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ancer is now the leading cause

of death in Australia. In 2014, it is

estimated that more than 45,500
people died from cancer in Australia and
more than 123,500 new cancers were
diagnosed,’ with the number of new cases
expected to rise to 150,000 by 20202 (not
including keratinocyte cancers — basal
cell carcinomas [BCC] and squamous cell
carcinomas [SCC] of the skin). Apart from the
extensive morbidity and mortality, cancer
expenditure totals more than $4.5 billion® in
direct health system expenditure each year.
In addition, about 374,000 Australians each
year are estimated to develop BCC or SCC
of the skin,* and the costs of treating these
cancers are higher than for any other cancer
in Australia.>® Many cancers are caused by
exposure to environmental and lifestyle
factors, offering opportunities to diminish the
burden of cancer if these exposures can be
minimised.
This series of reports was commissioned
by Cancer Council Australia with the aim of
estimating the burden of cancer arising in
Australia that may be preventable. This work
is similar in aims and scope to the recent
analyses performed for Cancer Research UK
by Professor Max Parkin.” For each factor
considered, we estimated the proportion of
cancers arising in the Australian population
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Abstract

Objective: To describe the approach underpinning a national project to estimate the numbers
and proportions of cancers occurring in Australia in 2010 that are attributable to modifiable
causal factors.

Methods: We estimated the population attributable fraction (PAF) (or prevented fraction) of
cancers associated with exposure to causal (or preventive) factors using standard formulae.
Where possible, we also estimated the potential impact on cancer incidence resulting from
changes in prevalence of exposure. Analyses were restricted to factors declared causal by
international agencies: tobacco smoke; alcohol; solar radiation; infectious agents; obesity;
insufficient physical activity; insufficient intakes of fruits, vegetables and fibre; red and
processed meat; menopausal hormone therapy (MHT); oral contraceptive pill (OCP); and
insufficient breast feeding. Separately, we estimated numbers of cancers prevented by: aspirin;
sunscreen; MHT; and OCP use. We discuss assumptions pertaining to latent periods between
exposure and cancer onset, choices of prevalence data and risk estimates, and approaches to
sensitivity analyses.

Results: Numbers and population attributable fractions of cancer are presented in
accompanying papers.

Conclusions: This is the first systematic assessment of population attributable fractions of
cancer in Australia.
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that could be attributed to it - the population
attributable fraction (PAF). The calculation
requires an estimate of the strength of
association (usually a relative risk) between

Selection of risk factors

To be selected as a potentially modifiable
factor for this report, we required three

a given cause and a particular cancer and conditions to be met:
the prevalence of the causal factor in the

population.

1. There is evidence of a causal association
between the factor and at least one cancer.
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2. Australian exposure prevalence data for
the factor were available.

3. The population’s exposure to the cause
could be modified favourably.

The third criterion is somewhat arbitrary,
but distinguishes those causes for which
policies or activities can be developed to
change behaviour or modify risk (e.g. diet,
physical activity, exposure to sunlight,
smoking) from factors that are causal

but would never be subject to policy
recommendations in Australia (e.g. parity,
age at menarche). For the majority of factors,
we followed the judgements on causality

of the two international agencies that have
systematically reviewed the evidence for
each factor, the International Agency for
Research on Cancer (IARC) and the World
Cancer Research Fund (WCRF). We restricted
our primary analyses to those factors that
IARC had declared as Group 1 (carcinogenic
to humans) factors or by WCRF as having
‘convincing’ or ‘probable’ evidence of causality
for at least one cancer. (For full description
of the IARC and WCRF classifications, see
supplementary file: Table S1, available with
the online version of this article.)

In addition, several other factors not assessed
by these agencies (e.g. aspirin and sunscreen)
were included in this report on the basis

of recent evidence from primary studies,
systematic reviews and meta-analyses.

A summary of such evidence is included

in the relevant articles. Also, for some

factors (obesity, insufficient breast-feeding,
menopausal hormone therapy) declared by
IARC or WCRF as causing cancer at specific
sites, we have calculated PAFs for additional
cancer sites where the association has not

yet been declared ‘causal’ by those agencies.
We have done this only where there has been
substantial new evidence since the last report
from IARC or WCRF. The arguments in support
of those causal assessments are made in the
respective articles.

Many other environmental or lifestyle factors
were considered, but were excluded from
this report because they failed to meet one
or more of our criteria, and therefore have at
least one of the following:

1. Inconclusive evidence for causality (e.g.
vitamin D deficiency).

2. Lack of credible or useable prevalence
data for the Australian population (e.g.
salt; medical ionising radiation; historic
occupational exposure data).
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3. Factors for which modification is not
ethical or practical (e.g. parity, age at
menarche).

Finally, some factors identified in other
reports as contributing to the international
burden of cancer (e.g. chewing of betel quid,
air pollution, infections other than those
listed) were not considered further as they
are likely to contribute only marginally to the
cancer burden in Australia. The final list of
factors included, together with the sources
of exposure prevalence and the cancers
assessed, is reported in Table 1.

PAF calculations

We used the standard formula to calculate
PAF for most factors in the reports that
follow. Using this approach, we estimated the
numbers of cancers at each site that could

be attributed to each causal factor. We used
the most recent Australian national cancer
incidence data available (2010). Wherever
possible, PAFs were calculated by categories
of age and sex to derive an overall estimate of
the numbers of cancers attributable to each
causal factor. PAFs were calculated for adult
exposures and adult-onset cancers only; the
definition of adult varied according to the
availability of exposure prevalence data, but
was typically >25 years.

The usual formula for calculating the PAF for
any factor is:

PAF = X(p, xERR,)
1+ Z(p, XxERRy)

where p_is the proportion of the population
in exposure/consumption level x and ERR_the
excess relative risk (RR_- 1) associated with
exposure/consumption level x.

The PAF is typically expressed as a percentage
and is interpreted as the proportion of cases
that would be prevented if exposure to the
causal factor in the entire population was

reduced to the level of the reference category.

For all causal factors considered in this
project except infection,® smoking® and
ultraviolet radiation (UVR),' this formula
provides a suitable method for estimating
the population attributable fraction. The
calculation makes the following assumptions.
First, that the association between the factor
and cancer is causal. Second, that the effect
of the factor is independent of other causal
factors (or that the influence of other causal
factors is the same for persons exposed

and unexposed to the causal factor under
study). Thus, this method does not permit
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estimation of the fractions of cancers arising
through synergistic effects of causal factors
(for example, through the combined effects
of tobacco smoking and alcohol consumption
for cancers of the upper aero-digestive

tract), unless investigators have access to
prevalence data and relative risk estimates
across all strata of combined exposures. These
data are seldom available in practice. Finally,
it requires an assumption about the latent
period between exposure to the factor and
onset of cancer when selecting appropriate
values for the prevalence and relative risk
estimates to be used.

This last assumption is often implicit, but in
the context of this project it is desirable to
specify a reasonable latent period for each
factor since the prevalence estimates should
pertain, as near as possible, to the time at
which exposure to the factor is considered
to have caused the cancers being analysed.
For most of the exposures considered in

this report, a latent period of about 10 years
was assumed based on typical durations of
follow-up for the cohort studies that underpin
the evidence base; deviations from this
assumption are described explicitly in the
relevant sections.!

For certain cancers caused by infectious
agents (such as human papillomavirus and
Epstein Barr virus) for which no other causes
are known, the PAF is taken to equal the
prevalence of the infectious agent among
cancer cases. This approach can be used
when mechanistic knowledge strongly
suggests that the presence of infectionin a
cancer is sufficient to infer that the infection
caused the cancer.”?

To estimate a PAF for a number of ubiquitous
factors that protect against cancer at higher
levels of exposure (such as physical activity
and consumption of fruit and vegetables),
we modelled the effect of an insufficient level
of these factors against a recommended
threshold level, usually as suggested by
National Guidelines. For another class of
protective factors used specifically for
health-related purposes (e.g. aspirin'3 and
sunscreens'?), exposure is deliberate and the
natural state is to be ‘'unexposed’; for those
factors we calculated a metric comparable to
the PAF called the ‘prevented fraction; which
estimates the number of cancers that did not
occur (i.e. were prevented) due to exposure
to the protective factor. The formula for
calculating the prevented fraction (PF) is:

PF = p, (1 —RR)
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where p_is the prevalence of exposure in the
population to the protective factor.

As measures of prevalence, risk and
attributable fractions necessarily have error,
and as the latent periods are unknown, our
estimates of the numbers and proportions of
cancer attributable to modifiable factors are
indicative only of the size of the burden and
cannot be considered definitive. In addition,
some factors under intense research scrutiny
(e.g. body mass index) have been causally
associated with additional cancers since the
last round of WCRF/IARC reports.'*'> The
contribution of these exposures to the overall
cancer burden may thus be greater than
estimated in our primary analyses. Finally,

for some factors, guidelines on optimum
exposure in the Australian population have
been developed, yet the potential impact on
cancer burden of perfect adherence to such
guidelines is not known. To explore issues

of uncertainty, additional causal association
and‘optimum’ exposure levels, we therefore
performed additional analyses defined as:

- Sensitivity analyses: to calculate PAF using
estimates of prevalence or relative risks
from additional sources so as to explore
the possible range within which the true
effects probably lie.

-+ Supplementary analyses: based on
likely causal associations identified in
recent systematic reviews, we performed
supplementary analyses to estimate the
proportion of cancers at additional sites
(i.e. not considered causal by WCRF/IARC)
attributable to those causal factors.

+ Potential impact of changing exposure
prevalence: to provide an estimate of the
burden of cancer attributable to levels of
exposure outside those recommended
by national guidelines (e.g. alcohol,'®
insufficient physical activity'?).

Introduction and overview

Exposure prevalence estimates

For each exposure factor, where possible,

we used population-based prevalence data
from National Health Surveys (e.g. alcohol,
body mass index, physical activity) conducted
by the Australian Bureau of Statistics. These
surveys are characterised by nationally
representative samples and high response
rates.'®'® We obtained age- and sex-specific
prevalence estimates so as to calculate,
separately, the numbers of excess cases of
cancer by age and sex in the national cancer
incidence data. Typically, the questions used
to elicit information on exposure to specific
factors in the National Health Surveys differed
markedly from those used to generate
summary relative risk estimates, requiring one
or more harmonisation procedures to align
the data. These steps are described in detail in
the respective articles.

Table 1: Factors assessed, sources of prevalence data and cancer outcomes.

Exposure
Tobacco smoke

Alcohol
UV radiation
Sunscreen

Infection: Epstein-Barr virus (EBV)
Infection: Hepatitis B virus (HBV) and hepatitis C virus (HCV)

Infection: Human papillomavirus (HPV)
Infection: Helicobacter pylori

Infection: Human immunodeficiency virus, type 1 (HIV-1) and
Kaposi's sarcoma herpes virus (KSHV)

Overweight and obesity

Insufficient physical activity
Diet: Insufficient fibre
Diet: Insufficient fruit & vegetables

Diet: Red and processed meat
Hormones: Menopausal Hormone Therapy (MHT)

Hormones: Oral Contraceptives

Reproductive factors: Insufficient breastfeeding

Aspirin

Sources of Australian prevalence data
Estimated from lung cancer incidence rates using Peto method?

National Health Survey 2001 Confidentialised Unit Record Files (CURF)?

Estimated from comparison of incidence rates for melanoma and

keratinocyte cancers in Europe (United Kingdom and Nordic countries)

vs Australia
2010 New South Wales Population Health Survey?'

Corry et al, Armstrong et al,” Flavell et al, 8 Jarrett et al,” Glaser et
al,* Thompson et al*'
The Kirby Institute2’

Kreimer et al,*> Hammarstedt et al,* De Vuyst et al,** Walboomers et
al, % Backes et al
Moujaber et al,”” Pandeya et al, Newton et al*®

The Kirby Institute?®

National Health Survey 20014

National Health Survey 2001 (CURF)®

National Nutrition Survey 1995*
National Nutrition Survey 1995*

National Nutrition Survey 1995442
National Health Survey 2004-05 (CURF)*

National Health Survey 2001 (CURF)®
Australian Ovarian Cancer Study controls (2002-05)*

National Health Survey 2001 (CURF)*

Australian Cancer Study Controls (2002-05)%

Cancer outcomes

Oral cavity and pharynx, oesophagus (SCC and adenocarcinoma),
stomach, colon, rectum, liver, pancreas, larynx, lung, uterine
cervix, ovary (mucinous), urinary bladder, kidney and renal
pelvis, acute myeloid leukaemia

Oral cavity and pharynx, oesophagus (SCConly), colon, rectum,
liver, larynx, female breast,

Melanoma and keratinocyte cancers
Protective: Melanoma and keratinocyte cancers

Nasopharynx, Hodgkin's lymphoma, Burkitt's lymphoma
Liver, non-Hodgkin's lymphoma (Hepatitis C only)

Oral cavity and pharynx, tonsil, anus, vulva, vagina, uterine
cervix, penis

Stomach (non-cardia), low-grade B-cell mucosa-associated
lymphoid tissue (MALT) gastric lymphoma

Kaposi's sarcoma, Hodgkin’s lymphoma, non-Hodgkin's
lymphoma

Oesophagus (adenocarcinoma only), gall bladder, pancreas,
colon, rectum, breast (post-menopausal), endometrium, ovary,
kidney

Supplementary: Malignant melanoma, thyroid, non-Hodgkin
lymphoma, multiple myeloma, leukaemia

Colon, breast (post-menopausal), endometrium
Colon, rectum

Oral cavity and pharynx, oesophagus (SCConly), stomach, larynx,
lung (fruit only)

Colon, rectum
Breast, endometrium, ovary
Protective: Colon, rectum, breast, cervix

Protective: Colon, rectum, endometrium, ovary

Protective: Breast
Supplementary: Ovary
Protective: Colon, rectum, oesophagus
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Many causal factors (e.g. infections,
sunscreen use) were not captured in those
surveys or were measured incompletely.
Their prevalence estimates were sourced
from other surveys such as the human
immunodeficiency virus (HIV), viral hepatitis
and sexually transmissible infection in the
Australia Annual Surveillance Report? and
the 2010 NSW Population Health Survey.?'
For factors not covered by such surveys,

we used ‘best estimates’ of population
prevalence from representative state-based
surveys, population-based case-control
studies or large-scale cohort studies
conducted in Australia. While using estimates
from individual or region-specific studies
carries risks of bias (e.g. low response; non-
representative samples) and less precision,
the alternatives (e.g. using international
prevalence estimates; excluding the factor
from further consideration) were considered
even less appropriate.

Regardless of the data source, we performed
sensitivity analyses for the majority of factors
using higher or lower prevalence estimates
to establish the range of PAFs that might
plausibly be expected. In addition, such
‘alternative prevalence scenarios’ provide
insights into the likely effect of changing
prevalence distributions.

As noted above, choosing a source of
exposure prevalence data for any given
factor requires an assumption about the
latent period between exposure and
cancer diagnosis. Often, the latent period

is unknown, and investigators must make
pragmatic judgements about the quality
and availability of prevalence data balanced
against the typical intervals between
exposure and cancer onset in the cohort
studies from which the effect sizes were
estimated. Typically, for most exposures,

we have followed precedent and assumed
approximately 10-year latent periods.
Again, deviations from this assumption (e.g.
menopausal hormone therapy and breast
cancer) are identified in the respective
articles.

To estimate the PAF for smoking, we used the
approach developed by Peto and colleagues?
and also used for the UK analyses.” This
approach was developed to overcome the
complexities of estimating the prevalences

of former and current smoking when the
latent periods are unknown, and when the
strengths of associations differ depending on
the duration and intensity of past smoking.
This method assumes that smoking is the
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major cause of lung cancer. The number of
cases attributable to smoking is then the
difference between the number of lung
cancer cases observed in the population and
the number expected if the entire population
developed lung cancer at the same age- and
sex-specific rates as never smokers.

Aetiological effect sizes

The recent IARC Monographs have not
published pooled effect sizes, so we used
aetiological effect sizes (relative risks)
reported in meta-analyses conducted by
WOCREF (including continuous updates, where
applicable) for most primary analyses. For
factors not summarised by WCRF, we used
recent high-quality meta-analyses or risk
estimates from large-scale prospective
studies; deviations from this approach are
highlighted in the relevant articles (e.g. solar
radiation'©).

A key consideration for the PAF calculation is
to define the exposure level (or range) of the
factor in the population that is optimal for
human health. Quite often, the aetiological
effect sizes published in research articles
compare those in the ‘highest’ category of
exposure to those in the ‘lowest’ category.
Using such relative risk estimates will derive a
PAF that represents the maximum proportion
of cases that could theoretically be eliminated
by shifting the entire population to the
lowest exposure category. Such analyses

can result in over-optimistic estimates of

the proportion of cancers that could be
prevented, since such a shift is unlikely to

be achieved for most exposures.? For the
reports that follow, we assessed the optimum
level of exposure that might reasonably be
attained for each factor separately and used
corresponding effect sizes wherever possible.
We sourced exposure-response relative risks
for those factors that appear to confer log-
linear increases in risk (e.g. alcohol, physical
activity, consumption of red and processed
meat), allowing more detailed estimates of
PAF across a continuum of exposure than is

possible through simpler categorical analyses.

Finally, we performed sensitivity analyses
around these estimates to provide a credible
range of PAFs.

Conclusions

The following papers are arranged by causal
factor and present the estimates of PAF across
the cancer sites causally associated with

©2015The Authors
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each factor. The articles follow a consistent
format. The Introduction summarises the
cancers causally associated with each factor
and briefly describes the presumed causal
mechanism. The Methods section displays
the precise formula used for calculating PAF,
highlighting any deviations from the standard
calculation and any assumptions that were
required to perform the analyses. Sources
of prevalence data and aetiological effect
sizes, including those used for sensitivity,
supplementary and ‘alternative prevalence
scenario’analyses, are also described in

the Methods section. The Results section
tabulates separately the prevalence
distributions used for the PAF calculations
and the numbers and proportions of cancers
attributed to exposure. The findings from
additional analyses are also reported here.
Finally, the Discussion section identifies
pertinent issues relating to the sources of
prevalence data or effect sizes, and explores
the impact of any assumptions that were
made to complete the analyses. Where
relevant, these Australian analyses are
compared with relevant international studies
and any differences explored. In summary,
this is the first attempt to systematically
estimate the fraction of cancer in Australia
attributable to modifiable factors using a
standard methodology across all factors.
Summary estimates of the ‘preventable’
burden of cancer are described in the final
report.*
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Additional supporting information may be

found in the online version of this article:

Supplementary Table 1: International

Agency for Research on Cancer (IARC)
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