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Abstract The present study aimed to analyze the
effects of age, time period, and birth cohort on the
temporal evolution of mortality rates due to pros-
tate cancer in men from the state of Acre, Brazil,
in the period of 1990 to 2019. This is an ecological
study in which the temporal trend was evaluated
by the joinpoint method, estimating the annual
percentage variations of the mortality rates. The
age-period-birth cohort effects were calculated
by using the Poisson Regression method, using
estimation functions. The mortality rates showed
an increase of 2.20% (95%CI: 1.00-3.33) in the
period studied, tended to increase with age. A
relative risk (RR) of 0.67 (95%CI: 0.59-0.76) was
observed between 2005 and 2009, 0.76 (95%CI:
0.67-0.87) from 2005 on, and 1.44 (95%CI: 1.25-
1.68) from 2015 on. The cohorts from 1910 to
1924 presented a risk reduction (RR < 1), when
compared to the reference cohort (1935). Regard-
ing the time period, the creation of public policies
and the establishment of guidelines are suggested
as factors which may have contributed to more
access to diagnosis, in consonance with the cohort
effect. These findings can contribute to a better
understanding of the epidemiological scenario of
prostate cancer in regions that are more vulnera-
ble in terms of socioeconomic conditions.
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Introduction

Prostate cancer is a serious public health prob-
lem around the world, with incidence rates
ranging from 42.0/100,000 among men in de-
veloping countries, to 100.4/100,000 among men
in developed countries in 2020. This neoplasm
was responsible for 375,304 deaths worldwide,
with higher mortality rates in less developed
regions, such as the Caribbean (26.3/100,000),
South Africa (19.3/100,000), and South America
(16.2/100,000) in 2020".

In Brazil, prostate cancer is the most frequent
cancer among men, not including non-mel-
anoma skin cancer, presenting an incidence
rate of 78.0/100,000 men and a mortality rate
of 13.7/100,000 men'. A growth trend of 2.8%
per year was observed in mortality by prostate
cancer in the country, with rates ranging from
9.0/100,000 men in 1980 to 14.2/100,000 men in
2010. During the same period, the North region
of the country witnessed an increase of 3.5% per
year, ranging from 8.0 to 10.1/100,000 men® In
Rio Branco, Acre’s state capital, Nakashima et
al. (2011) found an increase of 3.3% per year in
mortality by disease between 1988 and 2004°.

The contrasting behavior of the estimates
from different countries and regions may result
from different aspects, such as the increase in
exposure to risk factors and access to the Pros-
tate-specific Antigen (PSA), which has contrib-
uted to a growth in diagnosis and to an early de-
tection of prostate cancer, including during the
indolent phase, resulting in a higher incidence of
the disease’; likewise, factors related to late diag-
nosis and less access to opportune treatment con-
tribute to higher mortality rates®.

Acre is located in Eastern Amazon and was
settled by indigenous peoples, later followed by
men from the Northeast and from urban centers
which migrated to the region to work in the ex-
traction of latex from rubber trees during the first
(1880 to 1920) and second (1942 to 1945) rubber
cycles®’”. For many years, most of the population
of Acre was composed of latex extractors, who
were part of the poorest population, living in a
slavery-like system. Consequently, the state of
Acre has characteristics similar to those of devel-
oping countries, since the base of the male popu-
lation makes up the most neglected segments of
society®.

Demographically, 26.0% of Acre’s men were
aged 40 years or older in 2019. Even though that
percentage is lower than that found for the North
region as a whole (28.91%), and lower than the

national average (36.80%), in terms of propor-
tional increase of men aged 40 or older between
1990 and 2019, the increase of this population in
Acre (69.30%) was above the increase observed
for the entire North region (68.40%) and for Bra-
zil (57.90%) during the same period®.

In the context of epidemiology, it is important
to remember that in Acre there is a coexistence
of high morbimortality by non-transmissible dis-
eases and grievances, such as cardiovascular dis-
eases, malignant neoplasms and external causes,
as well as infectious and parasitic diseases, which
still present rates of mortality that are high and
persistent when compared to developed coun-
tries>* 1.

Regardless of the progress in knowledge re-
garding the diagnosis and treatment of prostate
cancer, little is known about the epidemiological
behavior of the disease in less economically de-
veloped regions, nor about the possible effects of
age, time period, or birth cohort in those regions,
given the difficulties in access to efficient health-
care services provided to this disadvantaged pop-
ulation'.

Taking this into account, the age-period-co-
hort (APC) approach used in the present study
to determine mortality due to prostate cancer
is relevant, since it may provide a better under-
standing of the influence of population aging,
historical events, environmental issues, and ex-
posure to risk factors, which may have an impact
on mortality during distinctive periods and for
different generations®* ">,

Therefore, the present study proposes to ana-
lyze the effects of age, time period, and birth co-
hort on the temporal evolution of mortality due
to prostate cancer among men in the state of Acre
in the period of 1990 to 2019.

Methodology

This is an ecological study of temporal trend, of
the mortality rates due to prostate cancer among
men aged 40 years and older, in the state of Acre,
in the period of 1990 to 2019, evaluating the ef-
fects of the age-period-birth cohort (APC).

The data on mortality was obtained from the
Department of Informatics of the Unified Health
System (Departamento de Informdtica do SUS -
DATASUS), by means of the Mortality Informa-
tion System (Sistema de Informagdo sobre Morta-
lidade — SIM), accessed in 2021. We selected the
realm of deaths caused by prostate cancer (ICD
10: C61) among Acre residents between 1990 and



2019. The resident population during the period
was obtained from census and intercensal esti-
mates, according to age groups, provided by the
Brazilian Institute of Geography and Statistics
(Instituto Brasileiro de Geografia e Estatistica -
IBGE) and made available by DATASUS.

Deaths were corrected by the proportional
reallocation method of ill-defined causes, not in-
cluding external causes, as recommended by the
World Health Organization (WHO)', applying a
proportional redistribution of 50% of the deaths
from ill-defined causes within the group of other
causes of death, given that this methodology be-
gan to be used after a validation study conducted
by Mello Jorge et al. (2002)"".

The annual crude mortality rates were calcu-
lated (used for estimating the APC effects), spe-
cifically for age groups, followed by standardiza-
tion by age. For the calculation of the rates, the
numerator was the number of deaths of residents
by malignant prostate neoplasm, and the denom-
inator, the male population residing in the state or
Acre in each year of the period considered. The
standardization of mortality rates was conducted
by the direct method, using as the standard the
global population as proposed by Segi in 1960,
and later modified by Doll and Hill (1966)', in a
ratio of 100,000 men/year.

To analyze the trend of mortality rates by
means of annual percentage variation, the Join-
point program, version 4.5, was used (Statistical
Research and Applications Branch, National
Cancer Institute, USA)". Thus type of regression
identifies points of change that are statistical-
ly significant, along with the annual percentage
variation (APV) of a time series using the sta-
tistical modeling technique, which seeks to ex-
plain the relationship between two variables by
means of regression lines, identifying the points
that comprise those lines as inflexion or junction
points. The analysis enables the adjustment of
data from a time series based on the minimum
number of joinpoints and tests to check if the in-
clusion of one or more points is significant. The
annual percentage variations during different
periods are determined by the number of inflex-
ion points in the model®. Moving averages of the
mortality rates, both crude and adjusted, over
a five-year period, were used to determine the
trend estimates.

To minimize the effect of possible self-cor-
relations, the option: fit an autocorrelated error
model based on the data was used. The final mod-
el selected was the one which best described the
behavior of the series with APV, using the lin-

ear-log model for the calculation, based on the
trend of each segment, in order to estimate the
statistical significance (p < 0.05), using the Monte
Carlo" permutation method.

For the APC analysis, the age groups, time
periods, and birth cohorts were grouped in five-
year intervals. The age groups of deaths ranged
from 40-44 years of age to 80 and older, in a to-
tal of nine age groups. The periods were grouped
into time intervals: 1990 to 1994, 1995 to 1999,
2000 to 2004, 2005 to 2009, 2010 to 2014, and
2015 to 2019, six periods in total. Although the
data on mortality for the years 1980 to 1989 is
available, the choice of the analysis period (1990
to 2019) is explained by the better quality of the
mortality data from the 1990’s on®. The birth co-
horts vary from 1910 to 1979, resulting from the
difference between the notification of death and
the age at death.

The reference age group was 40 to 44 years
of age, due to the lower risk of developing pros-
tate neoplasms in the younger age groups. The
reference period was 2000 to 2004, given that it
precedes the creation of the High Complexity
Oncologic Care Unit (Unidade de Assisténcia de
Alta Complexidade em Oncologia - UNACON)
in Acre, which has become a reference for onco-
logic treatment in the state. Considering that the
central cohorts present more stability, the chosen
reference cohort was 1935, which represents the
average value of the birth cohorts.

In the age-period-cohort analysis, the models
were adjusted with Poisson distribution for the
answer-variable number of deaths in order to es-
timate the effects of age, time period, and birth
cohort, which act in a multiplicative manner on
the mortality rate. The offset term was the natural
logarithm of the resident population. Therefore,
the logarithm for the value of the rate is a linear
function of the age, time period, and cohort ef-
fect'>!:

in which refers to the mortality rate expected
for age i and period j. corresponds to the number
of deaths in an age i and period j. is the popula-
tion over the risk of death in age i and period j,
a the effect average, the effect of the age group
i, the effect of the period j and the effect of the
cohort k">,

The age-period-cohort effects present a linear
relationship between each other, which prevents
a complete estimation of the model, considering
the main limitation of the APC method, known
as the non-identifiability problem. To solve
that limitation, several proposals have been de-
scribed in literature, although without a definite
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consensus regarding the best methodology to
be applied"*'. In the present study, we chose to
estimate the parameters of age, time period, and
birth cohort by using estimable functions. It is im-
portant to remember that those functions com-
promise the interpretation of individual effects,
since only linear combinations and curvatures
are estimable. However, since the curvatures (es-
timable functions) remain constant, regardless of
the parameters used, it is possible to evaluate the
contribution of these effects by comparing differ-
ent models with fit linear predictors'.

The linear trend of the effects is divided into
two components: drift effect, which is the sum of
the linear effects of the period and of the cohort
(B, +Y,)> and by the age effect, resulting from the
sum of the age and the inclination of the period
(BL + aL)l3,14.

The measure of association generated by
the APC model is the relative risk (RR), which
compares the specific risk of mortality of each
birth cohort related to the reference cohort, and
of each relative period, to the reference period,
considering 95% confidence intervals (95%CI)*.

The comparison of the models was performed
by applying the verisimilitude test, comparing
the deviance statistics, considering a significance
level of 5%. The statistical analysis was conducted
in the R statistical software, version 3.5, by means
of the Epi library.

Results

In the 1990 to 2019 period, 615 deaths by prostate
cancer were registered among men from Acre,
aged 40 years and older, with no correction for
ill-defined causes. After the correction for ill-de-
fined causes, the total number of deaths rose to
713. During the entire period, the mortality rates
for prostate cancer, crude and age-standardized,
in the 40 years of age and older group, presented
a significant growth of 3.80% (95% CI: 2.90-4.70)
and 2.20% (95%CI: 1.00-3.33), respectively (Fig-
ure 1).

When compared to the mortality rates by
prostate cancer by age group, lower rates were
verified among individuals under 60 years of age
(Tablel).

When the time period was considered, the
age groups of 70 to 75 years and of 80 years and
over presented an increase in mortality from
2007 on; by contrast, in the other age groups,
such growth began in mid-2012 (Figure 2A). In
the birth cohort evaluation, a reduction in pros-

tate cancer mortality was observed in the most
recent birth cohorts, since 1940, and especially in
age groups < 50 years of age (Figure 2B).

Regarding the comparison of the APC mod-
els, a better adjustment was observed for the
model with the three effects of age-period-cohort
(p > 0.001 and the lowest residual deviance) (Ta-
ble 2).

In the APC analysis, considering the age ef-
fect, the mortality rates increased in direct pro-
portion to the increase in age, reaching a peak
in the 80 years and over group (Figure 3A). In
relation to the effects of time period, there was an
increase in the risk of death from 2005 on, giv-
en that, since 2015, an RR > 1 has been verified,
in comparison to the reference period of 2000 to
2004 (Figure 3B). For birth cohorts, a lower rela-
tive risk was observed for men born in the 1910
to 1924 cohorts (RR < 1) when compared to the
reference cohort (1935), and from 1940 on, a re-
duction in the risk of death was verified, although
this was not statistically significant. (Figure 3C).

Discussion

The present study identified a growing trend of
mortality due to prostate cancer in the state of
Acre during the analyzed period. Moreover, it
was observed that the mortality rates were sig-
nificantly influenced by age, time period, and
birth cohort in the 1990 to 2019 period. Mortality
was evaluated in two aspects, involving an anal-
ysis of the trend by annual percentage variation,
and specific mortality according to the effects of
age, time period, and birth cohort, resulting in
more means through which to evaluate and sug-
gest hypotheses for the behavior of mortality by
prostate cancer in Acre.

The crude and adjusted rates of prostate can-
cer mortality indicate significant growth trends.
This type of behavior was also found for the
North region as a whole, as observed by Silva et
al. (2020) in a study conducted with data from
Brazil from the 1990 to 2017 period, when the
increase in mortality rates was more evident in
the North region and in countryside towns. By
contrast, the South and Southeast regions pre-
sented a significant decreasing mortality trend in
the last years of the analysis®.

When evaluating the rates according to age
groups, the present study identified an increase
in mortality for every age during the studied pe-
riod. However, in places like Sdo Paulo, located
in the Southeast region, a trend of decline was
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Figure 1. Percentage variation in crude and adjusted prostate cancer mortality rates in men residing in the state

of Acre, 1990 to 2019.
*Annual percentage variation.

Source: Mortality Information System (SIM).

Table 1. Age-standardized crude mortality rate of prostate cancer in men residing in the state of Acre, 1990 to

2019.
Age 1990-1994 1995-1999 2000-2004 2005-2009  2010-2014 2015-2019
<50 0.00 0.00 0.00 1.32 1.06 0.89
50 to 54 0.00 0.00 0.00 5.49 0.00 1.23
55to 59 23.39 7.72 6.17 4.75 5.53 7.73
60 to 64 10.63 18.57 18.87 12.42 14.79 31.89
65 to 69 32.46 44.58 24.42 32.68 27.41 39.85
70 to 74 77.58 72.02 92.72 37.00 73.49 108.65
75t0 79 121.38 145.40 158.70 146.82 108.02 256.15
>80 254.51 215.98 276.91 206.78 426.63 538.01

* Crude rates expressed per 100,000 men/year.

Source: Mortality Information System (SIM).

observed in the 2000 to 2015 period, for all age
groups, which were, respectively, -2.33 (50 to
59 years), -2.84 (60 to 69 years), -1.93 (70 to 79
years), and -1.92 (80 years and over).

These findings corroborate with the context
of geographic polarization in Brazil, where con-
trasting epidemiological characteristics co-exist,
with the rates in the South and Southeast re-
gions being similar to those of the most devel-
oped countries, while the North and Northeast
regions showed rates at the level of underdevel-
oped countries®. Specific factors, such as the

quality of healthcare, more training in diagno-
sis, improvements in treatment, and increase in
the survival of cancer patients may contribute to
lower mortality, as can be observed in the more
developed regions of the country?. The results re-
vealed that mortality increases in the older age
groups, regardless of birth cohort and period of
death, showing higher numbers among the old-
est; such results are expected considering that
prostate cancer is cancer that tends to be more
common among the elderly. Other national stud-
ies also verified a progressive increase in mor-
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Figure 2. Mortality rates due to prostate cancer, specific to the period of death and to the birth cohort, according
to age groups, among men residing in the state of Acre, 1990 to 2019.

Source: Mortality Information System (SIM).

Table 2. Comparison of the models of the age-period-cohort effect, for prostate cancer mortality, among men
residing in the state of Acre, 1990 to 2019.

Models Degrees of freedom Residual deviance p-value
Age 50 50139. 82
Age-drift* 49 49105. 31 <0.001
Age-cohort 46 4693.29 0.007
Age-time period-cohort 44 4451.03 <0.001
Age-time period 47 4771. 65 <0.001
Age-drift™* 49 49105. 31 <0.001

* Linear trend of the algorithm of specific rates according to age over time is equal to the sum of the inclinations of the time period
plus the cohort (BL+ yL), where BL and yL are the linear trends of the time period and the cohort, respectively; ** longitudinal
trend according to age is equal to the sum of the age plus the inclination of the time period.

Source: Mortality Information System (SIM).

tality by malignant prostate neoplasm with the The effect of age is widely known as a
increase in age, especially among men who are  non-modifiable risk factor for the development
80 and older**. of fatal prostate cancer, since aging reduces adap-
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Figure 3. Adjusted rates and estimates of relative risks

for prostate cancer mortality, according to age (A), period

of death (B), and birth cohort (C), among men residing in the state of Acre, 1990 to 2019.

Source: Mortality Information System (SIM).

tive and innate immunity, thus generating a high-
er susceptibility to infections and, consequently,
to the inflammatory response. The changes may
generate Prostatic Intraepithelial Neoplasia
(PIN) and even lead to prostate cancer. Anoth-
er contributing factor is that the levels of testos-
terone reduce with age, due to the decline in the
number and activity of the Leydig cells, which are
responsible for testosterone production. This de-
cline contributes to the risk of developing pros-
tate cancer” %,

In a study regarding the effects of age, time
period, and birth cohort on the trend of mor-
tality due to prostate cancer between 1990 and
2017, conducted in China, a significant increase
in mortality rates due to the effect of age was ob-
served for individuals 55 years of age and older®.
In Taiwan, a study was conducted with the same
methodology, which evaluated mortality by pros-
tate cancer between 1964 and 1994. The authors
observed a strong age-related effect, which was
stronger than the effect of the time period and
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of the birth cohort, indicating aging as the main
reason for the increase in mortality®. In France,
an ecological study with data on mortality specif-
ically caused by prostate cancer from five admin-
istrative areas, from 1982 to 1996, found that age
seems to account considerably for the evolution
of mortality by this neoplasm?'.

In terms of the time period effects, an in-
crease in the risk of death was observed from
2005 on, as compared to the reference period
(2000 to 2004), regardless of age and birth co-
hort. This increase in mortality due to the disease
may be related to improvements in diagnosis ca-
pability and in identifying prostate cancer since
the 2000s, resulting from the implementation of
a series of guidelines, policies, and programs for
cancer control, such as the creation of the Na-
tional Program for Controlling Prostate Cancer
in 2001. Its guidelines were aimed at training
health professionals in the areas of prevention
and early detection of cancer. Since then, a se-
ries of publications has been made available by
the José de Alencar National Cancer Institute
(INCA), with the purpose of providing updated
information regarding this malignant neoplasm
and prescribing actions®**.

Additionally, in Brazil, important public
health policies were implemented, such as the
National Policy of Oncological Care in 2005%
and the National Policy of Integral Care for Men’s
Health (Politica Nacional de Atengdo Integral a
Satide do Homem - PNAISH) in 2008°¢, which
promoted the organization of lines of care for in-
dividuals with cancer at all levels of care.

When evaluating the behavior of the rates
according to age groups in relation to the peri-
od of death, it was observed that, since 2007, the
oldest age group (= 80 years) showed an increase
in mortality rates due to prostate cancer. A fac-
tor which may have contributed for this finding
may well have been the implementation of UNA-
CON, in 2007, in the state capital of Acre'’. This
may have brought improvements in diagnosis
and recording capability and may have increased
survival by providing more access to treatment
and oncological care for elderly prostate cancer
patients who, in previous years, would have died
from the disease before reaching an advanced
age, thus reflecting an increase in mortality for
men aged 80 years and older.

Further on, from 2015 to 2019, a relative risk
of 1.64 was observed (95%CI: 1.41-1.91), in com-
parison to the reference period of 2000-2004.
This result may be related to the improvements
in diagnosis and recording of prostate cancer,

which was most likely improved with the imple-
mentation of UNACON in Acre.

In addition to the previously discussed hy-
potheses, it is also important to mention that
since 2016 the radiotherapy service of the Acre
UNACON had been suspended due to a break-
down and need for maintenance of the cobalt
therapy equipment. The process of substitution
of the equipment and the structural criteria re-
quired for the implementation of a linear accel-
erator were only be concluded in 2021°7. There-
fore, the lack of radiotherapy services during that
period consisted of the access of many patients
who needed the treatment, and had to be sent, by
means of the Treatment out of Place of Residence,
to Rondonia, a neighboring state. Those delays
may have resulted in an average waiting time of
nearly five months for the start of the treatments.
Considering that radiotherapy is recommeded
for men with prostate cancer of low, moderate,
and high risk, the delay in treatment may have
affected the prognosis, partially explaining the
increase in mortality in the 2015-2019 period®**.

As far as the effect of the birth cohort is con-
cerned, the older generations showed a lower risk
of death in comparison to the reference cohort
(1935), regardless of age and period of death.
This type of behavior was also observed in a na-
tional study, with similar results for Brazil and for
its geographic regions, especially the North re-
gion, where the state of Acre is located®. On the
other hand, countries with more socioeconomic
development presented higher mortality rayes in
older cohorts**'.

In Brazil, until 1990, the diagnosis of pros-
tate cancer was based exclusively on digital rectal
examination*»*. That exam may often be seen
with prejudice and the belief that it may interfere
negatively in one’s masculinity**. Moreover, poor
socioeconomic conditions, lower levels of educa-
tion, and difficulties in access to healthcare ser-
vices may be related to not having this exam**.

The oldest cohorts from Acre were most-
ly made up of Northeastern migrants trying to
escape the droughts ravaging the Northeast and
seeking prosperity working as latex extractors for
the rubber industry. Besides the lack of access to
basic sanitary conditions, they also had no access
to education®. Therefore, the cultural barriers
and limitations of the health services in the re-
gion increased the difficulty of access to health-
care services for the oldest cohorts. Following
this reasoning, it is possible that deaths caused by
prostate cancer were not attributed to this cause,
resulting in underreporting in those cohorts*.



In the 90%s, the PSA exam was introduced in
Brazil as a measure of complementary diagnosis
of prostate cancer, considering the limitations
of digital examination alone, resulting in more
sensitivity and specificity in tracking and diag-
nosis*”2. However, its use became controversial,
considering that it is a prostatic-specific mark-
er and not tumor-specific, generating a large
number of false-positives, which, although in
benign conditions, such as the case of prostatitis
and hyperplasia, also provoke a high PSA. This
characteristic raises questions regarding overdi-
agnosis and overtreatment, which may result in
complications, such as hospitalization, infec-
tions, urinary incontinence, erectile dysfunction,
and actinic proctitis. It is likely that those cancers
would most likely not evolve throughout the life
of those individuals, and those men would have
died of other causes unrelated to prostate can-
cer’”*8, However, the overgeneralization of the
idea that the introduction of PSA exams alone
or together with digital exams as a measure for
tracking reduces mortality is questionable and
should be considered with caution®*¢*.

Another important consideration is that a
reduction in mortality rates due to prostate can-
cer was observed in more recent birth cohorts,
since 1940, and especially in the < 50 years of age
groups. These results suggest that health care has
been improved, through the early identification
of cancer and better treatment conditions, which
may have contributed to a decrease in mortality
rates among younger elderly people.

However, the results presented in this study
are subject to limitations related to the quality
of the SIM data, especially due to the high pro-
portion of ill-defined causes among the elder-
ly®. However, seeking to reduce that limitation,
we conducted a proportional reallocation of the
deaths among the ill-defined causes. Abreu et al.
(2016) identified that, in Brazil, there is an un-
derreporting of deaths caused by prostate neo-
plasms, and after the redistribution by ill-defined
causes, the deaths caused by prostate cancer in-
creased by 22.2% in 1996 and 6.2% in 2011, prov-
ing the importance of this methodology®'.

Another limitation is related to the APC
models, since there is no consensus in the liter-
ature concerning the most efficient method to
correct the identification problem in the com-
plete model. However, in the present study, the
models were evaluated by means of estimable
functions, a methodology which is more recom-
mended by studies that compare classic statistical
methods"™".

The present investigation was the first con-
ducted with APC methodology to analyze mor-
tality rates due to prostate cancer in the state of
Acre, and has the benefit of having evaluated
29 years of specific mortality according to SIM
records. Moreover, it used the redistribution of
ill-defined causes to attenuate the absence of in-
formation regarding the basic cause of death.

The findings from this study must be ana-
lyzed with caution, since this is an ecological
study using secondary data; however, the present
study allowed for the development of hypotheses,
including the idea that mortality due to prostate
cancer increases with age (I), which supports the
premise that prostate cancer is a third-age cancer.
Considering that Brazil is experiencing popula-
tion aging, there is a need to intensify the public
health measures aimed at the early diagnosis and
treatment of this neoplasm in the country, espe-
cially in the North region.

Furthermore, our results allow us to hypoth-
esize that issues such as difficulty in access to
healthcare services, low availability of efficient
tracking and diagnosis systems, and unfavorable
socioeconomic conditions contributed to the un-
derreporting of deaths caused by prostate cancer
in older cohorts (II); the increase in mortality
observed since 2005, when compared to the ref-
erence period, may be related to better diagnosis
conditions (III); and finally, the effect of the birth
cohorts on the behavior of mortality due to pros-
tate cancer confirms the improvements in diag-
nosis and access to health care (IV), given that,
since the 1930 cohort, a decrease was observed
in mortality rates due to prostate cancer among
younger age groups, as compared to older co-
horts. It is important to remember that differenc-
es in prostate cancer care have also been connect-
ed to sociodemographic and clinical variables®.

Conclusion

In the present study, an increase in mortality rates
was observed as age increased, and the impact of
the time period showed increasing behavior from
2005 on. Meanwhile, the older birth cohorts pre-
sented a lower risk of death by prostate cancer.
Age is a risk factor for prostate cancer, which is
widely known and was also verified in the present
study. The behavior of the time period factor may
be related to the implementation of public poli-
cies and more access to diagnostic services, in-
creasing the reporting of mortality due to prostate
cancer. Moreover, the identification of a signifi-
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cant risk of death from 2015 on may also be relat-
ed to difficulties in access to oncological services,
especially radiotherapy, since it coincides with the
period when the service was not available at the
High Complexity Oncology Care Unit, the only
specialized service of this nature in the state. It is
possible to assume that the older cohorts had less
access to diagnostic services, resulting in a lower
number of deaths attributed to prostate cancer.

It is important to highlight that efforts must
be prioritized in order to ensure access to diag-
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nosis and adequate treatment for prostate cancer,
in due time, so that positive impacts can be felt
in terms of a decrease in mortality rates. To avoid
fallacious conclusions, complementary studies
are warranted, which should include the collec-
tion of primary data and analytical designs that
enable a deeper understanding of the epidemio-
logical profile of the prostate cancer cases, of sur-
vival, and of the factors associated with the risk of
death by this neoplasm in the state of Acre.
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