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The incidence of breast and cervical cancer in New South Wales women,
diagnosed between 1972 and 1991, is modelled using an age-period-cohort
poisson regression model. The age-period-cohort models are fitted to the
data without the age constraint, using 5-year age and cohort effects and
annual period effects. These models show significant age, period and
cohort effects for breast cancer and significant age and cohort effects for
cervical cancer. Both models confirm expected aetiological patterns. A
sharply increasing age effect is exhibited until age 45 with a change in slope
thereafter, the effect at age group of 80-84 is approximately 11% higher
than at age group of 60-64.
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Introduction

Cancer incidence is defined as the number of new cases of
cancer reported in a specific population over a particular
time period. In this study the population comprises women
in the state of New South Wales (NSW), Australia. Data
were obtained from the NSW Central Cancer Registry
which was established in 1971 as a population-based
registry, with data collection commencing in January,
1972. Cases notified to the Registry are classified
according to the International Classification of Disease 9th
Revision {ICD-9), and are accepted by |ARC {International
Agency for Research in Cancer) for publication in Cancer
Incidence in Five Continents (Parkin ef al., 1992},

Breast cancer is the most frequent cancer among women
worldwide, followed by cervical cancer. An increase in the
incidence of breast cancer over the last century has
commonly been reported and is greatest in affluent
sacieties. An increased risk of breast cancer is associated
with a positive family history, early menarche and late
menopause, while early age at first pregnancy has a
protective effect (Anderson et al., 1990).

In recent vyears, it has been noted that the owver all
inciden ce rate of cervical cancer has fallen as a result of
the introduction of screening in the early nineteen sixties.
Howvever, the incidence rate has risen among young people,
while for older women there has been no change. In NSW
it has fallen from the fourth most commeon cancer in the
population in 1973 to eighth in 1991 (NSW Central Cancer
Registry, 1994). The most important risk factors for
cervical cancer appear to be early age at first intercourse
and multiple sex partners (Kjaer ef al., 1989]. The over all
trend has been an increase in the incidence rate up to
about 40 years with an approximately constant rate
thereafter.

Materials and Methods

Modelling cancer incidence: The model demonstrating the
incidence of breast cancer in NSW should reflect similar
trends observed in other countries. An increasing age
effect and perhaps some period effects reflecting changes
in community activities such as education and large scale
mammographic screening projects would be expected. In
particular, we might expect to detect a significant period
effect in 1991 when mammographic screening wss
introduced on a large scale in NSW. Similarly, one might
expect a model of cervical cancer to demonstrate a
decreasing incidence, coinciding with the introduction of
the screening program in the early 1960s.

In looking at trends of the incidence of cancer over time,
theref ore, three factors need to be considered. These are
the age at which the subject is diagnosed with cancer (age
effect), the year of diagnosis (period effect] and the vear
of birth of the subject {cohort effect). The problem with
including all three factors in a model to describe the
incidence of cancer has been that of non-identifiability
where identical descriptions of data may be obtained from
different sets of parameter values leading to different,
sometimes contradictory, interpretations (Clayton and
Schifflers, 1987).

It is clear that any model describing the incidence of cancer
must include the effect of age, so the problem remains of
separating the period and cohort effects to address the
non -identifiability problem. Clayton and Schifflers (1987
found that the age-period or the age-cohort models fit some
cancer data well. For example, they found that either
model fits data describing mortality rates for lung cancer in
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Belgium equally well. They also fit an age-period-cohort
model to age specific mortality rates of breast cancer in
Japan.

The present paper aims to model the incidence of both
breast and cervical cancer in NSW, Australia using the age-
period-cohort model, and to address the non-identifiability
problem associated with it.

Poisson regression model of cancer incidence: Poisson
regression is used to model incidence density data when
the probability that an individual subject experiencing an
outcome is small and the number of subjects at risk are
large. For a given anatomic site we assume that the
numbers of incident cases have independent Poisson
distributions with means

A, =

ik N, expio + BJ + Y,

where N is the population at risk in age group i during
period j and B;' and Yy, are age, period and cohort
effects, respectively.

As a full age-period-cohort model with no constraints
cannot be fitted due to the linear dependence among the
indices i, | and k in the model above an additiond
constraint is required to obtain a specific set of parameters
{ Holford, 1983; 1991). Tha is, the same data can lead teo
infinitely many different models, all with the same accuracy
of fit, and with the same fitted wvalues. The problem
emerges when an interpretation of the meaning of the
model co- efficients is required, especially as in some cases
even the direction of the co-efficient can differ. {Holford
1983; 1991] parameterised the inter-relationship between
three linear parameters for age, period and cohort (3, Bp
and [, respectively) with v, which is an unknown
indeterminate constant. In this paper we propose a similar
method of addressing the non-identifiability problem, which
will restrict the possible model co-efficients using
“credibility” intervals based on a process similar to
sensitivity analysis.

Range of models: For both sets of cancer incidence data,
the model with no additional constraints (other than
equating the corner cohorts] is compared with models
where one fewer constraint was placed on the age

parameters,
for breast cancer Busossr = 2 % 0 aaoea
for cervical cancer Bagossy = 0 F Disosa

where p is a constant

The particular age groups selected for breast and cervical
cancer vvere chosen based on observed trends with respect
to age (NSW Central Cancer Registry, 1994} The range
of models using the techniques described for each of the
cancers should be essentially the same regardless of which
age groups are selected to include in the equation with p.
The constrained model has one more degree of freedom for
error than the unconstrained model, so the change n
deviance may be compared with chi-squared distribution
with one degree of freedom.

Investigate models with a range of values of p ., with the
aim of determining a range of models that are statistically
acceptable. Models with residual deviance and p-values
greater than 0.06 will then give a credible range for co-
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efficient values. Note that the value of p which gives the
same deviance as the model with no additional age
constraints will have p-value 1, since the change mn
deviance will be zero. This value of p may be estimated
from the data being modelled, for example,

for breast cancer

0,180-84) = 0" B 50064

Yol

so Basosa/  Paso.aa

where the [ 's are estimated from the model with no
additional constraints {other than equating the corner
cohorts). This value of p then becomes the ‘centre’ of the
estimated credibility interval of models which do not differ
significantly from one with no additional constraint.

The value of p itself is not of particular interest, as this will
depend on which age groups wvere selected to be
parameterised in this fashion. Howewver, the ranges on the
i Bp and [, resulting from the extremes of the credibility
interval should not depend on the selection of the age
groups. Hence a ‘credibility interval’ can be obtained for
these estimates, which are the ones of most interest. If the
credibility intervals are small and do not contain zero, a
meaningful interpretation of the co-efficient value can be
made.

Results

Poissonregression results: The analysis is based on annual
incidences in the 20 years from 1972 to 1991 and the
assumption that the first four cohort effects are equal and
last four. Since very few cases of either disease were
diaghosed before age 2b wyears, only the age groups
commencing with 25-29 years and ending with 80-84
vears were used. The age-period-cohort model is fitted to
the datausing the 5 year age group effects, annual pericd
effects and cohort effect centred at b year epochs covering
the year of birth from 1892 to 1962. The three
incompletely observed groups of cohorts centred at 1892,
1897 and 1902 are given in the same parameter estimates
as the one centred at 1907, and similarly, those centered
at 1952, 1957 and 1962, are given in the same value as
that centred at 1947,

Four models are fitted to the data: the Age model, the
Age-Period model, the Age-Cohort model and finally the full
Age-Period-Cohort ([APC) model. There are 12 age groups,
20 periods, and nine cohorts. The results are summarised
in Table 1. The first four rows in the table compare the
stated model with fully parameterised model, while the
tests for period and cohort effects refer to the significance
of these effects within the APC model.

Table 1: Summary of Model Deviances
Breast Cancer

Cervical Cancer

Meodel DF Deviance P-value Deviance P-value
Age only 228 562.12 0.000 291.78 0.003
Age-cohort 220 281.52 0.003 220.23 0.483
Age-Period 209 194.14 0.762 223.66 0.232
Age-Per-Cohort 201 176.52 0.893 198.13 0.544
Period effects 19 105.00 0.000 22.1 0.279
Cohort effects 8 17.62 0.024 25.53 0.001

Reference groups: Age 25-29, Period 1981, Cohort 1922

The results in Table 1 were obtained by fitting the data to
Poisson regression models using the SPIDA statistical
package (Statistical Package for Interactive Data Analysis)
Lunn ef ai., 1992. The full model provides a good fit for
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breast cancer and both period and the cohort effects are
statistically significant after adjusting for each other (p-
value = 0 and 0.024 respectivelyl. For cervical cancer,
the full model provides a good fit, but the period effects are
not statistically significant (p-value 0.279) afte
adjusting for the cohort effects.

Model range calculation: For both cancers we then
obtained the value of p and fitted the constrained age-
period-cohort model to obtain a range of acceptable models
{those with a non-significant change in deviance].

The fitted age effects and 95% confidence intervals, based
on the age-period-cohort model with no constraint for
breast or cervix, are plotted in Fig. 1 {the middle curve for
each cancerj and showvs that the sharp increase in the age
effect for breast cancer {upper curve) up to age group 45-
49 years with a steady increase from thereon, whereas the
age effects for cervical cancer are approximately constant

In (Kulutive Bisk) with 55% Confidencu interval
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Fig. 1: Breast and Cervical Cancer in NSW: 1972-

1991. Age Effect Controlling for Period and
Cohort

after age group 40-45 years. The upper and lower curves
indicate fitted age effects at both extreme points of
acceptable p-values using the constrained age-period-
cohort model.

Fig. 2a and 3a graph the period effects and Fig 2b and 3b
graph the cohort effects, also based on the full model. For
cervical cancer the significance of the period effects is due
to a lower incidence in 1979 compared to the referent
group 1981, while for breast cancer, there is a distinction
between 1991 and the referent year 1981. The cohort
effects for the two cancers have different trends, with
breast cancer showing an almost perfect linearly increasing
trend and cervical cancer showing an irregular trend. For
cervical cancer, the significance of cohort effects &
contributed by cohorts 1927, 1932, 1937 and 1942.

Discussion

The results of our analysis clearly shows that the need for
incorporating all three factors when modelling cancer
incidences and that an acceptable range of models can be
obtained should additional constraints be placed on either
age, period or cohort. It is desirable that such constraints
be made on some biological or aeticlogical grounds. For
both breast and cervical cancer, that the age effects
confirmpreviouslyreported trends. The significance of year
1991 for breast cancer indicates that the significant period
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effect may have been due to the large scale mamographic
screening in that year.

It was expected that a model demonstrating the incidence
of breast cancer in NSW should reflect similar trends
noticed in other developed countries. Such trends include
an increasing age effects, especially to age 4b years, a
strong increasing birth cohort effect, and perhaps some
period effects reflecting changes in community
activities such as education and large scale mammeoegraphic
screening projects.In  fact, the proposed model for
breast cancer satisfies these expectations.

Fig. 3a shows that thereis apronounced period effect for
breast cancer incidence in 1991 and Fig. 3b shows an
increasing cohort effect with perhaps some levelling off in
the later cohort. The age effects demonstrated by our final
model show a sharply increasing trend until about age 45
years, with a change in slope thereafter and specifically the
effect at age group 80-84 about 11% higher than at age
group 60-64 years. Hence, the age period cohort model
with a set of realistic constraints has a set of identifiable
parameters and fits the data most satisfactorily.
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