were confirmed by changes in blood carotenoids. Nonetheless, after a follow-
up period of over 7 years, the risks of recurrent or second primary breast cancers
among intervention and comparison subjects were virtually the same (Pierce et al.
2007).

9.2.2 Calcium Plus Vitamin D

One component of the Women’s Health Initiative was a test of calcium 1,000 mg per
day plus vitamin D 400 IU per day (Chlebowski et al. 2008). Over 36,000 women
were enrolled in this trial, and they were followed for some 7 years. Breast cancer
was a secondary endpoint of this component of the trial. Invasive breast cancer was
approximately equal in the experimental and the control arms of the trial.

9.2.3 Selective Estrogen Response Modifiers

Tamoxifen and raloxifene are selective estrogen response modifiers with an
impressive safety profile that makes them likely candidates for the chemoprevention
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of breast cancer (Fisher et al. 2005). Although the trial of tamoxifen for prevention
of breast cancer showed a substantial decrease in the rate of breast cancer —approx-
imately 3.6 cases per thousand among women assigned to tamoxifen against 6.3 per
thousand among women assigned to placebo—the trial illustrates the complexity of
evaluating the impact of a chemoprevention drug. Tamoxifen substantially decreased
the risk of estrogen receptor-positive breast cancers, but it increased the rate of
estrogen receptor-negative breast cancers (Fisher et al. 2005). Although tamox-
ifen decreased the risk of hip fracture, it more than tripled the risk of endometrial
cancer. It also increased the risk of several forms of cardiac and vascular disease
mortality: heart disease other than of the arteries and ischemic heart disease, lung
disease other than lung cancer, and a large number of deaths assigned to unknown
causes. Thus, the overall mortality rate for participants assigned to tamoxifen
was essentially the same as that of participants assigned to placebo (Fisher et al.
2005). A second trial comparing raloxifene to tamoxifen showed that raloxifene
was about 50 % less effective in decreasing the risk of breast cancer, but it also
induced less risk of endometrial cancer. The numbers of hip fractures in the two
groups were similar. The subjects assigned to raloxifene experienced approxi-
mately the same overall mortality rate as those assigned to tamoxifen (Vogel et al.
2006).

9.3 Colon Cancer

The ecologic data suggesting that the diet prevailing in much of the western indus-
trial world might encourage colon carcinogenesis has given rise to a number of
hypotheses: that the consumption of fat or of animal products might increase risk,
or that dietary fiber or consumption of fruits, vegetables, or grain products could
decrease risk. Nonetheless, the epidemiologic evidence has proven disappointingly
inconsistent. Thus, trials may show the best means of testing the most likely
hypotheses.

The identification of a sequence in which the adenomatous polyp is transformed
over time to become increasingly dysplastic and eventually develop into colon can-
cer (Lev 1990) has led to a plethora of interventions focused on individuals with
adenomatous polyps. The outcome of these studies in general is polyp recurrence
or new polyp development. As adenomatous polyps are much more common than
colon cancers, and as they take much less time than colon cancer to develop, stud-
ies designed to prevent polyp recurrence or occurrence can be more efficiently
executed than studies targeted to colon cancer (Schatzkin et al. 1990). Thus, the
number of chemoprevention trials directed at colon cancer, but with the adenoma-
tous polyp as the biomarker of colon cancer risk, is larger than that directed at any
other cancer.
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9.3.1 Diet Change

One of the earlier experimental efforts involving diet change was carried out among
some 2,000 adenoma patients (Schatzkin et al. 2000). The patients were randomized
to an intensive, in-person dietary intervention, directed by a trained nutritionist, or
to a comparison nonintervention group. The goal of the intervention was for experi-
mental subjects to increase their fruit and vegetable intake to 5 servings per day,
decrease their dietary fat intake to 20 % of calories, and increase their fiber intake
to 30 g per day. Although subjects did not in general succeed in achieving those
goals, they did make substantial, statistically significant changes in their dietary
practice. Comparison subject diets changed, but by miniscule amounts; the changes
in experimental subject diets were far greater, by a statistically significant degree,
than those of the comparison subjects. Nonetheless, these changes had no bearing
on the probability of polyp recurrence: polyp recurrence was essentially the same
among experimental and comparison subjects (Schatzkin et al. 2000).

9.3.2 Antioxidants

The evidence that oxidative stress is critical to the genesis of cancer led to one of the
earliest dietary interventions focused on adenomatous polyps: a trial of vitamin C,
beta-carotene, and vitamin E (Greenberg et al. 1994). It was hypothesized that these
agents were at least partly responsible for any protection against colon cancer
afforded by fruit and vegetable intake. Subjects were confirmed by pathology to
have had colonoscopically ablated adenomatous polyps. Agent compliance among
the 864 subjects, confirmed by plasma biomarkers, was high. Nonetheless, none of
these agents had any impact in decreasing the risk of adenomatous polyp recur-
rence. In a much larger study of the effects of a regimen involving two antioxi-
dants—beta-carotene and alpha-tocopherol were studied among 29,000 male
cigarette smokers and colorectal cancer was a secondary endpoint. Beta-carotene
was associated with no alteration of risk, but alpha-tocopherol was associated with
a slight, statistically nonsignificant decrease in colorectal cancer (Albanes et al.
2000). The evidence to date, then, suggests that antioxidants do not impart appre-
ciable chemopreventive effects on adenomatous polyps.

9.3.3 Aspirin

Epidemiologic evidence indicating that long-term use of aspirin is associated with
decreased risk of colon cancer mortality (Thun et al. 1992) led to two important
trials of aspirin use. The trials of Baron et al. (2003) and Sandler et al. (2003) were
focused on adenoma occurrence. Baron et al. (2003) followed 1,121 adenoma
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patients randomized to placebo, 81 mg or 325 mg of aspirin daily. Patients, scheduled
to be followed for 3 years, were examined colonoscopically at least 1 year after
randomization. The surprising result of this trial is that 81 mg/day decreased
adenoma incidence by 20 %, but that 325 mg/day had no effect. Sandler et al. (2003)
conducted a trial among colorectal cancer patients after curative surgical treatment.
Patients were randomized to receive either 325 mg of aspirin or placebo daily.
Aspirin decreased the incidence of new adenomas by approximately 35 %. Thus,
although Sandler et al. (2003) found that 325 mg aspirin decreased risk by over a
third, Baron et al. (2003) found that aspirin at that dose does not alter the risk of
adenoma but found that aspirin at 81 mg/day is protective. Nonetheless, a meta-
analysis of randomized, double-blind, placebo-controlled trials indicates that aspi-
rin decreases the risk of adenoma in general by approximately 17 % and advanced
adenoma by almost 30 % among people who have already been shown to have at
least one adenomatous polyp (Cole et al. 2009).

9.3.4 Cyclooxygenase II Inhibitors

Concern over gastric erosion and bleeding disorders induced by aspirin led to the
search for other nonsteroidal anti-inflammatory drugs that might have
anticarcinogenic effects similar to those of aspirin (Bertagnolli et al. 2006). A class
of agents, cyclooxygenase II inhibitors that act to reduce inflammation, were also
suspected to have anticarcinogenic effects. In one of the largest of these trials,
patients previously treated for adenomatous polyps were randomized to placebo,
celecoxib 200 mg or celecoxib 400 mg, both of these doses twice per day. Celecoxib
200 mg decreased total and advanced adenoma incidence by 33 % and 57 %, respec-
tively, while 400 mg decreased total and advanced adenoma incidence by 45 % and
66 %, respectively. Unfortunately, the incidence of adjudicated, prespecified serious
cardiovascular events was increased 2.6 and 3.4 times among those assigned to 200
and 400 mg celecoxib, respectively. In addition, the incidence of nonadjudicated,
investigator-reported cardiovascular disorders was increased 1.5 and 1.8 times
among those assigned to 200 and 400 mg celecoxib, respectively. Bertagnolli et al.
(2006) concluded that, although celecoxib is clearly effective for prevention of col-
orectal adenomas, it increases the risk of cardiovascular disease enough to render it
unsuitable for general use.

9.3.5 Folate

Folate intake is associated with decreased colon cancer risk and decreased risk of
colorectal cancer (Giovannucci et al. 1998). Alcohol consumption, which lowers
plasma folate, is associated with increased colorectal cancer risk (Baron et al. 1998).
This evidence led Cole et al. (2007) to test whether adenoma patients randomized to
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folic acid 1 mg/day or placebo experienced decreased adenoma risk. The trial
protocol called for patients to be followed for 3 years; a second follow-up, 3-5 years
after the protocol period, was added to the protocol. The trial provided no evidence
that folic acid supplementation decreased the risk of adenoma formation. Indeed,
the relative risks of adenoma during the first and second follow-up periods, respec-
tively, were 1.04 and 1.13; neither of these is statistically significant. The relative
risks of advanced lesions during the first and second follow-up periods, respec-
tively, were 1.32 and 1.67; the latter relative risk is statistically significant. The rela-
tive risk of multiple adenomas during the second follow-up period was a statistically
significant 2.32. Cole et al. (2007) pointed out that the subjects of this study were
folate replete at the beginning of the study. Thus, folic acid supplementation of
folate-replete subjects is not likely to protect against colorectal adenoma (Cole et al.
2007). It has been generally assumed that folic acid in supplements has the same
effects as folate from foods. Whether folate supplementation other than by folic
acid might be possible and impart protective effects is not entirely clear.

9.3.6 Calcium

In light of epidemiologic evidence that diet may affect bile acids, which may be
carcinogenic to the large bowel, and basic scientific evidence that calcium may bind
bile acids and thus reduce their carcinogenic effects, Alberts et al. (1997) conducted
a randomized, placebo-controlled phase II trial among 93 adenomatous polyp
patients. This study also evaluated the importance of dietary fiber and calcium
supplementation 1,500 mg/day on rectal mucosal proliferation; the study revealed
no change in rectal mucosal cellular proliferation. In a phase III trial, Baron et al.
(1999) randomized 930 adenoma patients to placebo or to 3 g/day of calcium
carbonate. Adenoma risk was reduced approximately 15 % by calcium
supplementation. In addition, the number of adenomas among those assigned to
calcium supplementation was reduced by approximately 24 %. It is not yet clear
how calcium might actually work in humans to decrease colon cancer risk. Although
calcium supplementation in this randomized trial significantly reduced the risk of
adenoma formation, the effect of such supplementation is only modest. The best use
of calcium may be in conjunction with other protective agents.

9.3.7 Dietary Fiber

There is indirect epidemiologic evidence that dietary fiber is protective against
colorectal cancer. International ecological studies have played a prominent role,
showing that populations with substantial dietary fiber intake have much lower
colorectal cancer incidence and mortality than populations with less intake (Burkitt
1971; Wynder et al. 1967; Wynder and Reddy 1973). It is difficult, however, to
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distinguish the importance of fiber from that of protein, fat, or any of myriad other
compounds found in the diet. Experimentalists have attempted to identify the specific
importance of dietary fiber (McKeown-Eyssen et al. 1988). Evaluating the possibil-
ity that dietary fiber might lessen cellular proliferation and thus decrease the
likelihood of genetic mutations that might contribute to carcinogenesis, Alberts
et al. (1997) randomized 93 adenoma patients, in the already-mentioned factorial
phase II trial of calcium supplementation, to either 2 or 13.5 g per day of wheat bran
fiber. The disappointing result of this trial was that the fiber supplement had no
impact on what was at the time regarded as the signal indicator of carcinogenesis:
cellular proliferation within the rectal crypts. In a larger, phase III trial, Alberts et al.
(2000) randomized 1,429 adenoma patients to 3 years of supplementation by either
2 or 13.5 g per day of wheat bran fiber. Study assignment was double blinded. The
study was plagued by a high dropout rate among patients assigned to the high-fiber
supplement. A number of participants found a supplement of even 13.5 g of fiber to
be quite unpleasant so that the randomization scheme had to be changed to increase
the number of patients completing the study on the high-fiber supplement.
Assignment to the wheat bran fiber supplement made no difference to the incidence
of new polyps; the probabilities of new polyp formation were essentially equal in
the high- and low-fiber supplement groups. The probabilities of multiple polyps and
of polyps in more than one region of the colorectum were greater in the group
assigned to the high-fiber supplement. Noteworthy gastrointestinal effects, includ-
ing nausea, abdominal pain, diarrhea, intestinal gas, and bloating, were also more
frequent among those assigned to the high-fiber supplement. Thus, it has proven
difficult to confirm by epidemiology or by clinical trials the intriguing data emerg-
ing from international ecologic studies.

9.3.8 Ursodeoxycholic Acid

A common bile acid found in the large bowel, deoxycholic acid, is highly carcino-
genic, but one of the less common bile acids, ursodeoxycholic acid (UDCA), may
counter the impact of deoxycholic acid (Alberts et al. 2005). There is ample pre-
clinical evidence, including in vitro and in vivo studies, that UDCA suppresses sig-
naling pathways associated with deoxycholic acid. UDCA is attractive as a
chemopreventive agent, as it is already in wide use as a safe treatment for gall stones
(Alberts et al. 2005). Alberts et al. (2005) randomized 1,285 adenomatous polyp
patients to 3 years of treatment with UDCA or placebo. The impact of UDCA on
overall polyp incidence was not statistically significant. Although UDCA induced a
39 % decrease in polyps with high-grade dysplasia, it had no effect on a broader
category of advanced or aggressive adenomas; this category included adenomas
with diameter 10 mm or more, those with high-grade dysplasia and with villous or
tubulovillous histology or carcinoma.
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9.3.9 Vitamin D

Although there is strong evidence that vitamin D protects against carcinogenesis
(Trump et al. 2010) and although a great deal of epidemiologic research has consid-
ered vitamin D, that research has provided only limited evidence that dietary vita-
min D protects against cancer (Giovannucci 2005). However, vitamin D in people
comes not just from diet but also from supplements and from sunlight exposure. The
effects of sunlight can be affected by regional ultraviolet B radiation and by skin
tone, and the effects of both sunlight and intake from food and supplements can be
conditioned by body mass index. A study of vitamin D status focused only on diet
could well fail to account for major sources of vitamin D exposure variance. The
strongest attempt to account for all these sources, reported by Giovannucci et al.
(2006), was based on the experience of a cohort of 47,800 health professionals.
Giovannucci et al. (2006) estimated, using sunlight exposure, regional ultraviolet B
radiation, skin tone, body mass index, and vitamin D from foods and supplements,
the blood level of each subject. He found that those with elevated levels of estimated
vitamin D, compared to those with the lowest levels, had substantially decreased
colorectal cancer incidence and mortality. Giovannucci et al. (2006) estimated that
supplementation with at least 1,500 IU per day would be necessary to achieve the
levels of vitamin D associated with substantially decreased cancer risk.

One of the components of the Women’s Health Initiative was a placebo-con-
trolled trial of calcium 1,000 mg per day and vitamin D 400 IU per day among
36,000 postmenopausal women (Wactawski-Wende et al. 2006). The study pro-
vided no evidence that vitamin D at a dose of 400 IU per day decreases colorec-
tal cancer incidence. Nor did the grade of the diagnosed cancers differ among
the subjects receiving placebo and those receiving vitamin D. A possible reason
for this null result is that the dose of vitamin D might have been too low or that
a 7-year follow-up period might not have been long enough to reveal true effects
(Wactawski-Wende et al. 2006). The analysis by Giovannucci et al. (2006) sug-
gests that a supplement of 400 IU per day would not be nearly enough to induce
decreased cancer risk.

9.3.10 DFMO/Sulindac

A major disappointment of research into nonsteroidal anti-inflammatory drugs
has been that, although celecoxib is associated with a substantial decrease in the
risk of colorectal adenoma recurrence, it also induced unacceptable coronary
toxicity. Meyskens et al. (2008) used a combination of difluoromethylornithine
(DFMO) 500 mg per day and a commonly used nonsteroidal anti-inflammatory
drug—sulindac— 150 mg per day, as these two agents interact in vivo to lessen
the growth and viability of colon cancer cells. In this relatively small clinical
trial, the combination of DFMO and sulindac decreased adenoma formation by
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70 %; the combination also decreased the formation of advanced adenomas by
over 90 %. Although some excess of serious adverse events, including cardiovas-
cular toxicity, was observed in the group assigned to DFMO and sulindac, this
excess was not statistically significant. In a follow-up analysis, Zell et al. (2009)
showed that the excess cardiovascular toxicity was confined to individuals with
elevated baseline cardiac risk.

9.3.11 Statins

The data suggesting that colorectal cancer is more common in the affluent, industri-
alized western countries has led to the search for agents that might counter some of
the effects of over nutrition in these countries: drugs, for example, that are targeted
at hypercholesterolemia or insulinemia. One class of drug frequently used to address
hypercholesterolemia is the statins. An observational study which considered the
association of statin use with colorectal cancer risk, however, found little evidence
that statins are associated with decreased risk (Lee et al. 2011).

9.4 Lung Cancer

9.4.1 Beta-carotene

One of the earliest chemoprevention leads to come from epidemiology involved vita-
min A and its precursor, beta-carotene. Mettlin et al. (1979), analyzing data from a
case—control study carried out at Roswell Park Cancer Institute, showed that, even with
statistical adjustment for the effects of smoking, those with greater vitamin A intake
were at decreased lung cancer risk. Subsequent analysis of these data showed that the
most important component of vitamin A intake was probably that which originated in
plant products: beta-carotene. A spate of additional epidemiologic inquiries, largely
confirming these observations followed; the negative association of beta-carotene
intake with cancer risk appeared particularly strong for lung cancer. These studies led
to a number of large chemoprevention trials. In a trial conducted among 22,071 physi-
cians in the USA, randomized to beta-carotene or to placebo, no effect of beta-carotene
was observed (Hennekens et al. 1996). In a trial conducted in Finland among 29,000
smokers randomized to beta-carotene or to placebo, those randomized to beta-carotene
experienced an 18 % increase in lung cancer incidence (Albanes et al. 1995). Closely
following these results, a trial of beta-carotene and retinol (CARET) showed that high-
risk lung cancer subjects randomized to beta-carotene and retinol experienced a 36 %
increase in lung cancer incidence (Omenn et al. 1996). This study was conducted
among 18,000 individuals with a history of either smoking or of exposure to asbestos;
subjects were randomized to both beta-carotene 30 mg per day and 25,000 IU per day
or retinyl palmitate or to placebo. The intent of the addition of retinol to beta-carotene
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was that, as beta-carotene is metabolized to retinol, the presence of retinol might slow
this metabolism and cause a beta-carotene effect to persist longer.

9.4.2 Retinoic Acid

In an Intergroup trial, 1,166 patients treated for stage 1 non-small cell lung cancer
were randomized to the retinoid isotretinoin at 30 mg per day or to placebo for
3 years. Overall, no benefit was observable for the treatment with regard to second
primary tumors (SPT), or recurrence of lung cancer or mortality. Subgroup analysis
showed that isotretinoin increased the risk of recurrence in current smokers but was
protective in never smokers.(Lippman et al. 2001).

9.4.3 Selenium

A trial of selenium supplementation, conducted among 1,200 men and women with
nonmelanoma skin cancer (NMSC), was originally designed to evaluate the
prevention of NMSC recurrence by a 200 mcg per day dose of selenium
supplementation as selenized yeast. Several secondary cancer endpoints including
lung cancer were added during the course of the trial. The original results showed a
40 % decrease in lung cancer risk (Clark et al. 1996), based on a 10-year follow-up
period. Subsequent results based on the entire period of supplementation (1983—
1996) showed an attenuation of this association (Reid et al. 2002). Responding to
the original results from the trial, Karp et al. (2010) led a cooperative group trial of
early stage lung cancer patients randomized to placebo or to 200 mcg per day of
selenium. The trial was terminated early after an interim analysis indicated that
benefit from supplementation was extremely unlikely.

9.4.4 Other Agents

Several phase II trials of lung cancer chemopreventive agents have been completed.
In a randomized trial of the synthetic retinoid etretinate in moderate risk smokers,
sputum atypia was the primary endpoint (Arnold et al. 1992). There was no
significant impact on sputum atypia from the intervention. In a study of N-(4-
hydroxyphenyl) retinamide (4 HPR) among high-risk individuals, with reversal of
squamous metaplasia as the endpoint, 4-HPR produced no histologic, genetic, or
phenotypic changes in bronchial tissue (Kurie et al. 2000). In a study of cis retinoic
acid vs. 13 cis retinoic acid plus vitamin E, the endpoint was changed in the
expression of retinoic acid receptor beta (RAR beta). Upregulation of RAR beta
with 9 cis retinoic acid was shown (Kurie et al. 2003). An evolution of retinyl
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palmitate, with lung cancer recurrence as the endpoint, showed that the treatment
group had a longer disease-free interval than the placebo group (Pastorino et al.
1993). Lam et al. (2002) evaluated anethole dithiolethione among patients with
dysplasia; the treatment decreased the formation of new lesions in smokers. Former
smokers treated with Iloprost experienced positive results (Keith et al. 2011). In a
phase IIb trial lasting 6 months, 112 smokers with bronchial dysplasia were
randomized to a placebo or budesonide as an inhaler (800 mcg twice a day).
Budesonide had no effect on dysplastic lesions, but a higher rate of resolution of
CT-detected lung nodules was found (Lam et al. 2004). In phase I trials presently
under way at Roswell Park Cancer Institute, lung cancer patients after definitive
treatment are being evaluated by bronchoscopy, then reevaluated by bronchoscopy
after 3—6 months. Biopsies are taken during each bronchoscopy. In one study, cal-
citriol (1,25 dihydroxy vitamin D3) at an oral dose of 45 mcg, once every other
week, is being tested. The outcome of the study includes toxicity, change in the
expression of vitamin D receptor in the bronchial tissue, cellular proliferation, and
the expression of several genes linked to the vitamin D receptor. In another simi-
larly designed study, erlotinib, an epidermal growth factor receptor (EGFR) antago-
nist, is being evaluated at doses of 25, 50, 75, and 100 mg per day. Subjects are
placed on the dose for 3 months, with pharmacokinetics and pharmacodynamics
evaluated at baseline. The primary endpoint is change in the ratio of activated EGFR
to total EGFR expression in the bronchial tissue. Other endpoints include toxicity
from the treatment and changes in markers of proliferation and apoptosis.

As the search for agents that might prevent lung cancer continues, it is important
to remember that antismoking medications are potential chemopreventive agents.
As there is excellent evidence that continued smoking continues to increase lung
cancer risk, and that cessation decreases it, an agent that helps people to discontinue
smoking is likely to prove beneficial.

9.5 Prostate Cancer

9.5.1 Leads from Epidemiology

Although prostate cancer mortality is higher in the industrialized western world
than in the emerging nations, it has been difficult to identify the source of this dis-
parity. It is clear that the residents of the more affluent industrialized countries—
especially North America and Western Europe —are more affluent and abundantly
nourished than are those in the rest of the world; energy intake appears to be greater
and obesity much greater. Prostate cancer incidence and mortality are identified
much more frequently in these countries than in the rest of the world. However, the
extent to which the excesses are functions of actual incidence and mortality —as
opposed to screening and diagnostic practices— is not entirely known. It has been
known for some time that the prevalence of a probably indolent form of prostate
cancer uncovered only in postmortem examinations is appreciable even in the
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developing world (Breslow et al. 1977). Variance in the prevalence of prostate
cancer identified only as incidental at postmortem examination is much less than
variance in the prevalence of the aggressive disease that comes to clinical attention.
Evidence emerging from a large clinical trial in which the protocol called for sub-
jects to be biopsied indicated that the prevalence of undiagnosed, asymptomatic,
and apparently largely indolent prostate cancer among men who were understood to
be at relatively low risk at study initiation was approximately 24 % (Thompson
et al. 2003). Even among those at lowest risk—those whose prostate-specific anti-
gen never exceeded 4 ng/ml and who had neither a suspicious digital rectal exami-
nation nor symptoms during the 7-year duration of the trial—the prevalence of
undiagnosed prostate cancer was 15 % (Thompson et al. 2004).

It has been hypothesized that a major biomarker of excess food intake, elevated
body mass index (BMI), or obesity is related to the excess cancer risk observed in
high-risk countries. However, careful studies have led to doubts about this hypoth-
esis. It is possible that obesity is linked to only the more aggressive forms of pros-
tate cancer; it may be negatively related to the risk of more indolent forms. As
noted, a large observational study of a major anticholesterol agent showed that sta-
tin has no noteworthy association with diminished colon cancer risk (Lee et al.
2011). Nonetheless, early phase prostate cancer investigations are underway, as sta-
tins and drugs used to treat insulinemia are considered.

9.5.2 Vitamin E

Investigators have long suspected that vitamin E as an antioxidant could have a
number of health benefits. However, an unexpected outcome of a 2x?2 factorial
Finnish trial in which vitamin E 50 mg per day was tested as preventive against
coronary heart disease and beta-carotene 20 mg per day was tested as preventive
against lung cancer was that the diagnosis of prostate cancer was decreased by 40 %
in the group assigned to vitamin E (The Alpha-Tocopherol, Beta Carotene Cancer
Prevention Study Group 1994). This decrease in risk was statistically significant,
and it helped lead to a massive 2x2 factorial trial: the Selenium and E
Chemoprevention Trial (SELECT), in which over 35,000 North American men
were randomized to vitamin E 400 mg per day and selenium 200 mcg per day
(Lippman et al. 2009). One fourth of the subjects received vitamin E and a selenium
placebo, one fourth received selenium and a vitamin E placebo, one fourth received
both vitamin E and selenium, and one fourth received a double placebo. The disap-
pointing result of this trial was that vitamin E resulted in no decrease in prostate
cancer. Extended analysis of the group assigned to vitamin E showed that the slight,
statistically nonsignificant excess of prostate cancer observed at the end of the
prespecified study period became, after all data had been collected, statistically
significant (Klein et al. 2011).
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9.5.3 Lycopene

As one of the most powerful antioxidants among the carotenoids, lycopene has
received a good deal of attention within epidemiologic research circles. Giovannucci
and Clinton (1998) observed in a cohort of health professionals that the intake of
tomato products was associated with decreased risk of prostate cancer and espe-
cially of aggressive prostate cancer. Both of these associations were statistically
significant. The associations were in general stronger for cooked than for raw tomato
products. A lycopene index, comprised of foods with lycopene content, was also
associated with decreased prostate cancer risk. Gann et al. (1999) also observed in
a cohort of physicians that blood lycopene levels were associated with decreased
risk of prostate cancer; the association was statistically significant. Again, the asso-
ciations were stronger for aggressive than for more indolent, screening-derived
prostate cancer. Earlier-phase trials in which lycopene is administered have also
suggested that it may hinder the development of prostate cancer (Bowen et al. 1993;
Kiiciik et al. 1994). To date, phase III trials of lycopene to block the development or
progress of prostate cancer have yet to be started.

9.5.4 Selenium

As akey to human antioxidant defenses, selenium has received a good deal of atten-
tion as protective against cancer and a number of other chronic diseases (Combs
2001). In a 1,200-man trial of selenium supplementation to prevent recurrence of
nonmelanoma skin cancer in which prostate cancer was a secondary endpoint, sele-
nium supplementation was associated with a 50 % decrease in the diagnosis of pros-
tate cancer (Clark et al. 1996). This trial was largely responsible for a number of
follow-up clinical trials. The largest of these, SELECT, considered the impact of
200 mcg per day selenium supplementation. The disappointing result of this trial,
which enrolled over 35,000 average-risk men, was that selenium had absolutely no
effect on the risk of prostate cancer diagnosis (Lippman et al. 2009). In a much
smaller study, selenium was administered to 460 men understood to be at elevated
risk of prostate cancer; all had been diagnosed with high-grade prostatic intraepithe-
lial neoplasia (HGPIN) (Marshall et al. 2011). The results of this trial paralleled
those of SELECT; selenium had no effect on the progression of HGPIN to prostate
cancer. In a similar study, selenium was one of three agents in a prevention “cock-
tail” administered to men with HGPIN; those assigned to this cocktail had essen-
tially the same risk of prostate cancer diagnosis as those assigned to the placebo
(Fleshner et al. 2011).
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9.5.5 5-Alpha-Reductase Inhibitors

Interest in androgen signaling led to the development of testosterone blockade for
the treatment of prostate cancer (Huggins and Hodges 1941). A linked approach
involved drugs that block the enzyme, 5-alpha-reductase, that catalyzes the conver-
sion of the major male hormone, testosterone, to its more active form of dihydrotes-
tosterone. The first of these agents, finasteride, blocks the most common form of
5-alpha-reductase. A large trial, conducted among 18,882 men understood to be at
low risk of prostate cancer, with all participants expected to undergo biopsy at the
end of the trial, showed that finasteride decreased the period prevalence of prostate
cancer by 25 % (Thompson et al. 2003). Finasteride also decreased the risk of what
is believed to be the most significant premalignant lesion leading to prostate cancer:
high-grade prostatic intraepithelial neoplasia (Thompson et al. 2007). A major
drawback was that the identification of high-grade, more aggressive disease was
increased among the subjects assigned to finasteride (Thompson et al. 2003). In
total, 800 cancers were detected among finasteride patients, while over 1,150 were
detected among placebo patients. The concern is that 280 of the cancers detected
among the finasteride group and 240 of those detected among the placebo group
were high grade: Gleason sum 7, 8, 9, or 10. Thompson and others have argued that
this increased risk of high-grade disease is an artifact, caused by finasteride increas-
ing the sensitivity of the prostate-specific antigen and the digital rectal examination
in the presence of prostate cancer screening and diagnosis among men receiving
finasteride (Cohen et al. 2007). A chemoprevention trial of dutasteride, which results
in more complete 5-alpha-reductase inhibition and thus may be more effective in
blocking the conversion of testosterone to dihydrotestosterone, showed similar
results Andriole et al. (2010). The protocol called for all 6,729 participants to be
biopsied prior to randomization, at 2 years and 4 years on trial. Relative risk was
reduced by approximately 23 %. Whereas the finasteride trial revealed the excess of
high-grade cancer to have appeared early in the trial and then to have decreased
slightly, the dutasteride trial showed an excess of high-grade disease that increased
over time (Andriole et al. 2010). Thus, although there is still active debate about the
interpretation of these results, the apparent excess of high-grade disease has led
prominent clinical groups to voice serious reservations about chemoprevention
based on the use of finasteride and dutasteride (Kramer et al. 2009).

9.5.6 Folate

Although the role in supporting DNA repair makes folate seem a likely candidate to
protect against most cancers, including prostate cancer, the human-based evidence
is limited. Epidemiology has not shown folate to be protective, and a systematic
review and meta-analysis indicates that it is probably associated with increased
prostate cancer risk (Collin et al. 2010). In the only folate experiment conducted
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among average-risk, folate-replete subjects (Baron et al. 1998), folate supplementa-
tion by 1 mg per day was associated with a 2.7-fold increase in prostate cancer
diagnoses (Figueiredo et al. 2009). Whether this resulted from increased detection
of prostate cancer, from an increase in the formation of cancers from premalignant
lesions, or from accelerated progression of early cancers is not yet known.

9.5.7 Dietary Change

As interest in diet as a risk factor for prostate cancer persists, so has interest in a
means of firmly identifying diet’s importance. Whether epidemiology is likely to
provide definitive evidence is not entirely clear so that it may be necessary to
confirm the role of diet experimentally. Limitations of experimentation with diet
include first the difficulty of inducing people to change their diets. In addition, it is
not readily possible to blind people to their treatment group, and being part of a
treatment group—or a comparison group—could have other effects on behavior.
Being part of an experimental as opposed to a control or comparison group could
affect taking vitamins or other supplements, physical activity, or screening. These
changes would not be addressed by randomization.

The follow-up of the Polyp Prevention Trial (Schatzkin et al. 2000; Shike et al.
2002) focused on prostate cancers identified among participants after 4 years of
follow-up. As already noted, this trial effected substantial change in dietary behav-
ior of intervention subjects, including their fat, fiber, and fruit and vegetable intake.
It resulted, however, in no change in the course of the mean prostate-specific anti-
gen or in the likelihood of prostate cancer identification.

In a more recent, presently ongoing investigation (Newman et al. 2006; Parsons
et al. 2008a, b), a randomized trial of intensive dietary intervention among men
with very early and probably indolent prostate cancer has been undertaken. As the
prevalence of what appears to be an indolent form of prostate cancer is high rela-
tive to that of more aggressive or lethal forms, it has been hypothesized that inter-
ventions to retard the progress of this form would be likely to block its initial
formation as well. The strategy of Parsons et al. (2008a, b) is to recruit prostate
cancer patients who have chosen to manage their early stage, probably indolent
cancer by monitoring it carefully and by reserving radical medical intervention
until the cancer shows evidence of progression to a more invasive and metastatic
phenotype. The study seeks to induce experimental subjects to adopt a diet in
which they consume nine or more servings of vegetables and fruits per day.
Vegetables that are emphasized include tomatoes and such cruciferous vegetables
as broccoli, cabbage, and cauliflower. The diet also encourages reliance upon
whole grains. To date, some 100 patients have been recruited, toward an accrual
goal of 460: 230 randomized to the dietary intervention, 230 randomized to
receive a copy of the US Department of Agriculture dietary guidelines. The study
should be completed around 2016.
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9.6 Conclusion

Sporn’s (1980) vision of chemoprevention as a widely adopted strategy for cancer
control continues to hold the attention of many cancer researchers. The attractive-
ness of chemoprevention is that it might forestall the unpleasantness of becoming a
cancer patient and of dealing with the consequences of therapy. However, the
identification of a single agent that could be administered to entire populations to
decrease their vulnerability to all cancer remains little more than a dream.
Epidemiology, and the search for dietary constituents that decrease risk, has been
less effective than was hoped 3 decades ago.

What appears more likely to prove fruitful is the discovery of agents that halt or
delay the progress of premalignant lesions or other high-risk conditions to frank
cancer. There is clearly a premalignant lesion, the adenomatous polyp, that leads to
colon cancer; there is believed to be a premalignant lesion that leads to prostate
cancer. The evidence is less strong for premalignant lesions of the lung and breast.
In any case, we have yet to identify agents that consistently block the progress of
any premalignant lesions or states to cancer. Another possibility is that we will be
able to extract chemoprevention leads from chemotherapeutic trials. The allure of
chemoprevention remains; the findings to date remain modest. We have a good deal
of work to do.
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Chapter 10
The Role of Hormonal Factors in Cancer
Prevention

David B. Thomas

10.1 Introduction

Hormonal factors included in this chapter include reproductive factors that alter risk
by influencing endogenous hormone level and that are directly modifiable by
changes in human behavior. These include parity, age at first birth, and breast-feeding.
Other hormonal factors, such as ages at menarche and menopause, are not considered
because they are not directly modifiable; they are likely influenced by a variety of
other factors including diet and are thus covered elsewhere. Exogenous hormones
that have a direct effect on risk of specific cancers, and to which large numbers of
individuals are exposed for purposes other than cancer prevention, are also included
in this chapter. These include hormonal contraceptives and both estrogens and
estrogen—progestin combinations used to treat or prevent conditions associated with
menopause. Compounds that are given specifically to prevent cancer are covered in
the chapter on chemoprevention.

The epidemiologic literature on hormonal factors and cancer is voluminous and
reviews by expert committees and meta-analyses of pooled data from multiple
studies have greatly facilitated our understanding of the relationships between hor-
monal factors and specific cancers. Reports of these reviews and analyses have been
used in the preparation of this chapter along with results of individual studies
published since these reports.
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10.2 Endogenous Hormonal Factors

10.2.1 Childbearing

10.2.1.1 Summary of the Evidence

It has been known for over 40 years that risk of breast cancer is inversely related to
the number of children that a woman has had and that risk decreases with decreasing
age at which she had her first child. A meta-analysis of data from 47 epidemiologic
studies (Collaborative Group on Hormonal Factors in Breast Cancer 2002) yielded
estimates of a 7.0 % decline in risk for each birth (in the absence of breast-feeding)
and a 3 % decline in risk for each year of age younger at the time of a woman’s first
birth. Risks of endometrial cancer (Dossus et al. 2010; Zucchetto et al. 2009) and
ovarian cancer (Braem et al. 2010; Moorman et al. 2008; Tsilidis et al. 2011a; Tung
et al. 2003; Yang et al. 2007) also decrease with number of full-term pregnancies,
although risk of neither has consistently been shown to decrease with age at first
child. Risk of ovarian cancer is also inversely related to parity in women with
mutations in the BRCA1 and BCRA2 genes (Antoniou et al. 2009; McLaughlin
et al. 2007; Milne et al. 2010).

Conversely, risk of invasive, but not of in situ, cervical cancer was found to
increase with number of full-term pregnancies in a meta-analysis of data from 25
epidemiological studies (International Collaboration of Epidemiological Studies of
Cervical Cancer 2006), and this relationship was shown for both squamous cell
cancer and adenocarcinomas in a pooled analysis of data from 12 of these studies
(Gonzales and Green 2007). Increased risks were also related to young age at first
child. However, these associations were weakened after controlling for indices of
sexual behavior, suggesting that residual confounding by sexual behavior may at
least partially account for these observed relationships.

A meta-analysis of data from 53 epidemiologic studies (Beral et al. 2004) clearly
showed no association between induced abortions and breast cancer. Induced
abortions have also not consistently been associated with risk any other neoplasm.

10.2.1.2 TImplications for Cancer Prevention

In developed countries, risks of cancers of the breast, ovary, and endometrium far
outweigh risk of cervical cancer, and the chances of dying from the latter are greatly
reduced by screening and human papillomavirus vaccines. On the other hand,
screening for breast cancer is far from 100 % efficacious, and screening for
endometrial and ovarian cancers is not currently available, so any means of
appreciably reducing the risk of acquiring these neoplasms would be of considerable
benefit. Many women have difficulty balancing the demands of their jobs with the
desire to have children, and they consequently often have their children late in life.
Given the strong relationship of breast cancer risk to age at first birth, it seems
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reasonable that this information should be part of any message to the lay public
about breast cancer prevention. It would also be reasonable to use knowledge of this
relationship to advocate for policy changes that would facilitate early childbearing
without jeopardizing women’s professional education or careers. Advocating having
many children to reduce risk of cancer would clearly be unwise, given the many
societal and personal reasons to limit family size. In developing countries, which
tend to have high rates of birth and of cervical cancer and low rates of other
gynecologic and breast cancers, the benefits of preventing unwanted pregnancies,
reducing family size, and delaying childbearing clearly outweigh any benefits high
parity and early childbearing have on risks of cancers of the breast, ovary, and
endometrium, and family planning efforts may have the added benefit of reducing
the incidence of cervical cancer.

10.2.2 Breast-feeding

10.2.2.1 Summary of the Evidence

After tightly controlling for number of live births as well as for other factors related
to childbearing, a meta-analysis of data from 47 epidemiologic studies clearly
showed that risk of breast cancer decreased with the total number of years that a
women breast-fed (Collaborative Group on Hormonal Factors in Breast Cancer
2002). Risk of breast cancer decreased by 4.3 % for every 12 months of breast-
feeding. Women who lactated for at least 4.5 years had a risk of 0.73 relative to
women who never breast-fed. The reduction in risk was seen in post- as well as
pre-menopausal women, suggesting that the apparent protective effect may be
long-lasting. Many studies that have reported no significant reduction in risk with
lactation were conducted in developed countries where women breast-fed for short
periods of time. Recent case—control studies conducted in areas in which prolonged
lactation is frequent have consistently shown breast-feeding to be associated with a
reduction in risk. These include studies in Korea (Kim et al. 2007), Israel (Shema
et al. 2007), Nigeria (Huo et al. 2008), India (Gajalakshmi et al. 2009), Sri Lanka
(De et al. 2010a), and Tunisia (Awatef et al. 2010).

Areduction in risk of ovarian cancer has also been associated with breast-feeding.
Although a large multinational European cohort study did not show such an
association (Tsilidis et al. 2011a), only risk in relation to short-term lactation could
be evaluated, and a pooled analysis of data from two cohort studies conducted in the
USA showed a decrease in risk with lifetime duration of breast-feeding (Danforth
et al. 2007). Most recent case—control studies that controlled carefully for parity
also have shown decreasing trends in risk with duration of lactation (Jordan et al.
2010; Moorman et al. 2008; Titus-Ernstoff et al. 2010; Tung et al. 2003), although
a study in Italy did not (Chiaffarino et al. 2005). No clear and consistent evidence
has emerged that the apparent protective effect of lactation is specific for any
particular histologic type of ovarian cancer. Risk of ovarian cancer has been shown
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to decrease with duration of lactation in carriers of BRCA1 and BRCA2 mutations
(Antoniou et al. 2009; McLaughlin et al. 2007). Studies have not shown risk of
endometrial cancer to be related to short-term breast-feeding (Dossus et al. 2010;
Zucchetto et al. 2009), but the effect of prolonged lactation on risk has not been well
studied. Surprisingly, a meta-analysis of data from four case—control studies of
adenocarcinomas of the esophagus and gastroesophageal junction found a decreasing
trend in risk of these tumors with increasing duration of lactation (Cronin-Fenton
et al. 2010).

10.2.2.2 TImplications for Cancer Prevention

There are many good reasons for breast-feeding and virtually no health-related
reasons not to. Although the impact of short-term breast-feeding on risk of breast
and ovarian cancers is small, women should be informed of these anticarcinogenic
effects. These effects are additional reasons for women who work outside the home
to have a place for breast-feeding and for breast pumping and maternal milk storage
at their place of employment, and public health officials and concerned women’s
groups should advocate for such facilities. In developing countries where women
traditionally breast-feed, efforts to promote bottle-feeding have been discouraged
for nutritional and other reasons, and reduction in risk of breast and ovarian cancers
is an additional benefit of breast-feeding that can be used to argue against
bottle-feeding.

10.3 Exogenous Hormonal Factors

10.3.1 Combined Oral Contraceptives

10.3.1.1 Summary of the Evidence

Since combined oral contraceptives, containing an estrogen and a progestogen,
were initially introduced in the late 1950s, they have been used by over 100 million
women in all parts of the world, and it has been estimated that these preparations are
currently used by about 10 % of all women of childbearing age (IARC 2011).
Therefore, even a relatively small alteration in risk of cancer in users of these prod-
ucts would impact large numbers of women. In October 2008, a working group for
the International Agency for Research on Cancer (IARC) updated previous reviews
of the relationship of oral contraceptives to risk of various cancers. The results of
this review (IARC 2011), plus subsequent publications, are the predominant sources
used in this section.

The doses and specific types of estrogens and progestogens in the multitude of
different oral contraceptives that have been marketed have varied temporarily and
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among countries, with a trend toward lower doses over time. They have been
classified by estrogen dose as high dose (=50 ), intermediate dose (30-35 p) and
low dose (15-20 ). They have also been classified by the type and strength of the
progestogen and its androgenic activity. In addition, preparations may vary within a
monthly cycle of use, with some having a fixed dose of estrogen and a varying dose
of progestogen and others having a fixed dose of progestogen and a varying dose of
estrogen. Most epidemiologic studies have not distinguished exposures to different
formulations. The most useful classifications that have been used are based on
estrogen dose and the relative potency of the estrogen and progestogen in the
preparation.

Oral contraceptives have clearly been shown to reduce risk of ovarian cancer. In
a meta-analysis of data from 45 epidemiological studies (Beral et al. 2008), risk
declined with duration of use. Although the apparent protective effect diminished
with time since last use, a statistically significant reduction in risk was seen over 30
years after use, with the level of protection after use greatest for the longest-term
users. Compared to nonusers, the risk in women who had ever used oral contraceptives
was 0.73(0.70-0.76), the risk in women who used them for over 15 years was 0.42
(0.36-0.49), and the risk in ever-users after 30 years since use was 0.86 (0.76-0.97).
They appear to protect against both malignant and borderline tumors and against all
histologic types, although the reduction in risk may be less for mucinous than other
types (IARC 2011). The level of protection may be greater for lean than obese
women (Tsilidis et al. 2011b), although this has not been consistently observed.
Paradoxically, most studies that have assessed risk in relation to the strength of the
preparations used have found that risk is actually lower in users of low- than
high-dose oral contraceptives. Risk was also shown to be reduced in relation to
duration of use of oral contraceptives in women with BRCA1 or BRCA2 mutations
in the IARC review, in a subsequent meta-analysis (Iodice et al. 2010), and in a
large cohort of women with these mutations (Antoniou et al. 2009). Relative risks
of dying from ovarian cancer of 0.53 (0.06—4.53) over 10 years after last use
(Hannaford et al. 2010) and of 0.5 (0.3-0.8) over 20 years since exposure (Vessey
et al. 2010) were observed in two cohort studies in the United Kingdom.

Risk of endometrial cancer has also been shown to decrease with increasing duration
of oral contraceptive use in comprehensive reviews of the literature (IARC 2011;
Mueck et al. 2010) and in subsequent cohort (Dossus et al. 2010) and case—control
(Zucchetto et al. 2009) studies. The relative risk in women who ever used oral
contraceptives is approximately 0.5, and studies have demonstrated reduced risks up to
over 25 years since exposure. The level of protection thus appears to be about the same
for ovarian and endometrial cancers. Risk of the latter has been shown in two studies
(Maxwell et al. 2006; Rosenblatt and Thomas 1991) to be lower in women who used
preparations with high doses of progestogens than in users of low progestogen-dose
products. Relative risk of death from uterine cancer other than cervical (i.e., largely
endometrial) of 0.4 (0.1-1.0) over 20 years since last use has been documented in one
of the United Kingdom cohort studies (Vessey et al. 2010).

Most studies have shown a decrease in risk of colorectal cancer in users of
oral contraceptives. The relative risk of colorectal cancer in women who ever
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used oral contraceptives was estimated to be 0.81 (0.70-0.92) in a meta-analysis
of data from 11 case—control studies and 7 cohort studies (Bosetti et al. 2009).
Comparable relative risks of 0.85 (0.79-0.93) and 0.80 (0.70-0.92) were
estimated separately for cancers of the colon and rectum, respectively. However,
no trends in risk with duration of use were observed. A subsequent multinational
cohort study in Europe (Tsilidis et al. 2011c) also showed a small decrease in risk
in users and no trend in risk with duration of use. One of the cohort studies in the
United Kingdom found a reduced risk of dying of colorectal cancer in users of
oral contraceptives and a modest decreasing trend in risk with duration of use
(Hannaford et al. 2010), but this was not observed in the other cohort study in
that country (Vessey et al. 2010). The IARC Working Group (IARC 2011) con-
cluded that it is unlikely that oral contraceptives increase the risk of colorectal
cancer and that they may reduce risk.

In order to assess the usefulness of oral contraceptives in cancer prevention,
consideration must also be given to possible increases in risk of neoplasms associated
with their use. A meta-analysis of data from 54 epidemiologic studies (Collaborative
Group on Hormonal Factors in Breast Cancer 1996) found that risk of breast cancer
increased with duration of use of oral contraceptives, but only in current users, in
women who had last used them in the past 10 years, and in women who started
using them before the age of 20. Since current and recent users tend to be young
women at low risk of breast cancer, the increase in relative risk of only about 20 %
(in women who ever used oral contraceptive) meant that a very small excess number
of breast cancers was actually observed. Furthermore, the excess risk was greater
for tumors confined to the breast than for more widely disseminated tumors, and no
increase in mortality from breast cancer in relation to duration of use or time since
last use was subsequently observed in the 2 United Kingdom cohorts (Hannaford
et al. 2010; Vessey et al. 2010), suggesting the possibility of detection bias as an
explanation for the observed risk increase. No long-term increase in risk of breast
cancer in relation to oral contraceptive use was reported in the two cohorts in the
United Kingdom or in a cohort in Shanghai after the meta-analysis JARC 2011),
but in a cohort study of US nurses (Hunter et al. 2010), an increase in risk in current
users was observed. Case—control studies conducted after the meta-analysis
generally provided inconsistentresults, butmostof the bestdesigned population-based
studies generally supported the conclusion that increased risk was confined to recent
users and young women. Although based on small numbers and not statistically
significant, the meta-analysis found that high-dose products were associated with a
somewhat higher risk than the newer lower-dose products. The Working Group was
unable to determine whether the possible increase in risk was greater for lobular
than ductal carcinomas or differed by estrogen receptor status of the tumor. The
Working Group and a subsequent meta-analysis (Iodice et al. 2010) have provided
evidence that oral contraceptives use is associated with an increased risk of breast
cancer in women with mutations in the BRCA1 and BRCA2 genes, and in the
meta-analysis, this increase was confined to products marketed before 1975,
suggesting that the newer, lower-dose products may not alter risk in carriers of these
gene mutations. The Working Group noted that the increased risk in the carriers
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may at least in part account for the increase in risk in young women who began
using oral contraceptives at an early age.

An increase in risk of both in situ and invasive cervical cancer with duration of
oral contraceptive use was observed in a meta-analysis of data from 24
epidemiological studies (Appleby et al. 2007). Based on data from 12 of these
studies, a similar increasing trend in risk was also observed for both invasive
cervical squamous cell carcinoma and adenocarcinoma (Gonzales and Green 2007).
Risk of invasive cancer did not increase until after about 5 years of use and was
increased by about 56 % in users of over 10-year duration relative to nonusers. Risk
in women who used them for over 5 years returned to base-line level by 10 years
after cessation of use. Risk of in situ disease was increased even in women who
used them for less than 5 years and persisted for over 10 years after last use both in
these short-term users and in women who used them for over 5 years. Although
based on small numbers, both cohort studies in the United Kingdom (Hannaford
et al. 2010; Vessey et al. 2010) reported increased risks of mortality from cervical
cancer with duration of use and also persistence of an increased risk up to over 9 and
over 20 years since last use, respectively. Although bias due to preferentially
screening users of oral contraceptives may, at least in part, be an explanation for the
increase in risk of in situ disease, it is less likely to account for the increase in risk
of invasive and fatal carcinomas. Users of oral contraceptive may be more likely
than nonusers to engage in sexual behavior conducive to the acquisition of human
papillomaviruses, the primary causal agent of cervical carcinomas, and less likely to
use barrier contraceptives. It is extremely difficult to collect reliable data on such
behavior, and the possibility that residual confounding by sexual variables is an
explanation for at least part of the observed increases in risk cannot be confidently
ruled out. However, the pattern of an increasing risk with duration of use and the
decline in risk with time since exposure suggest that the observed associations may
represent a true biological phenomenon. Reports from cohort studies that oral
contraceptives apparently increase the likelihood of persistence of HPV infection
(Marks et al. 2011; Nielsen et al. 2010) provide a possible mechanism.

In case—control studies conducted in countries not endemic for hepatitis B, a
primary cause of hepatocellular carcinoma, risk in this neoplasm has been shown to
increase with duration of oral contraceptive use (IARC 2011). However, this
association has not been observed in cohort studies in non-hepatitis B endemic areas
where the disease is rare and the expected numbers of cases are small or in studies
in areas endemic for this virus, clearly indicating that this apparent complication of
oral contraceptive use is rare and does not potentiate the carcinogenic effect of
hepatitis B.

10.3.1.2 Implications for Cancer Prevention
Use of oral contraceptives clearly protects against ovarian and endometrial cancers.

The longer the use, the greater the protection, and protection can last for over a
quarter of a century after last use. Risk of colorectal cancer may also be reduced in
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users of oral contraceptives. These benefits clearly outweigh the small increase in
risks of cancers of the breast and liver. The increase in risk of the former is a rare
phenomenon confined to young women who are current or recent users, may at least
in part be a spurious observation due to preferential screening in users of oral
contraceptives, and may be lower for the newer low-dose preparations than for the
older products, suggesting that any adverse effect on breast cancer occurrence may
be even smaller in the future than in the past. Liver cancer is an extremely rare
consequence of oral contraceptive use and has not been observed in hepatitis B
endemic areas or in carriers of this virus. Like breast cancer, the increase in risk of
invasive cervical cancer in users of oral contraceptives seems to be confined to the
decade after cessation of use, is therefore observed primarily in young women, and
hence is a relatively rare event. Although the observed increase in risk of in situ
disease may be longer lasting, it may in part be due to preferential screening in users
of oral contraceptives, and the observed increase in both in situ and invasive diseases
may be partly due to residual confounding by sexual variables and differences in
use of barrier methods of contraception in users and nonusers of oral contraceptives.
Nonetheless women who use oral contraceptives constitute a group at increased risk
of cervical cancer, and provision of oral contraceptives provides an opportunity for
screening and thus secondary cervical cancer prevention.

Although use of oral contraceptives clearly reduces the risk of ovarian cancer in
women with mutations in the BRCA genes, the apparent increase in risk of the more
common breast cancer in these women probably outweighs this protective effect.
However, future quantification of risks of these two neoplasms in oral contraceptive
users with these mutations may alter this conclusion.

10.3.2 Progestational Contraceptives

10.3.2.1 Summary of the Evidence

The results of epidemiologic studies of cancer risks in relation to progestogen-only
oral contraceptives and to the long-acting injectable contraceptive, depot
medroxyprogesterone acetate (DMPA), were reviewed by the [ARC Working Group
in 1998 (IARC 1999). Too few women had used progestogen-only oral contraceptives
to allow an adequate evaluation of their possible carcinogenic effects in humans.
Since these products are seldom used today, any effects they may exert on risks of
cancer in women are now of little public health importance or applicability. However,
DMPA has been used by many millions of women and is currently a commonly used
method of birth control in some countries. Its impact on cancer risk is therefore of
considerable interest. Few epidemiologic studies of DMPA and cancer in humans
have been conducted since the IARC review, and the conclusions of the Working
Group are largely valid today.

Although based on small numbers, a case—control study in Thailand showed risk
of endometrial cancer to be reduced in users of DMPA. In a joint analysis of data



10 The Role of Hormonal Factors in Cancer Prevention 171

from case—control studies in Thailand and Mexico, no significant association
between DMPA use and ovarian cancer was observed. Based on a combined analysis
of data from a multinational hospital-based case—control study by the World Health
Organization (WHO) and a population-based case—control study in New Zealand,
no significant association between use of DMPA and breast cancer was found. Two
studies in hepatitis B endemic areas found no increase in risk of liver cancer in
DMPA users. In a meta-analysis of data from most studies of cervical cancer and
DMPA (International Collaboration of Epidemiological Studies of Cervical Cancer
2006), a 22 % increase in risk of invasive cervical cancer was observed in women
who used this product for over 5 years. There was no significant trend in risk with
time since last use and no significant association with carcinoma in situ. In a cohort
study in the United States (Harris et al. 2009), users of DMPA were at increased risk
of acquiring an HPV infection, but at reduced risk of subsequent cervical
intraepithelial neoplasia 1, 2, and 3. As with oral contraceptives, the possibility that
the increase in risk of cervical cancer is a spurious result of confounding by sexual
variables, or preferential screening in users, cannot be ruled out.

10.3.2.2 Implications for Cancer Prevention

DMPA protects against endometrial cancer. Women who use DMPA may be at
increased risk of cervical cancer and should be screened for this condition; and the
provision of DMPA provides an opportunity for secondary prevention of this
neoplasm. There is no strong evidence that risks of other cancer are altered in users
of DMPA.

10.3.3 Estrogen-Only and Combined Estrogen—Progestogen
Menopausal Therapy

10.3.3.1 Summary of the Evidence

Estrogens alone were initially used as hormonal therapy for symptoms associated
with the menopause, such as hot flashes, and for prevention of chronic conditions
such as osteoporosis and ischemic heart disease that occur primarily in the
postmenopausal period. Progestogens were added to the regimens beginning in
1975, after it was discovered that estrogen therapy increased the risk of endometrial
cancer. Estrogens alone are currently given almost exclusively to hysterectomized
women. Use of estrogen—progestogen combinations peaked in 2002 and then
declined, and duration of therapy was shortened in response to a report from a
randomized trial that showed an increased incidence of breast cancer in users of
estrogen—progestogen combinations (Rossouw et al. 2002). Estrogens alone and
estrogen—progestogen combinations are considered together in this section to
facilitate comparisons of their relative carcinogenic and anticarcinogenic effects on
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various organs. Conjugated estrogens have been the most frequently used estrogens
in the United States and some other countries, whereas various synthetic estrogens
are more commonly used in some European countries and elsewhere. Estrogens alone
have been given in various doses, and estrogen—progestogen combinations vary in
the types of estrogens and progestogens used, their doses, and the numbers of days
in a month during which the progestogen is given with the estrogen. Because of the
large number of different products and regimens that have been used, information
on the risks and benefits of specific products and patterns of use is limited, and
specific regimens have generally not been distinguished in reviews of studies in
humans and assessments by expert committees. The evidence for the carcinogenic
and anticarcinogenic effects of these products was reviewed by the US Preventive
Services Task force in 2004-2005 (U.S. Preventive Services Task Force 2005) and
in 2008 by an IARC Working Group (IARC 2011).

Based on results from 7 cohort studies and over 35 case—control studies, the
IARC Working Group concluded that risk of endometrial cancer increases with
duration of estrogen therapy. Risk decreases with time since cessation of use but
risk remains elevated for at least 10 years after cessation of use (International
Agency for Research on Cancer 2011). This iatrogenic tumor production can be
reduced or prevented by addition of a progestogen to the estrogen regimen. Risk
decreases with the number of days during a monthly cycle that the progestogen is
given, but results of studies vary as to the number of days per month that it must be
taken in order to reduce the risk to that of nonusers of any hormones or to further
reduce risk to provide a true protective effect. Continuous use of a progestogen
reduced risk below that of non-hormone users in some studies (Allen et al. 2010;
Jaakkola et al. 2009, 2011), but not in others (Karageorgi et al. 2010; Razavi et al.
2010).

In a meta-analysis of data from 51 epidemiological studies performed when most
menopausal hormone therapy was estrogen-only (Collaborative Group on Hormonal
Factors in Breast Cancer 1997), risk of breast cancer was found to increase with
duration of use and to decrease with time since cessation use, with no statistically
significant increase in risk after 5 years since last exposure. Risk specifically in
users of only estrogens has subsequently been reported in multiple studies, with
somewhat inconsistent results (IARC 2011). Some studies have shown clear
increases in risk with duration of use, some have shown risk to be confined primarily
to current users irrespective of duration of use suggesting a screening bias, and
others have shown no increase in risk in users. In the Women’s Health Initiative
(WHI) trial, risk was actually somewhat lower in women who were given 0.625 mg
of conjugated equine estrogen daily than in women who received a placebo, although
the difference was only of borderline statistical significance (Rossouw et al. 2002).
Risk of breast cancer has more consistently, and more strongly, been associated with
use of estrogen—progestogen combinations than with estrogen alone. The WHI trial
was stopped, after a mean of 5.6 years of treatment and an average of 7.9 years of
follow-up, in part because of an increased risk of breast cancer in women who
received 0.625 mg of conjugated equine estrogens and 2.5 mg medroxyprogesterone
acetate daily (Rossouw et al. 2002). Subsequent analyses after an average of 11
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years of follow-up showed a 25 % increase in risk of invasive breast cancer, an
excess particularly of tumors that had spread to the lymph nodes, and an increased
risk of deaths from breast cancer (Chlebowski et al. 2010). Risk began to decline
within a year of cessation of use and was near that of the placebo group within 2
years (Chlebowski et al. 2009). A large number of cohort and case—control studies
have also consistently shown increased risks in users of combined products with
duration of use, as well as a decline in risk with cessation of use (IARC 2011).
Recent cohort studies, in which risks of breast cancer in users of estrogens alone and
in users of combined products can be directly compared, have shown risks to be
higher in women who used the latter preparations than in users of estrogens alone
(Bakken et al. 2011; Saxena et al. 2010). The WHI trial (Prentice et al. 2009a) and
a cohort study in Europe (Fournier et al. 2009) also showed use of combined prod-
ucts within 5 and 3 years of menopause to be associated with an increase in risk of
breast cancer after 2 years since initial use and after 5 years of use, respectively,
suggesting that even relatively short-term use may increase risk of breast cancer if
given near menopause (Bernstein 2009). Use of these combined regimens increased
following realization in about 1979 that estrogens alone increased risk of endome-
trial cancer and then declined following the WHI trial report in 2002 of an increased
risk of breast cancer in users of these products. Commensurate with these changes
in prescribing practices, the incidence rates of breast cancer in general populations
in North America and Europe increased from the 1980s to 2002, and then declined,
particularly in the age and ethnic groups in which hormone replacement therapy is
most commonly used (De et al. 2010b; Farhat et al. 2010; IARC 2011). It has been
estimated that about half of the decline in rates of breast cancer in the United States
since 2002 in the relevant age groups can be explained by changes in exposure to
postmenopausal hormones (Sprague et al. 2011). The demonstration that
estrogen—progestogen combinations, and probably also estrogens alone, cause
breast cancer has clearly resulted in changes in prescribing practices that have
prevented large numbers of iatrogenic breast cancers.

A large number of cohort and case—control studies and 3 meta-analyses reviewed
by the latest IARC Working Group (IARC 2011) have, in the aggregate, provided
fairly consistent evidence that risk of ovarian cancer increases with duration of
exposure to menopausal estrogen-only therapy and declines with time since
cessation of use, and the Working Group concluded that these products can cause
ovarian cancer. In a subsequent analysis of published data from 15 studies (Pearce
et al. 2009), the relative risk (and 95 % confidence interval) of ovarian cancers was
estimated to be 1.22 (1.18-1.27) per 5 years of use of estrogen-only products and
1.10 (1.04-1.16) per 5 years of use of estrogen—progestogen combinations. This
difference was unlikely due to chance. The estimates for individual studies were
quite consistent for estrogen-only users, but there was considerable heterogeneity of
results for users of combined products, with many showing no increase in risk.
Among studies in which risk in users of both products could be compared, risk was
uniformly higher in users of estrogens alone, and this has also been observed in
most subsequent studies (Hildebrand et al. 2010; Tsilidis et al. 2011a; Wernli et al.
2008), although not in all (Morch et al. 2009). The IARC Working Group concluded
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that it is unlikely that estrogen—progestogen menopausal therapy alters the risk of
ovarian cancer. Thus, the addition of progestogens to estrogen therapy has likely
prevented iatrogenic ovarian cancers.

The TARC Working Group noted that results of 14 case—control studies and 7
cohort studies of colorectal cancer were inconsistent, with about half showing a
decreased risk and half showing no significant alteration in risk in users of
estrogen-only preparations (IARC 2011). The observed reductions in risk were
observed primarily in current and recent users, and trends in risk with duration of
use were generally not seen. Subsequent reports from four additional cohort studies
similarly reveal either no alterations in risk in users of estrogens alone (Tsilidis et al.
2011c) or a decrease in risk (Delellis et al. 2010; Hildebrand et al. 2009; Johnson
et al. 2009), with inconsistencies among studies with respect to duration of use and
time since last use. The results of 12 studies of estrogen—progestogen combinations
reviewed by the Working Group were more consistent, with most showing a
reduction in risk of colorectal cancers primarily in current users and some showing
a decreasing trend in risk with duration of use. The results of the WHI randomized
trials are consistent with these observations: the hazard ratios for colorectal cancer
were estimated to be 1.12 (0.77-1.63) and 0.56 (0.38-0.81) in women assigned to
receive conjugated estrogens alone and conjugated estrogens plus medroxyproges-
terone acetate, respectively. However, more recent reports do not fully support the
contention that estrogen—progestogen combinations protect against colorectal
cancer. In the observational cohort portion of the WHI, hazard ratios of 0.80
(0.55-1.20) and 1.15 (0.74-1.79) were observed in users of estrogen alone and
estrogen plus progestogen, respectively (Prentice et al. 2009b); and no alteration in
risk was observed in two recent cohort studies (Hildebrand et al. 2009, Tsilidis et al.
2011c), although a decrease in risk, but no trend in risk with duration of use, was
observed in the other two others (Delellis et al. 2010; Johnson et al. 2009). It can
confidently be concluded that risk of colorectal cancer is not increased in users of
either estrogens alone or estrogens plus a progestogen. These products may offer
some protection against these neoplasms, but the evidence is inconsistent.

In a combined analysis of data from the WHI trials and observational study, risk
of squamous cell esophageal carcinomas, but not of adenocarcinomas, was
significantly reduced in users of estrogens plus a progestogen, but not in users of
estrogens alone (Bodelon et al. 2011). This unexpected result requires independent
confirmation. Risks of no other neoplasms have been convincingly associated with
menopausal hormonal therapy.

10.3.3.2 Implications for Cancer Prevention

The iatrogenic production of cancers of the endometrium and ovary by menopausal
estrogen therapy was reduced by addition of a progestogen to the regimen, but this
increased the risk of breast cancer. In the 2005 Preventive Services Task Force
recommendation statement on hormonal therapy for the prevention of chronic
conditions (U.S. Preventive Services Task Force 2005), it was noted that menopausal
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therapy with both estrogen alone and with estrogen plus progestogen has also been
associated with increased risks of stroke, venous thromboembolism, cholecystitis,
dementia, and cognitive dysfunction; that the combined regimen has also been related
to increased risk of coronary heart disease; and that estrogen alone does not reduce risk
of this condition. Although both regimens have been shown to increase bone density
and reduce risk of fractures, it was judged that these benefits, plus the reduced risks in
users of combined products of iatrogenic endometrial and ovarian cancers, and the
possible reduction in risk of colorectal cancers were outweighed by the noncancerous
adverse effects and the increased risk of breast cancer. The Task Force recommended
against the long-term use of both estrogens alone and estrogen—progestogen
combinations for prevention of chronic conditions in the postmenopausal years. Results
of subsequent studies of risks of various neoplasms and a report from the WHI on risks
of multiple endpoints (Prentice et al. 2009a) are consistent with the results of studies
considered by the Task Force and do not provide evidence that these recommendations
should be revised. Although use of estrogens and progestogens for less than a year for
treatment of acute symptoms of the menopause is unlikely to appreciably alter risks of
any cancers, except possibly breast cancer, alternative treatments should be generally
given first, and if hormones are used, they should be given only for a short period of
time and in the lowest doses needed to achieve the desired results. The reduction in use
of postmenopausal hormonal therapeutic agents has prevented iatrogenic cancers of
the endometrium and breast and probably also of the ovary that otherwise would occur
in users of these products.
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Chapter 11
Controlling Environmental Causes of Cancer

Paolo Vineis

11.1 Introduction

The generally long life expectancy experienced by Western populations owes much
to the advent of large-scale public health measures in sanitation during the nine-
teenth century. This led to a dramatic decrease in infectious diseases and marked
gain in population health. Can such a dramatic improvement be achievable for
today’s predominant diseases on a global scale and specifically for cancer? In over-
views concerning ‘environmental cancers’ (see, e.g. Boffetta 2006; Boffetta et al.
2007; Doll and Peto 1981; Priiss-Ustiin and Corvalan 2006; Vineis and Xun 2009;
World Health Organization 2002), the definition of ‘environmental’ can vary con-
siderably in terms of the list of exposures considered due to differences in inclusion
criteria. The methodological difficulties encountered in the investigation of envi-
ronmental causes of disease are often neglected in these publications, which in addi-
tion tend to focus mainly or exclusively on Western populations. In this chapter, I
will summarize some of the evidence concerning environmental risks of cancer in
both low-income and high-income countries and discuss methodological issues
with particular emphasis on policy and control.
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11.2 Estimates for Environmentally Related Cancer Burden
in Low-Income Countries

For along time, it has been claimed that most chronic diseases have an environmental
origin (using the term ‘environment’ in a broad sense). This claim was based on
descriptive data showing the broad range of incidence rates in different parts of the
world, the rapid temporal changes—such as those currently occurring in China and
India—and the crucial observation of incidence rates in migrant populations. The
latter unequivocally showed that migrants rapidly acquire —sometimes already in
the first generation after migration—the risk of disease that is typical of the
population where they move.

The interpretations of the word ‘environment’ differ between researchers: for
example, in the ‘gene—environment interaction’ field, by environment researchers
just mean nongenetic (inherited) determinants.

A recent document released by WHO (Priiss-Ustiin and Corvalan 2006) has esti-
mated the worldwide risk for different diseases attributable to environmental expo-
sures. The proposed value for cancer was 19 % on the basis of previously published
results and expert opinions. Conversely, Boffetta et al. (2007), from the International
Agency for Research on Cancer (a WHO agency), proposed a much more conserva-
tive figure of ~ 1-3 %. What is surprising is not only the large discrepancy between
the two estimates but also the general lack of sound information behind the figures,
especially for developing countries. In fact, Boffetta et al. (2007) extrapolated their
global estimate from a figure that was originally proposed by Doll and Peto (1981)
for the United States in the late 1970s.

With a colleague we have published an overview of the cancer burden due to envi-
ronmental exposures in low-income countries (Vineis and Xun 2009). This topic is usu-
ally neglected and it offers room for methodological considerations. For the sake of
clarity, I will use here the term environment in a restricted way, meaning ‘pollutants’ of
air, food, water and soil. I am thus excluding many nongenetic external causes, like
tobacco smoking, alcohol and dietary habits. I will also exclude occupational exposures
for which considerable work has already been done (Pearce et al. 1994). For the same
reason, | exclude infectious or parasitic causes of cancer, which explain~15 % of all
cancers (a figure that is based on sound evidence Pisani et al. 1997).

In our chapter, we focused on prospective cohort studies whenever possible.
Controversial exposures with limited evidence were also exempt from our overview;
such examples include electromagnetic fields (Wakeford 2004), nonoccupational
exposure to pesticides (Alavanja and Bonner 2005; Alavanja et al. 2007), disinfection
by-products (Villanueva et al. 2007) and exposure to solvents (except benzene)
(Lynge et al. 1997). Although considerable evidence does exist for some of these
exposures, it often comes predominantly from case—control studies and is therefore
less persuasive than prospective cohort studies. We have also excluded UV light,
although it is a well-established carcinogen, and focused on chemical exposures.

The conclusion of our work was that the burden of cancers due to environmental
exposures in developing countries is unknown, but it can sum up to several hundred
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thousands of cases if we just limit our estimates to the main known carcinogenic
exposures (arsenic, air pollution, aflatoxin, PCB, asbestos) (Vineis and Xun 2009).
The effects of additional exposures such as metals (chromium, cadmium, nickel,
beryllium) and other known human carcinogens are difficult to quantify because
virtually no information is available on the number of exposed people.

The development of an effective strategy to prevent environmental cancer,
particularly in low-income countries, goes beyond the scope of this chapter.
However, it is clear that such a strategy involves (1) a survey of the number of
people potentially exposed in developing countries, (2) a strict international policy
about transfer of hazardous contaminants from developed to developing countries
and (3) an international programme for early detection of potential carcinogens
through in vitro tests and animal experiments.

11.3 Low Doses and Acquired Susceptibility to Disease

Mostenvironmental exposures in high-income countries (with significantexceptions)
are at low or very low doses, in contrast with low-income countries. In the 1970s
and 1980s, many researchers thought it was impossible to detect plausible causal
associations with such low-level exposures. The underlying idea was that ‘noise’
(bias, confounding) was larger than the signal. However, a large number of
well-conducted studies have been published since: in the case of second-hand
tobacco smoke, more than 60 studies show (with few exceptions) increased risks of
lung cancer in the order of 1.25, that is, the same magnitude as the gene for the
nicotine acetylcholine receptor (Lynge et al. 1997; Vineis et al. 2007). For air
pollution, an association with lung cancer has been reported in six cohort studies.
One of these studies is sufficiently large as to show the association in non-smokers
(Vineis et al. 2007). Again, the relative risk is around 1.25. In both cases, biomarkers
for second-hand smoke, such as cotinine or nicotine-derived nitrosamine ketone
(NNK), and DNA adducts as a marker for air pollution have contributed to make the
association more plausibly causal.

In recent studies, it has also been possible to identify clear associations between
second-hand smoke, air pollution and cardiovascular disease. Again, these are
well-conducted cohortstudies,and biomarkershave substantiated the epidemiological
observations. We have thus to acknowledge that second-hand smoke and air
pollution (mainly due to traffic exhaust) are able to induce, after long-term exposure,
chronic diseases such as cancer and coronary artery disease. The interesting
observation is that this happens at dose levels that are much lower than those of
mainstream tobacco smoke or ‘classical’ carcinogens. For example, exposure to
second-hand smoke occurs at levels that are 1/100 compared to active smoking.

One potential explanation for the effects of extremely low doses and the absence
of a threshold is based on acquired susceptibility and the cumulative effects of different
exposures. As defined by Rothman and Greenland (1998), ‘the cause of a disease
event is an antecedent event, condition or characteristic that was necessary (given that
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all other conditions are fixed) for the occurrence of the disease at the moment it
occurred’. Said in other words, a cause can also be viewed as something that ‘completes
an incomplete causal chain’(Vineis and Kriebel 2006) or precipitates a chain of events
which creates a state of vulnerability. Exposure to low levels of, for example,
second-hand smoke or air pollution is not a ‘cause’ of cancer in itself (like an accident
is the cause of a death), but possibly because it occurs on top of pre-existing
vulnerability. This could well explain why small changes in environmental exposures
can have big effects, if they occur in a population of vulnerable subjects.

Vulnerability can be acquired or genetically based. The concept of acquired ‘clinical
vulnerability’ is related to previous insults/pathophysiological changes that predispose
to disease. An example is the finding of a greater effect of second-hand smoke among
ex-smokers compared to never smokers in a large prospective investigation (Vineis
et al. 2005a). It is plausible that ex-smokers have a greater vulnerability because of
already existing mutations or epigenetic changes, so that further exposure to second-hand
smoke leads to selection and clonal expansion of mutated cells.

Another type of vulnerability (more often called susceptibility) is genetically
determined. Many years ago we showed that subjects with the genetically based
NAT?2 slow acetylator genotype could have greater susceptibility to being damaged
by tobacco smoke-related arylamines at lower levels of exposure rather than at
higher levels (Vineis et al. 1994). Our reasoning was that on very rare occasions, for
example, among people exposed to extremely high doses of potent carcinogens, the
whole population or a vast majority develops cancer. This is what happened among
British chemical workers exposed to 2-naphthylamine in the 1950s and before. For
example, all 15 workers exposed to 2-naphthylamine in a plant developed bladder
cancer, probably the only known example of a ‘sufficient’ exposure in the history of
carcinogenesis (Case et al. 1954). It is clear that in that case genetic susceptibility
was totally irrelevant. In the vast majority of situations, however, people are exposed
to moderate/low doses of carcinogens, and—as we have suggested—individual _
susceptibility can then become relevant. How genetic information on individual
susceptibility can be included into public health practice is still contentious and
raises ethical issues (Vineis et al. 2005b), as the recent lively debate in the Journal
of Public Health, stimulated by a paper by Zimmern (2011), clearly suggests.

11.4 Methodological Issues

Most epidemiological estimates are based on surrogate markers of exposure, such
as through questionnaire interviews. It is not surprising that such measures can lead
to inaccurate estimates. Although bias can occur in both directions (i.e.
overestimations as well as underestimations are possible), the most likely implication
of inaccuracy is underestimation of the risks.

When methods of biomarker measurements become available to improve
accuracy in exposure assessments, estimates of risk for the same risk factors can
increase substantially. For example, when sexual habits were used as a surrogate to
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investigate the relationships between human papilloma virus (HPV) infection and
sexual habits, the relative risks for cervical cancer were estimated to be in between
2 and 8. This increased to up to 500 when specific strains of HPV were considered
(Schiffman et al. 2007).

Some human cancers may take 20-30 years or longer from the time of first
exposure to clinical manifestation. Waiting for high incidence of such cancers is not
an ethically acceptable method for identifying human carcinogens.

11.5 Alternatives to Epidemiology: Research in Animals,
Biomarkers and Omics

For the reasons described above, Lorenzo Tomatis, former director of the International
Agency for Research on Cancer (IARC), proposed in the 1970s that prevention of
human cancer could not rely on epidemiology alone and promoted research in animals
as a surrogate for research in humans. The IARC Monographs are the most prestigious
instrument for cancer prevention, thanks to their sound scientific methodology, and
besides human epidemiological evidence rely heavily on research in animals for the
categorization of carcinogens. This is illustrated in the case of 1,3-butadiene, whose
carcinogenicity was confirmed by a review of the Working Group of the IARC
Monographs in 2007 (Grosse et al. 2007). More than 20 years ago, experiments in
rodents showed that this widely used chemical induced cancers at multiple organ sites,
including a very high incidence of otherwise extremely rare cancers (e.g. heart heman-
giosarcomas). Also an excess of lymphopoietic cancers was found in animals. There
was no doubt that the chemical was a potent animal carcinogen, given the consistency
of the observations, the presence of a dose—response relationship, the unusual type of
tumours induced and the very high incidence. Even today, we still lack a satisfactory
number of sound epidemiological studies capable of confirming these observations in
humans. The results from the available studies, however, are remarkably consistent
with animal studies, at least for lymphopoietic tumours, given the considerable
difficulties encountered in such investigations.

11.6 The Strategies of Public Health

As has been brilliantly suggested by Nancy Cartwright, there are three equally
important elements in the decisional process: quality of the evidence, relevance and
evaluation (Cartwright N, Personal Communication, 2010). This applies also to
public health. It is well known that sometimes extremely sophisticated and accurate
knowledge is totally irrelevant for the population’s health, while at least as often we
lack essential knowledge in crucial areas of public’s protection.

Geoffrey Rose (Rose 1985, 1992) set out the main advantages and disadvantages
of a ‘high-risk group’ preventive strategy. In Rose’s words, this is a strategy with
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some clear and important advantages: the ‘high-risk’ strategy produces interventions
that are appropriate to the particular individuals identified and consequently has the
advantage of enhanced subject motivation; it also offers a more cost-effective use of
limited resources and a more favourable ratio of benefits to risks. When the outcome
we want to prevent (i.e. an environmentally caused disease) is frequent (e.g. in a
high-risk group) the number needed to treat (in fact, the number needed to prevent,
see below) is particularly low, a well-known property of public health interventions.
Also, the frequency of harm tends to be constant irrespective of the frequency of the
outcome, though harm is uncommon with primary prevention. Therefore, the
benefit/risk ratio is particularly favourable for high-risk groups.

Despite these advantages, the ‘high-risk’ strategy of prevention has some serious
disadvantages and limitations. Firstly, one is likely to meet problems with
compliance, and the tendency is for the response to be greatest among those who are
often least at risk of the disease; this, however, may be true for voluntary exposures
but not necessarily for environmental exposures. There is another related reason
why the effectiveness of the ‘high-risk’ strategy of prevention could be weak. This
is well illustrated by data which relate breast cancer to parity and other reproductive
factors. High-risk women generate a relatively small proportion of the cases, too
few to justify pre-screening for the identification of selected women to whom to
offer mammography. The lesson from this example—and many others—is that a
large number of people at smaller risk may give rise to more cases of disease than
the small number who are at a high risk. This situation seems to be common, and it
limits the utility of the ‘high-risk’ approach to prevention. Combined with the first
disadvantage mentioned —that is, the fact that those who are most likely to change
their behaviour or seek treatment are often those at least risk—implies that the
effectiveness of the high-risk strategy as a public health measure may be significantly
lower than expected.

11.7 Number Needed to Prevent

One important property of prevention is that the NNP (number needed to prevent
one case of disease) can be lower than 1. This situation does not occur with therapies
(number needed to treat) or with screening (number needed to screen), for which the
relevant measures are always greater than 1. It occurs in primary prevention when a
relatively limited preventive action has an impact that goes beyond those who are
directly affected by it, for example, by an indirect fallout. The typical example is
herd immunity: vaccinating a relatively limited number of subjects prevents the
disease in many more, for example, by vaccinating 10 we save 100. Similarly,
banning smoking in public places has a positive effect not only on those potentially
exposed to second-hand smoke (the target population) but also on smokers, who
will smoke less. Even more extreme is the case of a limitation of CO, emissions in
developed countries that would lead to big advantages (avoidance of the consequences
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of climate change) in the large populations of developing countries. Zulman et al.
(2008) have considered how the NNT helps disentangle the efficacies of different
public health strategies, including focused strategies aimed at high-risk groups vs.
unfocused strategies aimed at the general population. They notice that a
population-based intervention is a good option (in terms of NNT, though it should
be more adequately called NNP) if there are no adverse effects, while a targeted
approach may prevent more deaths while treating fewer people if adverse effects are
present.

11.8 Conclusions

To be able to estimate the ‘cancer burden’ due to environmental carcinogens and to
implement complete and effective preventive strategies for environmental
carcinogens, we need better and larger studies that overcome the serious problem of
misclassification of exposures. However, this is not the main point. What we
dramatically lack is a detailed and updated knowledge of exposure to known
carcinogens (who, where and to what concentrations there is exposure), particularly
in low-income countries; a systematic plan for action; and huge investments in both
occupational settings and the general environment to get rid of carcinogens according
to a precautionary philosophy.
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Chapter 12

A Historical Moment: Cancer Prevention
on the Global Health Agenda

Andreas Ullrich

12.1 Introduction

Primary prevention of cancer includes comprehensive cancer risk-reduction
strategies which cover a broad variety of exposures from lifestyle factors such as
tobacco use, some viral infections such as HBV and HPV and environmental and
occupational carcinogens. Reducing these risks requires a large variety of
interventions which only in part can be delivered by health systems with regard to
some specific interventions for cancer prevention such as vaccination or tobacco
cessation. Changing lifestyles requires individual and collective changes in societies
which can only be achieved by involving a large variety of stakeholders,
governmental, non-governmental and the private sector. Governmental engagement
and commitment beyond the health sector and across mostly all sectors is required
so that cancer prevention is effective.

The World Health Organization’s (WHO) non-communicable disease (NCD)
framework and action plan groups the four major chronic conditions cardiovascular
disease, diabetes, chronic obstructive pulmonary disease and cancers and their risk
factors in order to bundle global risk-reduction strategies. The starting point for any
WHO guidance is the evidence about what causes diseases and which strategies are
proven to be effective to control them. This applies also to WHO’s cancer prevention
strategies. By creating the WHO specialized research agency, the International
Agency for Research on Cancer (IARC) four decades ago, the World Health
Assembly was visionary in its endeavour to increase knowledge about cancer
prevention, which now with the steady increase of the cancer burden all over the
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world is so much needed. IARC has set international standards in identifying cancer
risks and strategies to prevent and detect cancers early. Much of the knowledge
generated by IARC was the foundation for strategies, for example, to prevent
tobacco use.

12.2 Cancer Prevention in the Context of National Cancer
Control Plans and the WHO NCD Action Plan

Nearly two decades ago, WHO developed a policy framework known as the National
Cancer Control Programme (NCCP) concept (WHO 1995). Crucially, this framework
addresses the full continuum of care from primary prevention, early detection
including screening, diagnosis and treatment, through to palliative care. In terms of
public health actions, NCCPs encompass population interventions for prevention/
screening as well as healthcare system-strengthening aspects, so that cancer patients
get optimal care. In accordance with this framework, national cancer control planners
need to work from both ends of the health system, taking in a healthcare system
perspective as well as a population-based social medicine perspective. All the known
causes of cancer such as tobacco, infectious carcinogens or radiation require national
policies and strategies to reduce population exposure. By these means, the burden of
cancer could be substantially reduced. Tobacco control is advocated as an integral
part of national cancer plans, so that professional organizations involved in cancer
control (e.g. oncologists, radiotherapists and surgeons) might consider it as part of
their role and in their interaction with patients and their families. Encouragingly,
many countries have started to develop national cancer plans. These plans are greatly
dependent upon national health priorities, background cancer risks and available
resources. However, WHO recommends that even in very low-resource settings,
prevention should be part of national cancer plans.

NCCPs are embedded in a broader overall NCD action plan developed through
several steps of consultations with WHO Member States and stakeholders and was
endorsed by the World Health Assembly (WHO 2008a). The WHO NCD action plan
is the result of a broad consensus among governmental and non-governmental
stakeholders. The action plan defines the roles WHO Member States and
non-governmental organizations will play in reducing the NCD burden. It also gives
an overview of the technical areas which need to be tackled so that risk-reduction
strategies and service delivery for NCD cure and care are both addressed. From the
cancer prevention perspective, the generic NCD framework needs to be translated
into the specificities of what causes cancers and what are the strategies to reduce
population and individual exposure to those cancer risks which go beyond the shared
behavioural risks with other NCDs. This NCD action plan encompasses a set of six
objectives which are aimed at halting the NCD epidemic. The development of
national NCD plans (Objective 2) and implementing NCD prevention strategies
(Objective3) are central elements of the NCD framework. The action plan 2008 has
a timeframe for implementation until 2013. A follow-up action plan is under
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development by following the same principles of stakeholder involvement as in the
first period.

12.3 The WHO Behavioural Risk-Reduction Policies
and Strategies and Related Tools

Over the last decade and starting from a first generic NCD framework in 2000,
WHO has accomplished a series of milestones in population-based risk-reduction
strategies for NCDs. The WHO secretariat put forward and obtained endorsement
by the World Health Assembly in 2003 for the tobacco control strategy as the WHO
Framework Convention on Tobacco Control (FCTC), in 2004 for the global strategy
on diet and physical activity and in 2010 the global alcohol control strategy.

The FCTC is the first global health treaty. This legally binding convention came
into force in 2005 and its implementation is coordinated by the FCTC secretariat
hosted by WHO headquarters. As of April 2012, national parliaments of 174 WHO
Member States have ratified the FCTC becoming contracting parties to the treaty.'
The FCTC provides new legal dimensions for tobacco control. It is a comprehensive
approach since it includes mechanisms for demand and supply reduction of tobacco
products. Price and tax policies, labelling of tobacco products and protection from
exposure to second-hand smoke, that is, promoting smoke-free environments, are
evidence-based strategies to reduce demand which are included in the FCTC.
Central elements of demand and cancer risk reduction are smoking cessation
programmes for current smokers (quit lines, treatment of nicotine dependency).
Supply reduction policies include measures to reduce illicit trade in tobacco products
(smuggling), banning sales to minors and encouraging alternatives to tobacco
growing in the agriculture sector. Although in force for several years, the
implementation of the FCTC has still a long way to go. According to the most recent
report, only 5 % of the world population was covered by smoke-free environments,
8 % by cessation programmes, 8 % by tobacco health warnings, 9 % by advertising
bans and 6 % by taxation on tobacco products (WHO 2008b).

The WHO Global Strategy on Diet, Physical Activity and Health (DPAS) is a
prevention-based strategy that aims to significantly reduce the prevalence of
common risk factors, primarily unhealthy diet and physical inactivity for NCDs
(WHO 2003).

Its overall objectives are to increase awareness and understanding of the
relationships between diet, physical activity and NCDs including cancer. DPAS
provides the framework to develop, strengthen and implement global, regional,
national policies and action with the intent to reduce obesity, unhealthy diet and
physical inactivity in populations through public health actions. DPAS is underpinned

!'Updates of the implementation of the FCTC are online. (http://www.who.int/fctc/signatories_
parties/en/index.html)
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by a series of WHO guidelines which have a specific focus on the prevention of
childhood obesity since this is linked closely to future obesity levels in adulthood.

The WHO global strategy to reduce harmful use of alcohol focuses on a series of
ten key areas of policy options and interventions at the national level and four priority
areas for global action WHO (2011a). These include drink-driving policies and
countermeasures, policies on the availability of alcohol and the marketing of
alcoholic beverages. The four priority areas for global action are public health
advocacy and partnership, technical support and capacity building, production and
dissemination of knowledge.

12.4 The WHO Specific Cancer Risk-Reduction Policies
and Strategies and Related Tools: Infections
and Environmental Causes

A series of risk factors are not shared with other NCDs and are less determined by
individual choices (see Tanaka, this volume). These are infectious causes of cancer
such as HBV and HPV both causally related to specific cancer types, HBV to
hepatocellular carcinoma (HCC) and HPV to cervical cancer. Vaccination against
HBYV is part of the WHO expanded programme of immunization (EPI). A more
comprehensive approach to prevent hepatitis has been requested by the World
Health Assembly. WHO is in the process of developing a hepatitis prevention and
control strategy which, further to immunization, encompasses measures to prevent
HBYV infections through patient safety measures.>

With the recent progress in development and availability of HPV vaccines (see
Bosch, this volume), WHO has taken the firm position to recommend the introduction
of HPV vaccines as part of comprehensive cervical cancer prevention and control
plans which also should include cervical screening. A series of technical documents
provide hands-on guidance for national decision-makers to rationally plan and
implement HPV vaccine programmes.?

Preventing HIV infections can also be subsumed among cancer prevention
interventions as HIV and cancer are closely related. HIV-positive populations are at
increased risk of developing a large variety of cancers. WHO’s guidance on sexual
education and the prevention of sexually transmitted diseases is therefore an
important component in comprehensive cancer prevention and opens up cross-links
and options for integration between programmes.

Exposure to carcinogenic chemicals in the environment can occur through
drinking water or pollution of indoor and ambient air. Exposure to carcinogens also
occurs via the contamination of food by chemicals, including aflatoxins or dioxins.
Aflatoxin is a cofactor together with HBV infection in the carcinogenesis of HCC.

http://www.who.int/csr/disease/hepatitis/en/
*http://www.who.int/nuvi/hpv/resources/en/
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Indoor air pollution from coal fires increases the risk of lung cancer, particularly
among women.

With regard to occupational exposure, a great variety of agents, mixtures and exposure
circumstances in the working environment are classified by IARC as carcinogenic
(and see Blair et al., this volume). Occupational cancers are concentrated among
specific groups of the working population, for whom the risk of developing a particular
form of cancer may be much higher than for the general population. For example,
mesothelioma is to a large extent caused by work-related exposure to asbestos.

Itis well known that ionizing radiation due to environmental or medical diagnostic
and therapeutic exposure is carcinogenic to humans. Ionizing radiation can induce
leukaemia and a number of solid tumours, with higher risks at young age of exposure.
Residential exposure to radon gas from soil and building materials can cause lung
cancers, making it the second cause of lung cancer after tobacco smoke.*

Ultraviolet (UV) radiation, and in particular solar radiation, is carcinogenic to
humans, causing all major types of skin cancer, such as basal cell carcinoma (BCC),
squamous cell carcinoma (SCC) and melanoma. Avoiding excessive exposure, use
of sunscreen and protective clothing are effective preventive measures. UV-emitting
tanning devices are now also classified as carcinogenic to humans based on their
association with skin and ocular melanoma cancers (IARC 2012).

WHO is promoting evidence-based exposure reduction strategies to reduce
environmental and occupational cancer risks such as guidance in improving
ventilation and sealing of floors to reduce radon levels in homes. Reducing exposure
is effective if food safety systems (i.e. legislation and monitoring) are implemented
focusing on key contaminants of food which can cause cancers. The reduction of the
use of biomass and coal for heating and cooking at home and promotion of the use
of clean burning and efficient stoves is a powerful tool to reduce the burden of lung
cancer burden in particular among women.

12.5 The UN Political Declaration on Non-communicable
Diseases (NCDs) and Implications for Cancer Prevention

One of the many factors which contributed to put NCDs including cancer on the
agenda of the UN General Assembly in September 2011 was the increased awareness
and knowledge about the current and projected future burden of NCDs as well as
their economic impact. Driven by population ageing, unplanned urbanization,
globalization of trade and marketing, the unhealthy lifestyles that fuel the NCD
epidemic are spreading rapidly. At the microeconomic level, there is a spiral of
poverty caused by NCDs/cancer which affects more and more families which ends
up in catastrophic expenditures for NCD cure and care because of insufficient
insurance coverage. At the macroeconomic level, NCD care requires an increasing
proportion of health budgets in low- and middle-income countries. The productivity

“http://www.who.int/ionizing_radiation/en/
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loss due to NCD-related mortality and impairments affects economies in low- and
middle-income countries in particular where 16 % of the overall mortality is due to
NCDs below the age of 60. With WHO providing the global picture on NCD burden
and trends, the political will to tackle NCDs became a momentum. The political
determination of a group of UN Member States lead by the Caribbean Community
of countries (CARICOM) finally reached its objective in 2011 to discuss the problem
of NCDs at the highest political level as was the case for HIV a decade earlier.

In preparing the background documents for the UN General Assembly High-level
Meeting (HLM) on NCDs, WHO focused on the cost-effectiveness of the
interventions to be proposed as solutions for controlling NCDs. The concept of
‘best buys’ —defined as the interventions with the most extensive health impact by
monetary unit invested—was highly promoted and condensed in one of the key
publications available to the event (WHO 2011Db).

Among the selected interventions included in the ‘best buys’, two of them are
specifically relevant for cancer prevention: screening for cervical cancer and
immunization against HBV infection to prevent liver cancer.

The UN HLM resulted in a political declaration® which expresses the firm
commitment of the signing UN Member States to develop national NCD strategies
along the lines of WHO’s technical advice. Fundamental to the declaration was the
World Health Assembly resolutions on risk-reduction strategies (tobacco, diet,
physical inactivity and alcohol) and well as the NCD action plan framework. Cancer
prevention is covered by the UN resolution with regard to these behavioural factors.
However, there are several entry points in the resolution which are providing bridges
to infectious and environmental causes and related health systems delivering
preventive interventions. Operative paragraph 43/j makes reference to the infectious
cause of cancer and the call for increase in vaccination against HBV. In operative 43/k,
the declaration mentions screening as an important intervention to control NCDs.
Among all NCDs, cancer screening is the most established intervention which in the
case of cervical cancer is also preventive since it is focusing on precancer (see the
chapters of Hakama and Broutet). The cross-link between cancer prevention and repro-
ductive health is specifically mentioned in operative paragraphs 45/r and 45/o0. To
translate these intentions as expressed in the declaration into practice, cancer preven-
tion programmes in settings where infectious causes are of major importance such as
in high HIV prevalence countries will need to build upon existing systems with focus
at the primary care level or equivalent (reproductive health, anti-HIV programmes).

12.6 Conclusion

The UN HLM declaration provides a historical opportunity for improved agenda
setting for cancer control. In the past, high-income countries have reacted to
the increasing NCD burden through massive investment in healthcare systems.

Shttp://www.who.int/nmh/events/un_ncd_summit2011/en/index.html
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This applies in particular to cancer. Nevertheless, by prioritizing heath care,
high-income countries have paid less attention to dealing with the underlying
causes. This ‘model’ is apparently a solution neither for high- nor low- and
middle-income countries. Due to the WHO’s continuous efforts over the last
decade, it is now well accepted that NCD prevention needs to be an integral part
of controlling NCDs. It is also more and more recognized that NCDs including
cancers are also a problem in low- and middle-income countries. The globalization
of markets has the consequence that NCD risks are spreading worldwide. The
WHO has a key role to play in the NCD agenda because of its technical expertise
and the credibility afforded to it by its UN mandate. WHO is the independent
broker able to catalyze the necessary changes in societies through national and
international decision-making and priority setting. These key turning points are
related to tobacco control, halting the epidemic of overweight/obesity, increasing
physical activity and limiting alcohol use.

To tackle NCDs and their underlying causes is complex and difficult because
of the close relationship between risk factors, market forces, social and economic
development and health outcomes. NCDs appear on the global health agenda to
many as still less menacing compared to communicable diseases, as countries
may experience acute outbreaks of conditions due to contagious agents. As a
consequence, for decades NCDs were considered as a problem restricted to
affluent societies and were therefore ‘invisible’ as a development issue. The
agreement of all UN Member States on a joint political declaration would not
have been possible if developing countries had not already perceived the NCD
burden as a major threat to their public health and economies. The historical
window for setting the pace to address NCDs needs now to be used so that the
necessary changes at the global, regional and national health agendas are
implemented.
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Part 11
Screening for Cancer



Chapter 13
Evidence-Based Cancer Screening

Anthony B. Miller

13.1 Introduction

Screening of asymptomatic people is one component of early detection of cancer, in
the expectation that it will change the incurable patient into one that is curable by
effective therapy, resulting in a reduction in the death rate from the disease and thus
reduction in health-care costs. The other component of early detection is encouraging
the early diagnosis of people with symptomatic cancer. Neither should be promoted
unless there are adequate facilities for diagnosing people with suspicious findings
and treating those who are found to have cancer. Effective therapy is essential and
adequate compliance of the target population is the key to impact at the population
level.

Early diagnosis is obtained through education of the target population and
health-care professionals, especially at the primary care level. Education programs
should be culturally sensitive, designed to dispel myths that cancer is an incurable,
inevitably fatal disease; these are important in many low- and middle-income coun-
tries and even in some segments of the population in high-income countries.
Education of primary care practitioners should facilitate their recognition of the
signs of early cancer, which are often subtle, very different from the signs of
advanced cancer. Education programs should precede the introduction of screening
programs and should be an integral part of such programs.

Screening was defined by the US Commission on Chronic Illness (1957) as “the
presumptive identification of unrecognized disease or defect by the application of
tests, examinations or other procedures that can be applied rapidly.” Although more
recent definitions have been adopted (Wald 2001), this one is still probably the most
useful.
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In screening for cancer too often the right people are not screened, many
false-positive screening tests occur, the death rate from the cancer is reduced by a
negligible amount, and health-care costs increased.

Part of the difficulty is that for far too many cancers, an effective screening test,
acceptable to the population at risk, has not yet been developed, and even if cancer
is detected “early,” treatment is not as effective as hoped. However, another major
difficulty is that screening is advocated under circumstances where there is no
evidence that it works, and very often, the natural history of the disease is not
sufficiently understood to apply screening effectively, yet such a requirement is a
prerequisite for screening (Wilson and Junger 1968).

Screening is a process, and there are many components of that process that need
attention if screening is to be effective (Miller 2010). In the chapters that follow in
this part of the book, screening is considered for the major cancer sites in America
and Europe and, increasingly, in other parts of the world. In this chapter, I shall
consider some of the issues that are becoming increasingly of interest in evaluating
screening at the present time.

13.2 Evaluation of Screening

Elsewhere, I and others have described the biases that can affect the evaluation of
screening, especially if survival is considered (Miller 1996, 2010; Hakama this
volume). The only design that eliminates the effect of these biases is the randomized
screening trial (Prorok et al. 1984), but only if mortality from the disease (i.e.,
deaths related to the person-years of observation) is used as the endpoint rather than
survival (Miller 2006). Survival could be used in a randomized screening trial only
under special circumstances. These are that there is good evidence because of the
equivalence in cumulative numbers of cases during the relevant period of observation
that there is no overdiagnosis bias; and providing that the start of the period of
observation of the cases is taken as the date of randomization, as that will eliminate
differential lead time. Length bias and selection bias are not issues, the latter having
been equally distributed by the randomization and the former by having started at
the same point in time and by including all cases that occur during follow-up in the
evaluation.

It has been suggested that because of potential biases in death attribution, all
cause mortality should be used as the preferable endpoint (Black et al. 2002).
Unfortunately, the sample size required to demonstrate reduction in all cause
mortality as distinct from cancer site-specific mortality would be prohibitive. All
cause mortality should be compared in a randomized screening trial; however, if it
is identical in the screening and control arms and cancer-specific mortality is reduced
in the screening arm; this suggests that there is an issue with cause of death attribu-
tion, or an adverse consequence of screening, which should be evaluated.

Outside a randomized trial, if the screening test detects a precursor, reduction
in incidence of the clinically detected disease can be expected and evaluated.
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This effect has been well demonstrated in the Nordic countries in relation to
screening for cancer of the cervix (Hakama this volume). If the screening test does
not detect a precursor, or even if it does but the main yield is invasive cancer, then
the incidence can be expected to increase initially following the introduction of
screening, and remain elevated while screening continues, though there may be
some reduction toward the baseline after continued screening, if the application of
the test results in most at risk subjects being included, and the subsequent screening
tests are largely used for rescreening. Under such circumstances, when further
reduction in incidence cannot be anticipated and improvement in survival cannot be
relied upon because of the biases already discussed, the only valid outcome for
assessment of results of a screening program is mortality from the disease in the
total population offered screening.

A randomized screening trial can either be an efficacy trial or an effectiveness
trial. Efficacy trials are based on randomization of the screening test, which answers
the biologically relevant question as to whether mortality is reduced in those
screened. An effectiveness trial is based on the randomization of invitations to
attend for screening, and more nearly replicates the circumstances that may
eventually pertain in practice in a population. Both those who accept the invitation
as well as those who refuse will have to be included in the assessment of outcome.
Thus, it tests the impact of introducing screening in a population. Some trials of this
type involve randomization by cluster. However, cluster randomization can lead to
difficulties in determining whether the trial results are valid, especially if it cannot
be confirmed that the randomized groups were balanced or if there is evidence that
they were not.

If for some reason randomization is believed inappropriate, a second-best method
is the quasi-experimental study in which screening is offered in some areas and
unscreened areas as comparable as possible are used for comparison purposes.
However, this design is not a cheap and easy way out but demands the same
methodological accuracy as required for randomized trials. Further, in view of the
substantially larger populations that may have to be studied than in randomized trials,
it may prove to be more expensive than the preferred design. Critically, difficulties in
analysis may ensue if the baseline mortality in the comparison areas differ.

Nevertheless, ethical issues may preclude the utilization of randomized trials,
particularly for programs that were introduced before the necessity of utilizing trials
as far as possible for evaluation was appreciated as for screening for cancer of the
cervix (Hakama this volume). One approach under these circumstances is to compare
the mortality in defined populations before and after the introduction of screening
programs, preferably with data available on the trends in acceptance of screening so
that changes in mortality can be correlated with the mortality trends. Such a correla-
tion study will be strengthened if other data that could be related to changes in the
outcome variable are entered into a multivariate analysis (Miller et al. 1976).

A case-control study of screening is another approach that has been used to evaluate
programs that were introduced sufficiently long before the study that an effect could
be expected to have occurred. Case-control studies depend on comparing the screen
histories of the cases with the histories of comparable controls drawn from the
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population from which the cases arose. Individuals with early stage disease if sam-
pled would be eligible as a control, providing the date of diagnosis was not earlier
than that of the case, as diagnosis of disease truncates the screening history. However,
a bias would arise if advanced disease is compared only with early stage disease, as
the latter is likely to be screen detected, though this is just a function of the screen-
ing process, not its efficacy (Weiss 1983). Cases have to reflect the end points used
to evaluate screening, that is, those that would be expected to be reduced by screen-
ing. Thus, cases are often deaths from the disease or advanced disease as a surrogate
for deaths, or if a precursor of the disease is detected through screening, incident
cases in the population. If incident cases are screen detected, the controls should be
drawn from those screened in the same program,; if the cases are not screen detected,
the controls should be population based (Sasco et al. 1986).

One difficulty with case-control studies of screening is that they may be affected
by selection bias as the health conscious may select themselves for screening. This
may be difficult to correct in the analysis, though such a correction should be
attempted if the relevant data on risk factors for the disease (confounders) are
available. Such a bias may not be a problem, however, in other circumstances, if it
can be demonstrated that the incidence of cancer in those who declined the invitation
to the screening program is similar to that expected in an unscreened population.

However, even if data are available on risk factors for disease, adjusting for them
may not result in avoiding the effect of selection bias. For breast cancer, for example,
experience in studies in Sweden and the UK, where case-control studies were performed
within trials, shows that although those who refused invitations for screening had simi-
lar breast cancer incidence to the unscreened controls in the trial, their breast cancer
mortality experience was worse than that of those controls. This meant that the estimate
of the effect of screening in such case-control studies was greater than could have been
expected in the total population (Miller et al. 1990; Moss 1991).

In addition to assessing effectiveness of screening, case-control studies may also
be of use to assess other aspects of screening programs. For example, a method has
been proposed for estimation of the natural history of preclinical disease from
screening data based on case-control methodology (Brookmeyer et al. 1986). The
cohort study design may also provide an estimate of the effect of screening, an
approach in which the mortality from the cancer of interest in an individually
identified and followed screened group (the cohort) is compared to the mortality
experience in a control population, often derived from the general population. In
these studies it has to be recognized that those recruited into a screening program
are initially free of the disease of interest so that it is not appropriate to apply
population mortality rates for the disease to the person-years experience of the study
cohort. Rather, as is required in estimating the sample size required for a controlled
trial of screening, it is first necessary to determine the expected incidence of the
cases of interest, then apply to that expectation the expected case-fatality rate from
the disease to derive the expectation for the deaths (Moss et al. 1987). In practice, a
cohort study of screening suffers from the same problem of selection bias as for
case-control studies, so the results have to be interpreted with caution.
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Indirect indicators of effectiveness are often desired in evaluating screening
programs, especially one that would predict subsequent mortality. Compliance with
screening, and rate of screen detection, as well as the ratio of prevalence and
incidence can be indicators of potentially effective screens (Day et al. 1989). The
cumulative prevalence (not the percentage distribution) of advanced disease is one
such measure (Prorok et al. 1984, and see Autier, this volume). However, case
detection frequency, numbers of small tumors, and stage shift in percentages of the
total should not be used as indicators of effectiveness as they potentially reflect all
four screening biases.

In evaluating whether screening programs are effective in a population, different
methods are generally to be used. Evaluation is an intermittent activity. It is essential
for all programs to ensure that the resources used achieve the benefit expected.
Process measures such as the numbers of screens performed, the numbers of positive
tests reported, the number (and proportion) of those screened referred for diagnosis
and therapy, the numbers of cases of disease diagnosed, and the numbers of precursor
and benign lesions detected should be derivable, providing the data are collected
from the screening centers and the treating institutions and collated. Such data must
be analyzed by age to confirm that those in the target age group are being screened
and receive appropriate subsequent management. However, such data cannot
evaluate the effectiveness in terms of the likely prevention of occurrence of disease
or of deaths from the disease, unless the data can be related to that derived from the
total population on an ongoing basis, which requires linkage to a preexisting disease
register or vital statistics system or to a register of cases of the relevant disease
established for this purpose.

Depending on the endpoint that should be affected by screening, for example,
deaths from the cancer of interest, the simplest form of surveillance and evaluation
that will provide measures of the effectiveness of the program in the population is
to be able to demonstrate a change in the slope of the trend in mortality from the
disease in the population. More detailed evaluation requires the identification of all
who develop the disease and die from it in the target population and documentation
of their screening history. Such documentation could be done by comparing inci-
dent cases of disease in the target population with a register of those from the same
population who have been screened. This will permit an estimate of the risk in those
who have been screened and in those who failed to attend screening, and the com-
bined effect can then be compared with the prescreening period. Where such regis-
ters have not been established, a screening history should be obtained from subjects
with the disease, though this may not be reliable as many are unable to recall whether
a screening test has been taken in the past. Efficient surveillance requires a system
of linked records. A population register (or available substitute) allows periodic
callback for rescreening at appropriate intervals. The screening program register,
when linked with a disease register, permits the active surveillance of those detected
with abnormalities, to ensure recall for diagnosis and therapy. Evaluation of the
program can then be performed with regard to assessment of management of those
screened with positive tests, disease diagnosed between the screening interval, and
groups missed in the target population.
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However, the main issue that has arisen is determining whether the program as
introduced in a population has achieved the reduction in mortality from the disease
in question. This is especially difficult if treatment for the disease has improved
during the same period that the program was being introduced. Theoretically, this
will not reduce the relative benefit of screening, but it could have a major impact on
the absolute benefit derived from screening until the effect may become almost
negligible (Glasziou and Houssami 2011). This situation is considered for breast
screening by Autier (this volume).

13.3 Evaluating a New Screening Test for Cancer

The question this section of the chapter is seeking to address is “What is required to
permit the introduction of a new screening test for a cancer for which previous
research has established efficacy for another screening test for that cancer?” In other
words, do we have to go through the expense and delay of a large randomized
screening trial each time a new promising test becomes available? It is important to
recognize that just because a test detects an early cancer, this does not necessarily
mean that the individual has received benefit, that is, case detection is not equivalent
to efficacy, for the reasons more fully set out in Miller (2010). For cancers where no
efficacy has yet been established for any screening test, a new test which is introduced
will have to be evaluated by means of a carefully designed randomized screening
trial where the prime comparison will be between screening and no screening
(Miller 2006). However, in this section I address whether demonstration of improved
sensitivity of the new test compared to the old is sufficient to replace the old test by
the new.

Lord et al (2006) have addressed this issue for diagnostic tests. They concluded
that accuracy studies suffice if a new diagnostic test is safer or more specific than,
but of similar sensitivity to, an old test. They pointed out that if a new test is more
sensitive than an old test, it leads to the detection of extra cases of disease and that
results from treatment trials that enrolled only patients detected by the old test may
not apply to these extra cases.

Among the requirements for medical screening, Strong et al. (2005) noted these
characteristics desired of an ideal screening test:

e Simple and safe

e Distributions of test values in affected and unaffected individuals known
¢ Cost-effective

* Acceptable to those screened

If a new screening test were to be simpler and safer than the existing test, or less
costly, or shown to be more acceptable, and the distributions of test values in affected
and unaffected individuals identical, as demonstrated in appropriate circumstances,
it would be justifiable to substitute the new test for the old, though subsequent
outcomes should be monitored to make sure there were no unintended consequences
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of the change. However, it is the circumstances whereby the distributions of test
values in affected and unaffected individuals are determined which are of concern
and which need further consideration. In practice, these distributions result in the
determination of the sensitivity and specificity of the screening test. Improved
specificity if sensitivity remains the same will reduce costs and could justify adopting
a new test where the efficacy of the old had been demonstrated. However, the same
is not necessarily true of sensitivity.

13.3.1 Determining the Sensitivity of a Screening Test

Sensitivity is defined as the proportion of those who have the disease who are
positive to the test. The sensitivity of a test to be used for screening should be done
within screening circumstances, not, as for a diagnostic test, among those who have
already been diagnosed by other means as having the disease. In practice, the term
sensitivity can have a number of connotations, as discussed by Hakama (this
volume). Sometimes, an attempt is made to determine the sensitivity of a new test
by applying it simultaneously with the old test in the same people, obtaining an
estimate of the relative sensitivity of the two tests. However, this approach has a
number of fundamental disadvantages. If one of the tests has the disadvantage of
detecting nonprogressive lesions (overdiagnosis), a test that failed to detect these
lesions might be inappropriately judged adversely. Further, it would normally be
regarded as ethically indefensible to fail to act on the positive finding of any of the
tests. This would mean that although the tests could be compared in terms of counts
of the cases detected and the characteristic of those cases, only relative sensitivity
based on screen-detected cases could be determined and an assumption that the test
that detected more cases was superior could be false (Miller 2010).

Instead of such an approach, a method is needed to estimate the efficacy of the
test in detecting cancers that would otherwise progress within a relatively short
interval, say a year. A test with high efficiency in doing so is in fact detecting rapidly
progressive cancers, cancers that are more likely to result in death than the majority
of cancers detected by screening which tend to be slow growing (length bias). The
method recommended is the incidence method, that is, the determination of the rate
of interval cancers in comparison with the expected incidence (Day 1985). Rules
will have to be developed and applied equally to identify and exclude as interval
cancers those who were detected as a result of a diagnostic process initiated at the
previous screen, when they should be labeled screen detected. Then the other cancers
that present within the defined period before the next screen is due will be the inter-
val cancers. The test that results in fewer such cancers is the most sensitive in detect-
ing progressive cancers. Day (1985) described the incidence method under the
circumstances when the sensitivity of a single test was being determined within the
context of a randomized screening trial, as the unscreened control group provided
the expected incidence in the absence of screening. However, when two screening
tests are compared in a randomized screening trial, it is not necessary to know the
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expected incidence; the relative sensitivity of the two tests can be determined for
progressive disease by comparing the interval cancer rates directly; the fact that we
do not obtain a measure of the absolute sensitivity of the two tests is immaterial for
our purpose. If the interval cancer rate following the new test is significantly less
than the interval cancer rate following the old test, it can be concluded that the new
test is more sensitive for progressive disease than the old. Some have objected to
this method because of the need for randomization, and implicitly, twice as many
subjects as when you apply the two tests in the same person. However, we should
be prepared to pay this price to obtain the answer without the result being confounded
by overdiagnosis.

13.3.2 The Problem of Overdiagnosis

If a randomized screening trial is performed with the immediate objective of
determining the relative sensitivity of the new test compared with the old for
progressive disease as just described and the sensitivity of the new test for progressive
disease is demonstrated to be superior to the old, is that sufficient to justify
substituting the new test for the old in routine screening programs? Unfortunately
not, as there is at least one other feature of the test to estimate in order to be able to
compare the cost of the management of the abnormalities detected by the two tests
and especially the extent the new test results in more overdiagnosis than the old,
defining overdiagnosis as the detection of disease in an individual that was not
destined to progress and cause symptoms in that individual’s lifetime. Although it
may be possible to use some indicators of the probability of progression to obtain
some indication of the probability of overdiagnosis, such as the Gleason score for
prostate cancer, an overdiagnosed case may be histologically and biochemically
indistinguishable from a case that is destined to progress, because of the effect of
competing causes of mortality.

Overdiagnosis is probably universal for all cancer screening, even when there
may be no efficacy demonstrable for the screening. If, in a randomized trial
performed to assess the sensitivity for progressive disease, the cancer detection rate
from screening is significantly greater for the new test than the old, the increase in
detection could be due to greater lead time from the new test or increased
overdiagnosis or both. If screening stops in both arms, further follow-up without
screening which exceeds the lead time gained by the two tests will indicate whether
all the increase is due to lead time, when the cumulative incidence becomes equal.
But if the cumulative incidence in the two arms never equalize, the difference
between the two cumulative incidence rates will indicate the contribution of
additional overdiagnosis from the new test.

Determining the extent or even the presence of overdiagnosis of cancer when the
screening test detects a presumed precursor of the cancer as well as any cancers
present is very difficult. For example, incidence is reduced following screening for
colorectal cancer because some of the adenomas are destined to progress to invasive
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cancer, and their detection and removal prevents this. The incidence gap between
screened and control groups will continue to widen until the effect of such removal
is spent. In this instance because of the effect of the removal of precursors, incidence
of invasive cancers will be less in the screened group than the control. Nevertheless,
it is still likely that some overdiagnosis of cancer is occurring; it is being masked by
the removal of precursor lesions. It is also likely, by analogy with other sites, that
the greater the sensitivity of the test the greater the extent of overdiagnosis. So it is
likely that overdiagnosis will be greater with new tests than with the old.

13.4 Conclusions

There is no substitute for the randomized screening trial in evaluating the efficacy of
screening for a cancer where, so far, efficacy of screening has not been established.
Unfortunately, for a cancer where screening has already been determined to be effective,
there is no definitive set of rules to decide if a new screening test should be substituted
for the old. Practical issues, including acceptability to the target group and better quality
control in laboratories, will tend to trump apparent improved sensitivity.

However, very careful assessment is required under these circumstances,
especially in deciding whether indeed the test is more sensitive for progressive and
therefore potentially fatal disease. Fortunately, a method to use is available, and
hopefully this will receive much wider recognition in the future.
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Chapter 14
Comprehensive Cervical Cancer Control:
Strategies and Guidelines

Nathalie Broutet

14.1 Introduction

Cancer of the uterine cervix is the second most important cancer among women in
the world, in nearly all low- and middle-income (LMI) countries; it is number one
in importance. In comparison with other cancers, the number of deaths from cancer
of the cervix among women 25-64 years old each year in LMI countries was
estimated at 133,200, compared to 128,000 for breast cancer, 54,900 for lung cancer
and 57,900 for cancer of the stomach; in high-income countries the corresponding
numbers were 18,300, 82,200, 40,000 and 20,800, respectively (Ferlay et al.
2010).

It is estimated that over a million women worldwide currently have cervical
cancer. Most of these women have not been diagnosed, nor do they have access to
treatment that could cure them or prolong their lives. In 2005, almost 260,000 women
died of the disease, nearly 95 % of them in low-income countries, making cervical
cancer one of the gravest threats to women’s lives Yang et al. (2004). Without urgent
attention, deaths due to cervical cancer are projected to rise by almost 25 % over the
next 10 years.

Most women who die from cervical cancer, particularly in LMI countries, are in
the prime of their life. They may be raising children, caring for their family and
contributing to the social and economic life of their town or village. Their death is
both a personal tragedy and a sad and unnecessary loss to their family and their
community with enormous repercussions for the welfare of both. These deaths are
unnecessary because there is compelling evidence that cervical cancer is one of the
most preventable and treatable forms of cancer as long as it is detected early and
managed effectively (see Hakama this volume).
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Therefore, it is important for the World Health Organization (WHO) to assume a
leadership role over control of cancer of the cervix.

14.2 WHO Recommended Strategies for Cervical
Cancer Control

The major issue over cervical cancer control is, as expressed by Madon et al. (2007),
‘we face a formidable gap between innovations in health (vaccines, tests, drugs and
strategies for care) and their delivery to communities’, especially in the countries
that need them most.

So why do these stark inequalities in health status exist?

In addition to the obvious answer regarding the lack of effective health systems
and financial resources in developing countries, it is important to underscore one of
the most often overlooked but influential drivers of health inequities, the position of
women in a given society. Gender inequality in many developing countries underlies
some key risk factors, as well as the availability and access to women’s health
services. Gender inequality interacts with other social hierarchies, such as class,
caste, race and other social markers, to worsen vulnerability, risks, access to care
and outcomes for the most marginalized women.

The WHO programme on Comprehensive Cervical Cancer Control incorporates
primary, secondary and tertiary prevention components.

For primary prevention, an important emphasis is on education to reduce
high-risk sexual behaviour and thus limit transmission or acquisition of infection by
oncogenic types of the human papillomavirus (HPV). Important components of
these programmes are messages to promote delay in age of first sexual intercourse,
condom use, limits in the number of sexual partners and change to less risky sexual
behaviour for both male and female adolescents. Gender inequality underlies
important risk factors for STIs, HPV infection and cervical cancer, such as early age
at first sexual intercourse, childbearing and parity and number of sexual partners.
For instance, girl’s lack of knowledge, inability to negotiate sex or safe sex, sexual
coercion and cultural demands for marriage at a young age result in high incidence
of sexually transmitted infections. Gender inequality and norms related to
masculinity encourage men to have more sexual partners and older men to have
sexual relations with much younger women. In some settings, this contributes to far
greater sexually transmitted infection rates among young women (15-24 years)
compared to young men.

At the community level, many women and men have not heard of cervical cancer
and do not recognize early signs and symptoms when they occur. Women at risk
may not be aware of the need to be tested, even when they have any symptoms. New
is the availability of HPV vaccines, creating for the first time the potential for
providing complete protection against the HPV types included in the vaccine, as
well as some cross protection against those related types not in the vaccine (see
Bosch, this volume).
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For secondary prevention, the WHO promotes programmes of early detection of
the disease to facilitate effective treatment (WHO Guide for Effective Programmes
2007). Early detection has two components: early diagnosis, that is, identify and
treat early cancer while the chance of cure is still good (will reduce cervical cancer
mortality if effective) and screening, that is, identify and treat precancerous lesions
of the cervix before they progress to cervical cancer (will reduce cervical cancer
incidence and mortality if effective).

Beyond risk, gender inequality also affects women’s access to and interaction
with health services. To address gender-based inequities in access to vaccines and
screening, it is crucial to consider the different needs and constraints of women and
men when accessing services in different settings — and design interventions
accordingly. For example, women’s access is more likely to be affected by restricted
mobility, difficulties in accessing transport and childcare and lack of treatment
literacy, as compared to men’s. As gender intersects with age, ethnicity, social and
economic status and other social categories, these barriers can vary across settings
and within populations, often creating different sets of issues for adolescent girls
and boys and for women and men in different situations (e.g. migrant workers, sex
workers, housewives, others).

Further, stigmatization of women’s bodies may prevent women from seeking
care. In many cultures, the female genital tract is considered private, polluted or
profane, and women may be hesitant to discuss symptoms related to it. This is
especially true in settings where the health-care provider is a man or is from a
different culture. Destigmatizing discussion of the female genital tract may be an
important strategy in encouraging women to be screened and to seek care if they
have symptoms suggestive of cervical cancer. Gender norms discourage women
from displaying knowledge and communicating about sex and related topics with
partners and even with health professionals.

For tertiary prevention, the WHO promotes adequate treatment of invasive
cancer, but if treatment is not possible, palliative care.

14.3 Strengthening Health Systems

In nearly all LMI countries, for cervical cancer control programmes to succeed, a
major requirement is the strengthening of health systems. Unless governments are
able to make the necessary investments, the advances in cervical cancer control that
are possible will not be realized.

The need for adequate resources and improved health care for women in
developing countries has to be addressed. It is also crucial to better understand and
take into account gender inequality in the design of health policies and programmes
and work alongside other sectors to change unequal gender power relations at the
heart of gender inequality and other important social determinants of health.

At the present time, there are many opportunities for the advancement of cervical
cancer control. As already emphasized, the new HPV vaccines offer a completely
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Fig. 14.1 Integration of health programmes: target age groups of different interventions and links
with cervical cancer prevention

new strategy for primary prevention. But in addition, there are new assays and new
algorithms for improved cervical cancer screening, which may permit the
identification of precancerous and cancerous lesions with greater accuracy, less
complexity and with fewer barriers to access. These new technologies offer new
possibilities for widespread access to effective prevention that in itself has the
ability to reduce inequity. These opportunities are resulting in new advocates, with
new interest and new energy.

While WHO continues to advocate for greater attention and resources for
women’s health beyond maternal care and family planning, WHO is also actively
involved in strengthening health systems in general and in developing, testing and
implementing appropriate technologies to make comprehensive cervical cancer
care feasible and affordable in low- and middle-income countries.

However, to achieve the advances possible, we need to envisage the integration
of health programmes which will target different age groups for different
interventions with links to cervical cancer prevention.

Figure 14.1 is illustrative. With the peak in acquisition of HPV infection at late
adolescence, the target group for vaccination has principally to be girls ages 9—13
who have not yet had their sexual debut. This means that vaccination programmes
have to be linked to existing school health and especially adolescent health
programmes, or such programmes especially created for the purpose. The peak for
development of cervical intraepithelial neoplasia is around age 30, though the peak
for development of high-grade lesions (CIN3) in some countries may be 5 years
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later. Given that the peak in development of invasive cervical cancer is some 15
years later, the target group for initiation of screening will be women ages 30-35 or
even later (for further discussion of these issues, please see Hakama this volume).
In terms of the target group for treatment of invasive cervical cancer, this will be
extremely rare in women in their twenties and will reach a maximum at about age 45.

Interdisciplinary approaches are required to span cervical control interventions.
This is commonplace in high-income countries but may be very difficult to achieve
in many LMI countries. It is important that Ministries of Health recognize the need;
the recent UN Declaration on Non-communicable Disease Prevention and Control
will hopefully encourage leaders of cancer control to ensure the necessary expertise
is available or, if not, train people to meet the needs (see Ullrich, this volume). In
that respect primary care services will be critical to ensure women do not fall
through the cracks in the system. It may be necessary to ensure the availability of
trained nurses in primary health settings to ensure girls and women attend the
appropriate facility and do not miss critical appointments for diagnosis or
treatment.

14.4 The Role of HPV Vaccination Programmes

To amplify further on the new opportunities for primary prevention, it is important
to recognize that the HPV vaccine is an effective new tool that targets adolescent
girls.

HPYV vaccination is designed for a new target population, not one previously
served routinely by immunization programmes (World Health Organization 2006).
HPYV vaccination programmes can now become an entry point for integrated services
to adolescents, who are often largely ignored by health services in LMI countries
though adolescents represent 1 in 5 of the world’s population. Adolescent girls are
particularly vulnerable and deserve special attention, and the HPV vaccine provides
an opportunity to reach adolescents with a wider range of proven health information
and services, for which tools are available.

In order to effectively deliver HPV vaccines, in many countries it will be
necessary to strengthen the health system. HPV vaccination raises issues of cost and
financing and programme delivery to adolescents. But it may strengthen or support
adolescent immunization programmes, through schools or other delivery systems,
according to country-specific needs and within their sociocultural context. It may
also link immunization with other public health interventions for adolescents,
especially sexual health and other health interventions. Further, by creating
partnerships between mothers and daughters over these issues, it could increase
cervical cancer screening rates among mothers.

In order to achieve high HPV vaccination rates, it will be necessary to improve
education of patients, parents and communities. Messages and patient or parental
notification, approval or consent methods, should be tailored to local cultural context
and the information needs of various audiences (e.g. candidates for vaccination,
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parents and clinicians). These messages should stress that vaccines do not cure
cancer, they prevent some HPV-related cancers, and they are most effective when
given before the onset of sexual activity. It is also important that girls and their
parents are warned that for fully effective vaccination, three vaccine doses are
required. Also, because of the lack of information, it is wise to emphasize that
vaccination is not recommended for pregnant females. Further, vaccination is not a
cancer or a universal infectious disease preventive agent; for example, it will not
prevent HIV infection, other sexually transmitted diseases or pregnancy. If it has
been decided to use the quadrivalent vaccine in the programme, it will be appropriate
to note that an additional benefit will be wart prevention.

Thus, educational campaigns are recommended to improve knowledge about
cervical cancer and HPV and to increase vaccine acceptance, and these will have to
be sustained to ensure adequate vaccination coverage.

14.5 The Role of Screening

Even if a decision has been taken to initiate a vaccination programme, secondary
prevention is still needed at adult ages. This is because up to 30 % of all cervical
cancer cases are caused by HPV types other than 16 and 18; for their control, there
will be a continuing need for future cervical cancer screening, and screening of the
non-vaccinated older and eventually young population, who are likely to be at high
risk, will still be required. There is also the concern that as yet, the existing vaccines
have an unknown effect on invasive cervix cancer, and it will be important to
maintain screening programmes pending resolution of this issue.

An important consideration in planning for screening as an integral part of
cervical cancer control will be to decide which screening test will be selected for
which population and where will it be used. The options are the conventional Pap
smear, the DNA-based tests, visual inspection with acetic acid (VIA) or with Lugol’s
iodine (VILI) or, when it becomes available, the HPV rapid DNA test. In making the
decision, it is important to understand why new approaches are needed for secondary
prevention in LMI countries. This is because clinical expertise is often limited, there
is very limited capacity for confirmatory or diagnostic testing, there is poor
infrastructure with limited reporting and opportunity for monitoring, while it is
often difficult to contact patients. Available and accepted screening methods
(particularly the Pap smear) are not practical or accessible to the majority of women
living in many countries, while in addition, the predictive value of applied screening
tests will change with the implementation of HPV vaccination.

The choice of a screening test should be based upon the effectiveness of the test
(i.e. its sensitivity and specificity) in the target women. There needs to be capacity to
reach (coverage) a significant proportion (at least 80 %) of target women and ade-
quate local infrastructure where the test will be used, and it must be possible to meet
the cost of the test and the infrastructure to ensure its effectiveness. Table 14.1 sum-
marizes the characteristics of the available screening tests for secondary prevention.
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Table 14.1 Characteristics of the available cervical screening tests

Visual
Conventional inspection tests
Characteristics cytology HPV DNA tests VIA VILI
Sensitivity 47-62 % 66-100 % 67-79 % 78-98 %
Specificity® 60-95 % 62-92 % 49-86 % 73-91 %
Comments Assessed over the  Assessed over the  Assessed over  Assessed by IARC
last 50 years last decade in the last over the last 4
in a wide many settings decade in years in India
range of in developed many and 3 countries
settings in and relatively settings in in Africa. Need
developed and few in developing further
developing developing countries evaluation for
countries countries reproducibility
Number of visits 2 or more Vvisits 2 or more Visits Can be used in single-visit or
required for ‘see and treat’ approach
screening and where outpatient treatment is
treatment available

“For high-grade lesions and invasive cancer

To ensure adequate coverage requires increase in availability and access to quality
services: tests should be easy to perform and acceptable at the level of the health system
where they are intended to be used; and information and knowledge in the community
about the existence of quality services to ensure women do go to the services.

There are alternative programmatic approaches for cervical cancer screening. The
conventional approach, as in most high-income countries, is to screen, diagnose,
confirm and treat in progressive steps, a strategy that involves multiple visits for those
who test positive. Such a strategy is likely to fail in many LMI countries, as return visits
for diagnosis and treatment create many opportunities for women to fail to attend.

The new paradigms involve, as far as possible, ‘screen and treat approaches’ (as
pioneered by the Alliance for Cervical Cancer Prevention — ACCP). These screen
and treat strategies involve one or at most two visits and losses are minimized. They
are dependent on a test that can be read almost instantaneously and are particularly
suited to visual methods with treatment on the spot. Cryotherapy is acceptable, but
procurement is an issue, as well as maintenance of liquid nitrogen for freezing.

WHO is supporting Ministries of Health to strengthen evidence-based cervical
cancer screening programmes — with advice on appropriate use of screening tests:
cytology, visual methods, HPV DNA assays; different combinations may be used in
different countries and even in a given country, depending on the level of infrastruc-
ture (Blumenthal et al. 2007; Denny et al. 2005; RTCOG/JHPIEGO 2003;
Sankaranarayanan et al. 2004).

Figure 14.2 illustrates how screening has to be integrated at the different levels
of health care, from VIA offered at the primary care level through VIA and
cryotherapy at the secondary care level to treatment for extensive lesions or invasive
cancer at the tertiary care level. Control of cervical cancer can be strengthened if
there is integration of these levels and monitoring of performance.
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Fig. 14.2 Strengthening cervical cancer screening programmes — operational framework
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Different situations arise with different screening tests. Cytology detects precan-
cerous lesions (e.g. CIN 1/2/3 and worse). However, for diagnosis, colposcopy with
biopsy is required and adequate treatment. As nearly all CIN 1 and much of CIN 2
and 3 regress, especially in younger women, there is risk of substantial overtreatment,
especially if women are screened at too young an age or too frequently.

The HPV test identifies infection with oncogenic types of HPV, but cannot
determine whether this is likely to be persistent or results in high-grade CIN. Again
there is risk of substantial overtreatment, and it is generally agreed the test should
not be used on women under the age of 30 as the vast majority of infections in
younger women are transitory. Diagnosis requires application of a triage test, if
available cytology, but if not VIA. Treatment has to be decided based on the results
of the triage test. HPV tests raise the question of the diagnosis of a sexually
transmitted infection (STI), and according to WHO best practice, other STIs should
be looked for and the partner treated also.

The VIA test will identify a cervical lesion, but it cannot determine if it is CIN or
something else. It provides the option for immediate treatment with cryotherapy or
referral of those non-eligible for treatment elsewhere if the lesion is extensive.
Because of relatively low specificity, there is likely to be overtreatment, though this
does not seem to result in harm.

14.6 Key Issues for Programmes

From the WHO pilot programmes to strengthen cervical cancer control conducted
in several African countries (Madagascar, Malawi, Nigeria, Tanzania, Uganda,
Zambia), several important lessons have been learnt for scaling up VIA followed by
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Fig. 14.3 Health system approach to address cervical cancer control

cryotherapy to increase screening and treatment coverage. These include the
importance of supervision, organization of the necessary training, monitoring and
evaluation of the programme (a cancer registry, or failing that a special register of
cervical cancers should be in place), feedback of attendance for referral and means
to procure and maintain cryotherapy equipment.

Access to treatment for high-grade lesions and cervical cancer has to be in place.
The implementation of the policy should include linkages with HIV and sexual and
reproductive health as well as other related programmes. Figure 14.3 illustrates the
health system approach to address cervical cancer control, emphasizing the need for
integration.

In summary, good secondary and tertiary cervical control programmes must be
able to effectively test (with high sensitivity and specificity) the target women. They
should reach a significant proportion of at-risk women (coverage), treat and manage
women who test positive and ensure effective follow-up and be able to monitor and
evaluate programme impact. It is not one size fits all.

New stakeholders and partners are needed for cervical cancer control. They
include various departments within Ministries of Health; such as those responsible
for immunization, sexual and reproductive health, adolescent health, cancer control
and HIV prevention. Ministries of Education also have arole, especially departments
responsible for school health. Women’s groups can be partnered to facilitate
education and adequate coverage, and community-based groups who can help to
reach girls out of school. Interdisciplinary coordination will be needed.

14.7 The WHO Guides

The first-ever comprehensive guide from WHO on cervical cancer control was
published in 2006 (WHO 2006). This has been translated into the six official WHO
languages and adopted and adapted in many countries, for example, China, Sri
Lanka, Vietnam, Cambodia, Thailand, Nigeria, Malawi, Zambia, Tanzania, Uganda,
some Latin American countries and others.
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The key technical messages are:

* Health education is integral to cervical cancer control.
» If sufficient resources exist, cytology is recommended but not under the age of

25 year nor annually.

N. Broutet

* Visual screening methods followed by cryotherapy should be offered in piloted
or closely monitored settings.
* HPV DNA-based methods should not be used in women before 30 years of age.
* Women should be offered the same cervical cancer screening and treatment
options regardless of their HIV status.

WHO will shortly be offering an update of this guide. The purpose of the update
is to expand the health education section, to include the role of HPV vaccines and to
provide new data on use of screening tests and algorithms and new data on HIV and

cervical cancer.

WHO offers guidelines in several other publications (Table 14.2).

Table 14.2 Recommendations on cervical cancer control in WHO guides

Context

Recommendation

Quality of
evidence

Strength

Use of cryotherapy

for prevention
of CIN

Lesion Size

Lesions extending
into the
endocervical
canal

la

1b

3a.

3b.

The expert panel recommends

cryotherapy over no treatment

In settings where LEEP is available

and accessible, the expert panel
suggests treatment with LEEP over
cryotherapy

Among women with CIN Lesions

covering more than 75% of the
ectocervix, or with lesions
extending beyond the cryo tip being
used, the expert panel suggests
performing or referring for
excisional therapy

In settings where LEEP is available

and accessible, and women present
with CIN lesions extending into the
cervical canal, the expert panel
suggests treatment with LEEP over
cryotherapy

In settings where excisional proce-

dures (e.g. LEEP, laser or CKC) or
referral to additional treatment are
not available, the expert panel
suggests that women with lesions
extending into the endocervical
canal be treated with cryotherapy

@000

@®00

@200

@@00

@000

Strong

Conditional

Conditional

Conditional

Conditional

(continued)
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Table 14.2 (continued)

219

Context

Recommendation

Quality of
evidence

Strength

Cryotherapy
technique and
procedure

Providers

Use of cryotherapy
during
pregnancy

Retreatment of CIN
lesions with
cryotherapy

4.

9b.

10a.

10b.

The expert panel suggests double
freeze using a 3 minute freeze, 5
minute thaw, 3 minute freeze cycle
over single-freeze cryotherapy

The expert panel recommends
cryotherapy using either carbond-
ioxide (CO,) or nitrous oxide
(N,0) gas

In settings where both gases are
available, the expert panel suggests
cryotherapy with CO, rather than
with N,O

The expert panel recommends that the
“cough technique” should not be
used during cryotherapy

The expert panel suggests that
prophylactic antibiotics should not
be used.when providing
cryotherapy

The expert panel recommends that
health-care workers (including
non-physicians) trained in
cryotherapy perform the procedure
for women when it is indicated

The expert panel also suggests that
trained nurses or trained midwives
rather than physicians may perform
cryotherapy

In pregnant women, the expert panel
suggests deferring cryotherapy
until after pregnancy

In women whose pregnancy status is
unknown (or there is no clinical
evidence of pregnancy), the expert
panel suggests using cryotherapy

The expert panel recommends
cryotherapy over no treatment for
women who screen positive after
prior cryotherapy treatment

In settings where LEEP is available
and accessible, the expert panel
suggests treatment with LEEP over
cryotherapy for women who screen
positive after prior cryotherapy
treatment

@@00

@®00

@000

@000

@000

@®00

@000

@000

@000

@000

@®00

Conditional

Strong

Conditional

Strong

Conditional

Strong

Conditional

Conditional

Conditional

Strong

Conditional
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14.8 Challenges

There are many challenges for cervical cancer control programmes. They include the
availability of human resources because of a shortage of trained health workers for
vaccinating, screening and treating. An adequate organization is essential to ensure
effective programmes. Coordination is needed between partners who are not used to
working together over immunization, sexual and reproductive health, cancer control,
child and adolescent health, school health and health system strengthening. It is neces-
sary to identify the best affordable programmatic practices for a given country, vaccine
delivery, the appropriate, screening-treatment algorithms and accessibility to a cancer
treatment centre. Establishing monitoring and evaluation will not be easy but essential
in order to ensure that relative failures are identified and rectified, and successes built
upon. Financial resources will have to be secured because of the high costs of many
new technologies, the requirements for new delivery systems and concerns over eco-
nomic downturn so that government and donor resources may be limited.

14.9 Conclusions

Cancer is an increasing public health threat, in particular in low- and middle-income
countries. WHO recommends a comprehensive and integrated approach to cervical
cancer control of which HPV vaccination is one element. Gender inequality not
only influences health inequities with respect to cervical cancer but in many other
ways damages the physical and mental health of millions of girls and women across
the globe and also of boys and men despite the many tangible benefits it gives men
through resources, power, authority and control. Because of the numbers of people
involved and the magnitude of the problems, taking action to improve gender equity
in health and to address women’s rights to health is one of the most direct and potent
ways to reduce health inequities and ensure effective use of health resources.
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Chapter 15
Screening for Cervical Cancer

Matti Hakama

15.1 Benefits and Harms of Screening

Screening for cancer involves the identification of preclinical disease by a relatively
simple test. The objective of screening is to reduce the risk of death, i.e., mortality
from cancer among those subjected to screening. For cervical cancer, the screening
test is aimed at detection of preinvasive lesions. Therefore, reduction in the incidence
of invasive disease results from screening, and a valid indicator for the effect is also
a change of incidence.

Screening may have benefits other than an effect on incidence and mortality. If
the treatment of disease detected at screening is less invasive or less radical, or
results in less morbidity than that of clinically detected disease, then the quality of
life of the screened population is possibly improved. This is an obvious benefit in
screening for cervical cancer because the identification of preinvasive lesions allows
conservative operation. Correct negative results also have a beneficial effect in that
they reassure women without the disease. This is another relevant aspect as a
positive test results in no conclusion on whether to regard the woman as a patient or
as healthy. The woman probably experiences anxiety and stress if the diagnosis is
postponed.

Because the aim of cervical screening is to provide a diagnosis of preinvasive
disease, there is a prolonged period of morbidity — from the time of diagnosis at
screening to the hypothetical time at which a clinical diagnosis would have been
made had the patient not been screened. This lead time, while a prerequisite of
effective screening, is an adverse effect because of the prolongation of anxiety and
morbidity due to diagnosis and treatment of the lesion.
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Cases detected at screening are confirmed by standard clinical diagnostic
methods. Many such cases are borderline abnormalities, some of which would
progress to clinical disease and some of which would not, even if left untreated. The
diagnosis of carcinoma in situ and severe dysplasia results in an invasive treatment.
A proportion of these lesions would not have progressed to clinical disease during
the woman’s life span. These are indistinguishable from the truly abnormal cases
that will progress into the clinical phase in the absence of early treatment. One of
the adverse effects of screening is therefore the consequent treatment of screenees
with such lesions. This results in anxiety and morbidity. Conversely, a false-negative
result is falsely reassuring. If it results in postponement of clinical diagnosis and
worsens the outcome of treatment, screening is disadvantageous.

Many screening programs involve expensive techniques and are applied to large
populations. The total budget required for health services is thus likely to increase
if a screening program is adopted.

A decision about whether to screen requires weighing the beneficial and harmful
effects. As is general in medicine, value judgments are involved in such weighting,
so also ethical issues are closely related to screening.

15.2 Sensitivity

Sensitivity is in general defined as the ability of the test to identify an unrecognized
disease. In screening for cervical cancer, sensitivity is the ability of the screening
test to identify the cancer when still in the detectable preinvasive phase (DPIP).

Sensitivity is an essential indicator in the comparison of several competing tests.
In screening for cervix cancer, this is especially timely because several tests have
been proposed for routine use. While most of the evidence is on the Pap test, other
competing technologies exist. The most important of them is the application of
computer automation, of visual inspection, and especially of the etiology-based
human papillomavirus (HPV) test.

Another extension of sensitivity is the concept itself. Traditionally, sensitivity in
screening is the characteristic of the test. Also the diagnostic confirmation and the
target population are included in the screening process from the point of view of
clinical practice and public health. Therefore, it is useful to define episode and
program sensitivities. Some of the test positives may be erroneously classified at
diagnostic confirmation as healthy. Therefore, the sensitivity of the test may be
better than the sensitivity of the total process from the test to the final diagnostic
conclusion. We call the corresponding time as episode and the corresponding
sensitivity as the episode sensitivity. Further, we define the program sensitivity as
the ability of the screening program to identify cancer in the DPIP among all the
women in the target population (Hakama et al. 2007).

The sensitivity of the screening test for cervix cancer is usually given at the
preinvasive stage level as CIN2 or worse or CIN3 or worse and estimated on the
basis of detection rates at screen (IARC 2005). Such cases include nonprogressive
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lesions as well, and one will not know whether an estimate of high sensitivity is
describing true sensitivity or high overdiagnosis. Therefore, the proper sensitivity
estimate is based on interval cancers between two successive screens, i.e., on failures
of the screen, and the method of estimation is called the incidence method.

Most published results do not distinguish between the test and the episode, and
most of them erroneously include also preinvasive lesions in the data. In a review
analysis, Fahey et al. (1995) found that the sensitivity of the Pap test was from 40 %
to 80 %. Early studies corresponding to the incidence method at the threshold level
of invasive cancer implied substantially better sensitivity. The largest of those
studies was the collaborative study coordinated by the International Agency for
Research on Cancer (Hakama et al. 1986). It showed that eradication of the disease
is an unrealistic goal and that maximal protection after a negative smear is about
90 %, which remains roughly the same during several years after the test. In other
words, the sensitivity of the Pap test to detect a lesion in the DPIP was about 90 %.
This conclusion is in accordance with the results of studies on the natural history of
the disease, which have shown that most preinvasive lesions progress to frankly
invasive cancer only over several years. Variation in the estimates of sensitivity
from 40 % to 90 % stems from conceptual differences, from the methods used, and
from the programs reported.

Automation-assisted cytology was proposed in the 1980s. Two basic methods
formed the basis of the screening algorithm. One with neural networks is no more
under commercial production. Another with discriminant function application is no
longer in wide use. Both sensitivity and specificity were quite similar with the
automation-assisted and the traditional Pap test (IARC 2005; Nieminen et al.
2007).

The first attempts based on visual inspection were known as downstaging
(Stjernswiird 1990; Sankaranarayanan et al. 2007). The experience is largest with
visual inspection with acetic acid (VIA). Visual inspection with Lugol’s iodine
(VILI) was shown to be comparable with the Pap smear in a developing country
setting. VIA and VILI are simple tests, and they allow a see-and-treat policy,
essential in a developing country. Their problem is poor specificity that results in
overtreatment, and most of the studies show a modest benefit only. However, the
results seem to depend on the effort made in training, and with extensive training,
better results were observed (Sankaranarayanan et al. 2005, 2007).

The etiology-based HPV test has repeatedly yielded higher detection rates of
preinvasive lesions than the traditional Pap test, which was interpreted as higher
sensitivity. Therefore, it is widely recommended and has gained popularity in recent
years. The high detection rates were found at the risk of lower specificity (IARC
2005). However, studies on invasive cancer are few (Malila et al. 2012; Naucler
et al. 2007; Ronco et al. 2010). Based on a randomized health services study design
and within a well-organized screening program, there was no difference in the
sensitivity between traditional Pap test and HPV test (Malila et al. 2012). Therefore,
it may be that recommendations to use the HPV test need to be reconsidered.

For the time being, the convincing evidence on sensitivity of screening for cervix
cancer is with the Pap test. The HPV test is likely to have similar sensitivity as the
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Pap smear but at the risk of more overdiagnosis. In a developing country, it is likely
that visual inspection works (Sankaranarayanan et al. 2007).

15.3 Effectiveness

Effectiveness of screening for cervix cancer can be measured as the reduction in the
incidence of cancer in the total target population. If based on mortality, one would
expect somewhat smaller estimates of effectiveness because the fast growing
cancers with poor prognosis are less likely to be detected when in the DPIP than the
slow growing ones. In practice, the difference is small in reduction of mortality or
in incidence (Miller et al. 1991). Therefore, screening as a public health policy is
assessed by means of effectiveness based on incidence of cancer. The ultimate effect
of the program depends on the screening test used, attendance, the screening interval,
and the success of referral for diagnostic confirmation of cases found at screening
(Table 15.1). In principle, screening for cervical cancer reduces the incidence of
invasive disease and is applicable as public health policy. However, a wide variation
is seen, from highly effective programs to relatively poor ones (IARC 2005).

The effectiveness of screening for cervical cancer was not demonstrated with a
randomized screening trial before the large-scale application of the Pap test in
routine screening. Canada was a pioneer in screening for cervical cancer (Miller
et al. 1976). Large screening programs started in the 1960s. Only in the 2000s were
the first results based on randomized trials published on the effectiveness of

Table 15.1 Essential elements of an organized screening program (Hakama et al 1986)

1. The target population has been identified

2. Individual women are identifiable

3. Measures are available to guarantee high coverage and attendance, such as
personal letter of invitation

4. There are adequate field facilities to take the smear and adequate laboratory
facilities to examine them

5. There is an organized program for quality control of the taking of smears and of
interpreting them

6 Adequate facilities exist for diagnosis and for appropriate treatment of confirmed
neoplastic lesions and for the follow-up of treated women

7. There is a carefully designed and agreed referral system, an agreed link between

the women, the laboratory, and the clinical facility for diagnosis of an abnormal
screening test, for management of any abnormality found, and for providing
information about normal screening tests

8. Evaluation and monitoring of the total program is organized in terms of incidence
and mortality rates among those attending, and among those not attending, at
the level of the total target population. Quality control of these epidemiological
data should be established
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screening with the Pap test (Sankaranarayanan et al. 2005). By that time, practically
in all high and in many medium-resource countries, routine screening was a
well-established activity (IARC 2005).

Much of the information on the applicability of screening for cervix cancer as a
public health policy originated from the organized programs practiced in the Nordic
countries since the mid-1960s (Laara et al. 1987). Most of the Nordic countries have
nationwide screening programs that fulfill the general prerequisites of an organized
program and make it possible to follow up each woman for the occurrence of
intraepithelial cervical neoplasia and for cervical cancer. The programs define the
ages and the frequencies of screening, use personal invitations with times and places
for screening, and give personal information about the results of screening even
when the smear is negative.

Within the organized programs, there have been differences in cervical cancer
screening policies between the Nordic countries. In Finland, Iceland, and Sweden,
nationwide population-based organized programs were in operation at least since
the early 1970s, whereas only a few counties in Denmark, including the most
populous ones, had organized screening programs. The programs were run by
voluntary cancer organizations in Finland and Iceland and by the counties in
Denmark and Sweden. The recommended age groups to be covered are 30—60 years
in Finland, 25-69 years in Iceland, and 30-49 years in Sweden. The screening
intervals recommended are 2-3 years in Iceland, 4 years in Sweden, and 5 years in
Finland. In Denmark, the practice varies by county, but the National Board of Health
recommendation is to have a smear every 3 years from the age of 23-59 and every
5 years from 60 to 75. In Norway, only 5 % of the population was covered by an
organized program. Since early 1990s, an organized program was designed to
substitute the spontaneous one in case the woman had not attended screening in the
last 3 years. In most of the Nordic countries, cytological smears are, however,
frequently taken outside the organized system by private gynecologists and
elsewhere.

There was a strong correlation between the extent of the organized screening
program and changes in the incidence of invasive cervical cancer (Fig. 15.1). The
relative reduction in the risk was steepest in Finland and Sweden and intermediate in
Denmark. In Norway the incidence rates of cervical cancer increased up to the 1970s.
During the 25-year period from the 1960s to 1990s, the incidence rates fell by 70 %
in Finland and 20 % in Norway. The substantial decrease in incidence from the 1960s
to the 1970s in Iceland is partly because prevalent microinvasive lesions were
diagnosed during the first round of screening in the late 1960s more frequently than
in the other Nordic countries. The rates in Iceland are subject to large random varia-
tion owing to the small population and relatively few cases of cancer.

The most substantial reduction in the risk of cervical cancer occurred in the age
group 40—49 years of age, which probably came under the most intensive screening
by the organized program. Again, the reduction was highest in Finland (80 %) and
lowest in Norway (50 %). By calendar time, the rates somewhat increased at young
ages, sharply decreased for the middle aged, and were relatively stable in the elderly.
The trends since 1990 are considered under the section on equity.
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Fig. 15.1 Annual age-adjusted incidence rates in the Nordic countries in 1945-2008 (5-year mov-
ing averages)

The most significant determinant of risk reduction is how well the program is
organized. A comparison of the Nordic countries shows very little relation
between the interval between the screening rounds and reduction of risk, or very
little relation between the target age range and reduction of risk. An IARC
working group concluded on the basis of several large-scale programs that the
protective effect of screening is high for screening intervals up to 5 years and for
a lower age limit up to 30 years (Hakama et al. 1986). Organized programs, as
contrasted to opportunistic ones, promote adequate quality control and high
attendance (e.g., by personal letters of invitation and of response) and have
control to prevent breaks in the screening path. High coverage and attendance
seem to be the single most important determinants of a successful screening.
Opportunistic screening has problems in catching those who would benefit most
from screening, and it has less responsibility to maintain linkages in the screening
path from population to treatment.

In Finland it was confirmed by a case-control study at the individual level that
effectiveness was better for the organized screening than for the spontaneous
smear-taking activity (Nieminen et al. 1999).
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15.4 Efficiency

In spite of the coverage of the total target population, screening for cervical cancer
can be relatively inexpensive; those programs with the largest effect have been low
in cost. It seems that screening starting at the age of 25 or even at the age of 30,
repeating the smears at 5-year intervals, and having an upper age limit of 60 years
will provide practically maximal reduction in the risk of cervical cancer. The
program assumes 7 or 8 smears during the woman’s lifetime. Such a program
compares favorably with those that start at age 20 with annual smears, which result
in a total of 40 or more tests during the woman’s lifespan.

Screening for cervical cancer is relatively inexpensive compared also to the
economic costs of screening for cancers of other primary sites. In fact, the costs of
an organized screening program can be compensated by savings due to more
frequent treatment of the disease at preinvasive stage compared to the treatment
costs of invasive cancers detected through normal practice without screening
(Hristova and Hakama 1997). However, poor specificity and high rate of
overdiagnosis will increase the cost of screening.

15.5 Equity

Equity is the third dimension, in addition to effect and cost, in health services activities.
Often there is a trade-off between effectiveness, efficiency, and equity. Screening for
cervical cancer is an exception. As pointed out above, the effect in terms of reduction
in risk is in practice inversely related to cost: programs with a large reduction in risk
are based on relatively few smears. The Finnish program is also an example of an
effective program with improvement in equity, measured by the outcome (reduction
in risk) in different population groups. In the mid-1960s, the risk was high in remote
areas and in lower social classes. Some of the remote areas had benefited most, and at
the same time, the social class differences were reduced (Fig. 15.2). In the early 1970s,
the relative risk between the lowest and highest social class was 2.6, as compared to
1.7 in the 1980s. The difference in risk between social classes had disappeared, except
that the lowest class was still at a higher risk than the other classes.

Gradually from the 1990s, there appeared changes in both the society and the
screening program. The objective of these changes was to provide more choices for
the subjects using the health services and to have more competition between the
providers of health services. The highly organized screening program was based on
the Cancer Society of Finland’s Mass Screening Registry and cytological laboratories
in different parts of the country. The screening laboratories were mainly replaced by
private ones. This resulted in more demands on the coordination and sometimes in
breaks in the screening path on referral system of the woman from target population
to the eventual treatment (cf. the essential elements in Table 15.1).

It is likely that changes in society resulted in changes in the risk of invasive
cervical cancer. The downward trend did not continue, and, in fact, there was a
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Fig. 15.2 Cervix cancer incidence (per 100,000 person-years, age 35-39) in the Nordic countries
in 1971-1976

small overall increase in the incidence of cervix cancer in 1990s. It was, however,
especially large in young women and detrimental for the efforts to improve equity.
While the risk in the highest social class went down by calendar time, the reduction
was much smaller in the other SES classes (Fig. 15.3). The difference between the
social classes was in the early 2000s proportionally larger than in the early years of
screening in Finland (Pukkala et al. 2010).

15.6 The Future with Vaccination

An important determinant of screening for cervix cancer will be vaccination against
HPV infection. Many countries have incorporated HPV vaccination in their national
vaccination programs. Such decisions are based on the causal chain from efficacy of
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Fig. 15.3 Age-adjusted Incidence /100 000
incidence of adenocarcinoma
and squamous cell carcinoma 50
of cervix uteri by

socioeconomic status (SES) 40
among Finnish women aged
45-64 at the beginning of each
5-year period between 1971
and 1995
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, 1 1 | 1
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the vaccine to prevent infection to the role of oncogenic HPV viruses in the etiology
of cervix cancer. For the time being, there is no direct evidence on prevention of
invasive cervix cancer by HPV vaccination, and such evidence may take decennia
to emerge. Especially, it would not be an evidence-based policy to replace screening
by vaccination against cervix cancer in the target age group for screening. On the
other hand, present routine screening policies and pressure to change them to a
vaccination policy provide an opportunity to find the evidence. This is best done by
randomizing the women in the target population into a vaccination and a screening
arm. The evidence needed will be found within one screening round if a sufficiently
large target population is randomized. Meanwhile, screening for cervix cancer will
continue to have its role in cancer control (Rebolj and Lynge 2011). At present the
best evidence is for an organized program with the Pap test in high-resource
countries, whereas visual inspection with a see-and-treat policy may the best option
in low- and medium-resource countries.
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Chapter 16
Screening for Colon Polyps and Cancer

Swati G. Patel and Dennis J. Ahnen

16.1 Introduction

Colorectal cancer (CRC) is a major cause of morbidity and mortality in the world.
In 2008, there were over 1.2 million new cases and about 610,000 deaths from CRC
worldwide, making CRC the third most common cancer and the fourth most
common cause of cancer death in the world (Center et al. 2009). Similarly, in the
USA, CRC is the fourth most common malignancy and the second leading cause of
cancer-related death; in 2011 it was estimated that there were 141,210 new cases
and 49,380 deaths due to CRC (NCI 2011). An average-risk individual in the USA
has an approximately 5% lifetime risk of developing CRC and a 2-3% risk of death
from CRC. However, incidence and mortality from CRC have been steadily
declining by about 2-3% per year for the last 15 years. These declines have been
partially attributed to increasing rates of CRC screening leading to both prevention
and early detection of CRC. Figure 16.1 demonstrates the increased uptake of CRC
screening modalities over time compared to the incidence and mortality of CRC
over time in the USA. CRC mortality among women began to decline in the 1950s,
well before screening was available, suggesting that factors in addition to screening
have been contributing to the decline in incidence and mortality, such as the use
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Fig. 16.1 Incidence/mortality of colorectal cancer and screening uptake rates over time. Incidence/
mortality reported as rates among adults 50 or older Surveillance Epidemiology End Result
(SEER), 2011 to reflect the screening population. CRC screening test uptake rates derived from
National Health Information Survey (NHIS) prior to 1992 (*) from Center for Disease Control
Morbidity and Mortality Weekly Reports. Behavioral Risk Factor Surveillance System (BRFSS)
data used for 1997-2010, obtained from National Cancer Institute (Vital Signs 2002-2010). The
surveys did not differentiate between FS and CS for “lower endoscopy”’; however sharp rise is due
almost entirely to an increased use of CS

of hormone replacement therapy among women and the widespread use of aspirin
for cardiovascular health.

16.1.1 Rationale and History of CRC Screening

In the USA, screening for CRC had been promoted since the mid-1970s, but the
tools that are currently used for screening have a much longer history. The digital
rectal exam (Latin palpatio per anum) is a time-honored part of the physical exami-
nation. Although the Corpus Hippocraticum, dating back to the fourth and fifth
centuries BC, recorded the first rudimentary attempt at endoscopy with a rectal
speculum, most historians credit Philipp Bozzini (Fig. 16.2a) as the creator of the
first modern endoscope in 1806 —the Lichtleiter or light conductor (Fig. 16.2b). The
device was constructed with double aluminum tubes (to be inserted in the body
orifice being examined), angled mirrors to project internal structures to the human
eye, and employed a single candle as a light source (Natalin and Landman 2009).
Christian Friedrich Schonbein first recognized the chemical reaction causing rapid
bluing of guaiac (a resin from the West Indian plant gouyacan) when exposed to
ozonized air in the 1850s (Fruton 1999), and Van Deen discovered guaiac as a test
for occult blood in 1863 (Massachusetts Medical Society 1907).

As early as 1977, the American Cancer Society (ACS) recommended CRC
screening with digital rectal exam and rigid proctoscopy as part of a cancer-related
health checkup (Eddy 1980). At that time, the rationale for screening was largely
based on evidence that patients found to have earlier stage disease have a much
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Fig. 16.2 (a) Philipp Bozzini (1773-1809). (b) The Lichtleiter or light conductor (Reprinted by
permission from Macmillan Publishers Ltd.: Nature Reviews Urology reference (Natalin and
Landman 2009), copyright 2009)

improved survival. Subsequent observations that patients with CRCs detected by
screening had earlier stage disease as well as an improved survival compared to
those who presented with symptoms seemed to support the value of screening.
These types of observations are, of course, seriously biased; they are subject to both
lead time and length bias, and compelling evidence of the effectiveness of screening
awaited the completion of the randomized screening trials beginning in the 1990s.
On the basis of these trials, the US Preventive Services Task Force (USPSTF)
initially recommended CRC screening with annual fecal occult blood testing and/or
sigmoidoscopy in 1995 with a grade B recommendation citing fair evidence of
effectiveness (USPSTF 1995). In 2002, the USPSTF upgraded CRC screening to a
grade A recommendation stating that the USPSTF “strongly recommends that
clinicians screen men and women aged 50 and older who are at average risk for
colorectal cancer,” and CRC screening became a Healthcare Effectiveness Data
and Information Set (HEDIS) performance measure in 2004 essentially establishing
that CRC screening is an accepted standard of care in the USA (HEDIS measures
are said to be used by over 90% of US health plans to measure performance). CRC
screening guidelines in the USA have evolved over time (Fig. 16.3), largely based
on the results of the trials that will be described in this review.

16.2 Screening Options

Current CRC screening options can be categorized into stool-based testing and
radiographic or endoscopic imaging. Stool-based tests detect the consequences of
colonic neoplasia (bleeding or shedding of neoplastic cells into the stool) and are cur-
rently better at detecting cancers than precancerous colonic polyps, while imaging
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modalities (endoscopy, radiology) can directly visualize both colonic polyps and
cancers. It is clinically more appealing to prevent CRC than to detect it early, so the
imaging modalities have a decided conceptual advantage over the stool-based tests.
The ability to identify and remove polyps of the colon, thus preventing the development
of CRC, is a particular strength of endoscopic CRC screening; for this reason, it should
perhaps be described as colon screening rather than CRC screening. A major
disadvantage of imaging modalities is that polyps are very common (well over half the
population will have polyps in their lifetime), while CRC is much less common (about
5% lifetime risk). Since the large majority of polyps do not progress to cancer, decisions
need to be made about which polyps should be deemed important enough to remove.

The available colon screening tests will be described below with a brief summary
of the evidence regarding their efficacy as a screening tool. Some of their performance
characteristics are compared in Table 16.1. The discussion below is limited to
screening of average-risk individuals. For more detailed reviews of each test and
recommendations regarding high-risk groups (those with family history of CRC,
familial cancer syndromes, or inflammatory bowel disease), see Levin et al. (2008)
and USPSTF technical review (2008).

16.2.1 Stool-Based Tests

Stool-based CRC screening tests include guaiac-based and immunochemical fecal
occult blood tests (FOBTs) and, more recently, stool DNA tests. The concept of
stool testing is based on the observation that colonic neoplasms can both bleed
and shed cells into the stool. Fecal occult blood testing is the most widely used
CRC screening modality in the world (Von Karsa et al. 2008) and has been the
most rigorously evaluated (Table 16.2a).

FOBT is an appealing screening option in that it is noninvasive, inexpensive, and
generally simple to use and can be performed by the primary care provider. However,
FOBTs have the distinct disadvantage that it is difficult to achieve adequate
compliance, necessary for maximal effectiveness.

Stool DNA testing is conceptually appealing in that it measures genetic and
epigenetic alterations of DNA that are thought to drive (or at least be directly related
to) the process of carcinogenesis, and since these events occur in precancerous pol-
yps as well as cancers, it might be able to detect precursor lesions (which typically
do not bleed much) better than FOBT. Stool DNA testing also requires repeated
testing and is currently more expensive than FOBTs. Any positive stool-based test
requires an additional step (colonoscopy) as part of the screening program; thus,
stool-based testing is by design a two-step program.

16.2.1.1 Guaiac Fecal Occult Blood Testing (gFOBT)

Guaiac-based tests detect heme in the stool by the presence of a peroxidase reaction,
which turns the guaiac-impregnated paper blue. Appropriate testing requires
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collecting stool samples from three consecutive bowel movements at home to
improve sensitivity. Patients are typically instructed to avoid aspirin and other
nonsteroidal anti-inflammatory drugs (NSAIDs) for 7 days and vitamin C, raw
vegetables, red meat, poultry, and fish for 3 days prior to testing to theoretically
improve specificity. However, a systematic review indicated that a recommended
restricted diet did not decrease FOBT false-positivity rates, but did decrease
compliance to testing (Pignone et al. 2001). There are a variety of commercial
FOBTs available; the initial tests such as Hemoccult and Hemoccult II have been
shown to be effective in screening trials (Table 16.2b) and are the standard by which
subsequent FOBTs have been compared, but they have substantially lower sensitivity
for CRC than Hemoccult SENSA (see below). The current US CRC screening
guidelines (USPSTF and ACS-MSTF-ACR) recommend the use of only
high-sensitivity FOBTs.

Performance Characteristics

The performance characteristics of gFOBTs can be assessed as a one-time test for
the detection of CRC or adenomas of the colon, but since gFOBTSs are recommended
to be repeated every 1-2 years, the performance of a program of gFOBT testing is
also important (this distinction highlights the critical importance of ongoing
compliance as an issue for stool testing). As would be expected, the performance
characteristics of any gFOBT will vary with the age and prevalence of CRC in the
population screened, but there is even greater performance variability among the
types of gFOBTs (Winawer et al. 1993; Allison et al. 1996, 2007; Hewitson et al.
2008; Kronborg et al. 2004; Lansdorp-Vogelaar et al. 2009; Mandel et al. 1999).
Of all the commercial kits available, Hemoccult SENSA is the most sensitive (64—80%)
but the least specific (87-90%) of the gFOBT (Whitlock et al. 2008). Despite the
lower specificity, Hemoccult SENSA has recently become the most widely recom-
mended gFOBT kit in the United States. In 2008, both the USPSTF (2008) and the
ACS-MSTF-ACR (Levin et al. 2008) published consensus guidelines endorsing
fecal tests with 50% or greater one-time sensitivity, and HemeSensa is the only
gFOBT that was mentioned as meeting this threshold. Since both of these guide-
lines also endorse colonoscopy as an acceptable screening test for the average-risk
population in the USA, the lower specificity of HemeSensa becomes less important
since the result of a positive test is a recommendation for colonoscopy. In this con-
text, stool testing can be viewed as a way of identifying a subset of the average-risk
population that is more likely to benefit from colonoscopic evaluation.

Efficacy

Despite the current recommendations for the use of a highly sensitive FOBT, the
clinical efficacy of FOBT has only been established by prospective trials using the
lower sensitivity Hemoccult or Hemoccult II tests. The first trial, reported by Mandel
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et al. (2000) from the University of Minnesota, randomized 46,551 patients to annual
FOBT, biennial FOBT, or a control arm. Mortality due to colorectal cancer was
decreased by 33% at 13 years in the annual screening group and 21% at 18 years in
the biennial screening group when compared to the control arm. Subsequently, three
European trials also demonstrated a CRC mortality benefit ranging from 13% to 16%
using biennial screening (Scholefield et al. 2002; Kronborg et al. 2004; Lindholm
et al. 2008). Longer-term follow-up of the Minnesota study showed that gFOBT
screening led to a 17-20% lower incidence of CRC (Mandel et al. 2000), (Table 16.2a).
Since FOBT screening is not therapeutic, this observation remains among the
strongest evidence that the colonoscopic identification and removal of polyps can
prevent the future development of CRC. Overall, there is a solid evidence base for
gFOBT screening for CRC; the 33% reduction in mortality with annual gFOBTS is
similar to that seen for regular mammography screening, and the decrease in inci-
dence established the role of screening for the prevention as well as the early detection
of CRC. It is only fair to note that there is no evidence that screening with FOBT
decreases all-cause mortality (Table 16.2b); in fact a meta-analysis of the three major
controlled trials (Moayyedi and Achkar 2006) found that screening was associated
with a significant decrease in CRC mortality, a significant increase in non-CRC
mortality, and no impact on overall mortality.

16.2.1.2 Fecal Immunochemical Tests iFOBT or FIT)

Immunochemical tests for blood in the stool have several theoretical and practical
advantages over gFOBTs. FITs specifically detect human globin, so they do not
require dietary restriction of meat or peroxidase-rich food, and FITs typically require
one to two stool samples rather than the three recommended for gFOBTs, making
the test easier for patients to complete. Not surprisingly, participation rates have
been reported to be significantly higher for FIT than gFOBT, 61.5% versus 49.5%
(Hol et al. 2010a). In addition, globin protein is digested in the stomach and proxi-
mal small bowel, so FIT should be more specific for bleeding from the colon than
gFOBTSs. There are multiple FDA-approved FIT kits commercially available; the
major technical differences among the tests are whether they can report quantitative
as well as qualitative results and whether they can be performed in an individual
laboratory or require central processing. Analysis of reported data with FITs is
complicated by the fact that the level of sensitivity can be adjusted and the number
of tests recommended is not uniform—the performance characteristics of the test
vary substantially by adjusting either or both of these parameters. FIT is typically
more expensive than gFOBT.

Performance Characteristics

FIT is thought to have a similar sensitivity for CRCs and advanced adenomas as
Hemoccult SENSA, and both have improved sensitivity over other gFOBTs like
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Hemoccult II. Allison et al. (2007) reported that FIT sensitivity was higher than
Hemoccult SENSA for distal CRCs (81.9% vs. 64.3%) but lower for advanced ade-
nomas (29.4% vs. 41.3%). Similarly, Levi et al. (2007) analyzed 1,000 consecutive
average-risk patients undergoing colonoscopy, 17 of whom were found to have can-
cer. Using three immunochemical FOBTs and a hemoglobin threshold of 75 ng/mL,
they calculated a sensitivity of 94.1% and specificity of 87.5% for cancer. Using the
same testing parameters, they calculated a sensitivity and specificity of 67% and
91.4%, respectively, for clinically significant neoplasia (advanced adenoma and
cancer). Hundt et al. (2009) examined the testing characteristics of six different FIT
kits and found great variability in performance. For the two best performing tests
(immoCARE-C [CARE diagnostica, Voerde, Germany] and FOB advanced [ulti
med, Ahrensburg, Germany]), the sensitivity for detection of advanced adenomas
was 25% and 27% with a specificity of 97% and 93%, respectively.

Efficacy

There are no long-term data of the impact of screening with FIT on CRC mortality
or incidence.

Guidelines

Annual FOBT screening with a high (>50%)-sensitivity guaiac-based or
immunochemical test is included among the recommended options in both the
USPSTF (2008) and ACS-MSTF-ACR (Levin et al. 2008) guidelines and is a
covered benefit by the Center for Medicare & Medicaid Services (CMS) and most
US insurance plans. FOBTs are the most commonly used colon screening tests
worldwide with national population-based screening programs in most developed
nations.

16.2.1.3 Fecal DNA Testing

Fecal DNA testing is a new and evolving stool-based screening test based on the
observations that colonic neoplasms have altered DNA compared to normal cells,
that colonic neoplasms shed cells into the stool, and that their altered DNA can be
detected in the stool. Fecal DNA testing has the theoretical advantage of identifying
a marker thought to be in the causal pathway to CRC (mutations or mutation-like
events) rather than the less-specific finding of blood in the stool. There is currently
one commercially available stool DNA test in the USA (PreGen-Plus™) that tests
for a panel of 21 specific mutations as well as a marker of microsatellite instability
and DNA integrity. For this test, patients receive a kit to collect an entire bowel
movement into a container which is shipped to a central laboratory for processing.
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Performance Characteristics

Stool DNA testing is a very active area of ongoing research, and there are numerous
studies reporting high sensitivity and specificity of various stool DNA tests in
selected patient populations. In the screening setting, there are two controlled trials
of PreGen-Plus™ which reported a sensitivity for CRC of 25-51% and for clinically
significant neoplasia (CRC plus advanced adenomas) of 20-41% with specificities
of 94-96%* (Imperiale et al. 2004; Ahlquist et al. 2008).

Efficacy

There are no long-term data available upon which to draw conclusions regarding
the efficacy of fecal DNA testing on CRC mortality or incidence.

Guidelines

Fecal DNA testing was included as a recommended option in the current
ACS-MSTF-ACR guidelines (Levin et al. 2008); however, it was concluded that
there was insufficient evidence to recommend a surveillance interval. The USPSTF
(2008), on the other hand, concluded that there was insufficient evidence to recom-
mend the test and CMS ruled in 2007 that the only fecal DNA test commercially
available at the time (PreGen Plus) required premarket approval by the FDA prior
to consideration of Medicare/Medicaid coverage. There would appear to be a large
potential upside for stool DNA testing as more informative molecular markers
(mutations, epigenetic markers such as gene hypermethylation, microRNAs) of the
adenoma—carcinoma sequence are identified.

16.2.2 Imaging Tests

Colonic imaging tests used for screening include radiologic (barium enema and CT
colonography) as well as endoscopic (flexible sigmoidoscopy and colonoscopy)
tests.

16.2.2.1 Double Contrast Barium Enema (DCBE)

Clinically, DCBE is not a very appealing option for colon screening; it has never
been tested for this purpose and it is not often used. DCBE has the advantage of
being a time-honored imaging modality of the entire colon, but it requires fluoroscopy
which in the United States is being supplanted by cross-sectional imaging techniques
such as CT colonography. Routine bowel preparation is required; the examination is
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un-sedated and can be painful. Abnormal results should be followed by direct
endoscopic visualization via colonoscopy.

Performance Characteristics

There have been no large prospective controlled trials of DCBE in screening
populations. In retrospective analyses, DCBE has been reported to have a sensitivity
for cancer of 85-97% (Levin et al. 2008). In two small studies, the sensitivity for
adenomas greater than 7-10 mm in size was 48—73% (Winawer et al. 2000; Williams
et al. 1982), and one study reported that DCBE has a specificity of 96% for large
adenomas (Yee et al. 2010).

Efficacy

There are no studies evaluating the effectiveness of DCBE on CRC mortality or
incidence.

Guidelines

DCBE is included as a recommended option in the current ACS—-MSTF-ACR
guidelines (Levin et al. 2008) but was dropped without comment from the most
recent USPSTF guidelines (2008).

16.2.2.2 Computerized Tomography Colonography (CTC)

CT colonography first emerged as a possible tool for colorectal cancer screening in
the mid-1990s, and the technology has rapidly evolved since. CTC is an attractive
screening approach in that, like colonoscopy, it visualizes polyps as well as cancer
throughout the colon, but it does not require sedation; it takes less time and is
associated with a lower complication rate than colonoscopy. Current protocols
require patients to undergo a standard bowel preparation, and the colon is inflated
using a rectal catheter prior to imaging, which can cause discomfort.

Performance Characteristics

Estimating sensitivity and specificity for CTC is more complicated than for any of
the other screening modalities since the current radiologic practice is not to report
polyps less than 5 mm in size. The rationale for this policy appears to be that these
diminutive polyps are thought to be of little clinical importance and the sensitivity
and specificity of CTC is low for diminutive polyps. Thus, the true sensitivity for
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small but histologically advanced adenomas cannot be calculated. In addition, the
reported sensitivities for CTC studies are quite varied. Sensitivity for polyps sized
6—9 mm has ranged from 23% to 86% and from 52% to 92% for polyps 210 mm
(Pickhardt et al. 2003; Cotton et al. 2004; Rockey et al. 2005; Johnson et al. 2008).
This wide variability is likely due to differences in technology and operator
dependence.

There is a concern that operator dependence could be even a bigger issue in the
general community than that reported in the controlled trials. Pickhardt et al. (2003)
utilized “very highly skilled readers,” and Johnson et al. (2008) required their study
radiologists to have experience with greater than 500 cases and to pass a qualifying
examination (90% detection rate); 25% of invited readers failed the exam and were
not allowed to participate in the study. Thus, the data in the studies reflects highly
skilled readers and may not be generalizable to the community. At present, although
professional society guidelines exist, there are no clear minimal standards and no
requirements to document or regulate competence in the performance of CTC, and
even non-radiologists are being offered training in CTC. Despite these concerns, the
best CTC studies (Pickhardt et al. 2003 and Johnson et al. 2008) reported a sensitivity
of CTC for cancer and for polyps larger than 1 cm that was high (93.8% and 90%,
respectively) equivalent to that of colonoscopy, and the images can be strikingly
similar (Fig. 16.4).

Specificity is important with regard to CTC because a certain polyp size threshold
is generally used to trigger referral for endoscopic evaluation. Early studies (Pickhardt
et al. 2003; Cotton et al. 2004; Rockey et al. 2005) reported specificities above 95%
for polyps greater than 1 cm. More recent studies have reported lower specificities,
likely in attempts to capture a higher sensitivity. For instance, Johnson et al. (2008),
in the American College of Radiology Imaging Network (ACRIN) study, reported a
specificity of 86% for polyps larger than 10 mm.

There are several important caveats to consider when interpreting the CTC data.
First, the CTC studies either did not report or had very low sensitivity and specificity
for detection of polyps less than 5 mm. Even though only a small percentage of
polyps less than 5 mm have advanced histology (only 1 of 966 diminutive polyps
found in Pickhardt’s trial had villous features), it is unclear if leaving these polyps
undetected and unremoved is an acceptable practice. Secondly, there are little data
about the performance of CTC for the detection of flat lesions in the colon which are
increasingly reported as having a substantial cancer risk (Soetikno and Kaltenbach
2010). To be fair, small and flat lesions are also missed frequently by endoscopy.

Among the colon screening tests, CTC is second only to colonoscopy in cost.
There are conflicting data regarding the cost-effectiveness of CTC compared with
colonoscopy (Ladabaum et al. 2004; Hassan et al. 2007; Hur et al. 2007; Vijan et al.
2007; Pickhardt et al. 2008). Most of these modeling studies assumed use of the
recommendation to only routinely refer patients for colonoscopy if polyps greater
than 1 cm are found. In practice, Shah et al. (2009) found that both patients and
physicians preferred to follow even small polyps with colonoscopic examination. If
all detected polyps led to colonoscopy, the cost of primary CTC screening would go
up substantially.
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Fig. 16.4 Fifty-five-year-old male with 16-mm pedunculated cecal polyp. Panel A shows endo-
scopic view of insufflated cecum with polyp. Panel B is three-dimensional endoluminal “fly-
through” view of CTC showing same polyp. Panel C is axial, two-dimensional CT image with
patient in prone position showing air-filled colon and polyp. In panel A and B, appendiceal orifice
marked with arrow, polyp labeled “P.” In panel C, arrow points out polyp (Adapted from Pickhardt
et al. 2003 with permission from the Massachusetts Medical Society)

Efficacy

There are no long-term data available to assess CTC screening on CRC mortality.

Guidelines

CTC is included among the recommended options in the ACS-MSTF-ACR (Levin
et al. 2008), but the USPSTF (2008) concluded there was insufficient evidence to
recommend CTC screening and CMS ruled in 2009 that CTC screening would not be
covered by Medicare or Medicaid. Both the USPSTF and CMS raised concerns about
the variability in the literature on CTC performance characteristics, radiation expo-
sure, and the high frequency of non-colonic findings on CTC in their recommendations.
Although none of these concerns are unique to CTC (Garg and Ahnen 2010), the
combination was deemed a significant limitation of CTC screening.



16  Screening for Colon Polyps and Cancer 251

CTC is sporadically reimbursed by insurance programs, and the CMS ruling
precludes offering CTC to Medicare/Medicaid recipients. It seems likely that these
limitations can be overcome with ongoing standardization of techniques, performance,
and training and as more efficacy and safety data emerges. There would seem to be a
lot of upside potential for technology to improve CTC characterization of colonic
lesions and to decrease the need for a bowel preparation by stool tagging.

16.2.2.3 Flexible Sigmoidoscopy (FS)

FS is generally performed with a 60 cm sigmoidoscope which typically allows
visualization to the descending colon or splenic flexure (less than half of the colonic
length). The bowel preparation for FS is usually enemas alone, so the preparation
may not be as good as with the more extensive preparations used for CTC or
colonoscopy. FS typically does not require sedation which is a major advantage for
patientconvenience and capacity in thatitallows FS to be performed by nonphysicians
(nurses, mid-levels), but it also leads to substantially more patient discomfort than
with sedated procedures. Polyps can be removed during FS to determine their
histology, and in the United States, the finding of an adenoma prompts referral for
colonoscopy (guidelines in the United Kingdom allow for no surveillance for
patients with 1-2 small [<] cm] adenomas).

Performance Characteristics

Within the whole colon, sensitivity of FS for advanced adenomas and CRC is
approximately 60—70% (when compared to colonoscopy as gold standard) (Imperiale
et al. 2000). Provided good bowel preparation, the sensitivity and specificity for
detecting lesions in the distal bowel is assumed to be equivalent to colonoscopy.

Efficacy

The initial evidence supporting CRC screening with FS came from case—control
studies that demonstrated a CRC-related mortality benefit in people who had
undergone FS within the previous 6-10 years compared to those who had not
(Newcomb et al. 1992; Selby et al. 1992; Miiller and Sonnenberg 1995). There have
been three randomized screening trials that have examined the effect of FS on CRC
incidence and mortality (Table 16.3), with several more trials underway (Prostate,
Lung, Colon, and Ovarian [PLCOY] trial in US and Italian National Trial).

The first trial of FS screening, the Norwegian Telemark Polyp Study I
(Thiis-Evensen et al. 1999), was a small (799 participants) single-center randomized
comparison of FS to no screening. The authors reported a remarkably high screening
rate in this study (81%), and all patients with any polyp were referred for colonoscopy
at 2 and 6 years, with an 86% and 75% attendance rate, respectively. After 13 years
of follow-up, the authors reported a stunning 80% reduction in CRC incidence.
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A decade later, Hoff et al. (2009) reported much less promising results from their
larger (55,736 participants) Norwegian Colorectal Cancer Prevention (NorCCaP)
trial. At 7-year follow-up, there was no difference in the cumulative CRC incidence
(134.5 vs. 131.9 cases per 100,000 person-years for screening group and control
group, respectively) or mortality (HR 0.73, CI 0.47-1.13) in the intention to treat
analysis. Most recently, Atkin et al. (2010) reported results from the very large
(113,195 participants) multicenter randomized UK sigmoidoscopy trial of FS versus
no screening. Within the intervention group, 71% underwent FS, 5% of which were
referred for colonoscopy because of multiple adenomas or large adenomas. After a
mean follow-up of 11.2 years, they found that FS reduced CRC incidence by 23%
(HR 0.77, 95% CI 0.70-0.84) and CRC mortality was reduced by 31% (HR 0.69,
95% C10.59-0.82) in the intention to treat analysis.

Guidelines

FS is included as a CRC screening option in both the USPSTF (2008) and the
ACS-MSTF-ACR (Levin et al. 2008) guidelines. FS is covered by CMS and most
US insurance plans. The UK has announced a nationwide FS screening program
through their National Health Service.

16.2.2.4 Colonoscopy

Colonoscopy is thought by many to be the most effective and appealing CRC
screening test available given its ability to visualize and simultaneously remove/
sample lesions throughout the entire colon. There are not, however, any controlled
trials to establish the effect of colonoscopy on CRC incidence and mortality.
Although colonoscopy has been accepted as the gold standard for evaluation of
other screening tests, it is important to acknowledge that this assumption is seriously
flawed given evidence that colonoscopy quality is highly operator dependent; it
varies greatly among endoscopists (Rex et al. 1997) in large part due to differences
inthe training, experience, and skill of the endoscopist. Although various benchmarks
have been set to assess the quality of colonoscopy such as cecal intubation rates,
adequate withdrawal times and more recently adenoma detection rates, none of
these measures directly assess an endoscopist’s ability to ultimately detect and
completely remove potentially neoplastic lesions.

Colonoscopy is certainly the most expensive screening test that has ever been
recommended for average-risk individuals. Colonoscopy also carries more risk in
comparison to other modalities with an overall perforation rate of 0.6 per 1,000 (up
to four times higher in patients undergoing polypectomy) and a bleeding risk as
high as 8.7 per 1,000 procedures in which a polypectomy is performed (Warren
et al. 2009). The examination is performed after a full bowel preparation requiring
patients to remain on clear liquids the day prior to the procedure and ingest a large
volume saline laxative to cleanse the colon. It is generally performed with conscious
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sedation or anesthesia, which provides an amnesic benefit so that most patients
report that the preparation is the most difficult and unpleasant part of the
procedure.

Performance Characteristics

Because colonoscopy has been viewed as the gold standard in CRC screening, there
are no robust estimates as to test characteristics in terms of sensitivity and specificity.
Initially, tandem colonoscopy studies (two complete colonoscopies by different
endoscopists during the same session) (Hixson et al. 1990, 1991; Van Rijn et al.
2006) estimated miss rates of 2% for adenomas 10 mm or greater, 13% for adenomas
5—-10 mm, and 25% for adenomas less than 5 mm, with a 22% overall miss rate for
all polyps. Studies performing both CTC and colonoscopy estimate that the miss
rate for colonoscopy is substantially higher (11.8% miss rate for polyps greater than
or equal to 10 mm) than those found in the tandem colonoscopy trials (Pickhardt
et al. 2003).

Efficacy

There have been no randomized screening trials demonstrating that colonoscopy
confers a decreased CRC incidence or mortality. Nonetheless, there is substantial
indirect evidence to support the use of colonoscopy as a screening tool. The efficacy
of colonoscopic polypectomy was initially highlighted by the National Polyp Study
(NPS) which estimated a 76-90% reduction in incidence of colorectal cancer after
polyp removal compared to historic controls (Winawer et al. 1993). Similarly, a
case—control study by Miiller and Sonnenberg (1995) reported that having had a
lower endoscopy within the previous 6 years was associated with a 60% reduced
CRC mortality (OR 0.41, 95% CI 0.33-0.50). Efficacy can also be extrapolated
from randomized controlled trials performed for other screening modalities that
eventually referred patients for colonoscopy. The reduction in CRC mortality and
incidence in the FOBT and FS trials has been largely attributed to the colonoscopy
and polypectomy performed for positive screening results. Thus, although no direct
evidence is available to date regarding the efficacy of colonoscopy, there is still a
compelling body of indirect evidence to support its use as a screening modality.
However, recent studies have called into question the ability of colonoscopy to
prevent CRC throughout the entire colon. Baxter et al. (2009) performed a
case—control study in Canada demonstrating that colonoscopy resulted in a
significant decrease in mortality from distal colon cancers (OR 0.33, CI 0.28-0.39),
but had no effect on death from proximal colon cancers (0.99, 0.86—1.14). Similarly,
Brenner et al. (2010) reported that previous colonoscopy was associated with a 67%
reduction in advanced neoplasia in the left colon but no risk reduction for right-sided
lesions. Interestingly, the same group (Brenneretal. 2011) reported a population-based
case—control study from a different region of Germany showing colonoscopy in the
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preceding 10 years was associated with an overall 77% lower risk of CRC. A varied
reduction in CRC was seen when stratified by location with adjusted odds ratios for
any CRC, right-sided CRC, and left-sided CRC were 0.23 (95% CI, 0.19-0.27),
0.44 (CI, 0.35-0.55), and 0.16 (CI, 0.12-0.20). Regardless of the magnitude of the
effect, in all these studies colonoscopy was less effective in reducing risk of right-
than left-sided CRC. Possible reasons for these marked regional differences include
differences in biology of right-sided tumors (shortened adenoma—carcinoma
sequence), higher proportion of flat lesions, and higher likelihood of poor bowel
preparation, among others. It will be of interest when US data on this issue is
reported as colonoscopy is much more widely used in the USA than in Canada or
Germany.

Three randomized trials are currently underway to directly examine the efficacy
of colonoscopy in reducing CRC incidence and mortality. Both the US Department
of Veterans Affairs CONFIRM (Colonoscopy vs. Fecal Immunochemical Test in
Reducing Mortality from Colorectal Cancer) trial and a Spanish trial will be
comparing colonoscopy to FIT, while the Nordic-European Initiative on Colorectal
Cancer will compare colonoscopy to no screening. These trials are expected to take
another decade to complete.

Guidelines

Colonoscopy is included as an acceptable screening option in both the USPSTF
(2008) and ACS—-MSTF-ACR (Levin et al. 2008) guidelines with a 10- year interval
if no adenomas are found. In the USA, colonoscopic surveillance is recommended
(usually at 3-5 year intervals) if adenomas are found on a screening exam.
Colonoscopic screening is a covered benefit by CMS and most US insurance plans.
Poland is the only country that offers colonoscopy as the only CRC screening
option, but it is done on an opportunistic rather than population screening basis (Hol
et al. 2010a). In 2002, Germany became the first country to offer colonoscopy
screening to the general population, but the uptake rates have been low (<10%) (Hol
et al. 2010b) and well below the reported rates in the US.

16.3 Current Screening Practices

Currently, the two most widely quoted sets of guidelines in the USA, the United
States Preventive Services Task Force (USPSTF) and the joint guideline of the
American Cancer Society (ACS), the US Multi-Society Task Force on CRC
(USMSTF) and the American College of Radiology (ACR), both endorse a panel of
colon screening options (Table 16.1) including high-sensitivity FOBT, flexible
sigmoidoscopy, barium enema, or colonoscopy. The latter group also recommended
CT colonography and stool DNA tests as acceptable options, but the USPSTF
concluded that there was insufficient evidence to recommend these tests.
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CRC screening rates in the USA have been tracked through self-report surveys
by the National Health Interview Service (NHIS) of the National Center for Health
Statistics, Centers for Disease Control and Prevention since 1987 and by the
Behavioral Risk Factor Survey System (BRFSS) since 1997 (Breen et al. 2001).
Overall screening rates have been steadily rising (Fig. 16.1), and the most recent
BRFESS reports that about 65% of Americans are current with screening
recommendations. It seems very likely that the Healthy People 2020 goal
(healthypeople.gov2011) of a 75% CRC screening adherence rate will be met. CRC
screening rates vary greatly around the world with generally higher compliance
with FOBT than endoscopic programs (Hol et al. 2010a).

Colonoscopy is by far the most popular colon screening approach in the USA
despite its high cost, invasiveness, and inconvenience; despite the lack of convincing
trials showing that colonoscopy is superior to other screening modalities; and
despite modeling studies that suggest that an annual high-sensitivity FOBT program
would be as or more effective (Zauber et al. 2008). Nevertheless, colonoscopic
screening rates have been steadily increasing in the USA, while FOBT use has been
slowly declining, and FS has been rapidly declining (Fig. 16.1). The reasons for
colonoscopy’s dominance are not totally clear but are likely due to a combination of
numerous incentives and essentially no disincentives to colonoscopic screening in
the USA.

The incentives for colonoscopic screening include the fact that colonoscopy is
the final common pathway of all CRC screening programs and it is the only screening
test that examines the entire colon and allows polypectomy during the same
procedure. Thus, colonoscopy is considered, by many, to be the definitive “gold
standard” for CRC screening, and it is conceptually appealing to do the definitive
test initially rather than to use a two-step approach. The incentives for the primary
care provider (PCP) to choose colonoscopy include that it can be simply ordered by
a referral and is then taken off the PCP plate and performance becomes the
endoscopists’ responsibility. If the colonoscopy is negative, no further testing needs
to be done for 10 years as opposed to annual testing with FOBT, thus relieving the
PCP as well as the patient from an annual responsibility. There are strong financial
incentives for the endoscopist to offer colonoscopic screening since screening
colonoscopies are covered by almost all insurance plans in the USA, they are well
reimbursed, and, not surprisingly, colonoscopy accounts for a large proportion of
the average US gastroenterologist’s revenue stream.

There are also substantial disincentives to all of the non-colonoscopic screening
tests in the USA. The difficulty of ensuring annual compliance is a major disincentive
for FOBT. The USPSTF (2008) and ACS-MSTF-ACR (Levin et al. 2008)
recommendations that favor imaging tests that have the potential for prevention over
tests that they view as primarily early detection tests for CRC are a disincentive for
stool-based tests. The lack of a USPSTF endorsement for stool DNA, CTC, or
DCBE is a major disincentive. These roadblocks leave the endoscopic tests;
endoscopists would much rather do colonoscopy than FS due to a variety of reasons
including the prominently displayed sentiment by the GI community that “flexible
sigmoidoscopy is the intellectual equivalent of mammography of one breast”
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(Podolsky 2000). In addition, the greater discomfort, inferior bowel preparation,
and the low reimbursement rate for FS are major disincentives.

In contrast, there are few disincentives to colonoscopy screening in the USA.
One would think that cost would be a major issue; however, cost-effectiveness
models have argued that the increased cost of colonoscopy is justified by its
estimated increased effectiveness. There are, however, a number of trends in the use
of colonoscopy that are impacting its cost-effectiveness in a negative manner
including increasing adenoma detection rates which will identify a larger portion of
the screened population that will require more frequent surveillance and increase in
the pathology costs associated with colonoscopy, the tendency of endoscopists to
schedule follow-up colonoscopies at intervals substantially shorter than the
guidelines recommend, and the increasing use of anesthesia-directed propofol for
routine colonoscopies. Interestingly, all screening and preventive approaches look
more attractive (Luo et al. 2009) and even cost-effective (Lansdorp-Vogelaar et al.
2009) as the cost of CRC treatment with the addition of biologics has skyrocketed.

16.4 Conclusions

Colon screening is arguably one of the greatest cancer prevention success stories of
the last 25 years contributing substantially to over a 40% reduction in CRC mortality
in the USA since 1975. Screening rates are currently over 60% in the USA and are
steadily increasing. The field is continuing to move from early detection of CRC to
identification and removal of precancerous colonic polyps. High-sensitivity FOBTs
(Hemoccult SENSA and FITs) have a higher sensitivity for CRC and advanced
adenomas than traditional gFOBTs and are now the only recommended FOBT for
screening in the USA. Colonoscopy is the dominant screening test used in the USA,
despite limitations including its high cost and lack of data demonstrating that it is
more effective than other screening approaches. Colonoscopy is appealing because
it can simultaneously identify, diagnose, and treat (remove) colonic neoplasia
throughout the entire colon, thus preventing CRC as well as detecting it early. There
are few disincentives to its use in the United States. CTC and stool DNA testing may
have the highest upside potential for technological advancement in the short term
and will likely emerge as contending colon screening modalities.
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Chapter 17
Breast Cancer Screening

Anthony B. Miller

17.1 Introduction

There have been more randomized trials evaluating breast screening than for any
other cancer, yet controversy over its efficacy and effectiveness persists.

In part, the controversy results from confusing case detection with efficacy.
Detecting a case of breast cancer “early” before it becomes metastatic is a prerequisite
for effective screening, but is not sufficient (Miller 2010). Demonstrating improved
stage distribution and survival of screen-detected cancers compared to that in the
absence of screening is also not sufficient. Such “improvements” are inevitable with
screening largely because of the four established biases associated with screen
detection: lead time bias, length bias, selection bias, and overdiagnosis (Miller
1996). A marker of probable efficacy is reduction in the cumulative prevalence of
advanced disease (Prorok et al. 1984), but demonstrating that following screening
takes time, and in populations, such data may not be available or, if available,
recorded with sufficient consistency for validity.

The other central difficulty is that screening alone does not reduce breast cancer
mortality. To obtain mortality reduction requires effective treatment for the detected
cancers. Treatment for breast cancer is itself evolving, and much of this evolution
has postdated the majority of the screening trials generally cited in support of breast
screening. When all breast cancers can be cured, whatever their stage at diagnosis,
there will be no role for screening at all. Until this happens, we have to consider
screening, but in planning programs take cognizance of the fact that as treatment
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improves, the absolute effect of screening will be less and less (Glasziou and
Houssami 2011).

I have discussed elsewhere many of the issues I shall consider in this chapter
(Miller 2012), and they also considered in a special issue on breast screening in
preventive medicine I edited (Miller 2011a, b).

17.2 The Screening Trials

The first randomized screening trial was conducted within the Health Insurance
Plan of Greater New York (HIP) (Shapiro et al. 1988). This trial included women
ages 40—64 and was individually randomized: 30,239 to the screening and 30,256
to the control groups. Sixty-five percent of those allocated to screening had at least
one combined mammography and clinical breast examination screen. There were
four annual screening rounds. The mammography was primitive by today’s stan-
dards, and it was estimated that over 70 % of the screen-detected cancers were
identified by the clinical breast examinations, which were conducted by surgeons
and of a high standard (Miller 1989). Initially, a reduction in breast cancer mortal-
ity in women 50-64 years was seen; only later was there a reduction for women
ages 4049, although it was not significant. The hypothesis that there was a differ-
ence in screening efficacy for younger compared with older women was raised by
this trial. Such a hypothesis has a strong biological foundation; as on average, the
breasts of younger women are denser than those of postmenopausal women, and
the sensitivity of mammography screening is lower in women with dense breasts
(IARC 2002).

Following the HIP trial, the American Cancer Society and the US National
Cancer Institute initiated the Breast Cancer Detection Demonstration Project.
Eventually, more than 280,000 women ages 35—74 were screened by mammography
and clinical breast examination in 29 centers (Baker 1982). The project demonstrated
that it was possible to recruit women for screening, though in centers specifically
sited to recruit African-Americans, their recruitment proved difficult. A higher
proportion of breast cancers was detected by mammography than with breast
examination compared with the HIP trial, but this might have been due to lower
quality breast examinations rather than superior mammography. Morrison et al.
(1988) attempted an indirect evaluation of effectiveness, using a method described
by Moss et al. (1987). This depends on estimating the expected incidence of breast
cancer, the survival of incident cases, and computing the cumulative numbers of
expected deaths from breast cancer over the duration of the projects. Using this
approach, Morrison et al. (1988) concluded that the projects appeared to be achieving
their desired objectives in reducing breast cancer mortality. However, the main
contribution of these projects was to raise the specter of mammography causing
more harm than good because of the carcinogenic effects of the radiation that are
inseparable from mammography itself (Bailar 1976). A working group established
to evaluate the projects recommended the cessation of mammography screening in
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women ages 40—49 and “a trial to evaluate the net benefit of mammography screening
should be conducted” (Beahrs et al. 1979).

A quasi-experimental study of mammography, clinical breast examination, and
breast self-examination was established in the UK (UK Trial of Early Detection of
Breast Cancer Group 1999) with a randomized component in Edinburgh (Roberts
et al. 1984). These studies suggested similar efficacy of mammography plus clinical
breast examination as seen in the HIP trial, though none for breast self-examination
alone. The randomized component tends to be discounted, as it was based upon
cluster randomization of family practices, and it became apparent that there was a
major baseline discrepancy in cardiovascular disease events suggesting that the
groups were not similar in factors that could be related to breast cancer mortality
(Alexander et al. 1989).

Several trials of mammography alone were established in Sweden (Andersson
et al. 1988; Bjurstam et al. 2003; Frisell et al. 1986; Tabdr et al. 1992). Although the
population registers in Sweden enabled the investigators to identify and invite for
screening the women included in the trials, and subsequently determine the
occurrence of breast cancer and deaths by record linkage with the national cancer
register and vital statistics system, women in the control groups were not contacted
until a decision was taken to offer them screening at the end of the intervention
period which was usually 5 years or less, except for Malmé where screening of
controls was delayed for 10 years (Andersson et al. 1988). Randomization was at
the individual level in Malmé and for women under the age of 50 in Gothenberg
(Bjurstam et al. 2003), but cluster randomization was used in the two-county trial
(Tabdr et al. 1992), Stockholm, where only two screens were offered (Frisell et al.
1986) and older women in Gothenberg (Bjurstam et al. 2003). The age range,
frequency of rescreening, duration of screening, and other specific features also
varied. These differences have complicated meta-analysis or overview analyses of
these trials. The two-county trial has tended to be the most influential, though it has
been severely criticized on methodological grounds (Olsen and Gotzsche 2001).
However, the question as to whether earlier analyses of the two-county trial, which
did not specifically take account of the cluster randomization, overestimated the
benefit was answered by a special analysis which took account of the method of
randomization and found results similar to those previously reported (Nixon et al.
2000). There have been two attempts to perform an overview analysis of all the
Swedish trials combined (Nystrom et al. 1993, 2002). For the second, the principal
investigator refused to provide updated data for the component (Kopparberg) of the
two-county trial he supervised, thus preventing Nystrom et al. (2002) from
addressing most of the methodological issues for this component, most importantly,
to confirm that the randomized groups were evenly balanced.

Trials in Canada were designed to respond to the review of the US BCDDP in
women ages 50-59 and to address screening efficacy in women aged 40—49 (Miller
et al. 1992a, b, 2000, 2002). A total of 50,430 women aged 40—49 and 39,405 aged
50-59 were enrolled in 15 centers from 1980 to 1985. Each woman provided data
on risk factors for breast cancer on a self-administered questionnaire, checked by
the coordinator in the screening center before she received her initial breast
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examination, and then was randomized irrespective of the findings on examination.
The intervention included both two-view mammography and clinical breast
examination. The control group for women ages 40—49 received a clinical breast
examination only at the time of randomization and then no screening, whereas the
control group for women ages 50-59 received annual clinical breast examinations
alone. In both components of the trial, screening was offered on five occasions for
all except those recruited in the final year, for whom only four screens were
offered. Compliance with screening was high. All women were taught breast self-
examination as part of the clinical breast examination, which followed a special
protocol (Bassett 1985).

The UK age trial was designed to assess the efficacy of mammography
screening for women in their 40s. Women aged 39—41 were identified from lists
stratified by general practitioner, two-thirds (106,956 women) were randomized
to the unscreened group and 53,884 women to the screened group, with
mammography offered annually for 7 years. Women allocated to be screened
were invited to attend the regional screening center of the UK National Health
Service (NHS) Breast Screening Program, and 70 % accepted the invitation. The
women in the unscreened group were not contacted. Both groups were followed
through the NHS register and were invited to enter the UK screening program at
the age of 50 (Moss et al. 2006).

No other trials of breast screening with mammography have been initiated.
Increasingly, evaluation has focused on measuring the impact of population-based
screening programs.

17.3 Efficacy of Breast Screening

17.3.1 The Evidence on Mammography Screening

Most evidence on the efficacy of mammography alone comes from the last over-
view analysis of the trials in Sweden (Nystrom et al. 2002). In the “follow-up”
model, events were defined as all breast cancer diagnoses after the date of
randomization, with breast cancer as the underlying cause of death before the
closing date of follow-up. The “evaluation model” ignored breast cancer deaths
among women whose breast cancer diagnosis was made after the first completed
screening round of the control group. The results were similar, with a slightly greater
estimated benefit for the evaluation than the follow-up model. From the evaluation
model, the age-adjusted results for all ages (40—74) were a significant reduction in
breast cancer mortality in the screened group compared to the control — RR 0.80
(95 % CI 0.71-0.90). Within 5-year age groups, there was no benefit for women
ages 50-54 or 70-74. For women ages 40—49, the RR was 0.80 (95 % CI1 0.63-1.01).
These results are similar to those from a meta-analysis computed by an IARC
working group (2002) which also included data from the Kopparberg component of
the two-county trial. For women ages 40—49, the RR was 0.81 (95 % CI 0.65-1.01),
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but for those aged 50—69, there was a significant reduction in risk (0.75, 95 % CI
0.67-0.85).

The TARC working group (2002) also produced a meta-analytic result for all
valid trials using mammography for women ages 40—49, thus including the HIP trial
and the relevant Canadian trial, both evaluating combined screening with
mammography and breast examinations. This reduced the estimated benefit to an
RR of 0.88 (95 % CI 0.74-1.04), probably because the Canadian data showed no
benefit from screening.

The UK age trial also found a statistically nonsignificant reduction for
mammography alone screening initiated at ages 39—41 (RR 0.83, 95 % CI10.66—1.04)
(Moss et al. 2006). The UK investigators also performed a meta-analysis combining
their data with all other valid screening trials in women ages 40—49, resulting in a
RR of 0.84 (95 % CI 0.74-0.95). Thus, the combined analyses performed to date
agree on less benefit of mammography screening among women ages 40—49 than
among those ages 50-69.

In a review for the US Preventive Services Task Force (2009), a similar effect
among women ages 40-49 was estimated (RR 0.85, 95 % CI 0.75-0.96) (Nelson
et al. 2009). The lower incidence of breast cancer among women at these ages
and the frequency of unnecessary surgery consequent on screening led to a
recommendation against routine mammography screening among women ages
40-49 (US Preventive Services Task Force 2009). Although the Task Force’s meta-
analysis indicated a similar degree of efficacy for women ages 50-59 as for 40—49
(RR 0.85, 95 % CI 0.75-0.99), lower than that for women ages 60—69 (RR 0.68,
95 % CI 0.54-0.87), and no effect for women ages 70-74 (RR 1.12, 95 % CI
0.73-1.72) (Nelson et al. 2009), their recommendation included biennial screening
mammography for women between the ages of 50 and 74 years (US Preventive
Services Task Force 2009). These US recommendations are therefore now in line
with most organizations in other countries, though many countries only offer
screening for women older than 69 if they request it. They were also mirrored by the
Canadian Task Force on Preventive Health Care (2011).

The recommendations have largely ignored the finding from the second Canadian
trial. By 1980, when the CNBSS was initiated, the HIP trial had demonstrated the
efficacy of screening by mammography and breast physical examinations in women
ages 50—69 in an era when adjuvant therapy for stage I breast cancer was unavailable
(Shapiro et al. 1988), so an unscreened control group in the Canadian trial was
considered unethical. Therefore, the trial was designed to evaluate the additional
benefit of mammography in women ages 50-59 who also received annual clinical
breast examinations, in line with the recommendation of the working group that
reviewed the BCDDP (Beahrs et al. 1979). Mammography in the CNBSS resulted
in many additional false positives and detection of small tumors, but no reduction in
breast cancer mortality (Miller et al. 1992a, b, 2000, 2002). The trial thus casts
doubt upon the common assumption that the benefit from mammography resides in
detecting impalpable breast cancers (including ductal carcinomas in situ), and it
was initially challenged (Boyd et al. 1993; Kopans and Feig 1993). However, the
cancer detection rates were at least as good as those achieved by modern
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mammography, and the trial met other quality evaluation criteria (Fletcher et al.
1993). Importantly, the trial was conducted when adjuvant chemotherapy and
tamoxifen were standard for stage II breast cancer in Canada, though that was not
so in the Swedish two-county trial (Holmberg et al. 1986; Tabar et al. 1999).

In an update of the follow-up to 29 years of the Swedish two-county trial, Tabdr
et al. (2011) reported that the difference between the intervention and control arms
in breast cancer mortality continued to widen throughout the period of follow-up
and that “most prevented breast cancer deaths would have occurred (in the absence
of screening) after the first 10 years of follow-up.” This is an unusual finding and
suggests, far from showing a benefit of screening, that the compared groups were
unbalanced at the time of the cluster randomization.

The randomized screening trials can only provide limited data to support
recommendations on policy. To fill the gap, modeling is now being increasingly
used. Please see Chap. 21 by Stout et al. (this volume) on how modeling was used
to inform the development of policy in the United States and particularly, to guide
the deliberations of the US Preventive Services Task Force (2009).

17.3.2 Evidence on Screening by Clinical Breast Examination

No trial has yet reported benefit from clinical breast examination (CBE) alone.
Nevertheless, there is indirect or observational evidence on the effectiveness of
CBE, as well as some emerging evidence from trials in developing countries.

As previously indicted, it seems probable that most of the benefit from screening
in the HIP trial came from the good CBEs performed (Miller 1989). Further, a
model-based evaluation of the likely efficacy of breast examinations in the Canadian
trial suggested a 20 % reduction in breast cancer mortality compared with no
screening (Rijnsburger et al. 2004). However, the model used data from the Swedish
two-county trial to estimate breast cancer mortality in the absence of screening, so
it did not adequately consider the contribution of better treatment in Canada than in
Sweden.

A population-based breast screening trial in Cairo, Egypt, has shown that women
will attend primary health centers for screening breast examinations (Boulos et al.
2005), while there is preliminary indication that a stage shift in diagnosis has been
achieved (Miller 2008).

In Mumbai, India, a large cluster-randomized controlled trial evaluating screening
for breast and cervix cancer was started in 1978 using trained primary health workers
to provide health education, visual inspection of the cervix (with 4 % acetic acid)
and clinical breast examination in the screening arm, and only health education in
the control arm (Mittra et al. 2010). After three rounds of screening, an excess of
early stage breast cancers had been diagnosed in the screened compared with the
control group (78 vs. 38) but similar numbers of advanced breast cancers (47 and
49, respectively). At the time of completion of the report, 22 deaths out of the total
125 (18 %) breast cancer cases were recorded in the screening arm, and 10 deaths
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out of the 87 (12 %) reported breast cancer cases in the control arm. It is not yet
clear whether this difference was due to a delay in receiving reports on deaths from
the control arm, though an excess of early deaths from breast cancer has been noted
in some of the randomized trials of breast screening, which later disappeared
(Fletcher et al. 1993). A major issue in a breast screening trial conducted in the
Philippines was that women detected with an abnormality largely failed to attend a
center for diagnosis, such that the trial was abandoned after the first round (Pisani
etal. 2006). In the Mumbai trial, considerable effort was made to avoid this problem,
but as the main mechanism used to identify new cancers in the control group was
through the cancer registry, it may not be surprising that there could be delay in
identifying cases in the control group.

At least two countries in the Middle East (Morocco and Oman) are initiating
breast screening based upon clinical breast examination. It will be some time before
the results of these programs can be evaluated.

In Ontario, Canada, a provincial breast screening program for women ages
50-69 was initiated in 2000 based upon biennial mammography and clinical breast
examination, though later, some centers were incorporated that utilized mammogra-
phy alone. Women attending a regional cancer center or affiliated centers providing
nurse-administered clinical breast examinations had higher breast cancer detection
rates (Chiarelli et al. 2009) and were significantly more likely to make a timely
return within the recommended biennial screening interval (Chiarelli et al. 2010)
than women attending affiliated centers without nurses providing clinical breast
examination. This experience suggests that clinical breast examination could
increase the effectiveness of mammography screening.

17.3.3 Evidence on Breast Self-examination

Two large trials were initiated on BSE, one in China (Thomas et al. 1997) and one
in Russia (Semiglazov et al. 1993). No breast cancer mortality reduction was found
in the Chinese trial (Thomas et al. 2002). To date, an adequate analysis taking note
of the cluster randomization performed in the Russia/WHO trial has not been
reported, and the findings of the Moscow component have only been reported in
Russian, though no benefit was noted.

Nevertheless, there is indirect or observational evidence on the effectiveness of
BSE. Evidence that BSE, when practiced well, contributes to reduction in breast
cancer mortality has been derived from a case-control study within the Canadian
trial which showed that BSE compliers have lower predictors of mortality from
breast cancer than non-compliers (Harvey et al. 1997). Concerns over recall bias
and selection bias that tend to affect case-control studies were overcome as the
measure of BSE performance was recorded by nurses when women attended their
screening clinical breast examination, while information on risk factors for breast
cancer, collected at baseline, enabled the analysis to be adjusted for any differences
between good and poor BSE compliers. The magnitude of benefit seems similar to
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that derived from a cohort study of nearly 30,000 women in Finland (Gastrin et al.
1994), where information on BSE was obtained by calendars sent to the investigator
and breast cancer incidence and mortality was compared to the general population.
In both studies, BSE seemed equally effective in women under and over the age
of 50.

17.4 Harms from Breast Cancer Screening

One reason to seek screening is to be reassured that one does not have cancer.
Although a screening appointment requires time and some expense, in general,
women are prepared to accept this for the comfort reassurance brings. However,
they do not expect to be inconvenienced by unnecessary diagnostic tests and even
more so by unnecessary surgery (Nelson et al. 2009; US Preventive Services Task
Force 2009).

In addition to the harms associated with false-positive screening tests, there is
another category, not often recognized by women nor advocates of screening —
unnecessary early detection of cancers that would be cured even after clinical
detection and unnecessary detection of cancers not destined to present in a woman’s
lifetime. This overdiagnosis has been estimated to be about 11-15 % of cancers in
the screening arms compared to the control arm in the Canadian trial (Moss 2005).
Ductal carcinoma in situ (DCIS) detection falls under this category but deserves
special consideration. The frequency of DCIS reporting has increased in the USA
since the introduction of mammography screening, and the probability that a woman
will die within 10 years of such detection has fallen (Ernster et al. 2000). However,
there has been no evidence published from any of the screening trials that the
detection of DCIS by mammography and subsequent treatment has resulted in a
reduction in breast cancer incidence in screened women. This suggests that DCIS is
not a classic cancer precursor on the lines of carcinoma in situ of the cervix or
advanced adenomas of the colon.

17.5 Impact of Breast Screening in Populations

Trends in breast cancer mortality have been used to measure the effectiveness of
a breast screening program in the relevant population. Inferences are compli-
cated when therapy for breast cancer improves at the same time. This began to
occur about the mid-1980s when trials of the treatment of stage II breast cancer
found benefit from adjuvant chemotherapy in premenopausal women and tamox-
ifen in postmenopausal women. Therefore, analyses must assess the impact of
both screening and treatment. Subsequent to 1990, breast cancer mortality has
fallen in many countries; the falls seem more related to improved therapy than
screening (Jatoi 2011).
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Blanks et al. (2000) used data for 1971-1989 from the UK to predict breast
cancer mortality for 1990-1998, assuming no major effect from screening or
improvements in treatment until after 1989. The total reduction in mortality from
breast cancer to 1998 in women aged 55-69 was estimated as 21.3 %. The direct
effect of screening was estimated as 6.4 % (range of estimates from 5.4 % to 11.8 %).
The effect of all other factors (improved treatment with tamoxifen and chemotherapy
and earlier presentation outside the screening program) was estimated as 14.9 %
(range 12.2-14.9 %). Nystrom (2000) concluded this result matched expectation,
but the expectation of an eventual 30 % reduction in breast cancer mortality probably
overestimated benefit (Miller 2000).

Berry et al. (2005) reported the findings from a major evaluation of the impact of
screening and treatment on breast cancer mortality in the USA for the Cancer
Intervention and Surveillance Modeling Network (CISNET) Collaborators. Seven
different statistical models were applied to the same mortality, mammography use,
and treatment data. The models varied in the efficiency with which they predicted
the observed trends in breast cancer mortality. The percent reduction attributable to
screening varied in the seven models from 7.5 % to 22.7 %. This translates into the
proportion of the total reduction in breast cancer mortality attributable to screening
varying from 28 % to 65 %, with adjuvant treatment contributing the rest. A major
difficulty with this analysis was the assumption that breast cancer mortality rates
would have risen in the absence of screening and improved treatment as breast
cancer incidence was rising. In fact, some of the previous increase was due to the
use of mammography (Miller et al. 1991). Further, within a short period it became
apparent that breast cancer incidence fell in the USA (Ravdin et al. 2007) with
cessation of hormone replacement therapy by many women after the Women’s
Health Initiative investigators reported that such therapy increased breast cancer
risk (Rossouw et al. 2002). As most of the breast cancers induced by hormone
replacement therapy are estrogen receptor positive, which respond well to tamoxifen,
it seems likely that the assumption of Berry et al. (2005) that breast cancer mortality
would have risen absent screening and improved treatment was invalid. As this
assumption was necessary to make the models fit the data, the effect of screening
may have been substantially overestimated by Berry et al. (2005). Unfortunately,
there appears to have been no attempt so far to address this in other analyses.

An attempt has been made to evaluate the impact of breast screening in Norway,
capitalizing on the delay in introducing screening (Kalager et al. 2010). The authors
used a historical comparison of breast cancer incidence and mortality in the
non-screened counties to evaluate the effect of improvements in management and
treatment of breast cancer, and compared these trends to a similar historical
comparison in the screened areas. They found that the rate of death was reduced by
7.2 deaths per 100,000 person-years in the screening group as compared with the
historical screening group (rate ratio, 0.72; 95 % CI 0.63-0.81) and by 4.8 deaths
per 100,000 person-years in the non-screening group as compared with the historical
non-screening group (rate ratio, 0.82; 95 % CI 0.71-0.93; P<0.001 for both
comparisons), for a nonsignificant relative reduction in mortality of 10 % in the
screening group (P=0.13). There are often problems in historical comparisons, and
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the assumption that the effect of improvements in management and treatment in
breast cancer would be identical in screened and non-screened counties can be
challenged, as counties not introducing screening may have made less effort to
improve breast cancer management. Therefore, it is possible that even a 10 %
reduction in breast cancer mortality attributable to screening is an overestimate.

Harris et al. (2011) systematically reviewed the observational evidence
concerning the effect of screening in various populations on breast cancer mortality
among women ages 50—69 years. They concluded that breast cancer mortality has
been reduced, but the magnitude of the effect is probably smaller than predicted in
the randomized screening trials, and assumed by the US Preventive Services Task
Force (2009). There was insufficient evidence to determine whether the effectiveness
of screening is decreasing over time (see Chap. 20 by Autier, this volume, for a
further discussion of this issue).

17.6 Discussion

Cancer screening in general, and breast cancer screening in particular, has been an
emotionally charged topic. A woman whose breast cancer has been detected by
mammography, and apparently cured, will be convinced that her life was saved by
the screening. Raffle and Gray (2007) have coined the term “the popularity paradox”
for this situation: “The greater the harm from overdiagnosis and overtreatment from
screening, the more people there are who believe they owe their health, or even their
life, to the programme.” Yet the marginal benefit from earlier detection by screening
for women ages 40—49 has lessened as treatment for breast cancer has improved
considerably (US Preventive Services Task Force 2009). Even for older women, the
harm from overdiagnosis, false positives, and unnecessary surgery may also, on
average, outweigh possible benefit from screening (Ggtzsche 2011).

In the controversy over at what age mammography screening should start, there
has been an implicit suggestion by the critics of the US Preventive Services Task
Force recommendation (2009) that a life “saved” from screening women in their
40s will result in more life-years saved per death prevented than from screening
women in their fifties or sixties. I have pointed out that if the findings from the trials
on which Nelson et al. (2009) based their meta-analysis still apply in the present
therapeutic era, then there seems little justification in terms of life-years saved not
to screen women ages 40—49 if the decision is made to screen women ages 50-59
rather than focusing on women ages 60—69 where the major benefit can be anticipated
(Miller 2012). However, this does not address the major issue not fully considered
by the US Preventive Services Task Force (2009) and the Canadian Task Force on
Preventive Health Care (2011); should we really base screening policy on the trials
conducted before the present therapeutic era?

Lack of data has precluded full evaluation of many of the trials of breast screen-
ing, especially those conducted in Sweden based upon cluster randomization of
areas. In addition to the possible lack of balance in possible confounders in the
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compared groups discussed earlier, Black et al. (2002) suggested the possibility of
bias in attribution of cause of death, which could be avoided if the endpoint of the
trials was all-cause, rather than breast cancer mortality. In two of the Swedish trials
that reported a breast cancer mortality reduction, the two-county and the Gothenburg
trials, the reduction was offset by greater mortality from all causes other than breast
cancer in the intervention group offered screening than in the usual care control
groups. As breast cancer is only one of the many causes of death in screened women,
and therefore differences in all-cause mortality are rarely significant, it is now
recognized that a full exploration of the potential reasons for apparent compensating
increases of mortality from other causes is necessary, and trials which have such
increases may be far less valid than those which do not. This issue remains unresolved
but adds to the uncertainty of making decisions based on the affected trials.

Given the requirement that screening can only be effective if treatment is curative
for the discovered lesions but that treatment as it improves will reduce the impact of
screening, it is difficult to justify the use of data from the trials that were conducted
before adjuvant therapy for breast cancer was available to make policy decisions in
the present era. Only one other trial was conducted after the Canadian trials that
benefited from the availability of adjuvant therapy for breast cancer, the UK age
trial, and although it suggested a screening benefit in younger women, it was not
conclusive and could possibly have been confounded by differences in management
between the two arms.

Breast cancer screening, like screening for prostate cancer, suffers from the lack
of a detectable, precancerous phase whose elimination results in reduction in disease
incidence, unlike screening for cervical and colorectal cancer. We may have reached
the point of negligible benefit in screening for invasive breast cancer. If so, we
should be turning our efforts to primary prevention, early diagnosis through public
and professional education for breast awareness, and the provision of adequate
diagnosis and management.
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Chapter 18
Prostate Cancer Screening

Anthony B. Miller

18.1 Introduction

Two tests have been advocated for screening for prostate cancer, the digital rectal
examination (DRE) and the determination of the amount of prostate-specific anti-
gen (PSA) in the blood. Although there has been a tendency to use both tests
together, experience has shown the DRE is unreliable and fails to detect many early
prostate cancers detected by PSA. Further, the evidence available on the efficacy of
prostate screening relates largely to PSA. Therefore, in this chapter, I shall
concentrate on the evidence relating to the effectiveness of screening with PSA.

Since the introduction of the PSA test, with wide adoption for screening in the
United States, a number of jurisdictions in other countries with publicly funded or
insurance-based health systems have agreed that PSA testing would be funded,
though in many parts of Canada, the funding is for tests ordered for diagnosis and
not screening by a physician. However, such types of funding are difficult to monitor,
and it seems probable that the majority of the tests now performed in Canada and
other countries are for screening. This is because the public and many of their
physicians believe that the early detection and proper treatment of prostate cancer
must be beneficial. A significant proportion of the male population, as well as many
advocacy groups, have agreed testing for elevated PSA levels is good. For example,
over 25 % of men over the age of 40 reported they had had a PSA screening test in
a 2003 Canadian survey (Canadian Cancer Society 2006).

However, the release of mortality results on prostate cancer from two large
screening trials, the prostate component of the Prostate, Lung, Colon and Ovary
(PLCO) trial in the United States (Andriole et al. 2009) and the European Randomized
Study of Screening for Prostate Cancer (ERSPC) (Schroder et al. 2009), and their
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recent update (Andriole et al. 2012; Schroder et al. 2012) has served to fuel the
debate. In this chapter, I shall try and clarify the present situation and address the
issue as to whether, and if so at what ages, PSA testing should be offered.

18.2 The Potential Benefits of PSA as a Screening Test

Prostate cancer is the most common cause of death from cancer in men in most
technically advanced countries. It is by far the most prevalent cancer with 30—40 %
of men over 60 found to have prostate cancer at autopsy (Miller 2007). The lifetime
risk of a man developing microscopic prostate cancer has been estimated to be 42 %
(Frankel et al. 2003). The sensitivity of the PSA tests depends on the cutoff level
selected. If the cutoff for an abnormal PSA test is 4 ng/ml, then the sensitivity of a
PSA test is about 75 %, rising to over 80 % if the cutoff is lowered to 3 ng/ml.
However, there is a reciprocal relationship between sensitivity and specificity. The
specificity if the cutoff is 3 ng/ml is approximately 80 %, i.e., 20 % of those screened
would have a false-positive result, resulting in substantial numbers of men placed
under supervision and many unnecessary biopsies. At the cutoff level of 4 ng/ml,
the specificity rises to about 90 %, making it a more reasonable test as a false-positive
PSA test leads only to temporary anxiety while awaiting a negative biopsy, and the
unnecessary biopsies can be accepted if there is benefit from the test. Physicians
console themselves that patients are always grateful for early detection of disease
especially with a good outcome which they believe is more likely than not with
early detection of cancer. These arguments have made the PSA test attractive to
many patients and their physicians.

18.3 The Risks of PSA as a Screening Test

Although the PSA screening test can detect most men with prostate cancer with
some accuracy, over 80 % of them will die with the disease but from another
cause, and only a small proportion of men with prostate cancer will die from the
disease. The treatment of prostate cancer has modestly lowered the mortality rate,
but as screening rates have risen, prostate cancer detection has increased quite
dramatically, but with little improvement in mortality. Recent declines in prostate
cancer mortality in many countries are probably attributable to prolongation of
life from hormone therapy of more advanced cases, with most of them dying from
other causes. Frankel et al. (2003) estimated if 1 million men over 50 were
screened with a PSA test cutoff at 4 ng/ml, 110,000 would have elevated PSA on
the first test, 90,000 would have a biopsy, and 20,000 will be found to have cancer.
Of this group, 10,000 will have a prostatectomy, of whom 300 will be left with
chronic incontinence, 4,000 will be impotent, and 10 will die from the surgery. In
Finland, component of the ESPC trial 12.5 % of the screened men had at least one
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false-positive PSA test during the three rounds of 4-yearly screening (Kilpeldinen
et al. 2010). Thus, evidence of benefit is necessary to justify all this morbidity and
mortality.

18.4 The ERSPC and PLCO Randomized Screening Trials

Both trials commenced in the early 1990s. The ERSPC trial enrolled more than
260,000 men from 8 countries (Belgium, Finland, France, Italy, the Netherlands,
Spain, Sweden, Switzerland) (Schroder 2008). In all countries, men ages 55-69
were included; in Sweden, men ages 50—54 were also included, and in four countries,
men up to age 74. The PLCO trial enrolled nearly 77,000 men ages 55-74 from 10
centers across the United States. In both trials, many have been followed for more
than 13 or more years. There have been reports on screening from both trials
(Crawford et al. 2006; Grubb et al. 2008; Schroder 2008; Schroder and Roobol
2009). The mortality results in PLCO were related to all subjects randomized (Andriole
et al. 2009, 2012), in ERSPC to a subgroup of 182,160 men (Schroder et al. 2009,
2012). The difference between this number and the total randomized as previously
reported (Schroder 2008) is unexplained, apart from the absence of those recruited
in France, where randomization did not begin until 2001.

The PLCO trial was conducted on a background of persistent, long-term advocacy
of PSA screening for prostate cancer in the United States (American Urological
Association 2000; American Cancer Society 2008), though not all organizations
shared the view that screening should be offered (US Preventive Task Force 2008).
In contrast, in the ERSPC trial, PSA screening in the population was infrequent in
most countries when the trial was initiated, though that situation probably changed
during the course of the trial. The two trials differ in some other important respects.
In PLCO, annual PSA screening to a total of 6 screens and 4 annual DRE were
offered to the intervention group; in the ERSPC trial, in most countries, two or more
PSA screens at 4-year intervals were offered, though the interval was two yearly in
Sweden. The cutoff for a positive PSA was 4 ng/ml in PLCO, and in general 3 ng/
ml in ERSPC, though the use of ancillary tests such as DRE and transrectal
ultrasound (TRUS) varied between countries, sometimes being applied to those
with a PSA <3 ng/ml. PLCO was an individually randomized trial following
informed consent, as was the case in Belgium, the Netherlands, Spain, and
Switzerland in ERSPC, but in the other four countries (France, Finland, Italy,
Sweden), randomization on the basis of population registers was performed prior to
consent, which was only obtained in those who accepted the offer of screening. In
PLCO, the results of screening were reported to the participant and their physicians,
and they decided on subsequent management. This resulted in many being placed
on regular PSA surveillance, rather than immediate biopsy, though by 4 years, over
80 % of those with positive tests had achieved resolution (biopsy or PSA falling to
lower levels) (Grubb et al. 2008). In ERSPC, immediate biopsy of those with an
abnormal test result was encouraged, treatment of those found to have cancer often
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being conducted under the supervision of the trial investigators. In the control
groups, care of prostate cancers that were diagnosed occurred in the community.

In both trials, there was no reduction in prostate cancer mortality in the first 7
years after randomization in the screened groups compared to the control (Andriole
et al. 2009; Schroder et al. 2009). After that, there was a difference between the
trials. In PLCO, with 92 % of those enrolled followed to 10 years and 57 % to 13
years, there was if anything higher mortality from prostate cancer in the intervention
arm (the screened group) than in the usual care control group, though the difference
was nonsignificant (rate ratio 1.09, 95 % confidence intervals 0.87—1.36) (Andriole
et al. 2012). Mortality from all causes other than prostate, lung, and colorectal
cancer was identical in both arms. In ERSPC with a median follow-up of 11 years,
the reverse occurred, with lower prostate cancer mortality observed in the screened
group than the control group (RR 0.79, 95 % CI 0.69-0.91) (Schroder et al. 2012).
As the confidence intervals surrounding the point estimates of the reported mortality
rate ratios in the two trials overlap, chance cannot be excluded as an explanation for
the differences between them.

However, there are other major differences between the US and European trials
that need to be considered. The first relates to the degree of background screening
that occurred in the control groups. In PLCO, 45 % of those randomized had had at
least one PSA test in the 3 years preceding randomization, and screening in the
usual care group (opportunistic screening in the community) reached an estimated
52 % by the time screening came to an end in the intervention group. Nevertheless,
the level of screening in the intervention arm was substantially higher than that in
the usual care arm in the early study years, and throughout, screening levels remained
distinctly higher. In ERSPC, the degree of contamination was certainly less, though
details are not provided in the reports. The second is the different PSA cutoff level
applied in the trials. This seems to have resulted in a higher detection rate of prostate
cancer following screening in ERSPC than PLCO and substantially more
overdiagnosis. It seems unlikely that this resulted in a mortality differential in
ERSPC being missed in PLCO, however, as the lethality of prostate cancer increases
with increasing PSA levels (as well as the converse), while it has been shown in
ERSPC that cancers detected by screening with a PSA of <4 ng/ml have a favorable
prognosis (Schroder 2008). The third possible reason for the difference in the results
is differences in the application of treatment for prostate cancer. Given the way the
ERSPC trial was conducted, with treatment of screen-detected cancers directly
controlled by trial investigators, but carried out in the community for those diagnosed
in the control group, the potential for treatment differences existed (Barry 2009),
and in a publication by some of the ERSPC investigators, it was reported that men
diagnosed with prostate cancer were more likely to be treated at an academic center
in the screening arm than men diagnosed in the control arm (Wolters et al. 2010). To
the extent that outcomes after major surgery may be better in major referral centers
than in community hospitals, this difference in place of treatment may have favored
the screening arm. Further, trial arm was associated with treatment choice, especially
in men with high-risk prostate cancer. Thus, a control subject with high-risk prostate
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cancer was more likely than a screen subject to receive radiotherapy (OR 1.43,
95 % CI 1.01-2.05), expectant management (OR 2.92, 95 % CI 1.33-6.42), or
hormonal treatment (OR 1.77, 95 % CI 1.07-2.94) instead of radical prostatectomy.
In contrast, the policy in the PLCO trial not to mandate specific therapies after
screen detection resulted in substantial similarity in treatment by stage between the
two arms (Andriole et al. 2009, 2012).

A report of follow-up through to 14 years of the Goteborg component of ERSPC
has been published, combined with findings from some subjects who were not part
of the ERSPC analysis (Hugosson et al. 2010). Comparing the earlier ERSPC report
(Schroder et al. 2009) with this manuscript, it seems reasonable to conclude that
60 % of the Goteborg cohort was included in the core age group (55-69) of ERSPC.
Of the 122 deaths from prostate cancer reported in the Goteborg trial, 109 (89 %)
occurred in those 55-64 at entry. Schroder et al. (2012) only reported deaths by
country in an appendix figure, while Hugosson et al. (2010) did not report how many
of the Goteborg deaths were included in the core age-group analysis of ERSPC, so
the extent of the overlap in deaths between the two analyses is unclear; it seems
reasonable, though, to assume that most or all of these 109 were included in the core
group analyses of Schrdder et al. (2009, 2012). Thus, the Goteborg study’s finding
concerning a prostate cancer mortality reduction seems largely derived from
previously reported ERSPC data and cannot be regarded as independent validation of
the findings of Schroder et al. (2009, 2012). Further, as the control group in the
Goteborg trial were followed passively through national registers, probably did not
know they were part of a trial and were treated in community centers, it seems likely
that differences in treatment had a major impact upon the reported results.

Crawford et al. (2011) utilizing PLCO prostate mortality data through to 10 years
reported a statistically significant interaction of trial arm by comorbidity status.
However, a similar analysis using a modified Charlson score of comorbidity through
to 13 years did not confirm this (Andriole et al. 2012), casting substantial doubt on
the claim by Crawford et al. (2011) that those with no comorbidity at baseline derive
a benefit from PSA screening.

In the USA, men are often advised to have annual PSA tests, yet if the ERSPC
result is accepted, annual testing is unnecessarily frequent. But before accepting
these results to guide policy, we need further clarification on what actually happened
in the trial, especially with regard to treatment, and confirmation that the compared
arms were balanced (Miller 2012a).

Reconciling the ERSPC results with the results of PLCO is difficult. What PLCO
seems to show is that adding organized screening to opportunistic screening will
result in no benefit and many adverse effects. Those effects include false-positive
screening tests, unnecessary biopsies, overdiagnosis, and impaired quality of life.
The latter will be the subject of a later report from ERPSC as it will from PLCO. In
ERSPC, 13 % of the screening tests were false positives compared to 7 % in PLCO,
76 % of biopsies did not result in the diagnosis of prostate cancer in ERSPC
compared with 62 % in PLCO, and overdiagnosis approximated to 50 % and
17-30 %, respectively (Miller 2012a).



282 A.B. Miller

Although the natural history of prostate cancer is believed to be long, leading
many to suggest that the follow-up in PLCO has been too short to show a benefit,
the likelihood of a change in its negative findings if follow-up was extended has
been reduced by the negative finding from a 20-year follow-up of a community
based trial from Sweden (Sandblom et al. 2011). The participants were all men aged
50-69 in the city of Norrkoping, identified in 1987 in the National Population
Register (n=9026). From the study population, 1494 men were randomly allocated
to be screened by including every sixth man from a list of birth dates who were
invited to be screened every third year from 1987 to 1996; the remainder served as
controls. DRE was used for the first two tests, and PSA was added for the next two.
There were 85 cases (5.7 %) of prostate cancer diagnosed in the screened group and
292 (3.9 %) in the control group. The risk ratio for death from prostate cancer in the
screened group was 1.16 (95 % confidence interval 0.78-1.73).

18.5 Discussion

In PLCO, the screening that occurred in the usual care arm was not enough to
eliminate the expected impacts of the annual screening in the intervention arm such
as earlier diagnosis and a persistent excess of cases. Therefore, what the trial was
evaluating was the effect of adding an organized component of annual screening to
the opportunistic screening already in place, and even with the extension of the
follow-up to 13 years, there is no evidence of a benefit; indeed there are major
harms, in part, associated with the false-positive screening tests but also with the
overdiagnosis inseparable from PSA screening, especially in older men. What the
trial does seem to confirm, however, would be the futility of making any attempt to
set up organized screening programs in addition to what is currently ongoing in any
country. This seems to be a generally accepted conclusion. Even when authors
conclude that PSA screening reduces prostate cancer mortality, they also conclude
that screening cannot be justified yet in the context of public health policy (van
Leeuwen et al. 2010; Chou and LeFevre 2011).

Nevertheless, the question that has to be addressed is whether the European trial
results support the continuation of the opportunistic screening that is ongoing in
North America and some other countries. The uncertainty that surrounds the validity
of the results of ERSPC makes that difficult to answer with certainty. The delay in
seeing a possible benefit is certainly compatible with what is known about the long
natural history of prostate cancer. Although the separation of the mortality curves in
ERSPC beyond 10 years has been confirmed with more data (Schroder et al. 2012),
it is still necessary to be certain that other factors, especially treatment differences
between the randomized groups, are not responsible for the benefit seen. However,
it is important to note that both trials support the recommendation of the US
Preventive Services Task Force (2008) against screening men older than 69.

The harms from prostate screening are considerable. In addition to the
complications associated with false-positive diagnoses, and the risk of postoperative



18 Prostate Cancer Screening 283

mortality in elderly men subjected to prostatectomy, there is evidence of substantial
overdiagnosis, estimated in ERSPC to be 27 % from a single screening test at age
55 to 56 % for a single screening test at age 75 (Draisma et al. 2003). These harms
have to be set against a low probability of benefit. Even if the ERSPC findings of
benefit represent the truth, the investigators estimated that to prevent one death from
prostate cancer at 11 years of follow-up, 1055 men would need to be invited for
screening and 37 cancers would need to be detected (Schroder et al. 2012). Thus,
the large majority of men who believe that their lives have been saved by PSA
testing have been deceived. Raffle and Gray (2007) have coined the term ‘“the
popularity paradox” for this situation: “The greater the harm from overdiagnosis
and overtreatment from screening, the more people there are who believe they owe
their health, or even their life, to the programme.”

I conclude that from our present knowledge of risks and benefits attributable to
prostate cancer screening and treatment, we cannot justify advocating screening
programs for prostate cancer. Each physician has an ethical responsibility to inform
their patients of potential risks and benefits of any procedure. There is a great need
for alignment of all organizations with currently available evidence. Mass PSA
screening cannot be justified, and most PSA screening should be stopped to prevent
more unjustified death and morbidity. So the answer to the question men often ask
their physician as to whether they should have a PSA test is “Do not Screen for
Prostate cancer with PSA” (Rosser W, personal communication 2010).
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Chapter 19
Applying Cancer Screening in the Context
of a National Health Service

Julietta Patnick

19.1 The Decision to Screen

National Health Services provide to their eligible populations a range of health care
either through directly funded care or by reimbursing the population for defined
care. The UK has a health-care system which is totally free at the point of delivery
and which traditionally has owned all the health-care providers. This system has
rationed care by making people wait, sometimes for months or years in the past.
Other countries, such as Canada, operate their free at the point of care service
through private providers who bill and are reimbursed directly from the health-care
system. There are various models, and in many of these national health services,
cancer screening is paid for by the state.

This does not mean, however, that individuals can simply decide to have a test
and the state will automatically pay. There is always a process to determine which
screening activities will be covered and which not. The UK has the National
Screening Committee which makes these decisions (NSC 2012); the Netherlands
has the Health Council (Health Council of the Netherlands 2012). There is a major
difference between these decisions and decisions made, for example, by the
Preventive Services Task Force in the United States of America, since the USPSTF
offers advice which it is then up to individual clinicians and patients to take or not
(USPSTF 2009). In those countries where there is a national health service, these
decisions have a very practical effect.
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In order to make decisions and recommendations, the process begins in the same
place, with the evidence. Thus, most countries will screen for breast, cervix and bowel
cancer, and where there is a national health system, this will be covered. There will be
variation in the age-group targeted and frequency of screening, and it cannot be
ignored that when the public purse is involved, the cost of screening is a factor in what
may be provided. Where resources are limited and there are competing demands, as is
generally the case in a publicly funded service, there is consequently the question of
getting the best value for available money and manpower and of achieving the greatest
gain in public health for the funding and resources available.

Evidence is not always clear. There is a particular debate about prostate cancer
screening. Evidence came in 2009 from the European Randomised Study of Screening
for Prostate Cancer (ERSPC) that screening with PSA reduced mortality by 20 % at 12
years follow-up (and see Miller, this volume). However, the number needed to treat to
save a life as computed from the ERSPC results was 48 (Schroder et al. 2009). There
has been debate about PSA testing for many years, and sometimes PSA testing is
provided on request, while there are no organised programmes as there are for breast,
cervix and bowel cancer. This may change in the next few years as longer follow-up
provides more information about the effects of prostate screening.

While evidence leads and resources, both financial and clinical, permit, political
support is vital in a publicly funded setting. Screening is always controversial as it is
health care intervening in the lives of people who have not asked for assistance and
promising them benefits. When it is the state supporting that intervention or even
providing it itself, then the controversy is magnified. Political support is thus vital
before a new screening programme can be introduced. At the same time, screening is
very popular with the general public, and screening can attract a great deal of attention
from politicians. This can have benefits when the introduction of a new screening
programme which is supported by strong evidence is being advocated. For example, in
England, the prime minister made plain his support for a new flexible sigmoidoscopy
colorectal cancer screening programme within 6 months of the research being
published (BBC1 2010). But it can also focus attention on the shortcomings of
screening programmes when there is a failing or when there is some change being
made to a previously provided service (see below). Finally, sometimes politicians can
push for screening to take place when the evidence is not in place to justify it. In these
circumstances, public servants have to be very firm and very skilled.

19.2 Running the Programme

The ethics of screening have been discussed at great length, and in 1968, the
seminal work of Wilson and Jungner (1968) laid down ten principles to help support
policymakers in deciding whether to screen for a disease or not. Chief amongst
these is that the chance of benefit should be greater than the chance of harm. Further
ethical issues are overlaid once the state becomes involved since there is the extra
dimension of state interference in the lives of its citizens. This is tolerated to a
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greater or lesser extent in different societies, and generally where there is a national
health service, there is a greater tolerance. But there are also greater expectations.
The state should ensure not only that the service is offered but that it is a service of
the requisite quality. In order, then, to avoid things going wrong and to protect both
the public to whom screening is offered and the political paymasters, quality assurance
is generally a major component of a publicly funded service.

The ethical underpinning of a screening programme comes to the fore particularly
prominently in the area of invitations for screening and the information given to those
invited by the public service. An individual doctor will make recommendations to an
individual patient and can temper the strength of the recommendation with knowledge
of the patient’s particular circumstances. When it is a national programme that is inviting
people to be screened, the information given can become a highly charged issue.

Operating cancer screening in the context of a national health service allows a
population-based approach to be taken. Having an organised programme requires
having an infrastructure to build on, and this is more readily available where there
is a national health service. The first requirement is a register of those eligible. In
some countries, such as the Republic of Ireland, this may be the electoral roll, but
legislation might be needed in order to access this for the purpose of inviting people
for cancer screening. In other countries, this might be a register of people enrolled
in an insurance plan. In the UK, it is the list of those registered with the National
Health Service which is available to all those ordinarily resident there. Taking a
population-based approach brings advantages in terms of quality assurance and
audit, equity across society and cost-effectiveness.

19.3 Quality Assurance and Audit

Minimum quality control standards are often laid down for cancer screening
services, sometimes in legislation if the country concerned requires this. However, in
the context of a national health service, quality assurance can often go into great
depths. The Council of Europe (2003) recommends that member states “offer
evidence-based cancer screening through a systematic population-based approach
with quality assurance at all appropriate levels .....(and) implement screening
programs in accordance with European guidelines on best practice”. These have now
been published for breast, cervical and colorectal cancer screening and cover quality
assurance of all aspects of a screening programme (Perry et al. 2006; Arbyn et al.
2008; Segnan et al. 2010). In the context of breast screening, for example, it is not
only the number of mammograms read but also the expected pickup rate of cancers,
the dose of radiation given, timescales for results, the accuracy of localisation
procedures and of pathology reporting and so on for many other aspects of the process.
In cervical screening and colorectal screening, similar detail is gone into and standards
suggested for all aspects of the programme from testing through to diagnosis and
including the epidemiology and evaluation of screening when delivered on a population
basis. It is up to each member state whether to follow these guidelines or not, but they
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have been well adopted by those countries within the European Union which have
national health services and can offer screening on a population basis.

A screening programme operating within a national health service can be required to
operate using a single information technology (IT) system with single definitions to be
applied. All units in a service can be required to operate to a single set of protocols
agreed between the service and the professionals to be appropriate. Taken together, all
this supports detailed quality control on a population basis and allows great facility for
auditing and developing the evidence underpinning the programmes. There can be local
and national comparison of performance across a large number of parameters, and when
quality control is organised at a national level, there can be a degree of externality
applied. This, of course, can happen without a national health service, but where this
exists, there is usually greater confidence that like is being compared with like, detail in
what is audited beyond the individual unit and a degree of compulsion for local units
about compliance with both quality assurance activities and any subsequent recommen-
dations. There may also be less emphasis on the process and facilities and greater
emphasis on clinical outcomes since linking data and following patients up is easier
within one unified system than where there are completely separate providers of care.
The numbers involved in a service which is organised on a whole population basis can
be very large. Thus, differences which are small and can appear to be immaterial at a
local level can be seen to have an effect when observed across many thousands and even
millions of people. This generates a scientific basis for developments in programme
delivery which can improve quality. These developments can be recommended wher-
ever in the world a screening technology is applied, but in a national health service, not
only can recommendations then be made, but action can be guaranteed. An early exam-
ple of this is the move to an optimal optical density in the UK breast cancer screening
programme (Young et al. 1994). When the programme started, the density of the image
was left to individual radiologist’s discretion, with some preferring darker and others
lighter films. Pulling together data on a number of parameters, including this one, across
all the screening units demonstrated that those with lighter films found fewer cancers
and, after a certain point, the darker film gave a greater dose of radiation, but with no
increase in sensitivity. An optimal density range was then set, and all units in the country
were required to operate within the specified range. Adherence to the policy was then
monitored through the quality assurance infrastructure.

19.4 Cost-Effectiveness

There is now a body of evidence that organised screening is more cost-effective than
opportunistic screening. Indeed, the European Council notes “the public health benefits
and cost efficiency of a screening programme are achieved if the programme is
implemented systematically, covering the whole target population and following best-
practice guidelines”. A direct comparison was made in France in the 1990s looking
at opportunistic versus organised cervical screening and concluded that opportunistic
screening costs three times as much as an organised system (Schaffer et al. 1995).
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From lists of those eligible, it is possible to send invitations for screening or
notifications that screening is due, to calculate the denominator population neces-
sary to calculate programme reach and to look at the population which will shortly
meet the entry criteria for a population screening programme based on age and thus
plan services accordingly. Planning is much easier when the likely participation
rate is known and particularly if there is central provision of services with timed
appointments. This allows a very efficient service to be delivered where people and
equipment are available at the appropriate level to meet demand. A highly efficient
service is less demanding on the public purse.

19.5 Access to Screening and Informed Choice

One advantage that accrues with organised population-based screening services
provided in the context of a national health service is that they can be more easily
accessed by the less affluent parts of the population who might not access screen-
ing in an opportunistic setting where they would have to pay. Countries which have
organised screening programmes have fewer inequalities in their participation
patterns (Paléncia et al. 2010). Nevertheless, even in the UK where screening is
provided totally free of charge, the less affluent, less well-educated groups within
society are less likely to attend. This is further influenced by other factors such as
ethnicity (Moser et al. 2009; Szczepura et al. 2008; von Wagner et al. 2011). Clearly
where there is some alienation felt from mainstream society, this is not totally
ameliorated by the fact that screening is provided free of charge.

High uptake indicates that the service is largely acceptable to those to whom it is
offered and also uptake can be an indicator of accessibility of the service to all parts
of society. Uptake can be monitored by area, by household or by individual depending
on information available and legally accessible within a society; it can be analysed by
socio-economic status or educational attainment, by ethnicity or religious affiliation
and by language group or place of birth in societies which are interested in those fac-
tors. Participation rates are generally lower for minority groups within any society.
Organised population-based screening has been shown to reduce inequalities, but not
to eliminate them altogether. Screening services operating within national health ser-
vice systems are well placed to address these inequalities, but more may be asked of
them in this respect than in those health systems which are entirely opportunistic or
at the discretion of the individual clinician or patient.

A disadvantage of a highly centralised, highly organised service is that it is difficult
to take account of individual preferences. The screening test may require attendance at
a time and place which is not convenient but which is allocated perhaps according to
address of residence. Women may prefer to have their screening mammograms reported
immediately, but this is probably not possible in a population service. When services
are planned on a population not an individual basis, and the individual is not the
financial client, then it is not always possible to tailor a screening episode to individual
requirements within the constraints of the nationally prescribed service.
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Where there is a national health service which offers screening, there will
generally be nationally approved, or nationally produced, information which
supports that offer. Often, in order to ensure equity and cost-effectiveness, those
controlling the funding are concerned to see that participation or uptake/
acceptance rates for the service offered are high. So there is an in-built tension
between achieving the high acceptance rates generally required by, or of, those
offering the service and offering informed choice to those invited for screening,
while respecting the decision not to participate. The information given to accompany
breast screening appointments in England has been the subject of a much-heated
debate with allegations that information is deliberately withheld in order to drive
up participation (Ggtzsche and Jgrgensen 2011). This has led to a major review
not only of the information given but of the evidence on which the programme is
based (CRUK 2011). It is difficult to produce information for everyone in a society
which is accessible to all and almost impossible to do that without it seeming
patronising to the better educated.

19.6 When Things Go Wrong

When a screening programme is provided with public funding, and certainly when it is
directly provided by a national health service, politicians are generally held to be
accountable by the public and the media. Thus, when things go wrong as well as the
issues of looking after the patients affected, learning from the error, handling the pub-
licity and scrutiny from health authorities, it may also be necessary to deal with politi-
cal questions. Questions have been asked in the House of Commons about failures in
breast screening in England, for example, and the Public Accounts Committee (PAC)
has demanded explanations for limitations in cervical screening (Hansard 1997; PAC
1997). This can be helpful since changes can be made with political momentum that
could not otherwise happen. An example would be the introduction of national coordi-
nation into the cervical screening programme in England on the breast screening model.
The cervical screening programme was older and more established, but those organis-
ing it were reluctant in the mid-1990s to change its modus operandi and structure.
Problems in Scotland in cervical screening together with an earlier PAC report critical
of the programme created the situation where change could be made which was not
possible, or perhaps the need not perceived, beforehand. Once it was desired that the
systems should change however, the fact that the programme operated within a national
health service allowed those changes to be put in place.

19.7 Withdrawal of Screening

Recently, there has been reconsideration about the harms of screening in many
countries. This particularly applies to breast and cervical screening which have been
operating for decades. In several settings, this has led to a recommendation that
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there should be a reduced amount of screening, usually at the edges of the eligibility
age range. The USPSTF in 2009 issued revised guidelines which recommended
against routine mammography screening for women younger than 50 years old and
suggested that screening end at age 74 years (USPSTF 2009). It also recommended
screening every two years rather than annually as previously. The new recommen-
dations contrasted with guidelines from many other organisations such as the
American Cancer Society (ACS). The ACS has not changed its recommendation for
annual mammograms from 40 (ACS 2010), and in the US health-care system, it is
up to each clinician and each woman to decide on an individual basis whether to
follow the USPSTF recommendation or not.

In contrast when the Advisory Committee on Cervical Screening in England
recommended raising the age of first invitation for cervical screening to 25, this had
a very real effect. This recommendation was based on growing evidence of the
harms of treating the cervix for subsequent pregnancies and growing recognition of
a lack of effectiveness of cervical screening in the younger woman. Since the
screening programme is delivered by the NHS, the recommendation had to be
agreed by health ministers, and the decision was then announced in October 2003.
The Committee’s scientific recommendation had a practical effect.

The withdrawal of screening from women under 25 gradually filtered through as
women either reached the age of 20 and were not invited for screening or, if they had
been screened below the age of 25, they were not rescreened until reaching that age.
As growing numbers of women were not screened, a major campaign began to
reinstate screening from 20, despite the fact that participation at that age had been no
more than 50 % and falling and despite the evidence supporting the decision growing
firmer. In these circumstances, ministers asked the Committee to think again. The
original decision still stood, however, and a ministerial statement was then made to
announce this (Keen 2012). The practical implementation by the NHS of the
Committee’s decision had repercussions which involved ministers. The Committee’s
view was not simply a recommendation to doctors but had practical consequences.
Vocal opposition to the decision by a campaigning group did not affect the scientific
decision but did affect how that decision was handled politically.

19.8 A National Office

In order for advantage to be taken of having a national approach to cancer screen-
ing, some sort of national coordination will be necessary. If it is a large country,
either in population or geographic terms, there may also be regional offices. The
relationship between the national office, any regional teams and local screening
units and the balance of power between them will be set by the local health system.
The national function could be relatively weak if there is some sort of federated
arrangement for health care or stronger in a more centralised state. The functions
that a national or large regional office will have could include overseeing the
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development of professional protocols and definitions, of the IT system to support
them, and collating and analysing the information that is eventually produced by
that system. National information can be produced or commissioned by this office,
and there could be large-scale purchasing of equipment to increase the cost-
effectiveness of the service. There could be support for decision-making bodies
about introducing, amending or withdrawing screening and coordination of
responses to problems in the service based in a national office. Over time, the
national or regional office can also become the repository of the programme’s mem-
ory with files and expertise going back over many years. The cost of this office and
any bureaucracy has to be included in calculations about the cost-effectiveness of
the programme and balanced against clinicians’ needs for local autonomy when
dealing with patients on a day to day basis.

19.9 Conclusion

The context of a national health service affects not only the science underpinning
screening but also how that science is applied. Decisions taken about the introduc-
tion of screening need to be tempered by the availability of resources, and the with-
drawal of screening can have political ramifications. It can be difficult to tailor
screening to an individual’s preferences or to pitch the information given to accom-
pany screening at the optimal level. However, applying screening in this context
allows a population approach to be taken which can have many advantages in terms
of the ability to quality assure a programme, to use the programme to develop
knowledge about screening and the disease screened for, to have an equitable
approach to screening across all groups in society and to operate a highly efficient
and cost-effective service.
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Chapter 20

Do International Trends in Cancer Incidence
and Mortality Reflect Expectations

from Cancer Screening?

Philippe Autier

20.1 Introduction

A wealth of clinical data demonstrates that the prognosis of cancerous diseases is directly
associated with two types of characteristics: the extent of the disease at diagnosis and the
histological characteristics of the cancer. In the absence of efficient treatment, the prog-
nosis is poor when a cancer has extended beyond the organ of origin or, when at histol-
ogy, the cells and tissues constituting the cancerous lesions no longer display the features
of the organ of origin (i.e., the degree of dedifferentiation of cancerous tissues).

Cancer extent is summarized by the TNM stage (T for tumor size, N for node
status, and M for evidence of metastases in distant organ(s)), and the histological
characteristics are specific to the various cancers that develop in each organ (UICC
2002; AJCC 2002). Staging provides an estimate of the cancer extent (e.g., still
local, regional nodes invaded, or already evidence of distant metastases), and the
histological characteristics provide an estimate of the cancer aggressiveness. Local
extension of a cancer is a strong predictor of metastases in the lymph nodes or in
distant organs. For instance, the probability of positive axillary lymph nodes (i.e.,
presence of metastases in the lymph nodes) steadily increases with the size of
invasive breast cancer. In addition, the extent of the cancer and the histological
characteristics are correlated because in patients diagnosed with tumors of similar
size, tumors with bad prognosis are more likely to have metastases in regional
lymph nodes or in distant organs.
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Fig. 20.1 Evolution of cancer, developing from a clonal expansion of an initiated cell or from a
benign precursor lesion that undergoes cancerous transformation. The dotted ellipses indicate the
window of opportunity for detecting precursor lesions of preclinical cancers

The correlation between cancer extent and histological features typical of cancer
is in line with the classic paradigm of chronological development of cancer according
to which if nothing opposes a cancerous process, the cancer growth will occur in
successive steps during which molecular abnormalities accumulate and interact,
which leads to increasingly aggressive malignant lesions, with ultimately metastases
released in the lymphatic fluid or in the blood stream. The chronological development
paradigm assumes that a time window exists between the start of the clonal expansion
of a single transformed cell into a tumor and the time the tumor could be spotted by
an early detection method, followed by another time window between the time the
tumor can be detected by an early detection method and the time the tumor becomes
symptomatic or clinically apparent (Fig. 20.1). The latter time window is called the
preclinical detectable period (PCDP) or the sojourn time. The PCDP represents the
window of opportunity during which an early detection method can identify subjects
possibly having the cancer.

Following the chronological development paradigm, the goal of cancer screening
is to reduce the risk of cancer death by detecting cancers when they are not yet
clinically apparent, at a stage they are less life threatening and more curable. An
immediate consequence of this goal is that the ability of a cancer-screening test to
reduce the risk of cancer death is tightly bound to its capacity to prevent the
occurrence of advanced (or late-stage) cancer. So, if screening for a specific cancer
works, then reductions in mortality rates from that cancer should be preceded by
reductions in the incidence rates of patients diagnosed with advanced stage.
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20.2 Two Type of Cancers

From a screening point of view, cancer can be classified in two broad categories. The
first category includes cancers that develop from a known benign precursor lesion.
Treatment (most usually by removal) of the precursor lesion prevents both cancer
occurrence and mortality. In this group of cancers, the most efficient screening consists
in detecting the precursor lesions. Three common cancers fall in this category: cervical
cancer, whose precursor lesion is cervical intraepithelial neoplasia (CIN); colorectal
cancer, whose precursor lesion is an adenomatous polyp (having a size of at least 1 cm);
and oral cancer, whose precursor lesion is leukoplakia. The majority of precursor
lesions do not progress into invasive cancer, but it is their systematic detection and
removal that ultimately impacts on cancer incidence and mortality.

The second category includes cancers for which no real precursor lesion is
known. Screening aims at preventing late-stage cancer and thus tries to detect
invasive cancers when still at an early stage. Breast, thyroid, and prostate cancers;
cutaneous melanoma; and neuroblastoma belong to this second category.

Cancers of the first category can also be screened with methods detecting them
when they are already invasive, but at an early stage of its development, for instance,
the fecal-occult-blood test that detects blood leaks caused by the penetration of
colorectal cancer into the surrounding tissues.

20.3 Published Data on Advanced Cancer Incidence

The data related to cervical, colorectal, breast, and prostate cancer are summarized,
as relevant data from randomized trials, population-based cancer registries, and
mortality were available for these cancers.

20.3.1 Cervical Cancer

Cytology screening of the uterine cervix allows the early detection of invasive cervical
cancer as well as the detection of cervical intraepithelial neoplasia (CIN). The treatment
of early invasive cervical cancer may reduce the incidence of advanced cancer, and
removal of CIN lesions may reduce the incidence of both early and advanced cancer.
Other screening methods exist, like visual inspection, cervicography, and HPV testing.
Cervical cancer screening has been implemented in many countries without prior
evidence from randomized trials that it was actually able to reduce cervical cancer
mortality. Two randomized trials have been conducted in the last decade in India that
evaluated the influence of visual inspection, cytology screening, and HPV testing on
the risk of cervical cancer death (Sankaranarayanan et al. 2007; 2009). A good corre-
lation exists between the reduction in the risk of being diagnosed with an advanced
cervical cancer and the reduction in the risk of cervical cancer death (Fig. 20.2).
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Fig. 20.2 Changes in risks of being diagnosed with an advanced cervical cancer and risks of cervi-
cal cancer death in two randomized trials in India (Sankaranarayanan et al. 2007, 2009; VIA:
visual inspection; HPV: test for detection of HPV)
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Fig. 20.3 Cervical cancer incidence in Iceland (Adapted from Sigurdsson and Sigvaldason,
2006)

In Iceland, a population-based program of cytology screening was introduced in
1969 that rapidly covered 100 % of the female adult population (Lédra et al. 1987). The
Icelandic cancer registry has collected data on cervical cancer by stage from 1964
onward. The incidence of stage 2—4 cancer dropped dramatically in years following
screening introduction (Fig. 20.3). Of note, the fall in stage 1 cancer incidence illus-
trates that the incidence of that cancer has considerably declined in Iceland.
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Fig. 20.4 Trends in mortality from cervical cancer in Nordic countries (Engholm et al. 2010). Full
population coverage with cytology screening was achieved in 1969-1973 in Iceland, Sweden, and
Finland; 7-10 years later in Denmark; and 10—15 years later in Norway (Laéra et al. 1987)

Mortality statistics show that cervical cancer mortality reductions in Nordic
countries from 1965 to 1980 were related to nationwide screening programs from
the 1960s (Fig. 20.4). In countries where screening programs were delayed (Norway
and Denmark), the mortality reductions were also delayed and never reached those
observed in other Nordic countries. Access to surgery and radiotherapy was
comparable between the Nordic countries, and the clear differences in mortality
trends could be attributed to time differences in the implementation of cervical
cancer screening. For years, these data have remained the most compelling evidence
that cytology screening reduces mortality from this cancer IARC 2005).

20.3.2 Colorectal Cancer

Three randomized trials on fecal-occult-blood test (Hardcastle et al. 1996; Kronborg
et al. 1996; Mandel et al. 1999) and one of the randomized trials on sigmoidoscopy
(Segnan et al. 2011) have shown reduced risk of colorectal cancer death associated
with being allocated to the screening group. These trials also showed a correlation
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Fig. 20.5 Changes in risks of being diagnosed with an advanced colorectal cancer and risks of
colorectal cancer death in the three randomized trials on fecal-occult-blood test in Nottingham
(United Kingdom) (Hardcastle et al. 1996), Funen (Denmark) (Kronborg et al. 1996), and Minnesota
(USA) (Mandel et al. 1999) and one trial on sigmoidoscopy in Italy (Segnan et al. 2011)

between reductions in the risk of being diagnosed with an advanced colorectal
cancer and reductions in the risk of colorectal cancer death (Fig. 20.5).

The US Surveillance, Epidemiology, and End Results Program (SEER) data
show sharp declines in advanced as well as in early stage colorectal cancer
(Fig. 20.6), indicating that incidence is also declining. In fact, major contrasts in
colorectal cancer and in screening for that cancer exist between high-income coun-
tries. A plot of changes in colorectal cancer mortality in European and US men >50
(Fig. 20.7) shows marked reductions in mortality that are well correlated with past
exposure to endoscopic examination of the large bowel. Similar reductions and cor-
relations are observed among women >50 (data not shown). Mortality reductions
are also correlated with past exposure to fecal-occult-blood test, but the strength of
the association is not as high (data not shown).

20.3.3 Breast Cancer

A systematic review of breast screening randomized trials using mammography has
shown a one-to-one correlation between the risk of advanced breast cancer and of
breast cancer death (Autier et al. 2009).

Another systematic review found that in areas in Europe, North America, and
Australia where screening was widespread for a long time, no or small decreases in
the incidence of advanced and of very advanced breast cancer were observed
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(Autier et al. 2011a; Esserman et al. 2009). US SEER data showed no decline over
time in advanced breast cancer, even for distant breast cancer (Fig. 20.8). In the
southeast region of the Netherlands where very detailed and complete data existed
on breast cancer characteristics, no decline in the incidence of advanced breast
cancer from 1989 to 2007 was found (Nederend et al. 2012).

In the United Kingdom, cancer registry data of Scotland, Northern Ireland, and
the West Midlands showed no decline of the incidence of advanced breast cancer
after screening introduction in 1989 (Autier et al. 2011a ; Autier and Boniol 2012).

In a study that mimicked the Nordic study on cervical cancer screening (Ladrd
et al. 1987), trends in breast cancer mortality within three pairs of European coun-
tries (the Netherlands and Belgium, Northern Ireland and Ireland, Sweden and
Norway) were examined. In each pair, there was similar prevalence of risk factors
for breast cancer death, access to treatment, and expenditures for health, but by year
1993, nationwide screening was in place in the first country of each pair, while
screening was implemented 10 to 12 years later in the second country of the pair
(Autier et al. 2011b). As shown in for the Sweden-Norway pair (Fig. 20.9), equiva-
lent reductions in breast cancer mortality were observed from 1989 to 2007 in each
country pair. These results agreed with the observation that breast cancer mortality
reductions in high-income countries are unrelated to the temporal introduction of
screening mammography (Autier et al. 2010; Bleyer 2011).

For screening methods other than mammography, one randomized trial in India
that used breast clinical examination (BCE) did not report decreased rates of
advanced cancer in women allocated to the BCE group, suggesting that this method
is not likely to reduce the risk of breast cancer death (Sankaranarayanan et al.
2011).
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Fig. 20.9 Proportions of first invitation to mammography screening of women in eligible age
groups and breast cancer mortality trends in Sweden and Norway

20.3.4 Prostate Cancer

Several randomized trials in Europe and in the USA have evaluated the ability of
screening using measurements of serum prostate-specific antigen (PSA) to decrease
prostate cancer mortality. Meta-analysis of results of these trials does not provide
evidence that PSA screening decreases prostate cancer mortality, while there is evi-
dence of substantial harmful effects associated with that screening (Boyle and
Brawley 2009; Djulbegovic et al. 2010; Miller 2012).

In trials on PSA prostate cancer screening, more than 95 % of cancers were
classified as clinical stage 2 in the US trial (Andriole et al. 2009) which is not infor-
mative. In the European Randomized Study of Screening for Prostate Cancer
(ERSPC), PSA screening was associated with a 20 % reduction in the rate of patients
diagnosed with distant metastases and a 21 % reduction in the risk of prostate can-
cer death (Schroder et al. 2012). However, there was no relationship between rela-
tive risks of death and of advanced cancer (Fig. 20.10) (Autier et al. 2012). This lack
of correlation contrasts with aforementioned results of trials on cervical, colorectal,
and breast screening, suggesting that causes other than PSA screening could be
involved in mortality reductions observed in the ERSPC trial.

In the USA, where PSA screening has been highly prevalent since 1986, the annual
age-adjusted incidence of clinical distant (stage 4) prostate cancers at diagnosis
decreased from 28.1 in 1988 to 12.3 per 100 000 in 2003, representing an average
6.4 % annual decline (Cetin et al. 2010). This downward trend in incidence was
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steeper in stage 4 patients with evidence of distant metastases at diagnosis, from 18.4
in 1988 to 6.7 per 100 000 in 2003, representing an average annual drop of 8.0 %.
There is thus an apparent contradiction between results of randomized trials and
incidence trends of stage 4 prostate cancers in the USA. Of note, most published
data on prostate cancer incidence trends by stage in the USA and in Europe focus
on stage 4 cancers or lump together the “regional” and “distant” cancers. The few
published data providing more details on incidence by clinical stage shed some light
on this contradiction. In the Netherlands, the incidence of organ-confined cancer
steeply increased after introduction of PSA screening in the early 1990s. Downward
trends in stage 4 cancer starting in 1994 were noticeable, but at the same time trends
in stage 3 cancers increased (Fig. 20.11) (Cremers et al. 2010). In Tyrol (Austria),
where a regional screening program with PSA has been in place since 1988 (Bartsch
et al. 2008), decreases in metastatic (M1) cancers after screening introduction were
inversely correlated by an increasing incidence of T3-T4 MO cancers (advanced
cancers with no evidence of metastasis in distant organ at time of diagnosis). These
data suggest that PSA screening allowed the detection of men with a prostate cancer
that was no longer organ confined but that had not yet evolved into a clinical
metastatic cancer (i.e., T3MO0 and T4MO cancers). Radiotherapy or initiation of
hormone deprivation therapy at that moment may have delayed the development of
clinical metastatic cancer. Because of competing causes of death, the “statistical
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Fig. 20.11 Age-standardized incidence rates per 100,000 person-years (European Standard
Population) for prostate cancer in the Netherlands 1989-2006, stratified by clinical stage (Cremers
et al. 2010)

outcome” would have been a drop in deaths attributed to prostate cancer. This time
shift induced by PSA testing of the moment an already advanced prostate cancer is
diagnosed, which allows earlier initiation of radiotherapy or hormone deprivation
treatment, fits well with the observation that in many countries, prostate cancer
mortality started to decrease at the same time PSA screening was introduced
(Bouchardy et al. 2008). The growth of most prostate cancers is believed to be slow,
probably of the order of 10 to 20 years. If PSA screening had succeeded in prevent-
ing progression to stage 4 prostate cancers, thanks to detecting them when at an early
stage (e.g., stage 1), then a significant lag time would have been needed for observing
a change in prostate cancer mortality rates after PSA screening introduction.

20.4 Discussion

For cervical, colorectal, and breast cancer, results of randomized trials are quite
consistent with an impact of screening on the risk of cancer death mediated through
earlier detection of cancer that otherwise would have been more advanced, less
curable, and often life threatening. The correlations between risk of advanced can-
cer and of cancer death are quite convincing given the diversity of designs (e.g.,
cluster randomization, left-to-nature control group) and screening methods used.
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The translation of trial results (efficacy) to general populations (effectiveness) has
been observed for cervical and colorectal cancers, two cancers whose early detec-
tion is essentially based on the identification and removal of precursor lesions.

For breast cancer, the translation of results from trials to general population
screening seems to be weak or absent, and a controversy is still ongoing on whether
general population breast screening is effective or not. The reasons underlying the
discrepancy between randomized trials and general populations may be linked to
the numerous criticisms of the Swedish trials on mammography screening that were
probably not optimally designed (Ggtzsche and Olsen 2000; Twombly 2007).

Prostate cancer-screening trials did not yield results consistent with a benefit
from PSA screening. However, some lines of data suggest that the benefits of screen-
ing may be linked to earlier initiation of radiotherapy or hormone deprivation treat-
ment in men with locally advanced cancer. In any case, the harmful effects of PSA
screening should deter men from participating in such screening (Boyle and Brawley
2009; USPSTF 2011; Heidenreich et al. 2012).

Screening for other cancers without a known precursor lesion (not examined in
this work) seems poorly effective while being harmful, for instance, screening for
neuroblastoma (that has been discontinued), for cutaneous melanoma, for thyroid
cancer, and for stomach cancer.

20.4.1 A Frequent Mistake

The lower proportion of advanced breast cancer or a lower average size of invasive
cancers after introduction of screening is frequently taken as evidence for screening
efficiency. This reasoning is erroneous because the increase of the number of slow-
growing or indolent screen-detected cancers will spuriously lead to reductions in
the proportion of advanced (or of big) cancers, even if actual incidence rates of
advanced cancer did not decrease (IARC 2002).

20.4.2 Advantages of Monitoring the Incidence
of Advanced Cancer

A main advantage of using advanced cancer incidence as the surrogate for screening
effectiveness is its independence from treatments. The availability of effective treat-
ment is steadily increasing for a number of cancers that are or may be subject to
screening, for instance, breast, cervical, and colorectal cancer. Improved treatments
will thus contribute to reductions in cancer mortality. In breast cancer, introduction
of screening in many high-income countries has coincided with greater use and
introduction of effective treatments. It has proven extremely difficult to disentangle
the respective roles of screening and of treatment in the dramatic decreases in breast
cancer mortality that took place in North America and in many European countries
over the last 20 years. Hence, monitoring of incidence of advanced cancer may
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serve as surrogate indicator for cancer mortality that would provide a reliable
indication of the contribution of screening to reductions in cancer mortality.

20.4.3 Limitations of Monitoring the Incidence
of Advanced Cancer

Numerous data have been published on cancer incidence in areas where population-
based cancer registries are established. However, few data on advanced cancer inci-
dence have been published. This paucity stems from a lack of cancer registries
having complete and reliable collection of data on cancer stage.

The assessment of cancer extension can be done clinically or during the histological
examination of tissues removed during biopsy or surgery. The former assessment is
denoted the clinical staging (i.e., the cT stage) and the latter the pathological staging
(i.e., the pT stage). Clinical staging is less accurate than pathology staging. For instance,
large proportions of prostate cancer known to be present because of positive biopsy are
not treated with radical prostatectomy, and thus, no histopathology of the whole gland
is available (the cancer was left untreated or treated by tele- or brachytherapy or by
hormone deprivation therapy). The clinical staging of prostate cancer is prone to errors,
because, for instance, the clinical assessment of extraprostatic extension of cancer (i.e.,
the difference between cT1 and cT2 prostate cancer) is difficult.

Ways by which cancer extension is assessed vary between countries and medical
institutions, depending on the practice of clinicians and histopathologists. In addi-
tion, changes in diagnosis and staging method influence staging, for instance, the
introduction of sentinel node biopsy.

As a consequence of variability in staging, monitoring of advanced cancer incidence
should rest on clinical or histopathological parameters most likely to remain more or less
constant over time. In invasive breast cancer, the most robust parameter is the (largest)
size of the tumor, with the threshold of less than or equal or more than 20 mm being the
delineation between early and advanced cancer. For stabilizing time variations in staging
practice, cancers registered in the US SEER data are classified as “local cancer,”
“regional cancer,” “distant cancer,” or “unstaged cancer” (Shambough et al. 1992).
When cancer classification is mainly clinical and prone to errors (e.g., for prostate can-
cer), the reliability of the “local” and “regional” categories is questionable.

Changes in the prevalence of risk factors for cancer death are likely to affect the
incidence of advanced cancers. However, environmental and lifestyle risk factors
involved in the occurrence of advanced cancer are still largely unknown.

20.5 Conclusions

A growing body of data indicates that cancer screening when precursor lesions
exist is effective, whereas cancer screening when no precursor lesion exists may
be weakly or not effective and entails significant harm (e.g., false-positive tests,
overdiagnosis, and overtreatment). These findings from multiple sources of data
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having different meaning (e.g., randomized trials, monitoring of advanced cancer,
screening prevalence, variability in cancer mortality changes) may inform on the
effectiveness and public health relevance of cancer-screening methods.
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Chapter 21
Using Mathematical Models to Inform Public
Policy for Cancer Prevention and Screening

Natasha K. Stout, Michelle C. Dunn, J. Dik F. Habbema,
David T. Levy, and Eric J. Feuer

21.1 Introduction

Randomized clinical trials and observational studies are the main types of studies
for evaluating the effectiveness of cancer screening and prevention policies. Even
after summarizing all available information from clinical trials and observational
studies, key questions about generalizability may remain as trials and observational
studies typically only include groups with specific characteristics (e.g., age, cancer
risk), under specific conditions (e.g., screening frequency, type of intervention), and
for a limited follow-up time. For example, until recently trials of colon cancer
screening have included strategies only using guaiac-based fecal occult blood testing
(FOBT) at short intervals and have not included other screening tests or longer
intervals. Policymakers are generally interested in a longer sequence of screens than
can be accomplished in a trial (e.g., annual screening from age 50 to 70), with
follow-up over the entire remaining life rather than a fixed period. Mathematical
modeling can address research questions and situations which have not been studied
by these other methods. It is a complementary method that is particularly useful for
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policy design and evaluation. For example, to inform colorectal cancer screening
policies, modeling analyses have examined screening strategies using multiple
screening tests including colonoscopy across a range of screening intervals over the
entire life course.

Modeling can help connect disparate islands of direct evidence, providing a unified
view of all the evidence. By design mathematical models can synthesize information
from multiple studies to estimate multiple outcomes (e.g., cancer detection rates, reduction
in mortality) relevant to policymakers. In doing so, models help fill evidence gaps left
when new data collection is limited by ethical, financial, and/or time constraints. Models
allow policymakers to ask and evaluate a range of questions and hypothetical scenarios
including projections into the future. Further, models may also serve to hypothesis-
generate and provide insight into unknowns about cancer natural history.

The use of models to aid policy evolved in the 1980s from modeling evaluations
of diagnostic tests used to inform clinical decision making at the patient bedside.
An early example in the policy arena extended trial evidence of breast cancer
screening. Since long-term outcomes were not yet available from breast cancer tri-
als, models were used to project potential benefits and risks of screening women in
their 40s—a question that is still policy relevant today (Eddy 1989). This type of
analysis was taken a step further by the MISCAN modeling group, who filled gaps
in observational evidence for cervical cancer screening. They examined questions
regarding the design and implementation of population-wide screening programs
in the Netherlands (Habbema et al. 1984, 1985). The breadth of applications as
well as model complexity has since expanded especially with increasing comput-
ing power.

Modeling has continued to gain prominence in the cancer policy arena to address
a wide range of population-level policy questions about screening and prevention.
Today many policy models exist for most major forms of cancer (Knudsen et al.
2007; Rutter et al. 2011; Stout et al. 2009). Spurring some of the recent growth in
modeling has been the Cancer Intervention and Surveillance Modeling Network
(CISNET) (www.cisnet.cancer.gov) funded by the US National Cancer Institute
(NCI). CISNET is a consortium of modelers currently working in breast, prostate,
colorectal, lung, and esophagus cancers. The group was formed in 2000 to improve
understanding of the population impact of cancer control interventions on incidence,
mortality, and related measures. Unlike many early cancer models, which were
mostly focused on a single application, CISNET models are designed to study a
range of health-care applications across the cancer control spectrum. A defining
feature of CISNET is the comparative modeling approach, where multiple independent
models address central questions in a collaborative fashion using shared inputs and
common output templates. Comparing results across models helps evaluate the
impact of model structure uncertainty on results and conclusions. When results are
consistent across models developed under different assumptions, the robustness of
the results adds credibility in formulating policy decisions; when results differ, the
differences may highlight areas for further study. The collaborative approach is
beneficial for both the modelers, who learn from each other, and the models, which
will improve from the continuous peer review.
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In the following sections, we first provide an overview of the mechanics of
mathematical models and then describe a series of model applications organized by
usage, from prospectively informing programs, guidelines, and policies in Section 3
to retrospectively evaluating programs and practice in Section 4. We have primarily
drawn from our own experiences as modelers and CISNET members and acknowl-
edge that the examples presented here are the tip of the iceberg. The chapter is not
a systematic review, but instead the selected examples are meant to illustrate for
model consumers the depth and breadth of model analyses as well as the current and
potential contributions models can make to cancer policy worldwide. We conclude
the chapter with remarks for readers who consider the use of models for a policy
problem.

21.2 Mechanics of Modeling

Mathematical models, often referred to as computer simulation models, approximate
the process of disease within a population. The natural history from initiation and
growth through clinical detection and survival is typically simulated at an individual
person level. The life courses of many simulated individuals are then aggregated to
create a population. Superimposed are the dynamic processes of prevention, screening,
and treatment.

Because the underlying preclinical biology of cancers is largely unknown, model
builders must make assumptions about the structure of the disease process based on
theories and available, often indirect, evidence. Disease progression may be
modeled through a series of discrete disease states or in a continuous manner. For
example, tumors may be approximated by a mass that grows in size according to a
growth trajectory or by progression through cancer stages such as the progression
from adenoma to carcinoma in colorectal cancer (Fig. 21.1). The disease process is
approximated by discrete health states (boxes) beginning with “no lesion” and
progressing (solid arrows) into adenomas of different sizes through to cancer and
death. Dashed arrows illustrate processes that modify the transitions. For example,
risk factors may modify the development and progression of a lesion while screening
may halt the progression.

In the colorectal cancer example, the benefits of screening in terms of prevention
of cancer and cancer mortality reductions are derived from detection earlier in the
disease pathway. While a simplification of reality, heterogeneity of tumors within a
population can be approximated by a population-level distribution over rates of
progression or growth as well as by varying assumptions about tumor prognosis and
response to treatment. These types of assumptions are what differentiate models
from each other and can lead to differences in model outcomes across models
(Clarke et al. 2006; Cronin et al. 2006). For example, a comparison of three colorectal
cancer models reveals that model assumptions regarding the progression time from
adenoma to carcinoma for colorectal cancer affect model conclusions regarding the
effectiveness of screening tests (Kuntz et al. 2011; van Ballegooijen et al. 2011).
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Fig. 21.1 Example schematic for a mathematical model of colorectal cancer

Assumptions and design choices about disease and the effects of interventions
make modeling an art as much as a science, and models often earn the reputation
as being “black boxes” (Boer et al. 2004). For this reason, evaluation of model
performance is important to establish the credibility of model results to policymakers
and other consumers. A modeler tries to inform the inner workings of the black
box using clinical observations based on the unobserved natural history of the
disease (e.g., autopsy studies, screening studies, population-based cancer registry
data). A first step in this process is the estimation and/or calibration of model
input parameters such that model outputs replicate observed data. Once calibrated,
model outputs are further evaluated against independent data as available. In
addition to evaluating assumptions, the credibility of a model is established by
accounting for the uncertainty that may arise from observed data, model parameters,
and model structure in model outputs and conclusions. These processes are an
ongoing activity for the life of the model. As illustrated in the example from
three colorectal cancer models above, models can be appropriately calibrated
and validated but still produce differing results (Kuntz et al. 2011; van
Ballegooijen et al. 2011).

The audience and the questions of interest help determine the level of detail
included in a model. For policy evaluation, computer experiments are conducted by
comparing model outputs resulting from varying model assumptions about the use
and effectiveness of alternative screening and prevention strategies.
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21.3 Modeling to Aid Policy Design

For the design and implementation of population-based screening and preven-
tion strategies, policymakers need information about short- and long-term
effects on population health as well as resource requirements. When policy
decisions need to be made, especially for new technologies and interventions,
long-term outcomes may not be readily available. Using available evidence,
models can project outcomes necessary for making decisions, as illustrated in
the following examples.

21.3.1 Designing Large-Scale Public Health Programs

Considerations in the design of public health programs may include implementation,
capacity, budgetary limits, as well as issues of equity and equality. Modeling analyses
can be designed to provide policymakers with necessary information to examine
these considerations.

While randomized trials to evaluate the efficacy of cervical cancer screening
programs have only been conducted in developing countries (see chapters by Burton,
Broutet, and Bosch, this volume), inferences that routine screening with the
Papanicolaou test, or “Pap smear,” does reduce cervical cancer mortality have been
drawn from observational data over the past half century (Hakama, this volume).
How to best use the available tests for screening and prevention (e.g., how
frequently to screen, at what ages, and with which tests) has not been directly
answered with trial or observational data. Modeling analyses have been conducted
to address these questions.

For example, in the Netherlands, modeling studies have been used extensively in
the design of their population-wide National Cervical Screening Program funded by
the Ministry of Health. Following a 1970s pilot study of cervical cancer screening
conducted in three regions, a nationwide screening program was introduced in the
mid-1980s (Evaluation Committee on Early Detection of Cervical Cancer 1984;
Habbema et al. 1985). This program covered the screening schedule used in the
pilot regions: seven screenings, starting at age 35 and repeating at three-year intervals
until age 53. At that time, a formal Health Technology Assessment (HTA) was
undertaken, using the MISCAN-cervix model, which synthesized the internationally
available evidence for a detailed effectiveness and cost-effectiveness analysis study.
Conclusions from this study and from later additional modeling studies informed
subsequent changes in the program (van Ballegooijen et al. 1993). First and
foremost, the cost-effectiveness analysis showed that the current age range was too
narrow and that the interval between screens could be lengthened. A few years later,
the minister decided to implement a new schedule of seven screenings with a screening
interval of five years, starting at age 30 and stopping at age 60. This new schedule
was in accordance with the results of the modeling studies (National Health
Insurance Council 1993).
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Despite the guidelines, many women were screened more frequently and at
younger ages. Another important finding from the HTA was that the addition of
these more frequent or “opportunistic” screening exams on top of the recommended
screens was not cost-effective. The Ministry of Health decided that opportunistic
smears would no longer be reimbursed. The number of opportunistic smears in
women younger than age 30 dropped by 75% (Bos et al. 2002; Rebolj et al. 2007).

Other policy decisions based on the HTA results aimed at increasing the uptake
of screening, decreasing the very high proportion of borderline Pap smears requiring
follow-up, better monitoring of women requiring follow-up, and reducing the number
of smears which were repeated because of insufficient quality (National Health
Insurance Council 1993).

With the availability of technologies to detect human papillomaviruses (HPV),
the potential costs of cervical cancer control may escalate unless these technologies
are used in a thoughtful way. As with many similar decisions, the Ministry asked for
the advice of the Health Council of the Netherlands, akin to the US Institute of
Medicine. In 2011, the Health Council released a report recommending that the Pap
smear be replaced by an HPV-DNA test. Informed by two modeling studies that
were commissioned by the council, the recommended number of screening tests in
a woman’s lifetime was reduced from seven when using the Pap smear to five with
the HPV-DNA test at ages 30, 35, 40, 50, and 60. Triage strategies using the Pap
smear to address the lower specificity of the HPV-DNA test were also discussed in
the report (Health Council of the Netherlands 2011). As of early 2012, the Ministry
of Health has yet to implement the recommendations. Modeling studies also
informed an earlier report which advised HPV vaccination of 12-year-old girls
(Health Council of the Netherlands 2008).

Thus the development of cervical cancer policy and practice in the Netherlands,
as implemented by screening guidelines and revisions, followed a cycle of pilot
studies and modeling; implementation of regional, population-based screening
programs; surveillance; and model-based evaluation studies. As a result of these
interactions, the Dutch Health Council asks for modeling studies to inform policy
decisions on an array of health topics increasingly often.

Screening and prevention strategies implemented in high-income countries may
not be feasible in settings with limited resources. Also, resources may not be available
to conduct setting-specific clinical trials or to gather evidence on which to base
policies. In this case, modeling may be the only solution for evaluating policies in a
quantitative and systematic manner. Because policies are tailored to country-specific
population health needs and resource levels, any modeling analysis informing
policy must also be tailored. One example is a modeling analysis examining cervical
cancer screening programs in the low-income countries of India, Kenya, Peru, South
Africa, and Thailand (Goldie et al. 2005). This modeling analysis, done in conjunction
with policymakers and potential funders of the screening programs, considered
country-specific availability and costs of infrastructure and health-care providers, as
well as travel time for women to attend screening and follow-up. Affordability, as
measured by the cost-effectiveness of a screening policy, was tailored to each country’s
gross domestic product and per capita spending. Whereas modeling analyses for
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high-income country settings show that screening at regular intervals using Pap
smears or HPV-DNA testing is affordable, in the resource-limited settings, recom-
mended strategies employed only a few screens using tests which allow for immedi-
ate treatment (such as visual inspection). These strategies have the advantage in
resource-limited settings of not relying on laboratory facilities or requiring multiple
visits by the woman. The modeling framework used in this analysis allowed for
explicit incorporation of relevant site-specific issues such as the locations and
availability of laboratories and care providers.

21.3.2 Guideline Development

Since information needs for guideline development are similar to those for the
design of public health programs, modeling analyses can likewise supplement existing
evidence and illustrate potential benefits and harms across a range of policies under
consideration. Unlike program policymakers who usually also allocate funding for
policies, guideline decision makers usually do not consider cost explicitly, and
therefore, their criteria for decision making may differ as well.

To illustrate, one example is the recent use of modeling by the US Preventive
Services Task Force, a federally appointed group of experts who develop clinical
recommendations for primary care settings. The task force has solicited evidence
from models to help inform their screening and prevention recommendations for
colorectal, breast, and cervical cancers (Kulasingam et al. 2011; Mandelblatt et al.
2009; Zauber et al. 2008). With an awareness of gaps in the current evidence base,
the task force requested specific model analyses to address questions to inform their
deliberations about proposed recommendations. We highlight the example of breast
cancer screening.

In 2007, the US Preventive Services Task Force began the process of updating
their breast cancer screening recommendations. To guide their decision making, the
task force commissioned an extensive literature review focusing on new evidence
regarding screening women in their 40s and older (Nelson et al. 2009). In addition,
the task force solicited observational data on real-world outcomes of screening
mammography in the USA from the NCI-funded Breast Cancer Surveillance
Consortium (BCSC) and modeling evidence from the CISNET Breast Cancer
Working Group.

Guided by the task force, the CISNET Breast Cancer Working Group, comprised
of six independent modeling teams, conducted specific analyses regarding annual
versus biennial screening across a range of starting and stopping ages (Mandelblatt
et al. 2009). The analyses were designed to address in gaps in evidence about screening
intervals and age ranges, questions which could not be fully answered by current
clinical trial data and observational studies. Practical and ethical considerations
limit the feasibility of a new study leaving modeling to fill in the gaps. To reflect the
“real-world” practice, the models used information collected by the BCSC to inform
the performance of mammography.
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The six models each simulated a range of outcomes for 20 screening scenarios to
illustrate trade-offs in benefits and risks. Metrics of benefits included long-term
projections of expected mortality reductions and life years gained for each screening
scenario compared with no screening, while metrics of harms included risk of a
false-positive mammography and biopsy in the short term and risk of overdiagnosis
in the long term. Results across the six models were qualitatively and quantitatively
consistent regarding the magnitude of benefits and risks, and this consistency
provided robustness and credibility to model results. Furthermore, the magnitude of
benefit of mammography at reducing breast cancer mortality in general was consistent
with evidence from randomized controlled trials. When focusing on screening
frequency, models showed that the benefits in terms of mortality reductions were
largely preserved with biennial compared with annual screening. In addition, potential
harms such as the risk of a false-positive test result and biopsy were substantially
reduced. When focusing on the age to begin screening, a key issue for the task force,
model results were dependent on the choice of outcome measure for the benefits.

Considering modeling evidence in conjunction with the systematic review about net
benefits of screening, the task force made several updates in their mammography screen-
ing guidelines (US Preventive Services Task Force 2009). Their recommendations were
for routine biennial screening of women ages 50 through 79 and for women in their 40s;
decisions about routine screening should be a personal one. The latter recommendation
about women ages 40—49 reflected the recognition that while there were mortality
benefits from screening in that age range, there were also not insubstantial harms, and
therefore, a general recommendation for all women may not be appropriate.

These guidelines were publicly announced in the midst of a contentious policy
debate regarding health reform legislation in the USA. In this political context, the
guidelines were interpreted by opponents of the legislation as an example of
government rationing of care. In particular, the perception of health-care rationing
was exacerbated by the initial wording of the specific recommendation for personal
choice rather than routine use of mammography for women 40—49. This became a
touchstone even though prior recommendations from the task force had also encouraged
personal choice for this age group. Although the wording of the recommendation
was subsequently revised, the recommendation of personal choice remained despite
the political objection.

21.3.3 Target and Goal Setting

Modeling has a distinct advantage over other methods for informing the design of
public health targets and goals. By posing unlimited “counterfactual-type” analyses,
models can provide quantitative information about the long-term effects of alternate
ways of achieving public health goals. Further modeling can not only assist in setting
targets and evaluating progress in achieving targets but also in linking upstream
targets (e.g., obesity rates, smoking rates) to downstream targets (e.g., cancer
mortality rates). We illustrate this with two examples from the USA.
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As a method for improving and monitoring public health, each decade the US
Federal Government develops a series of health goals, the “Healthy People” goals
(www.healthypeople.gov). These goals, numbering in the hundreds, range from
setting targets for improving health behaviors to reducing disease burden and
disparities. Each is developed through multiyear processes involving expert
consensus. Recently modeling was used to evaluate the feasibility of achieving the
Healthy People 2010 goals for colorectal cancer prevention (Vogelaar et al. 2006).
A series of analyses with two models of colorectal cancer examined the projected
impacts of achieving the Healthy People goals for eight risk factors, screening use,
and treatment use on colorectal cancer mortality versus continuing on current trends
in these areas. An interactive website was developed as a planning tool for policy-
makers (Www.cisnet.cancer.gov/projections/colorectal/).

Another example of modeling to inform cancer prevention targets is in tobacco con-
trol for the state of Kentucky. Across all metrics, the state of Kentucky ranks among the
worst for tobacco control. Over one quarter of all adults and 15% of youths in the state
of Kentucky are smokers. Disparities are widespread and these rates nearly double for
adults with less than a high school education. Citizens of the state experience some of
the highest lung cancer mortality rates in the United States. The Healthy People 2010
goal was to reduce adult smoking prevalence to 12% (Levy et al. 2005). While Kentucky
has the potential to reduce smoking rates, setting policy in the state is politically chal-
lenging because tobacco production is important to the local economy.

To understand how Kentucky might meet the Healthy People 2010 goal, policy-
makers used the SimSmoke Tobacco Control Policy simulation model (Levy et al.
2008b). The model considers the effect of six different types of tobacco control
policies on smoking prevalence and smoking-attributable deaths: cigarette tax
increases, smoke-free air laws, media campaigns, marketing restrictions, health
warnings, cessation treatment policies, and youth access restrictions. The model can
be used to illustrate the impact of different policies and how multiple policies can
be used in combination to address these issues. Using readily available data on
population, smoking rates, and public policies in Kentucky, modelers in conjunction
with academics, special interests groups, and members of the state health planning
staff tailored the model. Results were validated against the period 1993-2007 and
found to predict well the observed slow decline in smoking rates.

The model showed that tobacco control policies can have a large impact on
smoking rates and save lives in Kentucky. Higher cigarette taxes and smoke-free
air laws each reduced smoking prevalence by about 10% in relative terms. Media
campaigns and cessation treatment policies each reduced smoking prevalence by
more than 5%. To meet the Healthy People 2010 goal of a 12% smoking preva-
lence, states such as Kentucky would have needed to implement a combined set of
the strong tobacco control policies. In Kentucky, with a set of policies suggested
by the Healthy People 2010 goals, smoking prevalence is projected to fall to about
19% by 2011, 26% below the status quo level of 25.5%, and to about 14% by
2026, with over 17,000 smoking-attributable deaths avoided. While some policies
(e.g., higher tax rate) have been implemented, the state is still unfortunately far
from their goals.
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In addition to the state of Kentucky, the SimSmoke model has been applied to
over 30 nations and 5 states. For nations, such as Thailand (Levy et al. 2008a) and
South Korea (Levy et al. 2010), and states, such as Arizona (Levy et al. 2007b) and
California (Levy et al. 2007a), which have had active tobacco control policies, the
model has been used to show the effects of past policies on smoking rates and the
consequent reduction in smoking-attributable deaths. The model has also been used
to project future smoking rates and deaths averted as a result of implementing stronger
policies, such as those required under WHO’s Framework Convention for Tobacco
Control. The basic structure of the model in this example is now being applied to
other cancer risk factors such as alcohol and obesity.

21.3.4 Designing Limited-Scale Programs for Health Promotion

An ongoing modeling analysis initiated by the US Centers for Disease Control and
Prevention (CDC) illustrates the use of modeling for the design of a limited-scale
health promotion program (Personal communication: NT Van Ravesteyn 2012).
The CDC-funded National Breast and Cervical Cancer Early Detection Program
(NBCCEDP) has been providing cancer screening for underserved populations in
the USA since 1991 (http://www.cdc.gov/cancer/nbccedp/about.htm). The program
operates under a fixed budget with a goal of covering the cost of routine breast and
cervical cancer screening for as many eligible underserved women as possible. For
breast cancer screening, the program has been providing routine mammography for
women ages 40 to 65 using plain-film technology. The rapid adoption of digital
mammography in the USA posed a coverage dilemma for the program. Digital
mammography has been shown to perform better than plain-film mammography for
a subset of women with dense breasts but is more costly (Tosteson et al. 2008). Once
complete, the modeling analysis will provide estimates of the number of women
served and the overall health benefit if the CDC program were to cover the use of
digital mammography for screening. By estimating long-term health benefits,
modeling can systematically address these questions in a timely fashion.

21.3.5 Defining Reimbursement Policies

Modeling is well suited to help policymakers such as payers who face budgetary
constraints examine whether a new or emerging technology should be adopted and
covered and at what price or level of reimbursement. When the performance
characteristics of a new technology are not yet known, modeling can be used to
determine a threshold performance level based on existing technologies for which
the new technology may be adopted. On the other hand, when the performance
characteristics of the new technology are known, a modeling analysis can help
determine the particular threshold price at which a new technology is similarly
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affordable as an existing one. For example, this approach was employed by the US
Centers for Medicare and Medicaid (CMS) to inform coverage and reimbursement
policies for three new screening tests for colorectal cancer with known performance
characteristics: computerized tomographic colonography (CTC or ‘“virtual
colonoscopy”), stool-based DNA testing, and the fecal immunochemical test (FIT)
(Zauber et al. 2007, 2009). CMS currently reimburses for the routine use of FOBT,
sigmoidoscopy, and colonoscopy for screening. The modeling analysis found that
the threshold reimbursements for CTC and stool-based DNA testing would need to
be lower than that of colonoscopy and/or of proposed manufacturer prices. Of the
three, only the FIT test was accepted as a covered test by CMS at close to the threshold
reimbursement level suggested by model results. Based on other considerations
about the two tests including the risk of incidental findings seen with CTC imaging
as well as the threshold modeling analysis, CMS concluded that CTC and
stool-based DNA testing not be covered at this time.

21.4 Modeling to Aid Policy Evaluation

Once cancer control programs have been designed, guidelines issued, and reim-
bursement polices set, models can evaluate cancer prevention strategies as used in
real-world settings to ensure that resources are allocated efficiently to improve
population health. For this purpose, models can be designed to examine the policy
impact on the full population over a given time period by incorporating secular
trends in risk factors, prevention activities, screening tests, and treatment patterns,
as needed. By approximating real-world behavior in participation and performance
over time, models with secular trends more accurately capture the true population-
based impact (Dewilde and Anderson 2004). Similar to the target and goal setting
analyses described in Sect. 3.3, model analyses can compare the implemented
policy with “counterfactual” policies and ask questions such as how well did the
policy perform compared with other possible policies and how might the implemented
policy be improved.

21.4.1 Evaluation of Public Health Programs

Models can be used to evaluate population-wide public health programs by examining
efforts to improve program participation and by quantifying the effects of program
modifications such as changing age boundaries, frequency, type of test, or prevention
alternatives. For example, in the Netherlands, a modeling analysis examined whether
to extend the upper age limit of 70 years for their ongoing breast cancer screening
program. Modeling helped fill gaps in evidence, as magnitude of the benefits and
risks of screening in older women is not directly answerable with existing data.
Both the natural history of breast cancer and the efficacy of mammography for
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breast cancer screening in older women have uncertainty, and a new trial to examine
the efficacy in older women is not feasible in part because of the large sample sizes
needed (Boer et al. 1995). To account for this uncertainty, two opposing scenarios
about the benefits of mammography were considered: optimistic and pessimistic.
When quality-of-life effects from overtreatment are accounted for, the benefits are
maintained when screening women in their 80s and 90s under the optimistic
scenario. In contrast, the pessimistic scenario shows declining benefits from screening
past age 80. Considering costs as well as health effects favors ending screening at
age 75. As a result, it was concluded that a limited extension screening women at
older ages was warranted in the Netherlands. However, screening at ages greater
than 75 was not recommended because of the increasingly more unfavorable
balance between health benefits from early detection and the risk of overdiagnosis
and overtreatment of breast cancer that occurs as competing cause mortality
increases with age (Boer et al. 1995).

21.4.2 Evaluation of Clinical Practice

With no organized screening program and with a range of guidelines and insurance
coverage policies on screening, mammography use in the USA is not uniform.
Consequently, evaluation of the downstream effects of screening on incidence and
mortality is difficult. However, in the absence of formal programs, models can be
used to assess progress in real-world cancer control activities as illustrated by the
following examples.

In 2000 a Cochrane meta-analysis of mammography trials indicated that, after
eliminating trials that were considered flawed, the remaining trials showed no
benefit (Gotzsche and Olsen 2000). This finding threw the mammography screening
research community into disarray, as there were unlikely to be new trials of
mammography. However, from 1989 to 2000 US breast cancer mortality fell 24%
for women aged 30 to 79. Since the dissemination of screening mammography and
adjuvant therapies for breast cancer occurred approximately at the same time,
modeling was needed to separate the contributions of each to the mortality decline.
To investigate, an analysis with seven independent models using common inputs on
utilization patterns of mammography and adjuvant therapy was conducted (Berry
et al. 2005). This analysis was one of the first that used multiple models to address
the same research question and control for experimental conditions by sharing key
inputs. All models agreed on three points: both screening and treatment reduced
breast cancer mortality, the observed reduction in breast cancer mortality could not
be attributed to either factor alone, and each contributed about equally to the decline.
Figure 21.2 illustrates the range of results for screening and adjuvant treatment
across the models.

The estimated percent reductions in the breast cancer mortality rate attributable
to screening and adjuvant treatment for each model (designated by letter) illustrate
the range across models as well as the consistency of results. The contour plot indicating
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Fig. 21.2 Results from a comparative modeling analysis with seven models

the joint likelihood of the percent reductions (rings indicate increasing probability
with the peak in the center) illustrates one way to summarize results from multiple
models (Reprint of Fig. 3a, Berry et al. 2005).

The narrower range of the results for treatment compared with mammography
reflects the fact that the underlying evidence regarding treatment efficacy is more
consistent. While typically results based on observational data are validated using
controlled trials, this example used observational data, combined in a novel way
using seven different models, to help confirm mammography benefits when randomized
controlled trial results alone could not settle the debate. These results yielded high
public attention, garnering a front-page article and editorial in the New York Times,
and were discussed in a book on the history of cancer research (Mukherjee 2010).

A subsequent modeling analysis focused on evaluating how screening had been
used in the USA. The analysis compared the health benefits and monetary costs of
actual and alternative mammography screening practices in the USA from 1990 to
2000 (Stout et al. 2006). Because the model used was population-based, this analysis
was able to examine the full budgetary impact of screening policies. The analysis
indicated that past mammography practice had improved the health of the US
population but came at a cost. However, as illustrated in Fig. 21.3, alternative
screening strategies including less frequent screening but increased participation
could have resulted in greater health benefits for a lower overall cost than mam-
mography as it had been actually practiced.

The figure shows model estimates for the costs and health effects of screening
mammography as actually practiced (star), no screening (diamond), and 66
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Fig. 21.3 One example of retrospective policy evaluation

alternative screening strategies (dots). Screening strategies located above and to the
left of the star represent those that lead to better health for similar or lower cost than
the actual use of mammography. The dot labeled “current screening guidelines”
represents the policy of annual screening for ages 40-84 as recommended in the
USA at the time of the analysis. This strategy would lead to the greatest health
effects but is also the most costly (Reprint of Fig. 1, Stout et al. 2006).

Thus as a society, mammography was saving lives, but not in a very efficient
way. When small, yet common, potential harms, such as anxiety associated with
a false-positive mammogram, are included, conclusions drawn from the analysis
may be affected as the overall population health gains are reduced especially
when screening occurs more frequently as had been recommended by the guide-
lines during that time period. This type of modeling approach has also been used
to compare the performance of cervical screening guidelines internationally as
illustrated in Fig. 21.4.

This figure shows model estimates for cervical cancer screening strategies as
practiced by a range of countries. The numbers on the curve refer to the number of
screening in a lifetime for a particular strategy. Similar to the US analysis, this
illustrates both how country-specific guidelines (open boxes with abbreviated
country names) perform in terms of health and cost and how they could be improved
(Reprint of Fig. 3, van den Akker-van Marle et al. 2002).
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21.5 Collaborating with Modelers

Mathematical modeling is increasingly being used to aid the prospective design of
programs and guidelines as well as the retrospective evaluation of existing cancer
control efforts. While not substitutes for data, models can be invaluable tools in the
synthesis of existing evidence and in the extrapolation and projection of multiple
outcomes for multiple policy alternatives. Furthermore, these methods can often be
used in situations where other study methods are infeasible.

Mathematical modeling is, however, only a tool. It can provide up-front information
regarding potential outcomes for a particular policy problem, but models do not
provide answers. For model results to be most relevant for and accepted by clinicians,
health-care leaders, and policymakers requires active collaboration between modelers
and policymakers at all phases of a model analysis. Modeling is a highly interdisci-
plinary field by nature, and direct interaction with policymakers would be welcomed.
To foster such collaboration, we close with a few practical points for policymakers
regarding the modeling process.

As with any study, the design and execution of a model analysis take time.
Because the construction and thorough validation of the models underlying an analysis
also take a considerable amount of time, often working with an established model-
ing team may be more efficient. Approaching modelers early in the development of
policy design or evaluation efforts is key for both modelers and policymakers. The
initial steps for policymakers and modelers in formulating an analysis include
specifying the policy alternatives under consideration, defining the scope of the
study, assessing if structural changes are needed to the model, identifying additional
data to customize the model, and delineating outcomes of interest. The modeling
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process is often iterative as insight into the policy problem may be gained at any
point. An analysis may need to be refined and/or expanded depending on model
results and their interpretation as well as the needs of the policymaker.
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Chapter 22
Role of the Oncologist in Cancer Prevention

William Hryniuk

22.1 Introduction

More than 40% of individuals will develop cancer in their lifetime, and cancer is
now the number one cause of death. Although newer treatments are more effective,
they are also increasingly expensive. Meanwhile, it is becoming evident that
one-third of all cancers can be prevented by application of existing knowledge
(UICC 2010). As a result of these trends, there has been a paradigm shift of emphasis:
from cancer treatment to cancer prevention.

Physicians specializing in the treatment of cancer patients (surgical oncologists,
radiation oncologists, medical oncologists, and hematologists) have been caught up
in this paradigm shift. Their efforts are resulting in steady improvement in cancer
survival as they select the optimal treatment path for each patient from a widening
array of options: new surgical and radiation techniques, an avalanche of new sys-
temic agents, and a rapidly expanding genetic database which is revolutionizing the
approach to targeted therapy —the era of personalized medicine. Following on their
success, oncologists are now being entreated to expand their role to encompass
cancer prevention.
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22.2 Calls for Expanding the Roles of Oncologists
in Cancer Prevention

22.2.1 The “Teachable Moment”

Oncologists’ clinical expertise, research experience, and relationship with their
patients create a unique opportunity to provide advice and guidance toward lifestyle
changes that would reduce cancer recurrence in cancer survivors. During this
“teachable moment,” they might induce greater changes in behavior in their patients
than other health-care providers, particularly during repeated follow-up visits (Ganz
2005). As a demonstration of its commitment to cancer prevention, the American
Society of Clinical Oncology has established a standing Cancer Prevention
Committee and encouraged its membership to take a leadership role in risk assess-
ment and cancer prevention in cancer survivors by integrating these aspects into
clinical practice (Zon et al. 2008).

22.2.2  Survivors “Lost in Transition”

Oncologists are also being confronted by the findings of the Institute of Medicine’s
(IOM) landmark study, “Lost in Transition” (Institute of Medicine 2005). The results
highlighted the plight of cancer patients who, having completed initial treatment, are
still left with a range of significant residual problems related not only to the risk of
cancer recurrence but also to the need for rehabilitation. Thus, the IOM emphasized
the need for better coordination between specialists and primary care providers to
prevent recurrence of cancer (including second primaries) and provide increased
surveillance for earlier detection as well as to:

* Assess medical and psychosocial late effects

e Intervene in the consequences of cancer and its treatment including medical
problems such as lymphedema and sexual dysfunction

* Reduce symptoms, including pain and fatigue

* Address psychological distress in cancer survivors and their caregivers

* Advise on concerns related to employment, insurance, and disability

22.2.3 Treatment-Induced Second Primaries

Because of more effective treatments, cancer survivors are living longer. However,
they are also developing second primaries at other sites. The increasing emergence
of second primaries is of considerable concern since they are caused, at least in part,
by treatment of the initial cancer. Such malignancies comprise up to 16% of all
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cancers (Travis et al. 2006) and are a particular problem among survivors of pediatric
cancers (Meadows et al. 2009). Specific examples include:

e Breast cancer in young women treated with radiotherapy for Hodgkin’s disease
(Bhatia et al. 1996)

e Uterine corpus cancer in women treated with tamoxifen for breast cancer
(Bernstein et al. 1999)

e Leukemia in women treated with platinum compounds for ovarian cancer (Travis
et al. 1999)

e Leukemia in women receiving dose-intensive chemotherapy for breast cancer
(Levine et al. 1998)

e Skin cancer in patients receiving the anti-melanoma drug vemurafenib
(Weeraratna 2012)

In addition, a variety of malignancies can occur in:

e Patients treated with radiation for testicular cancer (Travis et al. 2005), cervical
cancer (Behtash et al. 2002), and prostate cancer (Brenner et al. 2000)

*  Women treated for papillary thyroid cancer (Canchola et al. 2006)

* Patients treated for myeloma (Thomas et al. 2012)

e Patients treated for chronic lymphocytic leukemia (Royle et al. 2011)

22.3 Definition(s) of Cancer Prevention

Before suggesting how oncologists’ practice could be redirected toward cancer
prevention, it is necessary to first define the term. Surprisingly, there seems to be no
agreement among oncologists about exactly what is meant by cancer prevention.
The European Society of Medical Oncology (ESMO) has taken the position that
cancer prevention is “The reduction of cancer mortality via reduction in the
incidence of cancer achieved by lifestyle or dietary modifications, identifying the
individuals with genetic predisposition and screening them and by chemoprevention”
(Baselga and Senn 2008).

Expanding on this definition, ESMO recognized the traditional three levels of
cancer prevention:

Primary prevention: reduction in incidence by controlling or avoiding exposure to
risk factors or by increasing an individuals’ resistance to these factors by immu-
nization or chemoprevention

Secondary prevention: detection of cancer at an early stage by screening when treat-
ment is more effective, leading to a higher rate of cure and a reduced frequency
of more serious consequences of disease

Tertiary prevention: prevention of locoregional relapse and/or metastatic disease
after primary (initial) treatment by surgery or radiation

On the other hand, the American Society of Clinical Oncology (ASCO)
Committee on Cancer Prevention has adopted a somewhat different definition:
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“A reduction in the risk of developing clinically evident cancer, whether first or
second primary cancer, or of developing intraepithelial neoplasia (IEN), a frequent
cancer precursor” (Lippman et al. 2004).

The ASCO committee declined to further subclassify prevention into the three
traditional levels recognized by ESMO.

22.4 Need for Rehabilitation

The situation is further complicated by the fact that when the term “fertiary prevention”
is applied to diseases other than cancer, the definition has been focused on rehabili-
tation as “Methods to reduce the negative impact of extent of disease by restoring
function and reducing disease related complications” (Wikipedia 2012). While
rehabilitation of cancer survivors has attracted considerable attention, including that
of the IOM, it has not been included in cancer agencies’ definitions of tertiary can-
cer prevention but there are exceptions (Alberts and Hess 2008).

In this chapter, we address the issues facing oncologists, describe the roles they
presently play in cancer prevention, suggest possible additional roles, and propose
how they might be engaged more fully in a practical manner. For discussion pur-
poses, the chapter is organized around the ESMO definition of cancer prevention
(Baselga and Senn 2008).

22.5 Present Roles of Oncologists in Cancer Prevention

22.5.1 Primary and Secondary Prevention

22.5.1.1 Societal (Public) Roles

Practicing oncologists are engaged as volunteers advocating for cancer prevention in
the public arena. They contribute to and participate in awareness campaigns, serve as
members in community partnerships, and work with coalitions to advance tobacco
control, espouse healthy eating and exercise habits, and counsel avoidance of exposure
to excess sunlight and occupational and environmental carcinogens. However, their
efforts have been limited, are largely one-off, and remain unorganized.

22.5.1.2 Professional (Medical) Roles
Oncologists also engage in primary and secondary prevention as part of their
professional duties such as:

e Surgery to remove organs and tissues at high risk of developing cancer
(Bertagnolli 2005)
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Radiation to ablate ovarian function in patients unsuitable for surgery
Participation in clinical trials testing alternative methods of cancer treatments
which might result in fewer secondary malignancies (Meyer et al. 2012)
Participation in clinical trials testing the effectiveness of chemoprevention agents
in high-risk individuals (Zon et al. 2008)

Service on committees overseeing screening programs

Encouragement of patients with genetically transmitted risk for cancer to encour-
age first-degree relatives to undergo genetic counseling (Guillem et al. 2006;
Garber and Offit 2005)

Encouragement of patients and their families to adopt healthy lifestyles

22.5.2 Tertiary Prevention

Oncologists efforts are also directed at preventing locoregional relapse and/or meta-
static disease by:

Radiating tissue beds and node-bearing areas after surgery to reduce local
recurrence

Administering adjuvant systemic therapy to eliminate distant micrometastases
after surgical or radiation removal/ablation has eradicated the primary cancer
Designing and conducting clinical trials testing local and systemic adjuvant
treatments

22.6 Possible Additional Roles of Oncologists in Cancer

Prevention

22.6.1 Primary and Secondary Prevention

22.6.1.1 Societal (Public) Roles

Oncologists’ efforts could have a greater impact if they focused on targeted areas:

Greater participation in public campaigns advocating prevention and screening
Lobbying governments to introduce policies which foster cancer prevention
Encouraging granting agencies to increase funds for cancer prevention research
Lobbying for improved reimbursement for cancer prevention by oncologists

However, to maximize their impact on the public at large, it will be necessary for

oncologists’ professional societies and cancer agencies to include cancer prevention
as a priority, provide resources to support activities in the targeted areas, and deputize
representatives to liaise with volunteer cancer groups in combining efforts to achieve
the stated goals.
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22.6.1.2 Professional Roles

Based on their special medical and research expertise, oncologists could, with
relatively little effort and time expenditure, contribute to primary and secondary
cancer prevention simply by providing advice in four important areas which have
been relatively neglected:

* Identification of high-risk individuals using presently available screening tools
(New NCI Risk Website, Harvard School of Public Health!, Central Pennsylvania
Medical Oncology Group, Mayo Clinic?)

e Design of trials to alter lifestyle in high-risk individuals

* Encouragement and support of primary care physicians in the administration of
chemoprevention agents to high-risk individuals (Zon et al. 2008)

* Education of students and trainees about the importance of cancer prevention

Although these activities would incur opportunity costs to oncologists (time and
effort deflected from their primary mission of treating cancer), large returns might
accrue for minimal effort. One area of cancer prevention that oncologists can hardly
avoid is prevention of recurrence in cancer survivors.

22.6.2 Prevention of Cancer Recurrence in Cancer Survivors

The American Cancer Society has adopted the premise that risk factors which
lead to development of the initial cancer are probably the same as those predis-
posing to its recurrence or the development of a second primary. The society has
therefore recommended that reduction of risk factors in cancer survivors should
be a priority (Doyle et al. 2006). As noted earlier, the IOM has also placed a top
priority on the prevention of recurrent and new cancers among cancer survivors.
Since oncologists have a unique opportunity to alter the behavior of their patients
through the “teachable moment™ and since the treatments they administer can lead
to development of second primaries, the largest contribution they might make to
cancer prevention, in addition to testing less carcinogenic therapies, would be to
counsel their own patients on how to reduce risk through behavioral change
(Straus 2012).

Such counseling would require identification of risk factors unique to each
patient through administration of detailed questionnaires (including the Gail
model for survivors whose primary cancer was other than breast) (Chen et al.
2006), followed by appropriate advice based on questionnaire results (Demark-
Wahnefried et al. 2006).

Specific areas in which behavioral changes could make a difference include:

* Cessation of smoking in patients with head and neck cancer (Chen et al. 2011)
* Top of Form

'http://www.yourdiseaserisk.harvard.edu
2http://www.mayoclinic.com/health/cancer-prevention/CA00024
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* Lowering dietary fat in ER-negative breast cancer survivors (Chlebowski et al.
2006)

e Dietary change in colon cancer survivors (Meyerhardt et al. 2007; Zell et al.
2007)

* Weight reduction in obese breast cancer survivors (Djuric et al. 2002; Ewertz et al.
2011) after screening for mood disorders (Djuric et al. 2002; Jenkins et al. 2003)

* Increasing physical activity in all survivors (Knols et al 2005; Meyerhardt et al.
2006a; Meyerhardt et al. 2006b; Zell 2011)

* Reducing alcohol consumption in breast cancer survivors (Kwan et al. 2010)

* Psychological interventions in breast cancer survivors (Andersen et al. 2008)

As well, oncologists could ensure their patients enroll in screening schedules to
detect second primaries and encourage them to accept chemoprevention agents
when appropriate.

22.7 Barriers to an Expanded Role for Oncologists

Oncologists have not been quick to respond to calls for involvement in additional
activities related to cancer prevention (Chlebowski et al. 1992; Ganz et al. 2006).
Their reluctance is understandable not only because of the opportunity costs but
also because of significant barriers to dispersion of their efforts.

A major barrier has been oncologists’ discomfort with becoming involved in
areas in which they lack expertise. Forty-three percent of respondents in the 2004
ASCO survey said they needed more information on what was involved in cancer
prevention (Ganz et al. 2006). To address this gap, ASCO has developed a range of
educational offerings. One of the first was the ASCO Curriculum: Cancer Genetics
& Genetic Susceptibility Testing, which set forth a policy for genetic testing for
cancer susceptibility (Zon et al 2008). As well, the Cancer Prevention Track has
been initiated at the ASCO Annual Meeting. It remains to be seen if these resources
will increase oncologists’ involvement in cancer prevention.

Another barrier is lack of sufficient reimbursement for prevention activities. In the
2004 survey of ASCO members, 65% of respondents pinpointed this deficiency (Ganz
et al. 2006). Reimbursement schedules in the USA for counseling services have since
been improved [(a) Centers for Medicare and Medicaid Services, Zon et al 2006].
Again, it remains to be seen if improved reimbursement will significantly increase
oncologists’” involvement in cancer prevention since few claims for these services
were reported initially [(b) Centers for Medicare and Medicaid Services claims data].

Lack of role clarity is a significant barrier. Screening and prevention for average
risk individuals are usually provided by primary care providers (see Katz, this
volume). While the oncologist might provide prevention services to cancer survivors
at increased risk for second cancers (ASCO Policy Statement 2009), experience has
shown that maximum benefit of preventive care is achieved when follow-up is
provided by a medical oncologist working in close collaboration with a primary
care provider (Earle et al. 2003; Earle and Neville 2004). And therein lies the problem:
the discontinuity of care provided to cancer survivors.
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22.8 Prerequisites for Expanding Oncologists’ Role
in Cancer Prevention

Greater involvement by oncologists in cancer prevention would require them to
assume a leadership role in overcoming barriers to collaboration and coordination
with primary care providers. The roles of the two groups have to be specified, lines
of communication arranged, and steps taken to enable the respective parties to carry
out their roles. The barriers to achieving these ends and the methods for overcoming
them have been well summarized in a report prepared for the Canadian Association of
Provincial Cancer Agencies “Supporting the Role of Primary Care in Cancer Follow-up”
(Chomik 2010). There was general agreement not only on the need for precise descrip-
tion of roles and for tools to stay connected with each other but also for:

* Provision of widely accepted prevention and screening guidelines

* Further education and training

* Access to resources

* Assurance that patients would remain satisfied with greater primary care provider
involvement

* Adequate compensation for both groups

These steps are necessary but not sufficient. An additional step is active engagement
of oncologists with specialists of other disciplines who can identify proven strategies
for effecting behavioral change (Earle et al. 2003; Earle and Neville 2004).

Notwithstanding the importance of the many opportunities presented to
oncologists for greater involvement in cancer prevention, given the obstacles to
achieving this end, it remains to determine in practical terms how they could
contribute while still attending to their primary duty of providing optimal treatment.
Addressing these barriers in a practical manner could be effected by taking
advantage of the proposal by the Institute of Medicine: produce a “survivorship
care plan.”

22.9 The Survivorship Care Plan (SCP)

To meet the objectives outlined in their report, the IOM described a survivorship
care plan (SCP) which would be prepared for each cancer patient upon completion
of initial therapy. Such an SCP would cover:

» Cancer type, treatments received, and their potential consequences

* The timing and content of recommended follow-up

* Recommendations regarding preventive practices and how to maintain health
and well-being

* Information on legal protections regarding employment and access to health
insurance

e Availability of psychosocial services in the community
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Following these lines, there has been considerable interest in developing an SCP
(Ganz and Hahn 2008; Horning 2008; Lewis et al. 2009; Faul et al. 2010; Salz et al.
2012) which would:

e Detail the patient’s cancer and treatment history (Gilbert et al. 2008; Miller 2008;
Ristovski-Slijepcevic 2008)

* Be organized around a set of widely known clinical practice guidelines (Earle
2006; Gilbert et al. 2008)

 Identify health priorities including psychosocial concerns and lifestyle practices
(Earle 2006; Gilbert et al. 2008; Ristovski- Slijepcevic 2008)

e Address employment, insurance, and economic issues (Earle 2006)

 Identify which providers will be responsible for which roles (Earle 2006; Gilbert
et al. 2008)

* Specify recommended tests and their frequency to monitor for recurrence, second
malignancies, ongoing toxicities, and late effects (Faul et al. 2010)

* Provide contact information for each specialist (Miller 2008)

* Be modified according to concerns and needs of the individual patient

e Be shared among the patient, the primary care provider, and members of the
patient’s support network (Gilbert et al. 2008; Miller 2008)

22.9.1 Results from a Randomized Trial Testing the Effectiveness
of an SCP

Not surprisingly, in the present era of evidence-based medicine, one version of an
SCP has already been studied in a randomized trial to determine if it could improve
outcomes compared to usual practice of having the oncologist send a discharge letter
to the primary care provider (Grunfeld et al. 2011). The specific objectives were to
assess whether the SCP could better reduce patients’ perceived level of psychological
distress, improve health-related quality of life, produce more satisfaction, and
improve continuity/coordination of care. The test SCP was generated after receiving
input from the oncologist, the primary care provider, and patients. It included a
personalized summary of treatment, follow-up guidelines, and a kit describing
supportive care resources. The SCP was transmitted to the patient by an oncology
nurse during a 30-min educational session. Surprisingly, the results of the trial
showed no differences in any of the outcome measures between the SCP and the
oncologist’s discharge letter.

However, closer examination of the trial revealed it was restricted to only breast
cancer survivors and 36% of candidates offered the study declined to participate.
It also did not address the main objectives of a primary care provider as envisaged by
the IOM: There were no patient-specific recommendations for healthy living to
prevent cancer recurrence or second primaries, no recommendations for early detection
and prevention of the late consequences of the cancer or its treatment, nor any
recommendations addressing concerns related to employment, insurance, or
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disability. Thus, the results cannot yet be taken as evidence negating the possible
utility of an SCP as recommended by the IOM. As one observer put it, “The study
will not be believed by unshakeable SCP fans” (Smith and Snyder 2011).
Notwithstanding the negative results, they do emphasize the importance of subjecting
the concept of an SCP to rigorous scientific study. Thus, it still remains to determine
if an SCP would achieve the objectives originally laid out by the [OM.

22.9.2 The SCP as an Instrument for Involving Oncologists
in Cancer Prevention

On the assumption that testing the effectiveness of an SCP as suggested by the [OM
continues to be worthwhile, a trial of its utility could also serve as a means of engag-
ing oncologists in cancer prevention. To do so would require, in addition to meeting
the requirements for rehabilitation specified in the IOM report, two additional steps
in the preparation of a test SCP: First, a detailed profile would be required of each
patient’s lifestyle and behavior in order to identify risky behaviors and indicate
where corrective measures were best applied. Several comprehensive self-adminis-
tered risk-assessment questionnaires referred to earlier could be used for this pur-
pose. Secondly, appropriate corrective measures could be tailored to each patient
based on questionnaire results and integrated into the test SCP.

22.9.3 SCP Generated by a Discharge Conference

The corrective measures required to reduce the risk of cancer recurrence in the indi-
vidual case could be based on practical advice generated at a “discharge confer-
ence.” The discharge conference would be led by the treating oncologist and attended
by a panel of experts including nutritionists, physiotherapists, behavioral scientists,
geneticists, social workers, and nurses. The oncologist would present to the panel
the survivor’s case history, indicate the immediate and possible late complications
of therapy, estimate chances of recurrence of the original cancer and of a new
primary, and provide results of the risk-assessment questionnaire. Panel members,
focusing their expertise on the case at hand, would discuss and define the most
effective and practical ways to reduce the risk factors identified by the question-
naire. These recommendations would be added to the SCP along with the other
elements required by the [OM.

Such a multidisciplinary “discharge conference” would be analogous to the
site-specific multidisciplinary “treatment conferences” now routinely held in which
various subspecialty oncologists gather together and formulate a customized
treatment plan for each patient admitted to the cancer center.

Organization of the analogous discharge conference would not only result in speci-
fying risk reduction maneuvers tailored to the individual case; it would also engage
oncologists at the point where they had the most interest: improving their patient’s
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well-being. By presiding at the discharge conferences, oncologists would also learn
about current concepts and methods for preventing cancer. With a better knowledge
base and improved understanding, they might be motivated to take up challenges in the
broader areas of cancer prevention. As a corollary, the other participating profession-
als, by becoming familiar with the details of cases presented by the oncologist, would
get a better grasp of the individual variations encountered in practice.

22.9.4 SCP Generated by the Oncology Team

An alternative approach to the multidisciplinary discharge conference would be to
have the SCP prepared by the original treatment team of oncology physician and
oncology nurse. The nurse or her designate could administer and interpret the risk-
assessment questionnaire, and the team would then identify interventions and advise
on practical means for implementing them. The team would also formulate the other
elements of the SCP, transmit them to the patient, and ensure the completed SCP was
copied to all care providers (Miller 2008). Responsibility for this process would have
to be accepted by the treatment team. It would require them to acquire more detailed
knowledge of cancer prevention, knowledge which is not in their lexicon. It would
also incur opportunity costs, diverting attention away from their primary role. While
this approach for producing the SCP might be more economical of aggregate profes-
sional time compared to a discharge conference, by not engaging the combined exper-
tise of more specialized disciplines, it probably would not produce equivalent results.
It would, however, be more akin to “usual practice.”

22.10 Importance of Evaluation of the Utility of the SCP

Either model for generating the SCP, discharge conference or oncology team approach,
should be subjected to careful evaluation. To that end, advantage could be taken of a
time-honored and integral component of oncologists’ professional activity: personal
involvement in clinical research. Outcomes from an SCP should be compared with usual
practice or alternative models to evaluate its effectiveness in meeting the objectives
specified by the IOM. If utility of the SCP were proven, oncologists would be more
inclined to become involved in cancer prevention as part of their routine practice.

22.11 Conclusion

As oncologists have steadily improved their treatment of cancer, their success has
evoked calls for them to become more involved with cancer prevention and rehabilita-
tion. Although they have not been in the habit of thinking of themselves as a hub for
cancer prevention, their concern for keeping patients staying cancer-free should be
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preeminent. To quote a past president of the American Society of Oncology, Dr George
Sledge: “if we do not address causation, who will? and how?” (Sledge 2012).

ASCO has formed a Cancer Survivorship Committee which held its first meeting
in 2011 and developed goals for the year as a necessary first step in the process. But
it will take more than a committee to recruit oncologists into an active role in cancer
prevention and more than oncologists to prevent cancer in survivors. The answer to
“who will?” may require a variety of other disciplines. The answer to “how?” could
be, by moving behind the stalking horse of clinical research, to entice oncologists to
become involved in tests of the effectiveness of an SCP compared to “usual
practice.”
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Chapter 23
Integrating Prevention and Screening for Lung
Cancer into Clinical Practice

William Hocking

23.1 Introduction

Cancer is responsible for approximately 25% of deaths annually in the United
States. In 2011, it is estimated that lung cancer will account for 14% of new cancer
diagnoses and 27% of cancer deaths, approximately 157,000 in the USA. Lung
cancer is the leading cause of cancer mortality among men and women in the USA,
resulting in as many deaths as breast, prostate, colorectal, and pancreatic cancers
combined (Siegel et al. 2011). Trends in lung cancer incidence follow tobacco
smoking trends. In the USA, smoking prevalence peaked at about 42% in the 1960s
and by 2010 declined to approximately 19% (Centers for Disease Control and
Prevention 2011a). Smoking rates by state are shown in Fig. 23.1.

Among women, this pattern lags about 10 years behind men. Lung cancer incidence
began declining in the early 1980s, mortality rates began to decline in the 1990s for men,
and these trends have continued (Siegel et al. 2011). In women, lung cancer incidence
and mortality rates are just beginning to plateau (Siegel et al. 2011), and for the first time
there has been a decline in both for the 2003-2007 interval (Kohler et al. 2011).

Globally, lung cancer is the leading cancer, with an estimated 1.6 million cases
(13%) and 1.4 million deaths (18%) in 2008 (Jemal et al. 2011). Worldwide, lung
cancer is the most common cancer and leading cause of cancer mortality in men,
whereas among women it is the fourth most common cancer and second most com-
mon cause of cancer death. While lung cancer incidence and mortality generally
track with tobacco smoking prevalence, an aberration occurs in China where there
is a low frequency of tobacco use in women but a high burden of lung cancer that is
probably related to indoor air pollution from cooking stoves.
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Fig. 23.1 Percentage of current cigarette smokers aged >18 years by state. Behavioral Risk Factor
Surveillance System, United States, 2009 (Centers for Disease Control and Prevention 2010a)

Despite the strong association with tobacco use, globally about 15% of lung can-
cers among men and an estimated 50% among women (25% overall) are not associ-
ated with smoking. This places lung cancer among never-smokers as the seventh to
eighth most common cause of cancer mortality worldwide (Jemal et al. 2011; Sun
et al. 2007). Lung cancer incidence among never-smokers is higher in women than
men (Wakelee et al. 2007). Lung cancer in never-smokers also exhibits other differ-
ences from cancer in smokers, including epidemiologic, biologic, histologic, and
clinical features, as well as response to therapeutic agents (Wakelee et al. 2007; Toh
et al. 2006). Furthermore, only 10-15% of smokers will develop lung cancer. Other
factors, including individual susceptibility and other environmental exposures, are also
important in determining the risk for lung cancer (Thun et al. 2002).

Lung cancer occurs more commonly in people of lower socioeconomic status,
probably due to associations with lung cancer risk factors such as smoking, diet,
occupation, and exposure to carcinogens (Alberg et al. 2005; Siegel et al. 2011).
Lung cancer incidence and mortality are higher in African-American men than
white men (Siegel et al. 2011).

23.2 Clinical Aspec ts of Lung Cancer

Lung cancer diagnosed at an early stage has a 5-year survival as high as 60-70%
(Ginsberg and Rubinstein 1995; Goldstraw et al. 2007; Naruke et al. 1988) and
perhaps as high as 85% when an asymptomatic lung cancer is diagnosed



23 Integrating Prevention and Screening for Lung Cancer into Clinical Practice 351

radiographically (International Early Lung Cancer Action Program Investigators
2006) and is amenable to surgical resection. However, lung cancer is usually diag-
nosed in a patient who presents with symptoms that reflect more advanced disease,
and only about 15% of lung cancers are early stage at diagnosis (Siegel et al. 2011).
While treatment for more advanced stages of lung cancer has recently improved,
overall 5-year survival for lung cancer is about 16%.

As aresult of these dismal outcomes for clinically diagnosed lung cancer, attention
has focused on prevention and early detection through screening. The remainder of this
chapter will review the evidence supporting these approaches to reducing the burden of
lung cancer and discuss how these data may be applied in current clinical practice.

23.3 Overview of Lung Cancer Epidemiology

Developing effective prevention and early detection or screening strategies requires
an understanding of the etiologic factors in lung cancer. Exposure to tobacco smoke
is the major environmental risk factor for lung cancer, dwarfing the impact of other
exposures. Nevertheless, there are other environmental exposures that also play a
role in lung carcinogenesis and are important to consider in prevention strategies.

23.3.1 Tobacco

Exposure to tobacco smoke is the dominant cause for lung cancer and is estimated
to be responsible for about 85-90% of lung cancers in the USA. Continuous smokers
have a 20-fold increased risk compared to never-smokers. Risk is related to age,
dose (number of cigarettes per day), and most strikingly to duration of smoking
(Doll and Peto 1978). In the United States, adult smoking rates have gradually
declined from a peak of 42% in 1965 to 19% in 2010 (Centers for Disease Control
and Prevention 2011a), and approximately 25% of the population are former smokers
(Centers for Disease Control and Prevention 2011b). Among women, the smoking
rate has declined from about 34% in the 1960s to 17% in 2010, while in men the
most recent smoking rate was 21.5% (Centers for Disease Control and Prevention
2011a). Globally there is a wide variation in smoking rates by country, ranging from
6% to 40% (Naurath and Jones 2007). Although lung cancer risk declines after
smoking cessation, it does not return to the baseline risk of a never-smoker, and
former smokers remain at an elevated lifelong risk for development of lung cancer
(Doll et al. 2004; Crispo et al. 2004; Ebbert et al. 2003).

In addition to the direct impact of tobacco smoking, exposure to secondhand
smoke (environmental tobacco smoke) is an important risk factor for lung cancer.
Secondhand smoke has been designated a human carcinogen. In 1988-1989,
secondhand smoke exposure in the USA was documented using the biomarker
cotinine in 88% of nonsmokers (Pirkle et al. 2006). In 2007-2008, this level declined
to 40.1% (Centers for Disease Control and Prevention 2010b), a substantial
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improvement related to efforts to increase smoke-free indoor air environments at
work and home. However, a substantial minority of the US population remains at
risk due to this exposure (Centers for Disease Control and Prevention 2010b).

23.3.2 Radon

Radon-222 is a gas formed by decay of uranium-238 that is found in the soil and
rocks of the earth’s crust. Radon was first recognized as a lung carcinogen among
metal miners, and the risk of lung cancer correlates with exposure dose.
Carcinogenesis is thought to be related to release of alpha particles by various decay
progeny, resulting in direct DNA damage, as well as oxidative damage produced by
reactive oxygen species (Alavanja 2002; Darby et al. 2001). Radon exposure in the
general population occurs by the gas penetrating house foundations through cracks
or other openings. For each 100 Becquerels (Bq) /m? (a measure of alpha disintegrations)
increase in radon exposure, there is an estimated excess relative risk of lung cancer
ranging from 8% to 21% in Europe and North America (Krewski et al. 2005; Turner
et al. 2011). About 4-6% of US homes exceed the Environmental Protection
Agency’s level for mitigation of radon (148 Bg/m?) (Lubin 2010). It has been
estimated that radon may be responsible for 10-14% of the total lung cancer bur-
den, making it the second leading cause of lung cancer.

23.3.3 Other Environmental Exposures

Air pollution (Pope et al. 2002; Turner et al. 2011) and exposure to asbestos, silica,
arsenic, and other heavy metals (Steenland et al. 1996; Neuberger and Field 2003)
are also associated with an increase in lung cancer risk. Household air pollution
from indoor cook stoves is associated with lung cancer, particularly among women
in developing countries (Zhang and Smith 2007).

The relationship of postmenopausal hormone replacement therapy (HRT) among
women to lung cancer risk has been controversial, but there is some evidence that
prolonged HRT may increase the risk of lung cancer (Baik et al. 2010; Slatore et al.
2010; Smith et al. 2009) and other evidence suggesting a protective effect (Rodriguez
et al. 2008). There is also some evidence that HRT may have a negative impact on
prognosis of lung cancer (Chlebowski et al. 2009).

23.3.4 Diet

The role of diet in lung cancer risk remains controversial. Theoretically, diets high
in antioxidants might reduce oxidative damage to DNA caused by carcinogens
contained in tobacco smoke. A number of large cohort studies have investigated



23 Integrating Prevention and Screening for Lung Cancer into Clinical Practice 353

the effects of various dietary constituents and lung cancer risk. There is evidence
that diets high in consumption of red meat increase lung cancer risk (Lam et al.
2009a). Diets high in cruciferous vegetables are weakly associated with decreased
risk of lung cancer (Lam et al. 2009b). High dietary fruit intake is associated with
reduced lung cancer risk (Miller et al. 2004) as were vegetables in an update of that
analysis (Linseisen et al. 2007). Diets high in B-cryptoxanthin, a carotenoid found
in oranges, are associated with reduced lung cancer risk (Ménnisté et al. 2004). An
analysis of dietary habits and lung cancer risk in the Nurses’ Health Study and
Health Professionals Follow-up Study demonstrated that higher fruit and veg-
etable consumption was associated with lower lung cancer risk in women but not
men, although among never-smokers, both men and women were protected
(Feskanich et al. 2000). In the National Institutes of Health-American Association
for Retired People (NIH-AARP) diet and health study, total fruit and vegetable intake
was unrelated to lung cancer risk, but high intake of certain specific groups of fruits
and vegetables was associated with decreased lung cancer risk (Wright et al.
2008).

Serum levels of vitamin B6 and methionine correlate inversely with lung cancer
risk, with a risk reduction in excess of 50% for participants with elevated levels of
these nutrients in the European Prospective Investigation into Cancer and Nutrition
(EPIC) cohort (Johansson et al. 2010). Isoflavones, phytoestrogens with weak
estrogenic activity contained in soy products and chickpeas, have been associated
with reduced lung cancer incidence. Studies of isoflavone dietary intake and plasma
levels have shown an inverse relationship between isoflavones and lung cancer
(Shielsetal.2011; Yangetal. 2011). High levels of alcohol consumption, specifically
liquor and beer, may be associated with increased lung cancer risk in smokers (Korte
et al. 2002; Chao 2007), but in nonsmokers, alcohol does not appear to be a risk
factor (Thun et al. 2009). Red wine consumption is associated with a protective
effect (Chao et al. 2008).

23.4 Host Factors and Lung Cancer

23.4.1 Family History and Genetics

A family history of lung cancer among first-degree relatives is associated with an
approximately twofold increased risk of developing lung cancer (Brennan et al.
2011; Matakidou et al. 2005; Tokuhata and Lilienfeld 1963). The risk is higher
when the relative’s cancer occurs at an early age (<50 years) (Jonsson et al. 2004;
Matakidou et al. 2005) and appears to be greater among African-Americans (Coté
et al. 2005). Families carrying p53 germ-line mutations also have an elevated risk of
lung cancer (Hwang et al. 2003).

Several genetic loci have been associated with lung cancer risk. Linkage studies
have identified a locus at 6q23-25 containing the RGSI7 gene that may be a lung
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cancer susceptibility gene (Bailey-Wilson et al. 2004; You et al. 2009). Glutathione
S transferase is important in detoxification of carcinogens in tobacco smoke, and the
glutathione S transferase M1 (GSTM1) null genotype has been associated with a
slightly increased risk of lung cancer (Benhamou et al. 2002), as well as bladder
cancer, another tobacco-associated cancer. A single nucleotide polymorphism (SNP)
associated with the promoter region for cyclin A2 has been associated with lung as
well as colorectal and hepatocellular carcinomas (Kim et al. 2011). The CHEK?2
1157 T mutation is associated with breast, colon, and prostate cancers, but a
significantly decreased risk of lung cancer (Brennan et al. 2007).

Genome-wide association studies (GWAS) have recently identified three addi-
tional lung cancer susceptibility loci. The 15q25 locus contains six coding regions,
including three cholinergic nicotine-receptor genes (Amos et al. 2008; Hung et al.
2008). While the nicotine-receptor genes are associated with smoking intensity,
there also is a direct biological effect of these receptors on lung cancer susceptibil-
ity. The 5p15 locus has been associated specifically with risk for adenocarcinomas
of the lung (Landi et al. 2009). The gene located at Sp15 considered most likely
associated with this effect is TERT, the telomerase reverse transcriptase necessary
for telomere maintenance (Brennan et al. 2011). Another locus at 6p21.33, the HLA
coding region, is associated with lung cancer risk (Wang et al. 2008).

23.4.2 Chronic Lung Disease and Inflammation

Chronic obstructive pulmonary disease (COPD) is associated with an increased risk
of lung cancer, but this association is potentially confounded by the role of tobacco
smoking (Mayne et al. 1999; Samet et al. 1986; Skillrud et al. 1986). In a lung
cancer case-control study, the risk of developing lung cancer was about twofold for
participants with COPD, emphysema, or chronic bronchitis, after adjustment for
smoking and other risk factors (Koshiol et al. 2009). Furthermore, COPD has been
associated with lung cancer mortality in a population of never-smokers (Turner
et al. 2007). Homozygous alphal-antitrypsin deficiency (ATD) is associated with
the early onset of emphysema, whereas heterozygous carriers usually do not exhibit
clinically apparent lung disease. However, alphal-ATD carriers do have an elevated
risk of lung cancer (Yang et al. 2008).

An increased lung cancer risk is associated with the presence of pulmonary
scarring on chest radiography (Yu et al. 2008). Lung cancer risk is elevated following
tuberculosis (Engels et al. 2008; Shiels et al. 2011) and pneumonias caused by other
organisms. Elevated inflammatory markers such as C-reactive protein (CRP)
(Chaturvedi et al. 2010) and circulating interleukins 6 and 8 (Pine et al. 2011) are
also associated with increased risk of lung cancer.

A systematic review and meta-analysis demonstrated a lung cancer relative risk
of 1.80 for COPD, chronic bronchitis, or emphysema combined, as well as 1.43 and
1.76 for a prior history of pneumonia and tuberculosis, respectively (Brenner et al.
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2011). Thus, chronic inflammation of the lung may be the common factor in the
elevated lung cancer risk associated with these conditions.

23.5 Identification of High-Risk Populations

The major population of interest for prevention efforts is tobacco smokers—cur-
rent and former. However, since lung cancer among never-smokers accounts for
an estimated 400,000 cases of lung cancer worldwide annually, identification of
other high-risk populations who might benefit from either targeted prevention
efforts or screening is potentially useful in reducing lung cancer mortality. In addi-
tion, only approximately 5-18% of smokers develop lung cancer (Mattson et al.
1987), so identifying higher-risk smokers would also be useful in directing both
prevention and screening strategies, as the Gail model has done for breast cancer
(Gail et al. 1989).

A risk prediction model for lung cancer would be useful for physicians and
patients in weighing the relative risks and benefits of either a prevention or screening
strategy. Identifying higher-risk populations would also improve the ability to
investigate new prevention or screening approaches. Models that identify a small
proportion of the population with a high risk of developing lung cancer would be
most useful.

There have been several attempts to develop lung cancer risk prediction models
(Cassidy et al. 2007). Age and smoking history are usually incorporated in these
models but are insufficient to define the highest risk population. In the Bach model,
based on data from the randomized, placebo-controlled prevention Carotene and
Retinol Efficacy Trial (CARET) (Omenn et al. 1994), additional factors included
duration of abstinence, duration of smoking, smoking intensity, study arm (study
drug or placebo), sex, and asbestos exposure. Application of this model to a subset
of the Mayo Clinic low-dose computed tomography (CT) screening trial demon-
strated a wide range of predicted 10-year lung cancer risk from <1.0% to 15%. In
addition, about 50% of lung cancers were predicted to occur in the highest risk
quartile, suggesting the model could be used to select a very-high-risk cohort for
prevention or early detection interventions (Bach et al. 2003).

Two risk prediction models, based on the randomized, controlled Prostate, Lung,
Colorectal, and Ovarian (PLCO) Cancer Screening Trial, incorporated a number of
variables including socioeconomic status, body mass index (BMI), family history of
lung cancer, COPD, and recent chest radiograph, in addition to age and smoking
history (Tammemagi et al. 2011). One model was for the general population and the
second for ever-smokers. This model performed well across genders and in both
whites and nonwhites. A predictive nomogram from this model is shown in
Fig. 23.2.

The nomogram can be used as follows. For each individual predictor listed in the
left column, identify the individual’s value on the line to the right, draw a perpendicular
line to the top points’ line, and obtain the point value. Carry this out for each predictor
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Fig. 23.2 Lung cancer risk prediction nomogram for estimating 9-year probability of lung cancer
in former or current smokers

and add the points’ values to get the total points. Draw a perpendicular line down
from the total points’ line to the probability of lung cancer line to obtain the
probability of lung cancer value for the individual.

For example, an individual whose age is 65 years (63 points), who has a high
school education, (14 points), a family history of lung cancer (21 points), a BMI of
25 (13 points), COPD (14 points), chest radiographs on two occasions in the past
three years (10 points), who is a current smoker (14 points) with a 50-pack-year
smoking history (85 points) and who smoked for a duration of 50 years (28 points),
and has a quit time of O (is a current smoker) (37 points) has total points of 299,
which by a perpendicular line connects down to a nine-year probability of lung
cancer of 0.18% or 18 %.

Nomogram Predictors

Education: 1=Iess than eight years, 2=8-11 years, 3=12 years or completed
high school, 4=after high school training, 5=some college, 6 =college graduate,
and 7=postgraduate.

For family history of lung cancer and COPD (chronic obstructive pulmonary
disease), 1 represents that a past history is present.

Body mass index is weight in kilograms divided by height in meters squared.

Chest X-ray (in last three years): 0=none, 1 =on one occasion, and 2=on two or
more occasions.
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Current smoker: 2=yes, 1 =no.

Pack-years smoked are the average number of packages smoked per day times
the number of years smoked.

Several lung cancer risk models have been described based on a case-control
study of lung cancers at the University of Texas MD Anderson Cancer Center (Spitz
et al. 2007). A model for never-smokers incorporated exposure to environmental
tobacco smoke and family history of lung cancer; a former smoker model included
emphysema, absence of hay fever, dust exposure, and family history; the current
smoker model included asbestos exposure and family history.

In the future, identification of biological and genetic markers that can be
combined with demographic and epidemiologic variables should result in further
improvements in lung cancer risk prediction (Dunn et al. 2010).

23.6 Lung Cancer Prevention in Clinical Practice

Lung cancer prevention efforts in clinical practice currently involve control of
tobacco use (Kelley and McCrory 2003). Chemoprevention trials to date have not
demonstrated the efficacy of any agents in reducing lung cancer incidence or
mortality (Kelley and McCrory 2003; Caraballoso et al. 2003). However, because
former smokers remain at an elevated lifetime risk of lung cancer, identifying effective
chemoprophylactic agents remains an attractive strategy.

23.6.1 Tobacco Cessation

Control of tobacco use is the most important element in lung cancer prevention
worldwide. As tobacco use has declined over the last five decades in the USA, lung
cancer incidence has followed, but unfortunately, there has been a plateau in adult
smoking rates at about 20% in the last 5 years (Dube et al. 2009). From a public
health perspective, continued focus on tobacco cessation remains an essential
component of efforts to reduce lung cancer mortality.

About 70% of smokers indicate a desire to stop smoking, and there is no other
single intervention that will positively impact the health of patients more than helping
them succeed. Advice by the physician or another clinician has been shown to
significantly increase long-term abstinence rates.

The Agency for Healthcare Research and Quality (AHRQ) published a clinical
practice guideline and a quick reference tool for clinicians that provides a very useful
framework for incorporating smoking control efforts into practice (PHS Guideline
Update Panel, et al. 2008; U.S. Department of Health and Human Services 2009;
Fiore and Baker 2011). As pointed out in this guideline, tobacco use is a chronic
disease, effective treatments exist, but achieving success may require repeated
interventions. Clinicians and health care systems should develop a systematic
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Table 23.1 The 5 “As” of tobacco cessation therapy
Ask—systematically identify tobacco users at every visit

Advise—strongly urge tobacco users to quit
Assess—determine the willingness to make a quit attempt
Assist—aid the patient in quitting (counseling and medication)
Arrange—ensure follow-up contact

approach to assessment of tobacco use and intervention for tobacco users. The
AHRQ guideline outlines a “5 As” model for managing tobacco dependence in
clinical practice (Table 23.1). The assessment phase allows categorizing patients
into three groups: (1) those willing to quit now, (2) those unwilling to quit now, and
(3) those who have recently quit. Each group requires a different focus.

Tobacco use status should be incorporated into the vital signs, and preferably the
electronic medical record, and updated at each encounter. However, incorporating
smoking status into the vital signs alone does not result in improved cessation rates
(Piper et al. 2003) and should be combined with promptings to discuss cessation
(McCullough et al. 2009; Seale et al. 2010). All tobacco users should be strongly
encouraged to stop, and those interested in quitting should be assisted in developing
their quit plan and offered supportive counseling and appropriate medications.
Combined counseling and pharmacologic therapy has been shown to be more effective
than either modality alone. A variety of medications are FDA approved for treatment
of tobacco dependence (Ebbert et al. 2007) (Table 23.2).

Smokers who currently express an unwillingness to quit should be counseled in an
attempt to increase their motivation to eliminate their tobacco dependence. Recent
quitters should be assessed for relapse risk and offered supportive counseling and, if
necessary, medication. All three groups should have follow-up in the office or by
telephone. While smoking cessation should be the goal of intervention, reduction in
smoking intensity has been shown to reduce the risk of lung cancer (Godtfredsen et al.
2005).

23.6.2 Chemoprevention

Based on epidemiologic evidence that diets high in vegetable and fruit content
might be protective for lung cancer, several large randomized, controlled trials were
conducted in the 1980s—1990s to determine if antioxidant vitamin supplements
could reduce lung cancer incidence and mortality. The o-tocopherol, B-carotene
(ATBC) Lung Cancer Prevention Study compared the effects of these two agents on
lung cancer incidence in Finnish male smokers. There was no effect observed for
a-tocopherol, but the group receiving B-carotene experienced an 18% increase in
risk of lung cancer (Alpha-Tocopherol Beta Carotene Cancer Prevention Study
Group 1994). In the B-Carotene and Retinol Efficacy Trial (CARET), the combination
of these two agents was compared with placebo. The intervention arm demonstrated
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a 28% increase in lung cancer incidence, a 46% increase in lung cancer mortality,
and a 17% increase in all-cause mortality (Omenn et al. 1996). Recent reviews and
meta-analyses of trials utilizing vitamin A and retinoids (Fritz et al. 2011) or
B-carotene (Gallicchio et al. 2008) for prevention of lung cancer concluded that
there is no demonstrated benefit of these compounds and that B-carotene may be
detrimental, particularly in high-risk individuals. Furthermore, in a large cohort
study of vitamin and supplement use in Washington State, the use of supplements
containing B-carotene, retinol, or lutein was associated with higher risk of lung
cancers (Satia et al. 2009).

Epidemiologic studies have suggested an inverse relationship between dietary
selenium and lung cancer risk (van den Brandt et al. 1993) (Zhuo et al. 2004). In
general, trials of selenium supplementation have not demonstrated a reduction in
cancer incidence (Dennert et al. 2011). In the Nutritional Prevention of Cancer
(NPC) Trial, subjects with nonmelanoma skin cancers were randomized to receive
selenium supplements or placebo and were followed for the development of various
cancers over 13 years (Clark et al. 1996). Selenium supplementation reduced the
total and prostate cancer incidence (Duffield-Lillico et al. 2002). Overall lung
cancer incidence was not decreased in the group receiving selenium supplementation;
however, in the subjects with the lowest baseline plasma selenium levels, there
appeared to be a significant reduction in lung cancer risk (Reid et al. 2002).

Despite the biologic and epidemiologic evidence that vitamins and micronutrients
may play arole in carcinogenesis, there is little evidence for benefit of supplements from
randomized trials, and increasingly there is the suggestion that supplements may prove
harmful, as demonstrated for B-carotene in the ATBC and CARET trials, and in the
Selenium and Vitamin E Prevention Trial (SELECT), which showed a 17% increased
risk of prostate cancer in subjects receiving vitamin E supplements (Klein et al. 2011).

A number of specific molecular pathways that are involved in the pathogenesis
of lung cancer are now being studied as potential chemoprevention and therapeutic
targets (Hirsch and Lippman 2005). A prime candidate is the prostaglandin-
arachidonic acid pathway. Use of aspirin and other nonsteroidal anti-inflammatory
agents (NSAIDs) has been associated with a reduction in lung cancer risk (Khuder
et al. 2005; Slatore et al. 2009; Van Dyke et al. 2008), but this effect has not been
consistently demonstrated (Hayes et al. 2006). Celecoxib, an inhibitor of cyclooxy-
genase-2 (COX-2), has been shown to decrease markers of proliferation and
inflammation in the bronchial epithelium of former smokers, and the decline in
proliferative biomarker was associated with a decrease in the size of pulmonary
nodules (Mao et al. 2011).

Another interesting target is the family of peroxisome proliferator-activated
receptors (PPARs). These nuclear receptors are ligand-activated transcription
regulators involved in control of a variety of cellular functions, including differentia-
tion and apoptosis, and they interact with arachidonic acid metabolic pathways
(Hirsch and Lippman 2005). Thiazolidinediones are PPARy ligands used to treat
diabetes mellitus. In a retrospective study, a 33% statistically significant reduction
in lung cancer was observed in patients receiving one of these agents, compared to
other agents for treatment of diabetes (Govindarajan et al. 2007).
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23.6.3 Prevention in Clinical Practice: Summary

The mainstay of prevention continues to be tobacco avoidance and cessation
measures. No randomized controlled trials of dietary interventions have been shown
to reduce lung cancer risk. Based on the epidemiologic evidence, it is reasonable to
recommend a diet low in red meat and high in fresh fruit, cruciferous vegetables,
and soy products. Alcohol should be used in moderation, but moderate red wine
intake may have a protective effect. There is no evidence to support the recommen-
dation of vitamin, mineral, or trace element supplementation for reduction of lung
cancer risk, and there is the possibility of harm with these supplements. At the present
time, chemoprevention remains an area of active investigation, but there are no
agents with established clinical effectiveness.

23.7 Lung Cancer Screening

While lung cancer prevention through avoidance of tobacco use is a very important
strategy for reducing the lung cancer burden, it is not sufficient as the sole approach
for a number of reasons. First, even with effective tobacco control programs, there
remains a large pool of former smokers who will remain at increased risk for lung
cancer. Furthermore, it has been difficult to achieve abstinence rates above 80%,
and in many parts of the world, tobacco control efforts are poorly organized and
limited in scope. As a result, there will be a large pool of smokers and former smokers
who remain at risk in the foreseeable future. In addition, 15-25% of lung cancers
occur in never-smokers.

23.7.1 Lung Cancer Screening Modalities

Lung cancer screening studies have focused primarily on radiographic screening
with either chest radiograph (CXR) or chest computed tomography (CT) scans or
sputum cytology. However, several other modalities have potential for lung cancer
screening, particularly development of biomarkers.

23.7.1.1 Sputum Cytology

Cytologic analysis of sputum for the presence of malignant cells is a simple,
commonly available, and relatively inexpensive technique used in the diagnosis of
pulmonary neoplasms and could potentially contribute to screening for lung cancer.
This approach might be particularly effective in detection of more centrally located
tumors located in the proximal bronchial tree.
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In the early 1970s, the National Cancer Institute (NCI) sponsored the “NCI
Cooperative Early Lung Cancer Group,” including Mayo Clinic, Memorial
Sloan-Kettering Cancer Center (MSKCC), and Johns Hopkins. This resulted in
three randomized trials carried out at these institutions to study the effect of CXR
and sputum cytology on early detection and mortality from lung cancer (Berlin
et al. 1984). Eligibility for these trials required males, age 45 or older, and smoking
of one or more packs per day. The MSKCC and Hopkins trials (Melamed et al.
1984; Tockman et al. 1985) compared annual CXR to CXR and sputum cytology.
While these studies demonstrated that 43% of squamous cancers were detected
exclusively by sputum cytology, no reduction in lung cancer mortality could be
demonstrated (Melamed et al. 1984; Tockman et al. 1985; Tockman 1986).

A more recent analysis of combined data from the MSKCC and Hopkins trials
with a mean follow-up of 7.2 years suggested that there may be an approximate
10% mortality reduction attributed to screening with sputum cytology (Doria-
Rose et al. 2009). This benefit occurred in the heaviest smokers and was the result
of fewer deaths from squamous and large cell cancers. These trials were limited
to male smokers, so conclusions about women and never-smokers cannot be
drawn.

23.7.1.2 Chest Radiography (CXR)

Interest in screening for lung cancer with CXR dates to the 1960s when several trials
compared CXR to routine care (Brett 1968; Brett 1969; Friedman et al. 1986). No
lung cancer mortality reduction was demonstrated.

While the MSKCC and Hopkins trials in the NCI Cooperative Early Lung Cancer
Group evaluated the role of sputum cytology, the Mayo Lung Project (MLP) studied
the role of CXR in screening for lung cancer (Berlin et al. 1984). In the MLP, all
subjects underwent an initial screen with CXR and sputum cytology before random-
ization into screened and control groups. The screened group was to receive CXR
and sputum cytology every 4 months, and the control group was advised to have an
annual CXR and sputum cytology. The screened group had an excess of lung
cancers, a higher rate of resectability, and improved 5-year survival rate. However,
the overall and lung cancer-specific mortality rates were no different between the
screened and control groups (Fontana et al. 1986). The MLP has undergone extensive
reanalysis to try to understand these findings. Follow-up has now extended an addi-
tional 16 years and demonstrates a persistent excess of cases in the screened arm,
despite the cessation of screening after 3 years. This finding lends strong support
to the presence of overdiagnosis in the MLP (Marcus et al. 2006).

Overdiagnosis is the identification of cancers through screening that would not
have otherwise been discovered during the lifetime of the subject due either to indolent
clinical behavior or the presence of competing causes of mortality or both (Welch
and Black 2010). While overdiagnosis is a well-established phenomenon in screening
for breast and prostate cancers, the concept of indolent lung cancer has been
considered untenable by many clinicians.
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In a Czech randomized screening trial, a similar finding of a persistent excess of
lung cancers in the screened group was reported (Kubik et al. 2000). In these CXR
screening trials, overdiagnosis of lung cancer is estimated to exceed 20% of
screen-detected lung cancers.

Screening with CXR and more recently with low-dose chest computed tomography
(LDCT) detects a higher proportion of adenocarcinomas, and many of these tumors
have a doubling time >400 days (Hasegawa et al. 2000; Lindell et al. 2007) which
is consistent with indolent clinical behavior. The occurrence of overdiagnosis of
lung cancer is also supported by necropsy series demonstrating clinically unrecognized
lung cancers unrelated to the cause of death (McFarlane et al. 1986). Thus, there is
now convincing evidence that overdiagnosis does occur when screening for lung
cancer.

The early trials of CXR screening were limited by small sample size and the
occurrence of a high frequency of screening (contamination) in the control groups,
raising concern that a small but clinically important benefit from CXR screening
might have been missed. In 1993, the NCI initiated the Prostate, Lung, Colorectal,
and Ovarian (PLCO) Cancer Screening Trial (Prorok et al. 2000) to determine
whether screening programs reduce mortality in these cancers. PLCO was powered
to detect a 10% reduction in lung cancer mortality.

PLCO enrolled 154,901 participants; 77,445 were randomized to the screening
arm and received four annual CXRs. The lung component of PLCO differed from
prior lung cancer screening trials in several important respects, including the
inclusion of women and never-smokers, the absence of scheduled CXR screening
in the control group, and the large sample size (Hocking et al. 2010). Screenings
were conducted at ten centers across the United States with a compliance rate of
86% and contamination in the control group of only 11%. Overall, 7.5% of screens
were positive, and the positive predictive value was 1.7%. Through 13 years of
follow-up, lung cancer incidence was 20.1 per 10,000 person-years, with 1213 lung
cancer deaths in the screened group and 19.2 and 1230, respectively, in the control
group. Thus, there was no evidence of a reduction in mortality with CXR screening
(Oken et al. 2011). Overdiagnosis, defined as the excess of lung cancers in the
screened group compared with the usual care group, is estimated to account for
approximately 6% of the lung cancers in the screened group.

The PLCO trial is the largest randomized screening trial ever conducted on CXR
screening and provides strong evidence that screening for lung cancer with CXR
does not result in a reduction in lung cancer mortality with long-term follow-up, the
primary goal of any screening program.

23.7.1.3 Low-Dose Computed Tomography (LDCT)

Continuous advances in multidetector CT now permit high-resolution imaging of
the chest in a single breath hold. Low-radiation-dose CT can be performed without
loss of image quality (Nadich et al. 1990). In the 1990s, several groups began
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Table 23.3 National Lung Screening Trial eligibility and exclusions
Eligibility Age 55-74 years
230 pack-years smoking history
Former smokers quit <15 years
Exclusions Previous lung cancer diagnosis
Chest CT within 18 months
Hemoptysis
Unexplained weight loss >15 Ibs

single-arm trials evaluating LDCT screening for lung cancer in high-risk populations.
The Early Lung Cancer Action Project (ELCAP) began in 1992 and compared the
performance of a baseline CXR and LDCT in the same patients (Henschke et al.
1999). The ELCAP demonstrated that LDCT compared with CXR detected
noncalcified nodules in 23% vs. 7% and lung cancers in 2.7% vs. 0.7%, respec-
tively. Of the cancers detected by LDCT, 85% were stage I, and 96% were resectable.
ELCAP was subsequently expanded to a collaboration among investigators in several
countries, known as International-ELCAP (I-ELCAP). In a baseline and subsequent
annual screening program, [-ELCAP reported that 85% of cancers were stage I and
estimated the 10-year survival of all cancers detected to be 80%, 88% for stage I
cancers (International Early Lung Cancer Action Program Investigators 2006).
Several other groups have reported results of observational, single-arm LDCT
screening programs (Diederich et al. 2004; Sobue et al. 2002; Sone et al. 2001;
Swensen et al. 2005; Menezes et al. 2010; Pastorino et al. 2003; Toyoda et al. 2008;
Wilson et al. 2008).

While the results from ELCAP, I-ELCAP, and other observational studies pro-
vide useful information about the performance of LDCT screening and on the surface
appear to show a benefit of screening, lessons from earlier screening trials have dem-
onstrated that survival rates are improved by early detection, even if there is no reduc-
tion in mortality rate, and the only approach that can conclusively determine the benefit
of a screening program is a randomized controlled trial (Welch et al. 2007).

In 2002, the NCl initiated the National Lung Screening Trial (NLST), a randomized
study comparing annual LDCT to CXR screening over 3 years, powered to detect a
20% mortality reduction (National Lung Screening Trial Research Team 2011a).
The decision to use a CXR control group was based on the PLCO, which was ongoing
at that time, in the event that a mortality benefit was demonstrated from CXR screen-
ing (Church and National Lung Screening Trial Executive Committee 2003).
Screening was conducted at 33 sites in the United States. The eligibility and exclusion
criteria for NLST are shown in Table 23.3.

The NLST randomized 53,454 participants from 2002 to 2004, and screening
was completed in 2007 for the entire group. By October 2010, with a median
follow-up of 6.5 years, there were 247 deaths from lung cancer in the LDCT group
and 309 in the CXR group, representing a 20% reduction in lung cancer mortality
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in the LDCT arm (National Lung Screening Trial Research Team 2011b). This is the
first demonstration that any screening modality reduces deaths from lung cancer
and represents a milestone in lung cancer management. In addition, all-cause
mortality was reduced by 6.7% in the LDCT group, suggesting that the effects of
screening were not otherwise deleterious.

In the NLST, 6.9% of CXR and 24.2% of LDCT were considered positive, but
94.5% and 96.4%, respectively, were false positives, similar to findings from other
lung cancer radiographic screening trials. Thus, of all screening examinations,
23.3% of LDCTs and 6.5% of CXRs were false positives.

In both groups, the diagnostic evaluation after a positive screening test was
most commonly further imaging tests. An invasive diagnostic procedure (percuta-
neous needle biopsy, bronchoscopy, mediastinoscopy, thoracoscopy, or thoraco-
tomy) occurred in 9.6% of the screen positives in the LDCT group and in 12.8% of
the CXR group. One or more complications after further diagnostic testing occurred
in 1.4% and 1.6% of the participants in the LDCT and CXR groups, respectively.
In the LDCT group, major complications occurred in 0.06% of those without a
subsequent cancer diagnosis and 11.2% in those diagnosed with lung cancer,
compared with 0.02% and 8.2% in the CXR group. Complications from lung cancer
screening programs often relate to percutaneous biopsy of lung nodules. In a
retrospective review of 15,865 patients who underwent needle transthoracic needle
biopsy, pneumothorax occurred in 15.0% (6.6% requiring chest tube) but only
1.0% experienced hemorrhage (Wiener et al. 2011). In the LDCT arm, there were
16 deaths (10 in participants with lung cancer) within 60 days of an invasive
diagnostic procedure, out of 18,146 positive screens (0.09%) and in the CXR arm,
there were 10 deaths (all had lung cancer) out of 5043 positive screens (0.20%).

At the time of NLST reporting, there were 645 lung cancers per 100,000 person-
years in the LDCT group and 572 in the CXR group, representing an excess of 13%
in the LDCT arm, which may reflect overdiagnosis. Longer follow-up will be neces-
sary to clarify the amount of overdiagnosis in NLST.

Aside from the immediate complications of the diagnostic evaluation resulting from
a positive screen and the impact of overdiagnosis, exposure to radiation through
repeated radiographic procedures is the other major concern with screening for lung
cancer (Huppmann et al. 2010). While the risk of radiation exposure depends on the
characteristics of the population being screened as well as the screening program, it has
been estimated that LDCT screening annually for smokers and former smokers begin-
ning at age 50 could add 0.5-5.5% additional risk of lung cancer (Brenner 2004).

There are several smaller randomized trials of LDCT screening for lung cancer
ongoing in Europe (Pastorino et al. 2003), including the Dutch-Belgian (NELSON)
(van Iersel et al. 2007), Danish (DLCST) (Pedersen et al. 2009), DANTE (Infante
et al. 2009), Italian ITALUNG) (Pegna et al. 2009), and German (LUSI) (Becker
and Kauczor 2008) trials and the United Kingdom trial (UKLS) scheduled to start
in 2012. These studies will provide additional data on mortality reduction, over-
diagnosis, cost-effectiveness, and the effect of different screening intervals and
durations.
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23.7.1.4 Biomarkers

Biomarkers have been defined as an objectively measured feature that is an indicator
of normal biologic processes, pathogenic processes, or the pharmacologic response
to a therapeutic intervention (Biomarkers Definitions Working Group 2001).
Biomarkers may be molecular, biochemical, physiologic, anatomic, or histologic
features (Dunn et al. 2010).

In lung cancer, biomarkers are being evaluated in blood, sputum, and exhaled
breath. In the blood, one promising approach is the identification of unique patterns
of serum proteins in patients with early lung cancer (Han et al. 2008; Yildiz et al.
2007). One panel of serum biomarkers including carcinoembryonic antigen (CEA),
retinol-binding protein, ol-antitrypsin, and squamous cell carcinoma antigen
correctly classified 71.4% of patients with cancer and 66.6% of those without
cancer in a validation study (Patz et al. 2007). Another panel of six blood biomarkers
correctly classified 95% of cases, and the receiver-operating curve (ROC) area
under the curve (AUC) was 0.979 (Farlow et al. 2010a). Using electrospray ioniza-
tion mass spectrometry, early stage lung cancer patients were distinguished
from controls with a sensitivity of 0.84, specificity 0.71, and an AUC 0.87 (Hocker
etal. 2011).

Tumors provoke a humoral immune response, and antibodies directed to tumor
antigens can be detected in serum prior to the development of symptoms (Qiu et al.
2008) as well as in early stage lung cancers (Chapman et al. 2008; Leidinger et al.
2010). Single autoantibodies have low sensitivity due to tumor heterogeneity, but a
panel of antibodies has much greater sensitivity for detection of lung cancers (Lam
etal. 2011). Several autoantibody panels have been reported for lung cancer detection
(Lam et al. 2011; Farlow et al. 2010b; Leidinger et al. 2010). A panel of three
autoantibodies (annexin I, 14-3-3theta, LAMR1) yielded a receiver-operating curve
AUC of 0.73 in detection of presymptomatic lung cancer (Qiu et al. 2008).

A panel of autoantibodies to six tumor-related antigens (p53, NY-ESO-1, CAGE,
GBU4-5, Annexin 1, SOX2) has demonstrated a sensitivity of 31-43% (overall
about 40%) and specificity of 84—89% and was positive in both early and late stage
lung cancers (Boyle et al. 2011; Lam et al. 2011; Murray et al. 2010). This assay is
now being marketed by Oncimmune as EARLYCDT™ and shows promise as an
early detection test in high-risk populations.

Another approach to lung cancer biomarkers is the detection of aberrant nucleic
acid patterns. A variety of abnormalities in DNA and RNA can be detected, including
oncogene mutations, mutations of tumor suppressor genes (p53), promoter
hypermethylation, and microsatellite abnormalities (Ziegler et al. 2002; Bremnes
et al. 2005). Mutations in circulating DNA can be detected in a majority of lung
cancer patients, even in early stage patients, but at this time not with the sensitivity
to provide an early detection test (Andriani et al. 2004). Plasma-free DNA levels are
elevated in lung cancer patients, compared to normal controls (Sozzi et al. 2003;
Paci et al. 2009), but in a study of plasma DNA levels in patients undergoing LDCT
screening, this test was not able to discriminate lung cancer patients from those
without cancer (Sozzi et al. 2009). It may be that release of DNA into the blood
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from lung cancer is a relatively late event that would reduce the utility in detecting
small early cancers, but more study is required.

Specific genetic markers can be detected in sputum of lung cancer patients (Li
et al. 2007), and a panel of six genes was shown to have higher sensitivity than
sputum cytology for detection of stage I or II non-small-cell lung cancer (NSCLC)
(81.4% vs. 41.9%) with high specificity (96.2% vs. 100%, respectively) (Jiang et al.
2010). The use of fluorescence in situ hybridization (FISH) testing for specific
genetic targets (Varella-Garcia et al. 2010) and detection of aberrant microRNA
(miRNA) patterns in sputum (Xie et al. 2010) also show promise for early detection.
In a small study of stage I NSCLC patients, combining sputum FISH analysis with
CT scanning was shown to improve the accuracy of diagnoses, particularly for
central tumors (Jiang et al. 2009). Sputum studies are more sensitive to centrally
located and squamous cancers.

Aberrant DNA methylation occurs in lung cancer, affecting genes that are relevant
to the process of carcinogenesis, such as the p16 tumor suppressor gene (Belinsky
et al. 1998; Lamy et al. 2002). This change can be detected in circulating DNA
(Tsou et al. 2002) as well as in sputum (Palmisano et al. 2000) and bronchial lavage
(Kim et al. 2004; Topaloglu et al. 2004) specimens. The pattern of serum DNA
methylation in a panel of genes has been used to distinguish patients with lung
cancer from controls without cancer (Begum et al. 2011). Preliminary data show
that this approach may be useful in distinguishing patients with lung cancer from
those with a false-positive finding on LDCT lung screen (Ostrow et al. 2010). A
panel of genes in sputum has also been shown to increase the prediction of lung
cancer but with a sensitivity and specificity of only 64% (Belinsky et al. 2006).

MicroRNAs (miRNAs) are noncoding RNAs involved in regulation of gene
expression (Bartel 2004) and are commonly aberrantly regulated in cancer (Croce
2009). MiRNA abnormalities are present in lung cancer (Lin et al. 2010), and
patterns of miRNA can distinguish histologic subtypes of lung cancer and may be
useful as prognostic and predictive markers (Fanini et al. 2011). Aberrant miRNA
patterns in the blood can be detected in early stage NSCLC, and specific patterns
have been shown to perform well in predicting the presence of early lung cancer
with receiver-operating curve AUCs of 0.75 (Foss et al. 2011) and 0.926 (Shen et al.
2011). A panel of 34 miRNAs tested in participants in the Italian COSMOS LDCT
screening trial demonstrated a sensitivity of 71%, a specificity of 90%, and an AUC
of 0.89 (Bianchi et al. 2011). Altered miRNA patterns in sputum samples may also
be useful in the early detection of squamous lung cancers (Xing et al. 2010). There
are distinct gene expression profiles in the peripheral blood of patients with NSCLC
that can be detected in early stage cancers and may also have potential for early
detection (Showe et al. 2009; Zander et al. 2011).

Another approach to biomarker discovery in lung cancer among smokers is
examination of tobacco-specific carcinogens. One of the most potent carcinogens in
tobacco smoke is 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), which
is metabolized to 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), that can
be measured in both serum and urine (Church et al. 2009; Yuan et al. 2009). Elevated
levels of serum NNAL (Church et al. 2009) and urinary NNAL (Yuan et al. 2009)
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are associated with an increased risk of subsequent lung cancer. This finding has
implications both for identification of high-risk populations among smokers and
potentially for development of chemoprevention agents.

An interesting approach to detection of lung cancer is through the analysis of
exhaled breath (Amann et al. 2011; Chan et al. 2009; Mazzone 2008). Exhaled
breath contains both volatile organic compounds (VOC) that can be measured and
characterized by gas chromatography and mass spectroscopy and nonvolatile
compounds that can be analyzed in exhaled breath condensates. Lung cancer
patients have distinct patterns of VOC in exhaled breath that can be used to
distinguish them from patients without cancer (Phillips et al. 1999). A variety of
sensor systems are being studied that have the potential for clinical application
(Machado et al. 2005; Mazzone et al. 2007). A model using a colorimetric sensor
array combined with clinical parameters showed an AUC 0.811, sensitivity 70%,
and specificity 86% in distinguishing NSCLC from controls (Mazzone et al. 2012).
Recently, gold nanoparticle sensors have been used to detect lung cancer (Peng
et al. 2009) and distinguish lung cancer histologies (Barash et al. 2011). An exam-
ple of exhaled breath condensate is the measurement of several angiogenic mark-
ers, which in a preliminary study, showed excellent discrimination of lung cancer
patients from healthy individuals and patients with chronic lung disease (Gessner
et al. 2010).

23.7.2 Lung Cancer Screening in Clinical Practice

Until late 2010, there was little to support screening for lung cancer in clinical
practice (Manser et al. 2004). The most recent United States Public Health Service
Preventive Services Task Force guideline, published in 2004, concludes that current
data do not support screening for lung cancer by any modality but indicates that the
data are also insufficient to conclude that screening is not effective (Humphrey et al.
2004; U.S. Preventive Services Task Force 2004).

Publication of the NLST results has changed the landscape. There is now
definitive evidence that LDCT screening can reduce mortality from lung cancer
(National Lung Screening Trial Research Team 2011b). The National Comprehensive
Cancer Network (NCCN) published a lung cancer screening guideline for the first
time (NCCN Clinical Practice Guidelines in Oncology 2012). This guideline
recommends screening individuals who meet the NLST eligibility criteria but also
suggest screening for patients who meet all three of the following criteria: 50 years
or older with 20 or more pack-years smoking history and one additional lung cancer
risk factor. The NCCN guideline recommends annual LDCT screening until age 74,
although there are no data on the benefit or risks of a screening program of this
duration. Other public health groups are reviewing the data and will likely issue
lung cancer screening recommendations in the near future. These guidelines will
evolve as data from cost-effectiveness analyses, modeling studies, and the results of
ongoing randomized lung cancer screening trials become available.
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Table 23.4 Lung cancer screening: unanswered questions
Who should be screened?

People who meet the NLST eligibility criteria

Other risk groups (e.g., <30 pack-years smoking, family history of lung cancer, occupational
exposure, radon exposure)

What is the most effective approach to diagnostic evaluation after a positive LDCT screen?

How often should LDCT screens be performed?

How long should LDCT screening continue?

What is the optimal interval for LDCT screening?

What are the most effective criteria for a positive LDCT?

What is the extent of overdiagnosis with LDCT screening?

What is the cost-effectiveness of LDCT screening?

What effect does LDCT screening have on quality of life?

What is the health risk of radiation exposure from LDCT screening?

How can LDCT be combined with biomarker studiers to improve screening performance?

The International Association for the Study of Lung Cancer (IASLC) conducted
a workshop on lung cancer screening in 2011 after publication of the NLST results.
The TASLC is focusing on the development of guidelines and recommendations for
(1) identification of high-risk individuals for screening, (2) developing national
screening programs, (3) evaluation of “indeterminate” pulmonary nodules discov-
ered on LDCT, (4) pathology reporting for nodules discovered by screening, (5)
surgical and therapeutic interventions for nodules identified by screening, and (6)
integration of smoking cessation practices into lung cancer screening programs
(Field et al. 2012).

While the NLST results are paradigm changing, many questions remain
unanswered (Table 23.4).

Although funding for large randomized trials to resolve all of these issues may
not be available, cost-effectiveness analyses and modeling studies will help to
provide some of the answers. Cost issues are important in the United States and
Western Europe, but in many areas of the world, LDCT is simply not available for
mass screening of high-risk populations. It is imperative that the benefit of screening
does not compromise continued vigorous tobacco control efforts globally. Most
third-party payers have not approved coverage for LDCT lung cancer screening in
late 2011, although one large insurer, WellPoint, has decided to cover LDCT for
patients who meet the NLST eligibility criteria (Matthews 2011).

For the clinician, the NLST results provide a rationale to consider lung cancer
screening in high-risk patients who meet the NLST eligibility guidelines. In addition,
other risk groups, such as those defined in the NCCN guideline, may benefit from
screening, although more research in this area is needed. It is important that patients
being offered LDCT screening are informed about the potential risks as well as
benefits of screening (Table 23.5).

When considering screening, it is imperative that the diagnostic resources to
follow-up or further evaluate abnormalities discovered on the screening LDCT are
available. Guidelines for follow-up and management of small pulmonary nodules
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Table 23.5 Potential pros and cons of LDCT lung cancer screening

Pros

Cons

Reduced lung cancer mortality

Teachable moment for smoking
cessation

False-positive LDCT, resulting in:

Anxiety, stress

Unnecessary testing

Overdiagnosis

Morbidity and mortality from diagnostic
testing

Radiation exposure with increased risk
of secondary malignancies

False-negative examinations

Cost to health care system

Table 23.6 Fleischner Society guidelines for management of pulmonary nodules (MacMahon
et al. 2005)

Recommendations for follow-up and management of nodules smaller than 8 mm detected
incidentally at nonscreening computed tomography (CT)

Nodule size (mm)a

Low-risk patient”

<4 No follow-up needed!

>4-6 Follow-up CT at 12 months;
if unchanged, no further
follow-up®

>6-8 Initial follow-up CT at 6-12
months, then at 18-24
months if no change®

>8 Follow-up CT at around 3, 9,

High-risk patient*

Follow-up CT at 12 months; if
unchanged, no further
follow-up®

Initial follow-up CT at 6-12
months, then at 18-24
months if no change®

Initial follow-up CT at 3-6
months, then at 9-12 and 24
months if no change®

Same as for low-risk patient

and 24 months; dynamic
contrast-enhanced CT,
PET, and/or biopsy
Note: Newly detected indeterminate nodule in persons 35 years of age or older
*Average of length and width
"Minimal or absent history of smoking and of other known risk factors
History of smoking or of other known risk factors
9The risk of malignancy in this category (<1%) is substantially less than that in a baseline CT scan
of an asymptomatic smoker
*Nonsolid (ground glass) or partly solid nodules may require longer follow-up to exclude indolent
adenocarcinoma

from the Fleischner Society (Table 23.6) (MacMahon et al. 2005), and more recently
a preliminary guideline for management of subsolid nodules (Godoy and Naidich
2009), provide a useful approach to clinical practice. The use of lung nodule volume
and volume-doubling time may also be useful in management of these patients (van
Klaveren et al. 2009).

Institutions that establish a formal program for LDCT screening for lung cancer
should strongly consider linking the screening process to interventions aimed at
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smoking cessation. The screening process can serve as a “teachable moment” used
to encourage and support smoking cessation (Taylor et al. 2007; Townsend et al.
2005). A recent cost-effectiveness analysis of LDCT screening projected that unless
screening was associated with an increase in smoking cessation, the cost of screening
was $126,000-$169,000 per quality-adjusted life year (QALY), substantially higher
than screening costs for other cancers. If screening resulted in doubling of quit rates,
the cost of screening was estimated to be $75,000 per QALY, more in line with other
screening programs (Evans and Wolfson 2011; McMahon et al. 2011).

23.8 Conclusions

There is now clear evidence that screening for lung cancer with LDCT scans can
reduce lung cancer mortality. While controversy over the risks and benefits of LDCT
screening continues (Jett and Midthun 2011; Silvestri 2011), LDCT can be offered
in the appropriate clinical settings to high-risk patients. Development of clinically
validated biomarkers will improve the accuracy of screening and should further
shift the risk benefit balance in favor of screening. An active area of investigation is
the combination of radiographic and biomarker screening. Despite the proven
benefit of LDCT screening, smoking cessation must remain a high priority and
should be an integral component of any screening program.

Aside from tobacco use prevention and cessation, there are no clearly effective
prevention strategies available. In the future, identification of agents that target
pathways involved in lung carcinogenesis holds the potential to reduce lung cancer
incidence and mortality. While most attention is focused on prevention and screen-
ing in current or former smokers, lung cancer among never-smokers is a major
cause of mortality, and identification of high-risk populations of never-smokers who
might benefit from these approaches should not be ignored.
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Chapter 24
Early Detection of Cancer in Asia
(Including Australia)

Robert Burton, Cheng-Har Yip, and Marilys Corbex

24.1 Introduction

Early detection of cancer is the diagnosis of certain solid cancers at a point in their
growth when they remain localized and have a better chance of being cured with
effective treatment. Early detection is only possible for some cancers. Those include
breast, cervix, colon and rectum, oral cavity, nasopharynx, larynx, stomach, bladder,
prostate, retinoblastoma, testis, and skin cancers (Baade and Coory 2005; WHO
2007). For other cancers like liver, esophagus, pancreas, or ovary, neither the screen-
ing tools developed to date nor surveillance for early symptoms can ensure that the
disease will be detected early enough to be cured (WHO 2007). Early detection can
only be successful in decreasing cancer mortality when linked to effective diagnosis
and treatment. It is unethical to initiate an early detection program in the absence of
adequate follow-up diagnostic and treatment facilities.

The two approaches to early detection are early diagnosis and screening. Early
diagnosis (also named “clinical downstaging™) means increasing the proportion of
early-stage more curable cancers detected in patients presenting with symptoms
(WHO 2007). Screening consists in applying a diagnostic test in an asymptomatic,
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but at risk, population in order to detect possible cancers or precancers before the
appearance of symptoms. Detecting precancers should reduce incidence and thereby
reduce mortality, and detecting early cancers should reduce mortality.

Population-based and hospital cancer registries are required for measuring the
cancer burden (incidence, stage at diagnosis, and/or mortality) in a population and
monitoring the impact that earlier diagnosis of symptomatic cancer and/or screening
for cancers in asymptomatic populations can have on this burden. The two critical
health system determinants for successful early diagnosis and screening programs are
a primary healthcare system which is available, affordable, and competent and a sec-
ondary healthcare system which is also available, affordable, and competent, where
patients detected with possible cancers can be referred for effective diagnosis and
treatment. In the absence of primary and secondary healthcare systems which meet
these criteria, it is usually impossible to implement effective population-based early
diagnosis or screening programs for cancer (WHO 2007). Indeed, attempts to do so
may cause more harm than good and thus fail to meet the ethical criterion of “Primum
nil nocere” (first do no harm), attributed to Hippocrates (Wikipedia 2011).

24.2 The Burden of Cancer in Asia

Asia contains over half the world’s population, about 4 billion people in 2008, and
the International Agency for Research on Cancer (IARC) estimate of the cancer
burden in Asia for 2008 was 6.1 million new cancer cases and 4.1 million cancer
deaths (Table 24.1), or almost half of all new cancer cases (12.7 million) and more
than half of all cancer deaths (7.6 million) worldwide in 2008 (Globocan 2008).
This means an incidence to mortality ratio of 0.66, indicating that about two-thirds
of Asians who get cancer will currently die of it. The 7 commonest Asian cancers,
each with more than 300,000 cases in 2008, are cancers of the lung, stomach, liver,
breast, colorectum, esophagus, and cervix (Fig. 24.1).

These data are estimates, since only a minor proportion of the 4 billion people in
Asia are covered by population-based cancer registries. Four countries in Asia
report on cancer incidence for their whole populations, Australia, Korea, New
Zealand, and Singapore, and seven countries have regional cancer registries
endorsed by IARC: China (5 registries), India (7), Japan (8), Malaysia (2), Pakistan

Table 24.1 Asia: demographics and cancer incidence and mortality (Globocan 2008)

Male Female Both sexes
Population (thousands) 2097629 2000037 4097667
Number of new cancer cases (thousands) 3241.2 2851.1 6092.4
Age-standardized rate (ASR) 170.6 139.6 153.6
Number off cancer deaths (thousands) 2353.6 1718.7 4072.3
Age-standardized rate (W) 124.2 83.2 102.6

Mortality: incidence ratio (%) 78% 60% 67%
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Fig. 24.1 Top 10 cancers in Asia among males and females (Globocan 2008)

(1), Philippines (1), and Thailand (2) IARC 2008). Useful estimates for planning
cancer control for regional or national populations can usually be made from regional
registry data, and so total national population coverage is not generally needed.

24.3 Early Detection and Screening of Cancers in Asia
(Excluding Australia and New Zealand)

The majority of countries in Asia are low- and middle-income (LMI) countries; the
exceptions are the high-income countries of Singapore, Hong Kong, Japan, South
Korea, and Taiwan (World Bank 2011). The commonest cancers in those countries
are stomach, colon, lung, liver, and prostate in men and breast, colon, thyroid, stom-
ach, and lung in women. In the LMI countries of Southeast and Central Asia, the
commonest cancers are lung, stomach, liver, esophagus, and colorectum in men and
breast, cervix, lung, stomach, and colon in women (Globocan 2008).

The majority of cancers in LMI countries present at advanced stages with low
5-year survival, high mortality, and therefore high mortality to incidence ratios.
Evidence for efficacy of screening for breast and colorectal cancer comes from ran-
domized screening trials (RST) done in high-income countries (IARC 2002; Towler
et al. 2007), and the effectiveness of cervical cancer screening has been established
by population-based Papanicolaou (Pap) smear screening programs in these coun-
tries (Cervical Cancer Screening 2004). With the exception of screening for cervical
cancer (Sankaranarayanan et al. 2007; 2009), there is very little information available
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from LMI countries about screening for these cancers. There is evidence from RST
in Asia that screening for primary liver cancer in hepatitis B virus (HBV)- and hepa-
titis C virus (HCV)-positive adults and for oral cancer in adults who use tobacco
and alcohol heavily can reduce mortality (Zhang et al. 2004; Sankaranarayanan
et al. 2006).

24.3.1 Lessons That Can Be Learned from Australia
About Screening for Cancer

Australia is a high-income country with a small population, 22 million in 2010, and
is very different from most of Asia. It has the fundamental structural prerequisites
for the early diagnosis and screening for cancer: efficient population-based cancer
registries, high-quality primary and secondary healthcare systems, and tertiary
referral cancer units and institutes, which are available to the entire population at no
direct cost to patients. The population is highly educated, and there has been mass
media and other population education programs about early diagnosis of cancer for
about half a century and population education about cancer screening for at least
two decades. Australia has organized free population-based cancer screening pro-
grams for cervical, breast, and colorectal cancers, while opportunistic screening for
skin and prostate cancer is very common. Breast and cervical cancer mortality have
both fallen significantly in Australia since the free national breast and cervical can-
cer screening programs began in 1991 (AIHW 2010), but it is far too early yet to
judge whether screening for colorectal cancer, which began in 2008,will be effec-
tive in practice.

There is convincing evidence that the Australian national cervical cancer Pap
smear screening program, which aims to detect precancers and commenced in 1991,
has been effective in reducing incidence and mortality from cervical cancer
(Table 24.2). This Australian experience was preceded by the success of population-
based Pap smear screening programs in Scandinavia, which began in the 1960s.

In the Australian program, 25 lifetime 2-yearly Pap smears beginning at age 18
years are recommended, compared with 15 lifetime 3-yearly Pap smears beginning
at age 25 years in Norway. The mortality reduction to date in the Australian pro-
gram (55%) is no greater than in the Norwegian program (63%) which began
slightly later in 1995 (Table 24.2). So cost effectiveness and the age of beginning
screening are issues for the Australian cervical cancer screening program. The
efficacy of screening for cervical cancer using the Pap smear had never been tested
until it was found in an RST that took place in India that a once-in-a-lifetime Pap
smear did not reduce mortality from cervical cancer after nine years of follow-up
(Sankaranarayanan et al. 2009).

The Australian free biennial mammography screening program for breast cancer,
which targets women aged 50—69 years, has been associated with a 28% fall in
breast cancer mortality since it began in 1991, with participation of this age group
currently about 55% (Burton et al. 2011). However, the balance of evidence in
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Table 24.2 Pap test screening for cervical cancer (Cervical Cancer Screening 2004; Entre Nous
2007, AIHW 2010)

Australia Iceland Finland Sweden Denmark Norway

Start of organized screening 1991 1964 1963 1964 1962 1995

Target age groups since 1985  18-69 20-69 3069  23-60 23-75 25-69

Screening interval (years) 2 2-3 5 3-5 3-5 3

Lifetime Pap screening tests 25 16-24 7 7-12 10-17 15

Outcomes to 2000-2004:

Reduction in overall world 49% 64% 72% 60% 64% 50%
adjusted incidence rate

Reduction in overall world 55% 83% 82% 71% 68% 63%

adjusted mortality rate

Australia, as in other high-income countries like the United Kingdom (UK), Norway,
Denmark, and Belgium, is that most of the reductions in breast cancer mortality
which have occurred after their national mammography screening programs began
are not attributable to screening but to improved treatment (Autier et al. 2011;
Burtonetal. 2011; Jorgensen et al. 2010, Kalager et al. 2010, Gotzsche and Jorgensen
2011, and see Miller, this volume). The dilemma in high-income countries now is
whether the balance between the benefits of mammography screening is not now
outweighed by the harms of false-positive screening mammography and overdiag-
nosis of cancers, with unnecessary invasive diagnostic tests and treatments
(McPherson 2010; Burton et al. 2011, Jorgensen and Gotzsche 2009; Jorgensen
etal. 2011; Bell and Burton 2012). An inquiry into the benefits and harms of screen-
ing mammography has just been announced for the UK (Richards 2011). This
debate has important implications for all countries using or introducing mammog-
raphy screening for breast cancer and emphasizes the importance of concentrating
on programs which educate women and healthcare professionals so that early diag-
nosis of breast cancer improves.

Australia is one of 17 countries beginning colorectal cancer screening programs,
inviting adults aged 55-70 years to self-screen by mail, using a self-administered
fecal occult blood test (FOBT) with follow-up colonoscopy for those screening
positive, which started with ages 50, 55, and 65 years (Towler et al. 2007; Benson
et al. 2008). Australia, like all the other16 countries including Japan and Taiwan, is
still evaluating the feasibility of population-based screening, and so far only a small
proportion of eligible adults have been screened. There are no generalizations pos-
sible yet about these screening programs, and the International Colorectal Cancer
Screening Network will follow and report on them (Benson et al. 2008).

Screening for prostate cancer is leading to a great amount of overdiagnosis and
unnecessary treatment, as was predicted by the RST which found that 49 men must
be diagnosed via the prostate-specific-antigen (PSA) blood test to prevent one pros-
tate cancer death (Schroder et al. 2009, and see Miller, this volume). In Australia,
opportunistic screening began more than 20 years ago, and to date there is no con-
vincing evidence that PSA testing has had a significant impact on prostate cancer
mortality, while there is evidence of considerable harm to men who screen positive
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and of misinformation in the Australian news media: The benefit of screening is
overrated (Mackenzie et al. 2007). The US Preventive Task Force (2011) has
recently reviewed the evidence on benefits and harms of PSA screening for prostate
cancer in the USA and recommended against routine PSA testing of low-risk men.
This recommendation should be followed in all countries currently screening or
contemplating screening for prostate cancer.

Self and opportunistic skin cancer screening is very common in Australia for
malignant melanomas (malignant moles), potentially fatal pigmented skin cancers
that are common in white-skinned people exposed to excessive ultraviolet radiation
(UVR). Since this screening began about half a century ago, mortality from mela-
noma has fallen significantly in Australia (Baade and Coory 2005), but about 20
benign moles (brown or black skin lesions) are currently removed by family practi-
tioners for each melanoma detected (English et al. 2004). Dermoscopy has been success-
fully evaluated by family practitioners and has the potential to make this opportunistic
screening program much more cost effective (Menzies et al. 2009). This has rele-
vance to higher latitude Asian countries where people do not have heavily pig-
mented skin that is protective against UVR exposure, for example, Japan.

24.3.2 Early Detection of Cervical Cancer in Asia

More than 80% of women who develop cervical cancer are from LMI, and the
global burden of the disease is highest in Africa, Latin America, and South and
Southeast Asia (Ferlay et al. 2010). Prevention of cervical cancer by safe sexual
practices and immunization against the common causative strains of the human
papillomavirus (HPV) is addressed by Bosch (this volume). There are three meth-
ods for screening of cervical cancer currently available (IARC 2004), and a fourth
(below) is in advanced field trials in China.

1. The Pap test, a smear or brushing for liquid-based cytology taken from the cervix
for cytological examination, is the current gold standard cervical screening test.

2. Direct visualization of the cervix after the use of a chemical (dilute acetic acid,
VIA, or iodine, VILI) to look for patches of abnormal cells visible as white
(VIA) or yellow (VILI) areas adjacent to the squamocolumnar junction at the
cervical os.

3. A DNA test of cervical cells for the presence of oncogenic strains of HPV, par-
ticularly HPV 16 and HPV 18.

All these tests display high false-positive rates, with the Pap test having the least and
DNA testing for HPV having the most. For example, in a recent prevalence survey
of sexually active women in Mongolia, 13% of all women had a positive Pap test,
and 35% of all women were positive for one or more HPV strains using the DNA
test (Dondog et al. 2008). However, only 42/969 (4.3%) of the tested women had a
cervical cytology result of CIN 2 or CIN 3, indicating that they were at risk of cervi-
cal cancer (Dondog et al. 2008). False-positive results increase the costs of screening,
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the burden of anxiety for women, and morbidity from unnecessary diagnostic and
treatment procedures. The presence of oncoproteins, produced by oncogenic HPV
strains, is a necessary condition for the development of cervical cancer in chroni-
cally infected women. A new test for the detection of the specific E6 oncoproteins
of HPV strains 16, 18, and 45 is close to government certification for use in China
(Sellors et al. 2011). This approach shows considerable promise in reducing high
false-positive rates and could help triage women positive with any of the three other
currently available screening tests for better targeted diagnosis and treatment.

Certain standards of care are required after a positive screening result. For exam-
ple, if the Pap smear is positive, a colposcopy is required for biopsy, and if the
biopsy is positive, excision or cryotherapy of the abnormal area is usually carried
out. In resource-poor settings, this sequence, requiring 3 visits at least, may not be
feasible and requires specialized care (pathology and gynecology) which may not
be available.

VIA or VILI can be carried out by nurses or midwives, and VIA has been
shown to have a similar or higher sensitivity but lower specificity compared with
the Pap smear for CIN 2, CIN 3, or invasive cancer (Cervix cancer screening
2004). Cryotherapy of cervical lesions detected by VIA or VILI can be carried out
by health workers immediately, hence reducing the number of visits that the
woman has to make (Sankaranarayanan et al. 2007). This has been termed the
“see and treat” approach and has proven to be efficacious in an Indian RST, where
a single VIA followed by cryotherapy for women screening positive significantly
reduced mortality compared with non-screened controls (Sankaranarayanan et al.
2007). This approach is particularly suited to cervical cancer screening in resource
poor settings.

Screening for HPV by DNA assays has a sensitivity of about 95% for detecting
CIN 2 or more severe lesions in women older than 30 years, making it more sensi-
tive than cytology (IARC 2004). A recent RST in India, which compared a single
DNA, or Pap or VIA screening test followed by referral for colposcopy of women
screening positive, showed that only the HPV DNA screening test significantly
reduced mortality when compared to the non-screened controls (Sankaranarayanan
et al. 2009). A single HPV test identifies almost all women who are chronically
infected with oncogenic strains of the HPV and hence are at risk of cervical cancer
at the time of the test (Cervix cancer screening 2004; Sankaranarayanan et al. 2009).
Effective management of these women would be expected to impact on population
mortality from cervical cancer.

A once-in-a-lifetime Pap test was of unknown efficacy until this RST. Modeling
had produced an estimate that 3 lifetime Pap tests could reduce cervical cancer
incidence by about 60% (Cervix cancer screening 2004). Repeated Pap testing is
recommended because of the nature of the test; it is only a surrogate for the caus-
ative agent and the possibilities of not getting sufficient abnormal cells with a single
smear and/or false-negative readings (quality control). In contrast it was not surpris-
ing that a single VIA “see and treat” could reduce mortality while VIA and refer did
not. VIA “see and treat” leads to overtreatment, but minimizes or abolishes loss to
follow up for diagnosis and treatment, which VIA and refer involves and which can
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be a major obstacle to the impact of screening in LMI countries (Pisani et al. 2006).
Also it depends on nurses trained to “see and treat” being trained to be “over treat-
ers,” since this maybe the women’s only chance of secondary prevention of cervical
cancer.

24.3.3 Early Detection of Breast Cancer in Asia

Breast cancer is the commonest cancer of women in Asia with 530,000 new cases
in 2008 (Ferlay et al. 2010). Due to population aging and changes in reproductive
patterns, breast cancer incidence is increasing rapidly and the number of new cases
is estimated to reach 690,000 in 2020 (Ferlay et al. 2010). Mammography screening
programs have been developed in many of the high-income Asian countries.
However, screening is not systematically provided free of charge; for example,
within the national screening program of Singapore, a mammogram costs US$40
for Singaporean citizens and US$79 for others (BreastScreen Singapore 2011).
Coverage is not optimal, for example, participation is only 30% in South Korea
(Suh and Park 2009). As previously indicated (Section 3.1), the effectiveness of
mammography screening is now being seriously questioned in a number of high-
income countries, so Asian countries implementing or planning to begin mammog-
raphy screening would be wise to wait on the outcome of the UK enquiry (Richards
2011) before proceeding with their programs.

Screening for breast cancer, the commonest cancer in women worldwide, is a
particular challenge in LMI countries (Corbex et al. 2012). Screening based on clin-
ical breast exam (CBE) has been tested in Asia: A cluster randomized trial was initi-
ated in Manila (The Philippines) involving 151,168 women aged 35-64 years
(Pisani et al. 2006). After the first round of screening, screen-detected cases were
less advanced than the others, but the difference did not reach statistical significance.
However, among the 3479 women detected positive with a breast lump and referred
for diagnosis in this first round, only 18% initially completed follow-up for diagno-
sis, and another 17% completed it only after a home visit by the intervention staff.
Almost half (42.4%) actively refused further investigation even with home visits.
This behavior was not attributable to logistic or economic barriers since in this trial
all diagnosis and treatment services were offered for free, including transportation.
This unexpected outcome resulted in the trial being stopped prematurely (Pisani
et al. 2006) and illustrates the need to ensure that women who accept the invitation
to screen commit to complete the follow-up diagnosis and treatment if the screening
test is positive.

A second trial, involving CBE breast cancer screening and cervical cancer
screening, is currently being conducted in Mumbai (India) on 150,000 women aged
35-64 years. This study has now entered its tenth year and more than 3 rounds of
screening have taken place. Early results show that the stage distribution is
significantly better in the screened group than in the control groups. (Mittra et al.
2010). However, this trial has also raised questions about the degree of persuasion
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required to induce women to participate in screening and to attend for follow-up
diagnostic procedures. It is reported that nearly 100 full-time personnel were
engaged to screen the 75,000 women. Door-to-door visits, usually more than once,
were required not only to persuade women to attend screening tests but also to
induce them to comply with others steps related to diagnosis and treatment once
screened positive. The manpower cost involved has been described as “formidable”
(Mittra 2008). Strong sociocultural barriers to screening appear to exist in many
Asian countries, and this raises questions about the feasibility of screening whatever
screening tool is used.

The “clinical downstaging” program developed in Sarawak, Malaysia, represents
an interesting alternative to screening. This program focused on symptomatic
patients only and aimed at detecting breast cancer in women with the earliest symp-
toms. It consisted in training first- and second-level healthcare staff to improve their
skills in early cancer diagnosis and in raising public awareness. In four years, the
proportion of breast cancers diagnosed in stage III and IV were reduced from 60%
(1994) to 35% (1998) [p<0.0001] (Devi et al. 2007). The cost was minimal and the
approach has been cited as an example of effective clinical downstaging by the
WHO (2007). Such relatively easy-to-implement and cost-effective programs are
indeed a promising approach for LMI countries (Corbex et al. 2012).

However, this clinical downstaging program was successful in Malaysia because
this country has a well-organized and efficient health system which is accessible
and affordable to all inhabitants. All cancer patients are offered up-to-date and free-
of-charge treatment. This is not the case in most of the low-income countries of
Asia. For example, in Cambodia and Laos, cancer treatment departments have
existed since only 2003 and 2009, respectively, and are not yet in a position to offer
much more than palliative care free of charge (Buisson 2011).

24.3.4 Early Detection of Other Common Cancers in Asia

24.3.4.1 Gastrointestinal Cancers

Gastric cancer is the second commonest cause of cancer death in Asia. Although
screening by endoscopy seems to be the most accurate method for early detection of
gastric cancer, the availability of endoscopic services in Asia for mass screening
remains a major barrier. Serum pepsinogen testing can be used as an initial screen-
ing tool where patients with abnormal results are then screened by endoscopy. The
role of eradication of H pylori, the commonest cause of gastric cancer, which is
endemic in Asia, remains to be defined. At present there is a paucity of data from
Asia to lend support for population-based screening for gastric cancer (Leung et al.
2008). In Japan, where gastric cancer is the leading cause of cancer death, gastric
cancer screening has been advocated for all residents aged 40 and above (Leung
et al. 2008). An RST-utilizing barium meal as a screening test in 1050 patients (364
in the screened group and 686 in the non-screened group) showed that the cancers
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diagnosed in the screened group were smaller with fewer metastatic lymph nodes
than in the control group (Kunisaki et al. 2006). Disease-specific survival was also
significantly better in the screened cases among all registered and curatively resected
patients as compared to controls (Kunisaki et al. 2006).

The incidence of colorectal carcinoma (CRC) is rapidly increasing in Asian
countries such as China, Japan, Korea, and Singapore due to changes in lifestyle. As
reviewed above, population-based colorectal cancer screening has begun in
Australia, Japan, and Taiwan using the FOBT test (Towler et al. 2007); however,
these programs are in their infancy and it is far too early to draw any conclusions on
their effectiveness (Benson et al. 2008). The Asia Pacific Consensus on colorectal
screening recommends fecal occult blood test (FOBT, guaiac-based and immuno-
chemical tests), flexible sigmoidoscopy, and colonoscopy for CRC screening (Sung
et al. 2008). In resource-limited countries, FOBT is the first choice for CRC screen-
ing (Sung et al. 2008). The Asia Pacific colorectal working group has developed and
validated the Asia Pacific Colorectal Screening (APCS) score, which stratifies indi-
viduals into three tiers of risk (average, moderate, and high risk) based on age, sex,
family history, and smoking, to select people for priority of colorectal screening
(Yeoh et al. 2011).

24.3.4.2 Liver Cancer

Liver cancer (hepatocellular carcinoma — HCC) is among the top three causes of
cancer deaths in many Asian and African countries (Ferlay et al. 2010), with 75% of
deaths from HCC occurring in countries of the Asia Pacific region. Chronic HBV
infection from birth and early childhood causes 80% of the liver cancers, with HCV
accounting for most of the remaining cases. In Japan, the majority of HCC are asso-
ciated with HCV, unlike the rest of Asia (Kudo et al. 2010). Vaccination against
HBYV infection has the potential to prevent up to 80% of cases of liver cancer in
Asia, but will take decades to have an impact on population mortality. Late diagno-
sis means that the average survival after diagnosis is often quoted as 3—6 months.
An RST in Qidong, China, during 1989-1995, in men aged 30-69 who were chronic
carriers of hepatitis B virus (HbSAg positive), showed that screening with 6-monthly
measurement of alpha-fetoprotein (AFP) resulted in earlier diagnosis of hepatocel-
lular carcinoma but there was no reduction in mortality (Chen et al. 2003; Kudo
et al. 2010). However, another RST in Shanghai, using screening with 6-monthly
AFP and ultrasound, did show a significantly reduced HCC mortality of 37% during
the follow-up period (Zhang et al. 2004).

At present, Korea, Taiwan, and Japan have established surveillance programs for
early detection of HCC, targeting people at risk because of liver cirrhosis and/or a
HBYV or HCV infections. These programs utilize a combination of ultrasonography
and AFP at 6-month intervals. To improve the detection rate of early-stage HCC, the
benefit of additional tests and a shorter surveillance interval should be confirmed by
an RST in Asia. The application of an individualized prediction model to surveil-
lance programs may improve the cost effectiveness by focusing on the high-risk
group (Kudo et al. 2010).
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24.3.4.3 Head and Neck Cancers

Oral cancer ranks as one of the top ten cancers worldwide, and the majority of cases
are seen in Asia. These are attributed to the widespread habit in some communities
of chewing Areca (betel) nut which has a high carcinogenic potential and is usually
mixed with tobacco. In low-resource regions with high-risk populations, a combina-
tion of lack of public awareness about the disease and inadequate resources and
expertise for screening leads to long delays in diagnosis, resulting in high morbidity
and mortality. Early detection of oral premalignant lesions and early neoplastic
changes by visual inspection of the mouth may be the best and most cost-effective
means to improve survival and quality of life for oral cancer patients from all socio-
economic communities. A RST of oral visual inspection for cancer or premalignant
lesions in Kerala, South India, showed a nonsignificant 21% reduction in mortality
from oral cancer compared with the control group. In high-risk groups, that is, users
of alcohol, tobacco, or both, there was a significant 34% reduction (relative
risk=0.66, 95% confidence interval 0.45-0.95) in mortality in the follow-up period
of the RST (Sankaranarayanan et al. 2006).

Nasopharyngeal carcinoma (NPC) is a rare malignancy in most parts of the world,
but is one of the commonest cancers in Southeast Asia. Both genetic and environmental
factors contribute to the causation of NPC, and Epstein-Barr virus (EBV) infection is
involved in all cases (Busson et al. 2004). NPC is difficult to detect in the early stages
because the symptoms are not specific. Use of radiology modalities such as PET scan
and MRI is not justified in screening (Tabuchi et al. 2011). EBV antibody has been
investigated as an early marker of NPC, and repeated screening of high-risk individuals
(i.e., with family history) showed early promising results (Ji et al. 2007).

24.4 Barriers to the Early Detection of Cancers in Asia

In Asia as in many other LMI countries, late diagnosis of cancer is attributable to
several factors including:

1. Education and awareness — literacy rates in parts of Asia are low, and hence
people are not aware of the signs and symptoms of cancer. There is also a belief
that cancer is invariably fatal, and hence treatment is futile.

2. Belief in alternative therapy — alternative therapy is seen to be more holistic and
alternative practitioners are preferable to what is seen to be a hostile hospital
environment.

3. Decision making — for most women, the decision for consulting doctors/get
treatment is in the hands of their husbands or parents.

4. Financial constraints — in many parts of Asia, the treatment is not subsidized by
the government and patients have to pay out of pocket which can lead to financial
catastrophe.

5. Access to healthcare facilities — in isolated areas, there may be no cancer facili-
ties, and traveling for early detection or follow-up with a positive screening test
may be impossible for many people.
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Chapter 25
Prevention and Screening for Cancer
in Primary Health Care

Alan Katz and Jennifer Enns

25.1 Introduction

Even though the delivery of primary health care varies significantly between different
jurisdictions based on the socioeconomic and political environment, prevention and
screening are universally accepted as fundamental components of primary health
care (Starfield 2003). There are many challenges to the delivery of cancer preven-
tion and screening in primary care; some based in the organization and delivery of
primary care services while others are more specific to the content to be delivered.
The fundamental challenge is that primary health care involves a diffuse array of
services, including prevention, screening, diagnosis, treatment, and rehabilitation,
delivered by a variety of professionals, none of whom are dedicated specifically to
either prevention or screening.

25.2 Cancer Prevention

While we still have much to learn about cancer prevention, the scientific basis of
what can be done to prevent cancer has been presented in previous chapters of this
book. The prevention focus in this chapter will be on the translation of that knowl-
edge into clinical practice within primary health care. While a population-based
approach to cancer prevention is critical to address issues like environmental,
nutritional, and occupational exposure to known or suspected carcinogens, there is
a place for prevention at the individual level in primary care.
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There are four potential roles primary care practitioners can play in cancer
prevention: (1) educating and supporting patients to reduce exposure to cancer risk
factors, (2) providing immunizations to develop immunity to protect against specific
cancers, (3) detecting and treating precancerous conditions (screening), and lastly
(4) administering chemoprophylaxis to prevent the development of cancer. There is
strong evidence supporting the potential impact of the first role, while the limited
opportunities for the third and the fourth have been addressed by Dr. Marshall in a
previous chapter.

There are currently only two commercially available vaccines that have been
shown to be effective in preventing cancer. Immunization against specific subtypes
of the human papillomavirus (HPV) has been shown to be effective in preventing
approximately 70 % of cervical cancers (IARC 2007). While use of the vaccine in
girls has been widely supported by departments of public health and widespread
vaccination programs, its use in adolescent girls remains controversial among the
public (Agosti and Goldie 2007; Klug et al. 2008; Markowitz et al. 2007; Mays
et al. 2004). Use of the vaccine in boys has not been widely supported. The vaccine
against the hepatitis B virus is promoted for its effects in preventing hepatitis as well
as cancer and is more readily accepted than the HPV vaccine, as the hepatitis B
virus is spread by other routes as well as by sexual activity (Shepard et al. 2006).
The role of primary health-care practitioners is in promoting these vaccines and
delivering them to the target populations (Hontelez et al. 2010; Mele et al. 2008).

25.2.1 Reducing Exposure to Cancer Risk Factors

The potential impact of dietary interventions, tobacco control, and exercise has also
been addressed in general in this book, but not within the context of primary health
care. All of these cancer risk factors involve behavioral change, and many are shared
with other major diseases like cardiovascular and respiratory disease. Counseling to
avoid tobacco use, keep physically active, maintain a healthy weight, and eat a
healthy diet is therefore not seen as a specific cancer prevention intervention in
primary care. As a result, the outcomes reported in the literature rarely include can-
cer prevention because of the long time lag between behavior change (implementa-
tion of a healthy behavior) and cancer onset.

Multiple studies in primary care have attempted to address the challenge of
behavior change (Lin et al. 2010). First, the clinician needs to address the issue.
Second, the information exchange needs to result in a response from the patient, and
third, the patient needs to sustain the behavior change for ongoing benefit. Many of
the studies demonstrating the effectiveness of lifestyle counseling use more inten-
sive interventions (multiple sessions with follow-up) that are provided by profes-
sionals other than physicians (Lin et al. 2010). While most other studies show varied
success, motivational interviewing has shown promise as a technique to facilitate
behavior change specific to tobacco use (Lai et al. 2010).
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25.3 Practice Organization: Facilitators and Barriers

The most common barriers to the delivery of recommended preventive care (screening
and prevention) are found within the organization of health-care delivery and in
practice, such as the absence of financial incentives for preventive service delivery
and the lack of a reminder system to offer these services in the office (Anderson
et al. 2006; Guerra et al. 2007; Klabunde et al. 2007; Hudson et al. 2007; Hung et al.
2006; Sarfaty and Wender 2007) and the lack of time. Yarnall et al. (2003) calcu-
lated the time it would take to address the recommended prevention counseling for
an average 55-year-old patient. For the average practitioner, it would take over seven
hours per day for a year to address all the recommended prevention issues with each
patient on an annual basis thus leaving little time for anything else!

Using specially trained prevention experts who work as facilitators to support
prevention initiatives has been shown to be a promising solution to the challenge of
increasing prevention activities (Hogg et al. 2008). The addition of staff with the
specific goal of increasing prevention results in additional cost to the system but is
consistent with the current recognition of need for team-based approaches to pri-
mary care service. It is in keeping with the recognition that physicians are not neces-
sarily the best providers to deliver many services currently provided in primary
care, and if physician resources are redirected to providing other necessary medical
services, the use of alternative providers may prove to be cost effective (Gilfillan
et al. 2010; Moran et al. 2011; Rosenthal 2008; Sarfaty et al. 2011).

25.4 Cancer Screening

Cancer screening is traditionally offered either within the context of routine care
(so-called opportunistic screening) or within specific population-based screening
programs. Primary health-care providers have a role in supporting and promoting
screening within both contexts (Weller and Campbell 2009). Once again, the
evidence supporting the efficacy of specific screening tests has been addressed in
previous chapters, and the focus here will be on the promotion and delivery of
screening tests in primary care settings. Because there is significant room for
improvement in the rates of cancer screening (U.S. Department of Health and
Human Services 2009; Canadian Cancer Society et al. 2011), the following discussion
will address the role of primary health care in improving rates of cancer screening.
Efforts at increasing screening may be directed at the target population, the health-
care provider, or both (Ornstein et al. 2010). Screening uptake rates differ between
different cancers and between subpopulations; for example, immigrant and lower-
income women have been shown to have lower screening rates (Downs et al. 2008;
Moser et al. 2009). This has lead to screening interventions targeted at specific pop-
ulations as well as more general interventions aimed at increasing the rates of
opportunistic screening. Low-income women in particular have been targeted in
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multiple interventions to increase screening uptake for cervical and breast cancer
(Dietrich et al. 2006; Spadea et al. 2010; Tu et al. 2006). While the success of both
types of intervention is dependent on the health service context and the characteris-
tics of the screening program (Weller et al. 2009), targeted interventions have been
shown to more effective (Luckmann et al. 2003; Myers et al. 2007; Rawl et al. 2008;
Sohl and Moyer 2007; Vernon et al. 2008).

Because screening exposes healthy people to interventions that might be more
harmful than beneficial (like further testing), efforts to improve uptake in cancer
screening should take care not to mislead invitees (Weller et al. 2009). Primary
health-care practitioners need to be aware of both the potential benefits and harms
of the screening tests they recommend and provide patients with the opportunity for
informed choice to participate in screening (Trevena et al. 2008).

25.4.1 Interventions to Remind Providers to Offer Screening

There is extensive literature on prevention and screening of both cancer and chronic
disease. While much of the literature focuses on specific interventions, such as those
that encourage physicians to provide more prevention counseling or the encourage-
ment of screening by their patients, or on patients to engage in screening more
consistently, ultimately the most successful interventions are multifaceted
approaches that address multiple issues simultaneously (Arroyave et al. 2011).
Several organizational approaches have been shown to increase screening rates,
including the establishment of separate clinics for prevention/screening, use of
planned prevention visits, use of continuous quality improvement techniques, and
allocation of specific prevention responsibilities to nonphysician staff (e.g., nurses
and clerical staff) (Arroyave et al. 2011). In addition, electronic reminders for prac-
titioners with electronic medical records have shown some success in increasing
screening uptake in general (Wei et al. 2005; Ling et al. 2009).

25.5 Cancer Genetics in Primary Care

Cancer genetic services have proven to benefit high-risk patients (Collins 2004)
and, as such, are powerful tools for cancer prevention or treatment at an early stage,
offering insight into surgical and chemopreventive risk management options, as
well as genetically targeted cancer treatment therapies. As the prevalence and
marketing of genetic tests for cancer increase and public awareness of the heredity
of cancer rises, primary care providers will be called upon to evaluate their patients’
genetic risk. So what is the primary care physician’s role in counseling about
hereditary cancer?
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25.5.1 DNA-Based Genetic Risk Assessment

None of the cancer tests that are currently available are appropriate for screening of
asymptomatic individuals (American Society of Clinical Oncology 2003), so initi-
ating genetic testing is typically done with patients who present with symptoms
matching a defined cancer susceptibility syndrome or suggestive individual cancer
family histories. In primary care, the first step in this process is the collection of a
complete family history or pedigree (3—4 generations of medical history in both
lineages, including current ages and ages at death), which is required for interpret-
ing the results of DNA-based testing (Scheuner and Gordon 2002). In patients with
symptoms suggestive of a cancer susceptibility syndrome, the family history and
the physical examination can be used to estimate the mutation probability, using
modeling tools to estimate the probability of an individual carrying suspected mutations.
If genetic testing is indicated by the results of the risk estimate model and evalua-
tion of the family history, DNA samples are obtained from the patient. The genetic
counselor and primary care physician may jointly discuss the results of the DNA
testing with the patient and provide counseling on appropriate preventative
measures and/or early detection.

25.5.2 Risk Perceptions and Health Behavior

Gathering family history data and assessing cancer risk allow patients to make more
informed decisions about prevention. In many cases, patients will have developed
interpretations of their family histories and their personal risk of a disease before
consulting with a physician or other health-care provider, which may affect their
perceived susceptibility and actions taken to prevent it (Acheson et al. 2010). In
some cases, patients may overestimate their risk for getting cancer and experience
considerable anxiety. Some patients may be motivated to adopt preventive behav-
iors, but for others, inherited risk may be perceived as unavoidable and could there-
fore result in fatalistic attitudes and lack of motivation to instigate lifestyle changes
(Senior et al. 2000). Primary care providers need to be aware of their patients’ atti-
tudes and preconceptions about their family histories and perceived cancer risk and
of their readiness to adopt preventive lifestyle behaviors.
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Chapter 26
Finale: What Can We Expect from Cancer
Prevention and Screening?

Anthony B. Miller

Theoretically, it should be possible to prevent at least 50 % of cancer cases and
deaths from them occurring by applying what we know about causation of cancer
and at least a further 10 % of cancer deaths by screening. Yet, we seem unable to
achieve this, though remarkable success has been achieved in preventing smoking-
attributable cancers from occurring. The success for smoking was largely due to the
application of a fiscal weapon, combined with restrictions on smoking in public
places. This has led to calls for taxing unhealthy foods, yet governments have been
remarkably resistant to that suggestion.

In Part I of this book, the authors have attempted to show the way forward for
prevention. Cameron and Kerner propose three strategies for reducing disease
incidence. These include scaling up preventive maneuvers in primary care settings,
introducing high-reach low-cost programs (using print and electronic media), and
creating environments that promote healthy behavior patterns. Collishaw and
Callard, in discussing tobacco control, suggest that in the future, in addition to more
effective measures that will influence individual behavior, tobacco control will need
to be expanded to include measures directed at changing the ways tobacco suppliers
do business, in effect by ensuring that governments take control of supply. Blair
et al. document that controlling occupational exposures leads to a reduction in can-
cer risk, but point out that information is needed to identify and characterize
successful exposure-reduction approaches so as to reduce the cancer burden on
working populations in a timely manner. Bosch, after reviewing the developments
relating to human papillomavirus (HPV) vaccines, suggests that comprehensive
strategies of HPV vaccination and HPV-based screening tests could eliminate cervical
cancer in defined populations, thus profiting on the knowledge that infection with
oncogenic types of HPV is a necessary cause of cancer of the cervix. Tanaka, after
reviewing the evidence that, the world over, infections are responsible for 15 % of
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cancers, suggests that some behavioral changes in infected individuals, such as
smoking cessation, alcohol abstinence (in patients with chronic hepatitis B and C),
and reduction of salt intake (in H. pylori carriers), can reduce the corresponding
cancer risks. Friedenreich et al. show that physical activity is a modifiable lifestyle
risk factor associated with a decreased risk of several cancers, especially of the
breast and colon, though sedentary behavior is emerging as a risk factor for cancer
that should be considered independently from physical activity. Brawley and Kramer
agree that cancer prevention interventions, if fully implemented, could potentially
prevent several hundred thousand cancer deaths per year, but if this is to be achieved,
much of the emphasis should be on children as most prevention interventions are
most useful when deployed early in life. Effective interventions must be applied at
the individual, clinical, community, and policy levels, a public health challenge at
national and local levels. James points out that evidence is growing that the
contribution of diet in the causation of cancer has previously been underestimated.
So an emphasis on biomarker studies of both intake and the carcinogenic process is
needed as are dietary trials in cancer survivors. Reid and Marshall conclude that
formal testing of chemopreventive agents in randomized, placebo-controlled trials
has indicated that their preventive effects are modest to negligible or that their
toxicities are unacceptable for use in average-risk populations. Thomas emphasizes
that women should be informed that early age at the birth of one’s first child protects
against breast cancer and that risk of both breast and ovarian cancers declines with
increasing duration of breast feeding. Vineis points out that controlling the envi-
ronmental causes of cancer requires a coordinated effort for the identification of
exposed populations, particularly in low-income countries, and for effective pri-
mary prevention policies. Finally, in this part, Ulrich reviews how the World Health
Organization has integrated cancer control within its approach to the increasing burden
of noncommunicable diseases, the world over.

In Part II, the possible role of screening is critically reviewed. Miller discusses
approaches to the evaluation of screening, especially how we can approach the
evaluation of new screening tests. Broutet reviews the contributions of WHO to
cervical cancer control. There are many challenges for cervical cancer control
programs. They include the need to reform health-care systems in many countries
and ensure the availability of human resources, because of a shortage of trained
health workers for vaccinating, screening, and treating. Hakama concludes that
screening for cervical cancer can be relatively inexpensive even if coverage of the
total target population is achieved. An important future determinant of screening for
cervix cancer will be vaccination against HPV infection, though screening for
cervix cancer will continue to have an important role. Patel and Ahnen conclude
that although colon screening can be expensive, depending on the test used, any
type of screening appears to be cost effective. However, Miller concludes that we
may have reached the point of negligible benefit in screening for invasive breast
cancer, largely because of improvements in cancer therapy. Similarly, he finds no
justification for the introduction of population-based organized screening for
prostate cancer at any age, while in view of the potential harms associated with
screening, physicians should generally recommend against PSA testing for



26 Finale: What Can We Expect from Cancer Prevention and Screening? 407

asymptomatic men. In many respects, these contrasting conclusions on screening
reflect the fact that when screening for a precursor, as for cervix and colon cancer,
removal of the precursor results in reduction in both incidence and mortality from
the cancer, whereas when screening for the cancer when a precursor is not known,
the absolute benefit in terms of mortality reduction declines drastically as treatment
improves. Finally, in this part of the book, Patnick describes how operating a
service paid from public funds allows a population approach to be taken which can
have many advantages in terms of the ability to quality assure a program, to use the
program to develop knowledge about screening and for which the cancer or its
precursor is screened, to have an equitable approach to screening across all groups
in society, and to operate a highly efficient and cost-effective service.

In Part II1, the authors consider evidence on the impact of prevention and screening
in populations and how this can be improved. Autier concludes that incidence rates
of advanced cancer in populations where screening is widespread may inform on
the effectiveness and public health relevance of cancer screening methods. However,
he finds little evidence that the incidence of advanced breast cancer has fallen in
populations where mammography screening has been widespread, presumably
because of the impact of effective therapy. Stout et al. describe the use of mathematical
modeling to aid the design of the national cervical cancer screening program in the
Netherlands, to develop a package of tobacco control policies in the United States,
and to evaluate the contributions of cancer screening and treatment to observed
trends in breast cancer mortality. That some of the conclusions drawn, especially on
breast screening, conflict with those of Autier and Miller largely reflect the assumptions
built into the models, especially on the background trends in the absence of screening
and improved treatment of breast cancer and the natural history of the disease. It is
likely in the next few years that there will be further work both using the models
described by Stout et al. and others being developed elsewhere. Hryniuk takes the
discussion to a different level by suggesting an innovative way oncologists could
lead the development of a comprehensive survivorship care plan for each cancer
survivor. Hryniuk suggests this new role would involve them in more comprehensive
cancer prevention and rehabilitation by focusing on their own patients who have
already overcome the first attack of the disease. Hocking takes up the challenge of
the continuing burden of lung cancer and suggests that the combination of low-dose
computerized tomography and the future biomarkers should help improve the
accuracy and clinical utility of lung screening programs, though all screening
programs should incorporate access to tobacco cessation resources. Burton et al.
focus on Asia which has the largest cancer burden of any region in the world and
show how knowledge on cancer prevention and early detection could make major
inroads into the cancer burden. Finally, Katz and Enns highlight the role of primary
care practitioners in educating patients and supporting lifestyle changes to reduce
exposure to cancer risk factors. They emphasize the key role that family practice has
in cancer prevention and the targeting of specific populations for screening.

There is therefore a great deal that can be done to raise the profile of cancer
prevention and to ensure that approaches to early detection and screening do not
consume resources that could be more effectively used for cancer prevention.
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Too frequently National Cancer Control Plans are initiated without the benefit of
prior strategic planning to ensure that available resources are appropriately used, as
recommended nearly two decades ago by the World Health Organization.
Governments need to take a longer-term view as to what is possible and can be
accomplished. All components of government are potentially involved, not just
ministries of health but those concerned with agriculture, finance, and social
security. We trust that this book will play its part in facilitating appropriate planning
and action.
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