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Abstract Introduction: There is a need to develop methods to evaluate public health interventions. Therefore, this work
proposed an intervention analysis on time series of breast cancer mortality rates to assess the effects of an action of
the Brazilian Screening Programme. Methods: The analysed series was the monthly female breast cancer mortality
rates from January 1996 to March 2016. The intervention was the establishment of the National Information
System on Breast Cancer in June 2009. The Box-Tiao approach was used to build a Global Intervention Model
(GIM) composed of a component that fits the series without the intervention, and a component that fits the effect
with the intervention. The intervention’s response time was estimated and used to define the length of the residual
series to assess the predictive accuracy of the GIM, which was compared to a one-step-ahead forecasting approach.
Results: The pre-intervention period was fitted to a SARIMA (0,1,2) (1,1,1)12 model and the intervention’s effect
to an ARIMA (1,1,0) model. The intervention led to an increase in the mortality rates, and its response time was
24 months. The forecast error (MAPE) for the GIM was 3.14%, and for the one-step-ahead forecast it was 2.15%.
Conclusion: This work goes one step further in relation to the studies carried out to evaluate the Breast Cancer
Screening Programme in Brazil, considering that it was possible to quantify the effects and the response time of
the intervention, demonstrating the potential of the proposed method to be used to evaluate health interventions.
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Introduction

Health technology assessment (HTA) has been mainly
focused on pharmaceuticals and medical equipment,
while HTAs on public health interventions are rarely
conducted (Draborg et al., 2005). In 2010, a survey in
five countries showed that only five per cent of HTAs
were focused on public health (Lavis et al., 2010).

Although randomized controlled trials are considered the
standard method for the evaluation of health interventions
(Cochrane, 1989), they are not often available in the field
of public health as they are usually difficult to conduct
(Petticrew et al., 2012). Mathes et al. (2017), reviewed
the existing HTA guidelines for this type of technology,
and concluded that methods to evaluate public health
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interventions are not sufficiently developed or have not
been adequately evaluated.

This suggests that there is still a need to develop
methods and new approaches to evaluate this type of
technology. Ramsay et al. (2003) recommended the
use of time series regression techniques, especially
when randomized controlled trials are not feasible and
it is necessary to evaluate changes in a series after an
intervention. In this situation, the method of intervention
analysis in time series developed by Box and Tiao (1975)
seems useful for the assessment of a screening program.
A Breast Cancer Screening Programme (BCSP), for
instance, has a national scope, making it difficult to
carry out a clinical trial. Its effect on the main outcome
(mortality from breast cancer) is indirect, which demands
monitoring over time. Besides that, a BCSP is also subject
to different interventions.

In Brazil, although the screening actions were initiated
in 2004 (Brasil, 2004), it became a more structured
programme in June 2009, after the establishment of
the National Information System on Breast Cancer
(SISMAMA in Portuguese) (Brasil, 2008). This intervention
promoted the registration of mammography screening
procedures and cytopathology-histopathology diagnosis
tests, which represented an improvement on the control
and evaluation of the actions of the BCSP.
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The BCSP has been evaluated from the perspective of
the production of services, coverage, detection rates and
access to the target population (Azevedo e Silva etal., 2014;
Renck et al., 2014; Ribeiro et al., 2013; Silva and
Hortale, 2012). Meanwhile, the series of mortality from
breast cancer in Brazil has been mostly studied using a
descriptive analysis of its trend, without considering the
interventions that occurred over the years (Felix et al., 2011;
Freitas-Junior et al., 2012; Girianelli et al., 2014),
including the BCSP’s actions.

This work proposed an approach based on intervention
analysis on the time series of the Brazilian breast cancer
mortality rates to assess the effects of the establishment
of the SISMAMA.

Methods

The data of mortality from breast cancer was obtained
from the Brazilian Mortality Information System (Brasil,
2015), whose monthly data is available after January
of 1996. A time series of female mortality rate from
breast cancer was built using the number of monthly
deaths and the corresponding monthly female population
(Instituto..., 2015), starting in January 1996 and ending
in March 2016. All data is publicly available.

For the purposes of the intervention analysis, this
series was divided into three periods: pre-intervention
from January 1996 to June 2009; post-intervention to
build the model from July 2009 to December 2014; and
post-intervention to evaluate the model from January
2015 to March 2016.The first two periods were used
to fit a General Intervention Model (GIM), which is
composed of a pre-intervention model and a model of
the intervention effects. The third period was applied to
test the predictive accuracy of the GIM. All statistical
analysis was done using the stats and forecast packages
ofthe R Statistical Software, version 2.14.0 (Foundation
R, 2015).

Building the Global Intervention Model (GIM)

ABox-Jenkins model was built to fit the pre-intervention
period. The parameters of the model were identified
through the analysis of the autocorrelation function
and the partial autocorrelation function. The Akaike
Information Criterion (AIC) and Box-Pierce test were
used for the residual analysis of the model. The AIC
helps to select the models that minimize the variance
of the residuals and the Box-Pierce test verifies if the
residuals are random and independent (Box et al., 2015).
The most parsimonious model was used to represent the
pre-intervention model.

The intervention’s effect on the mortality rates was
obtained from the difference between the observed data
in the second period and the forecast values from the
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pre-intervention model. This new series, named the
residue series, was used to build the intervention effects
model applying the Box-Jenkins method.

The GIM results from the sum of the models from
the pre-intervention and the intervention effects (that
equals zero before the intervention), were as follows:

GIM =M +M,

pre-intervention intervention effects ( 1 )

where each model could be written as the general
polynomial form of a SARIMA model:

8,(B)8, (B‘)
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where B is a backward shift operator, defined as (8*, = v,_, );
where @,(B) and @ P(BS) are the autoregressive and
seasonal autoregressive terms, respectively; 6, (B) and
GQ(B‘) are the moving average and seasonal moving
average terms; V¢ is the backward difference operator,
defined as v¢ :(I—B)d; v? is the seasonal backward
difference operator, defined as v” :(I—BS )D; and a,
represents the random errors.

Analysis of the intervention’s response time

The response time is the length of time from the
beginning of the intervention until the point where the
maximum level of response due to the intervention is
reached. This time represents the period when most
changes occur.

To obtain the intervention’s response time, the
residual series was divided into 11 segments with
lengths of multiples of six months, varying from
6 up to 66 months. For each of these segments, the
GIM was used to estimate the mortality rates in the
post-intervention period. The MAPE was calculated to
assess the fitting of each estimation. These values were
plotted sequentially considering the segments’ lengths,
and the point that presents an abrupt fall was considered
as the response time.

Analysis of the predictive accuracy of the GIM

A multi-step-ahead forecasting approach and the
segments of the residue series with the lowest MAPEs
were used by the GIM to forecast the mortality rates
from January 2015 to March 2016. These results were
compared with the observed values during this period
and the estimates using a one-step-ahead forecasting
approach, which is an iterative process that uses the
pre-intervention model and the observed data to predict
one value at a time, providing results with high accuracy
(Box etal., 2015). The MAPE was used to measure the
predictions’ accuracies.
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Results

The time series of mortality rate from breast cancer was
composed of 243 observations. It showed an increasing
trend since the beginning of its recording, with the lowest
rate being 0.67 deaths per 100,000 women (recorded in
September 1996), and the highest rate being 1.30 deaths
per 100,000 women (recorded in March 2016).

The model that best fits the pre-intervention period
was a SARIMA (0,1,2)(1,1,1)12. The residual analysis
confirmed that this model had the lowest AIC (548.01)
and a p-value (0.94) for the Box-Pierce test.

Figure 1 shows the forecast values of the post-intervention
period using the pre-intervention model and the observed
mortality rates for this period. The forecast series
(dashed line) shows a growth at a pace slower than
the observed data (solid grey line). This suggested that
the intervention had led to an increase in the mortality
rate. The intervention effect model was fitted using the
residual series and the result was an ARIMA (1,1,0).

The resulting GIM is composed of the pre-intervention
model SARIMA (0,1,2)(1,1,1)12 plus the intervention

Intervention analysis in breast screening

effect model ARIMA (1,1,0), whose polynomial form
is shown in Equation 3:

(1+0.98-0028)(1+ 8, a, } 3)

e (1-B)(1-87)(1+0.128") }{(1 ~B)(1+08B)

Figure 2 shows the MAPE values of the post-intervention
periods that were estimated using the GIM (Equation 3)
and the 11 segments of the residual series. Note that
the lowest MAPE were calculated using lengths
of 24, 54 and 66 months, but the abrupt fall of the
MAPESs occurs when using the segment of 24 months,
which is the intervention response time.

Table 1 shows the MAPEs calculated for the
forecast series from January 2015 to March 2016.
The lowest forecast error (MAPE of 2.15) was obtained
using the one-step-ahead approach, and the second
lowest (MAPE of 3.14) was obtained by means of the
multi-step-ahead approach with the GIM using 24 months
of residues, which corresponds to the intervention
response time. Figure 3 compares the observed mortality
rates and the forecast series using these two approaches.
Note that both predictions follow the same pattern for
almost one year.

Observed series
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1 1
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Figure 1. The post-intervention mortality rate of breast cancer in Brazil and the forecast series by the pre-intervention model (PIM).
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Figure 2. MAPE values of the post-intervention periods estimated by GIM and the segments of residues.
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Table 1. Mean absolute percentage errors for the forecast series from Jan/2015 to Mar/2016.
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Forecast approach Model MAPE
multi-step-ahead GIM using 24 months of residues 3.14
GIM using 54 months of residues 3.88
GIM using 66 months of residues 3.54
one-step-ahead pre-intervention model using observed data 2.15
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Figure 3. The post-intervention mortality rate of breast cancer in Brazil and the forecast series using the GIM and the one-step-ahead approach,

January 2015 to March 2016.

Discussion

The objective of this study was achieved, since the
proposed method of intervention analysis detected that
the mortality rate series moved away from its course
after the establishment of SISMAMA. This deviation
revealed a growth in the series rather than a reduction in
the mortality rate, which seems somewhat contradictory
to the objective of a BCSP (World..., 2012). This finding
was somehow expected, taking into consideration that the
reduction of mortality is a medium to long term effect of the
Programme, and the post-intervention period corresponds
to the first five years of the organization of the BCSP.
Silva and Hortale (2012) have noted that the reduction
of mortality will not be perceived in the initial phase of
a BCSP. On the contrary, it is expected that in the initial
phase there would be an increase in the identification of
new cases of cancer especially among women screened
for the first time (Malmgren et al., 2012). These women
are at higher risk of being diagnosed in advanced stages,
which could result in an increase in the number of
deaths registered from this cause (Hofvind et al., 2004;
Paci et al., 2004). In Brazil, this situation was already
confirmed by Barreto et al. (2012), who suggested that
the increased mortality rates could be related to the
considerable amount of cases diagnosed in advanced
stages of cancer. In the same way, Rezende et al. (2009)
observed that 51% of all breast cancers diagnosed in
Rio de Janeiro were in advanced stages of the disease
(clinical stages II, III and IV).

Additionally, the intervention, i.e. SISMAMA, offers
an improvement in the registration of the population with
cancer, which can increase the possibility of following

up the pathway of these women during the treatment
and even the registration of death.

Considering the Box-Tiao method, it was possible to
build the GIM that helped characterize the intervention’s
effect in the mortality rates. That is, the GIM identified
and quantified the changes in the series after the
establishment of the SISMAMA. It also permitted
the estimation of the intervention’s response time as
24 months, which is a useful indicator to compare the
effects of the intervention in different scenarios. It should
be clarified that after this period the mortality rates
continued increasing, but this suggests that most of the
changes due to the intervention occurred. In this sense,
this study overcomes the limitations of using short time
series and small post-intervention periods to evaluate
public health interventions, as have been pointed out in
the literature (Ramsay et al., 2003).

Furthermore, it was shown that the GIM’s prediction
was improved using the residual series with a length
equal to the intervention’s response time. The accuracy
of this forecast was close to that estimated by the
one-step-ahead approach for the period from January
2015 to March 2016, which is an adequate period for
planning in healthcare. Nevertheless, the GIM also has
an advantage over the OAS approach in forecasting
mid- and long-term periods.

Due to the complexity of the BCSP, it is recommended
that further studies would include the effects of other
interventions in the model, which is possible using the
proposed approach. This work is limited to the analysis
of one intervention since the main objective was to
evaluate a public health intervention implemented on
a large scale in the country. Besides that, the proposed
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approach could also be applied to characterize the effects
of the intervention in different scenarios.

Finally, the approach of this study goes one step
further in relation to the previous studies carried out
to evaluate the BCSP in Brazil, considering that it
allowed to quantify the effects and the response time
of the intervention. This makes it possible to compare
different scenarios inside the country.
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