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Background: Breast cancer mortality rates have been decreasing 
in Spain since 1992. recent changes in demography, breast cancer 
therapy, and early detection of breast cancer may change this trend.
Methods: Using breast cancer mortality data from years 1990 to 
2009, we sought to predict the changes in the burden of breast can-
cer mortality during the years 2005–2019 through a Bayesian age-
period-cohort model. the net change in the number of breast cancer 
deaths between the periods of 2015–2019 and 2005–2009 was sepa-
rated into changes in population demographics and changes in the 
risk of death from breast cancer.
Results: During the period 1990–2009, breast cancer mortality rates 
decreased (age-standardized rates per 100,000 women-years 50.6 in 
1990–1994 vs. 41.1 in 2005–2009), whereas the number of breast can-
cer deaths increased (28,149 in 1990–1994; 29,926 in 2005–2009). 
there was a decrease in the number of cases among women 45–64 
years of age (10,942 in 1990–1994; 8,647 in 2005–2009). changes in 
population demographics contribute to a total increase of 12.5–12.8% 
comparing periods 2005–2009 versus 2015–2019, whereas changes 
in the risk of death from breast cancer contribute to a reduction of 

12.9–13.7%. We predict a net decline of 0.1–1.2% in the absolute 
number of breast cancer deaths comparing these time periods.
Conclusions: the decrease in the risk of death from breast cancer 
may exceed the projected increase in deaths from growing population 
size and aging in Spain. these changes may also explain the decrease 
in the absolute number of breast cancer deaths in Spain since 2005.

(Epidemiology 2013;24: 454–460)

Breast cancer was the most common tumor-related death 
among european women1 in 2009, with western and north-

ern european countries showing the highest breast cancer mor-
tality rates and eastern and central european countries showing 
the lowest.1 Breast cancer mortality trends have been favorable 
for the past two decades in many countries, mainly owing to the 
advancements in clinical management and improved progno-
sis.1–3 implementation of breast cancer screening programs has 
also contributed to an increase in breast cancer incidence, leading 
to earlier diagnosis and a shift in the tumor stage at diagnosis.1

in Spain, a decreasing trend in breast cancer mortality 
rates was observed during 1992–2001, although this trend was 
not homogeneous across all age groups.4 this heterogeneity 
affected the projection of number of breast cancer deaths; the 
number of deaths predicted for the years 2002–2016 increased 
among women older than 50 years,4 because of population 
aging, immigration, and increased incidence of breast cancer. 
However, breast cancer incidence has leveled off in certain 
Spanish regions.5 in addition, there are changes in immigration 
rates and life expectancy among women in Spain.6 all these 
factors may affect future time trends of breast cancer mortality. 
Furthermore, these factors were not taken into account in a 
previous projection of breast cancer mortality.4 the aim of this 
study was to model the burden of breast cancer mortality in 
Spain for 2010–2019, assessing the role of demographic factors, 
such as number and age distribution of women in Spain as well 
as the impact of declines in the risk of death from breast cancer.

METHODS

Data
the national institute of Statistics of the Spanish gov-

ernment (ine, http://www.ine.es/) provided data on breast 
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cancer mortality and age distribution of the female population 
for the period 1990–2009 by each of the 52 Spanish regions. 
Breast cancer mortality data were arranged in four 5-year peri-
ods (1990–1994, 1995–1999, 2000–2004, and 2005–2009) and 
twelve 5-year age groups (from 30–34 years to 85–90 years). 
Projections of future population counts and age distribution 
for the periods 2010–2014 and 2015–2019 were provided by 
the institute, which projects population using rates of mortal-
ity, fertility, and migration7 within a multiregional model.8 the 
institute provides estimates of the age structure of the female 
Spanish population until 2019. Breast cancer mortality rates 
presented in tables are age-standardized to the world standard 
population. We took into account regional variability of breast 
cancer mortality rates, and we assessed changes in the num-
ber of deaths across periods, distinguishing between changes 
owing to demographic factors and risk of death.

Projections by Bayesian Age-Period-Cohort 
Modeling

Mortality rates can be analyzed with regard to age at 
death, period (time of death), and cohort (time of birth).9,10 
age is a main factor as mortality increases with age.9 Period 
effects on mortality arise when changes in mortality are con-
stant across all age groups.9 Factors that affect mortality rates 
in a specified birth cohort contribute to the cohort effects.9 
the age-period-cohort (aPc) models used for projections 
incorporate the uncertainty resulting from all these effects and 
from Poisson error.11 a model with a high number of param-
eters may lead to good fit but with large variability in the pre-
dictions and therefore less precision in the prediction interval. 
For some cancers, the use of age and period/cohort effects 
may result in less variability in the prediction than models 
that use all three effects.11 accordingly, we have assessed 
three models: age-period (aP), age-cohort (ac), and aPc, to 
determine which model may lead to better projections under 
a parsimony model selection criterion. Bayesian modeling of 
the effects that imposes a temporal structure on model param-
eters improves precision in predicting future rates.4,11–14 these 
temporal structures are based on autoregressive smoothing of 
first order (ar1) or second order (ar2).12,15,16 considering 
age, period, and cohort as time scales, ar1 for a time scale 
assumes a constant rate of increase or decrease, whereas ar2 
assumes a constant absolute change per unit of time.15,16 as 
the rise of (the logarithm of) breast cancer mortality rates 
becomes more than linear with age, we assumed ar2 for age 
effects.4,11 However, for period and cohort effects, both types 
of trends have been observed4,11–14; thus, ar1 and ar2 were 
chosen with respect to the data.12–14

the most reasonable hypothesis in making projections 
is to assume that current and most recent trends will continue 
unless there is external information to indicate otherwise. the 
prior temporal structures for the model parameters guarantee 
that each period (or cohort) parameter is a linear extrapolation 
of two previous period (or cohort) parameters.

let λapr be the observed (age-specific) mortality rate 
for the age group a in the period p for region r, where λapr = 
Dapr/Napr, Dapr and Napr being the observed number of deaths 
and the person-years at risk in the corresponding age group, 
period, and region. assuming Dapr ~ Poisson(Naprλapr) and age 
group intervals of the same width as the period intervals, the 
aPc model decomposes log(λapr) additively into an overall 
level μ, age effects αa, period effects βp, and cohort effects 
γc, where the birth cohort c depends on period and age such 
that c = p − a for c in {1, 2,…, 12 + 6 − 1 = 17}.10 let {α1, 
…, αa, …, α12} be the set of age effects, {β1, …, βp, …, β6} 
be the set of period effects, and {γ1, …, γc, …, γ17} be the 
set of cohort effects. these parameters will be adjusted for 
unstructured regional heterogeneity,14 εapr, where r ∈ {1, …, 
52} denotes the Spanish regions. the magnitude of the rates 
can be described by an aP model as

 log( )λ µ α β εapr a p apr= + + +  (1)

by the ac model as

 log( )λ µ α γ εapr a c apr= + + +  (2)

and by the aPc model as

 log( )λ µ α β γ εapr a p c apr= + + + +  (3)

Models (1–3) were used to perform projections, using ar1 
and ar2 as smoothing priors for the age, period, and cohort 
effects.12 For μ, we used a flat prior assigning equal likeli-
hood to all possible values of the parameter,14 whereas for 
εapr we used a gaussian distribution εapr ~ N(0, τε) where τε 
is the precision (inverse of the variance). let θ represent a 
vector of age effects αa, period effects βp, or cohort effects 
γc. When ar1 is used, θi ~ N(θi−1, τθ) is assumed, and when 
ar2 is used, θi ~ N(2θi−1 − θi−2, τθ) is assumed (where 
τθ is the precision). We used independent uniform priors 
for θ1 in ar1 and θ1 and θ2 in ar2. We also constrained 
each of the effects to sum to zero to improve numeric sta-
bility12 in the fit of models that use ar1 or ar2.17 in the 
aPc prediction analysis, the problem of nonidentifiability 
arises (the same fitted rates are predicted by many differ-
ent sets of parameter values, because of the linear relation-
ship among age, period, and cohort).9,10 However, because 
we are interested only in predicting rates, not interpreting 
parameters,18 we have used the sum-to-zero parameter con-
straints in our models to estimate parameters as previously 
suggested in the Bayesian framework12 and predicted rates 
using these estimates.

We used a prior τ ~ gamma(a, b) for the τ preci-
sion parameters,14,17 where the gamma density is given by 
b a ba a/ ( ) exp( )Γ( ) −−τ τ1 , with mean a/b and variance a/b2. We 
used the values a = 0.5 and b = 0.001, as evidence suggests 
that they work well in aPc modeling.14
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Because there is no evidence of which ar scheme works 
better, and the outcome may depend on the data analyzed,12,14 
we performed projections comparing two scenarios: in the 
first we assumed ar1 for period and cohort effects, and in the 
second we assumed ar2 for all effects. therefore, a total of 
six models—two aP, two ac, and two aPc—were assessed 
to determine the best predictive model in terms of precision 
in the predicted counts. the Deviance information criterion19 
(Dic), the sum of the posterior deviance and the effective 
number of model parameters (pD), was used as a Bayesian 
model selection criterion for prediction.14 the model with 
lowest Dic value is considered to be the “best model” to fit 
data with high out-of-sample predictive power. Models within 
1–3 Dic units of the best model are almost as well supported 
as the best model.19 We also assessed the relative error (re) 

of the prediction,20 re = −− − −
=∑ | | / ,D E Da a aa

2005 09 2005 09 2005 09
1

12
 

which compares the observed number of breast cancer deaths 
in 2005–2009, Da

2005 09− , with the predicted ones (or expected 
ones, Ea

2005 09− ) obtained through each of the models that were 
fitted to the data from period 1990 to 2004. the re can be 
used to measure prediction error and to discriminate among 
models with similar Dic.

Projections were obtained by fitting aP, ac, and aPc 
models to breast cancer mortality data for the period 1990–
2009 (four 5-year periods) and extrapolating the cohort and 
period parameters into two 5-year future periods (2010–2014 
and 2015–2019). For period effects—the β model parame-
ters—the extrapolation was carried out through the ar1 pri-
ors, β5 ~ N(β4, τβ) and β6 ~ N(β5, τβ), or through the ar2 
priors, β5 ~ N(2β4 − β3, τβ) and β6 ~ N(2β5 − β4, τβ). note that 
a future period effect can be estimated by extending the ar 
structure into the future, based on the specific ar assumption. 
the same applies for cohort parameters γ16 and γ17. the age 
effects, αa, could also be extrapolated, although in our case 
it was not necessary as data cover all age groups of interest. 
We also note that the projections have required future popula-
tion counts, Nap|∀a; p ∈ {5, 6}, which are an offset for these 
models. the offset is a term added to the Poisson model on the 
logarithmic scale so that the count of cases can be adjusted for 
population size.

Working under the Bayesian framework, we obtained a 
posterior distribution for breast cancer mortality rates in the 
logarithmic scale and for each model fitted. Making use of 
the Poisson distribution, the predictive distribution21 of the 
number of breast cancer deaths for period 2010–2019 was 
obtained through simulation as follows. For each age group 
and region, we used the posterior log-rate mean and its pos-
terior standard deviation for future periods 2010–2014 and 
2015–2019, and simulated 1000 values of each log-rate. the 
antilogarithm transformation was applied to each of these val-
ues to obtain the simulated posterior rate. For each of these, 
we simulated one observation from the Poisson distribution 
to take into account Poisson variability on the projections of 
the number of deaths.22 therefore, our predictive distribution 

for the number of deaths was based on 1000 observations in 
each age group and region in each of the 5-year future periods. 
Finally, aggregating the counts by age groups and period, we 
calculated the total number of deaths in each future period and 
its 95% prediction interval.

Implementation of the Bayesian Models Using 
INLA

the Bayesian models were estimated using integrated 
nested laplace approximations (inla),23 a newly computa-
tional alternative to Markov chain Monte carlo,21 through an 
r-interface (r Development core team, 2010). the r code 
and the dataset to reproduce all the statistical analyses pre-
sented in this article can be found in the online supplementary 
materials (http://links.lww.com/eDe/a673). 

Differences in Risk of Death from Breast Cancer 
Between Periods

to decompose the changes in the number of 
breast cancer deaths between the two periods into those 
attributable to changes in population demographics and 
those attributable to risk of death from breast cancer, we 
used the method of Bashir and esteve.24,25 For example, 
we can compare the predicted breast cancer mortality in 
the period 2015–2019, Ea

2015 2019− , with the observed breast 
cancer mortality in the period 2005–2009, Da

2005 2009− ,  
through the observed percent net change of the difference 
in the total number of cases or deaths between both periods, 

net(%) .= −( )( )− −
=

−∑ ∑E D Da aa aa
2015 2019 2005 2009

1

12 2005 200912
 this  

net percent change can be separated into two components: 
(1) deaths because of changes in population size and age 
distribution and (2) remaining deaths attributable to changes 
in the risk of death from breast cancer. therefore, net (%) = 
risk (%) + Population (%) = risk (%) + Size (%) + Structure 
(%), the contribution of the risk of death from breast cancer 
and population demographics (size and age distribution) is 
equal to the percent net change of the difference between the 
number of expected cases in 2015–2019 and the observed 
number of breast cancer deaths in 2005–2009. the effect of 
population size is easily estimated: if the population is expected 
to increase by 10%, the expected number of deaths increases 
by 10%. the effect of population structure is estimated by 
comparing the estimated mortality rate for 2015–2019 and 
the mortality rate expected in the 2015–2019 population, the 
latter obtained by applying the age-specific rates observed in 
2005–2009 to the population pyramid for 2015–2019. Finally, 
the variation in risk is the difference between the percent net 
change and the percent change explained by population size 
and age structure.24,25

Using the method described above, the statistical analy-
sis has been performed as follows. in the initial analysis, we 
assessed the differences in the number of deaths between 
period 1990–1994 (reference) and periods 1995–1999, 2000–
2004, and 2005–2009, respectively. after fitting the models 
(1–3) and obtaining the predicted number of breast cancer 

http://links.lww.com/EDE/A673
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deaths for 2015–2019, we compared differences in the num-
ber of breast cancer deaths between the period 2015–2019 and 
2005–2009 (reference period).

RESULTS
the differences in the number of breast cancer deaths and 

their age-standardized rates, comparing periods 1990–1994 and 
2005–2009, are shown in table 1. although the age-standard-
ized rates of breast cancer mortality decreased, the number of 
breast cancer deaths increased between 1990–1994 and 2005–
2009 (from 28,149 to 29,926). However, there was a decrease 
in the number of cases for age groups 45–64 during this time 
period (from 10,942 to 8647). the Figure depicts the percent 
change in number of breast cancer deaths in Spain in the four 
time periods attributable to changes in population structure, 

changes in population age distribution, and changes in the risk of 
death from breast cancer. the percent change because of popula-
tion size increases, whereas the percent change because of risk 
of death from breast cancer decreases independently of region. 
Both changes occur at a similar rate but in opposite directions.

table 2 shows the model fit assessment on the projec-
tions of breast cancer mortality rates through the aP, ac, and 
aPc models. the ac and aPc models showed similar Dic 
in the ar1 scenario (11,607.3 and 11,608.4) and ar2 sce-
nario (11,604.1 and 11,605.5). the ac models showed both 
the lowest relative error (0.4% in ar1 scenario; 0.5% in ar2 
scenario) and the lowest posterior standard deviation (180.3 
in ar1 scenario; 179.1 in ar2 scenario) of prediction among 
all models. Using the Dic, the aPc model in ar2 scenario 
and the two ac models in both scenarios were considered as 

Due to changes in population size

Due to population changes in population age distribution (structure)

Due to changes in breast cancer death risk

Regions with high density of  populationA B Other regions

FIGURE. A and B, Percent change in the 
number of breast cancer deaths in Span-
ish regions for 1995–1999, 2000–2004, 
and  2005–2009  versus  the  reference 
period  1990–1994  because  of  changes 
in population structure, changes in pop-
ulation  age  distribution,  and  changes 
in  the  risk of death  from breast  cancer. 
(Spanish  regions  with  high  density  of 
population [more than 300 inhabitants/
km2]:  Barcelona  [northeast],  Valencia 
[east],  Murcia  [southeast],  Seville  and 
Cadiz  [south-central],  Madrid  [central], 
Navarra and Vizkaia [north-central], and 
a Coruña [northwest]).

TABLE 1. Age-standardized Breast Cancer Mortality Rates, Number of Breast Cancer Deaths and Women Years at Risk During 
Period 1990–1994 and 2005–2009 by Specific Age Groups

Period 1990–1994 2005–2009

Age Group ASR N Women-years ASR N Women-years

all ages 50.6 28,149 58,057,730 41.1 29,926 75,764,833

45–64 48.1 10,942 21,961,100 31.4 8,647 27,155,750

>65 83.5 14,713 16,233,515 74.1 19,361 21,557,043

aSr is age-standardized rate to the world standard population per 100,000 women-years; n is the number of breast cancer deaths.
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well supported as the better models for projections with simi-
lar prediction performance. We also assessed the aP and ac 
interactions in the full aPc model, but these interactions did 
not improve the projections (see Supplementary Material Sec-
tion 1, http://links.lww.com/eDe/a673).

the projected numbers of breast cancer deaths for 
2015–2019 by age group are shown in table 3. note that the 
number of breast cancer deaths in 2005–2009 was higher 
(n = 29,926) than the median of the figures predicted for 
2015–2019 using the ac models (ar1 scenario: 29,906; ar2 
scenario: 29,777) and the aPc model of the ar2 scenario 
(n = 29,564). therefore, in comparing figures for the period 
2015–2019 with those of period 2005–2009, a net decline 
of 0.1–1.2% in the number of deaths is expected. in this net 
percent change between these two 5-year periods, population 
demographics may contribute to an increase of 12.5–12.8%, 

whereas the decrease in risk of death from breast cancer may 
contribute to a decrease of 12.0–13.7%.

DISCUSSION
We have predicted a net decline of 0.1–1.2% in the 

number of breast cancer deaths in Spain, between 2005–2009 
and 2015–2019. this slight decrease can be decomposed into 
two opposite trends: (1) an increase of 12.5–12.9% because 
of population increase and aging and (2) a decrease of 13.7–
12.9% because of a continuing decline in the risk of death 
from breast cancer between these two periods. this prediction 
is based on the time trends of breast cancer mortality rates 
of the Spanish population during 1990–2009. the projections 
accounted for different ac and aPc models, which lead to 
similar predicted counts for 2015–2019 and therefore similar 
conclusions in our results.

Some limitations must be pointed out. the method is 
based on projecting the most recent breast cancer mortality trend 
into the future. Several factors26 could influence future trends in 
breast cancer mortality and cannot be easily incorporated into 
predictive models. However, our assumption is supported by the 
steady fall in breast cancer mortality in europe.1 Projections 
also depend on the estimates of future population counts, which 
affect the future age distribution of the Spanish population. 
it would be useful to account for the imprecision of these 
estimates in our models; however, the government projections 
do not provide that variability, which is a limitation of our study. 
another limitation might be related to changes in the future 
population distribution because of migration. Barring a large 
shift in migration, this should not substantially affect our results 
because breast cancer deaths mostly occur in older age groups, 
and counts in these age groups are usually not greatly affected 
by migration.6 even so, the lack of estimates of variability in 
projected breast cancer mortality and demographic changes are 
additional. Future research in this direction is warranted.22

TABLE 2. Model’s Selection Procedure: Models Fitted to 
Breast Cancer Mortality Data During 1990–2004 and Used 
to Predict Breast Cancer Deaths in Spain for 2005–2009

Model DIC pD

Expected
RE 
%Median SD

ar1 aP 11,935.1 62 32,982 282.6 10.2

ac 11,607.3 73 29,906 180.3 0.4

aPc 11,608.4 74 31,847 294.1 6.4

ar2 aP 11,935.1 62 30,199 215.3 0.9

ac 11,604.1 70 29,777 179.1 0.5

aPc 11,605.5 70 29,564 224.3 1.2

ar1, models aP and ac made use of an autoregressive smoothing prior of order 1 
for period and cohort parameters; ar2, autoregressive smoothing prior of order 2 was 
used for all parameters; pD, effective number of model parameters; expected, median of 
the total expected number of breast cancer deaths during 2005–2009 predicted by each 
of the models; SD, posterior standard deviation of the total expected number of breast 
cancer deaths during 2005–2009; re(%), percentage of the relative error between the 
total observed number of breast cancer deaths during 2005–2009 and the total predicted 
by each one of the models.

TABLE 3. Predicted Number of Breast Cancer Deaths in Spain for the Time Period 2015–2019, Their 95% Prediction Interval 
and the Risk of Death from Breast Cancer Comparing the Number of Deaths from 2015–2019 with Those from 2005–2009 by 
the Three Models That Best Fit the Data

Age Groups

Projections (2015–2019) Differences in the number of BC 
Deaths

2015–2019 vs. 2005–200945–64 >65 All Ages

Scenario/ 
Model

Median 
N

95% Prediction 
Interval

Median 
N

95% Prediction 
Interval

Median 
N

95% Prediction 
Interval

Net 
%

Contributing Factors to Net 
Percent Change

Lower Upper Lower Upper Lower Upper Population % Risk %

ar1

 ac 8,667 8,463 8,861 19,205 18,915 19,479 29,906 29,551 30,255 −0.1 12.8 −12.9

ar2

 ac 8,616 8,431 8,795 19,215 18,940 19,500 29,777 29,436 30,108 −0.5 12.9 −13.4

 aPc 8,554 8,333 8,765 19,075 18,717 19,442 29,564 29,131 30,000 −1.2 12.5 −13.7

ar1, models aP and ac made use of an autoregressive smoothing prior of order 1 for period and cohort parameters; rW2, autoregressive smoothing prior of order 2 was used for 
all parameters; Bc, breast cancer.

http://links.lww.com/EDE/A673
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the Figure shows that changes in risk and demographic 
factors were similar for breast cancer mortality during 1990–
2009 across regions. Some studies at the municipal level 
in Spain27,28 have reported positive associations of higher 
mortality with socioeconomic status and age6 and negative 
associations with rurality.27 this is not relevant to our study, 
as we are interested in how changes in the risk of breast cancer 
death and demographic factors affect the levels of breast 
cancer mortality in Spain as a whole.

recent studies have shown that risk of death from breast 
cancer is decreasing in most european countries, whereas 
an increase in the number of breast cancer deaths might be 
expected.24,29 We found that mortality decreased among 
women between 45 and 64 years of age (target population for 
breast cancer screening4,5 programs). in this age group, the 
decreasing breast cancer mortality trend has occurred at the 
same time as increased access to mammography screening30,31 
and more effective breast cancer treatments.1,3,31,32

advancements in breast cancer treatment, such as adju-
vant antiestrogens therapy and chemotherapy and advance-
ments in radiotherapy and surgery,2,33–35 have contributed to 
this decreasing trend. Selective estrogen receptor modulators 
(such as tamoxifen and raloxifene) have also been assessed for 
primary prevention of breast cancer36 although their impact 
on mortality is likely to be limited because the chemopreven-
tive use of these drugs has been uncommon. the continuous 
improvement in 5-year relative survival of breast cancer in 
Spain37 may reflect advances in treatment, although changes 
in survival may have also influenced breast cancer screen-
ing, with consequent increase in breast cancers with a better 
prognosis. Detection of breast cancer at an early stage could 
have less impact than treatment in reducing risk of death from 
breast cancer,38 but it presumably contributes to the decreasing 
breast cancer mortality in Spain.4 Mortality rates, on the con-
trary, are not influenced by overdiagnosis because death certi-
fication of breast cancer is sufficiently reliable in Spain39,40 to 
permit meaningful inference.

We predicted that the number of breast cancer deaths in 
Spain will decrease in 2005–2019. a previous study used breast 
cancer mortality data from 1977 to 2001 to project an increas-
ing number of breast cancer deaths to year 2016.4 that study 
showed a larger variability in the increase in number of projected 
breast cancer deaths than the figures presented here. researchers 
in that study used different basis periods on the projections (peri-
ods 1977–2001, 1982–2001, 1987–2001, and 1992–2001), a dif-
ferent population distribution for the future Spanish population 
(affected by rising immigration rates), and a single prediction 
model.4 We have used data 1990-2009, updating the population 
distribution used in the past study with significant changes in 
central age groups6 and using six prediction models. in addi-
tion, we incorporated geographic heterogeneity in our models, 
and we decomposed the influence of demographic factors and 
mortality trends.

Models that included age and cohort parameters were 
those which best fit the data of breast cancer mortality in 
Spain. We assessed the influence of this cohort effect in the 
predictions, because some evidence suggests that excluding 
data from young age groups (in our case 30–44 years of age) 
might bias projections if there are strong cohort effects.18 
in our modeling, we used data from ages 30 and older, 
even though data from ages 30 to 44 showed a very small 
number of deaths and could be considered as unnecessary to 
the analysis. We found that excluding these age groups may 
lead to less precision in the predictions (see Supplementary 
Material Section 2, http://links.lww.com/eDe/a673). We also 
found certain bias in the predictions when excluding younger 
age groups because the relative error in the predictions was 
higher than with the full dataset. Our data showed a strong 
cohort effect. in Spain, aPc analysis of breast cancer 
mortality across time has consistently shown strong variation 
associated with the cohort component,4 following trends 
observed in the United States41 and europe.42 changing 
behaviors may affect the risk of developing breast cancer, 
for example, patterns of childbearing, breastfeeding, diet, 
and obesity.26 risk factors can also be related to female 
sex hormones with estrogenic and progestagenic activity, 
either endogenous or given as hormonal contraceptives or 
hormone replacement therapy.43 although the decline in the 
use of hormone replacement therapy has been suggested as 
decreasing breast cancer incidence, its impact on mortality 
is less clear.44 the prediction modeling approach used in our 
study does not take into account different scenarios for all 
these factors.

Our projections are based on a Bayesian modeling 
method comparing the predictive performance of six models. 
although aPc models have been used increasingly for pre-
dicting cancer incidence and mortality,4,11–14,18,20,45–47 projec-
tions based on the extrapolation of age, period, and cohort 
effects require parametric assumptions in non-Bayesian ver-
sions of these models.45 Some models have assumed constant 
age effects and projected period and cohort effects using a 
linear regression applied to a fixed number of most recent 
period and cohort effects.45 in Bayesian versions of the aPc 
models, period and cohort effects are smoothed and extrapo-
lated by means of smoothing priors,16 which can be learned 
from the data.13 in situations where rates are low, the Bayesian 
approach to aPc models can achieve sensible predictions47 
where other methods may fail.

the projections presented here may be useful as base-
line information for public health authorities to investigate 
possible variations in breast cancer mortality because of early 
detection and treatment at the national or regional level.
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