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Abstract

Prostate cancer differently affects different regions of the world, displaying higher rates in
more developed areas. After the implementation of prostate-specific antigen (PSA) testing,
several studies described rising rates globally, but it is possible that indolent lesions are
being detected given the lack of changes in mortality data. The Brazilian government recom-
mends against PSA screening in the male population regardless of age, but the Urology
Society issued a report recommending that screening should start at 50 years old for certain
men and for those aged >75 years with a life expectancy exceeding 10 years. In this study,
we examined the incidence and mortality rates of invasive prostate cancer over time in the
Sergipe state of Brazil. The databases of the Aracaju Cancer Registry and Mortality Informa-
tion System were used to calculate age-standardized rates for all prostate tumors (Interna-
tional Classification of Diseases 10th edition: C61 and D07.5) in the following age ranges:
2044, 45-54, and >65 years. We identified 3595 cases of cancer, 30 glandular intraepithe-
lial high-grade lesions, and 3269 deaths. Using the Joinpoint Regression Program, we
found that the incidence of prostate cancer dramatically increased over time until the mid-
2000s for all age groups, after which the rates declined. Prostate cancer mortality rates
increased until 2005, followed by a non-significant annual percent change of 22.0 in 2001—
2005 and a stable rate thereafter. We noticed that the increases and decreases of the inci-
dence rates of prostate cancer were associated with the screening recommendations.
Meanwhile, the increased mortality rates did not appear to be associated with decreased
PSA testing; instead, they were linked to the effects of age and improvements in identifica-
tion of the cause of death. Thus, we do not believe a PSA screening program would benefit
the population of this study.
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Introduction

Prostate cancer (PCa) is associated with high incidence rates in developed countries and
increasing rates in developing areas, especially in those in which prostate-specific antigen
(PSA) testing is available for asymptomatic men [1]. However, most detected PCa lesions are
low- to intermediate-grade tumors with slow progression, and only a small percentage of cases
have a more aggressive course [2-4]. For this reason, PSA screening combined with ultrasound
followed by guided biopsy is more likely to detect indolent lesions, which can lead to overdiag-
nosis, thereby inflating incidence statistics and overestimating the number of deaths attribut-
able to PCa [5,6]. Conversely, modern multiparametric magnetic resonance imaging
(MP-MRI) fusion-guided biopsy is believed to better identify more aggressive lesions than
standard techniques [7]. Corroborating this belief, the PROMIS study found that 25% of men
would avoid biopsy if MP-MRI were used as triage [4].

The age-standardized rate (ASR) of PCa per 100,000 men (standardized to the global popu-
lation) varies by region, usually being higher in more developed regions (Oceania, 79.1; North
America, 73.7; Europe, 62.1; South America, 60.4; Africa, 26.6; Asia, 11.5). The ASRs of mor-
tality are commonly higher in less developed areas (Africa, 14.6; South America, 14.0; Europe,
11.3; Oceania, 10.7; North America, 7.7; Asia 4.5) [8]. Estimates of the yearly cancer incidence
for 2020-2022 indicate that the incidence of PCa will also vary by region in Brazil, with mean
ASRs per 100,000 men of 47.8, 80.0, 75.7, 50.8, and 46.3 for the North, Northeast, Midwest,
Southeast, and South regions, respectively. In addition, a rate of 122.5 has been estimated for
the state of Sergipe, including a rate of 81.9 in the capital Aracaju (incidence estimates not cor-
rected for PSA screening; thus, resulting in high figures) [9].

With the advent of PSA screening for PCa, the incidence of the malignancy has increased
since the early 1990s [10,11], but given the questionable impact on mortality rates, the real-
world benefit of increased screening has not been clarified. In 2002, the United States Preven-
tive Services Task Force (USPSTF) reported that there was no evidence for or against the con-
tinued use of PSA screening [12]. However, in 2008, another report concluded that there was
no benefit of screening in men older than 75 years [13], and in 2012, they recommended
against PSA screening for all ages [14].

In Brazil, following the international trend, PSA testing spread as the ideal method for the
early detection of PCa. Subsequently, public managers and cancer societies launched cam-
paigns to increase awareness of the test. In 2008, the Brazilian National Cancer Institute
(INCA) issued a recommendation against PSA testing on the basis of several international
studies that demonstrated the lack of utility of the test. However, because of backlash from can-
cer societies, INCA later withdrew the recommendation. In 2010, Brazil’s Ministry of Health
issued a report recommending against PSA screening, which was ratified by INCA in 2013
[15].

After analyzing the benefits and drawbacks of screening subpopulations at higher risk, the
USPSTF update in 2018 [16] recommended that men aged 55-69 years should discuss the
risks and benefits of screening with their physicians and cautioned against screening for men
aged >70 years. In Brazil, the Urology Society issued a report indicating that screening should
begin for certain men aged >50 years and those aged >75 years with a life expectancy exceed-
ing 10 years [17].

It is noteworthy that the decisions by public health policies to support or oppose PCa
screening markedly affected the recorded incidence. However, the effects of these recommen-
dations on mortality data are unclear, mainly because to the multiple causes of death in older
men [10,11]. With the restriction of screening guidelines, the incidence of PCa has tended to
decrease incidence in many regions [18]. Thus, the present study analyzed incidence and
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mortality trends to provide support for health policy managers in assessing the need for
revised screening policies for PCa.

Materials and methods

The state of Sergipe is located in the Northeast Region of Brazil, and the estimated population
in 2019 was 2,298,696. Aracaju, Sergipe is covered by the Aracaju Cancer Registry (CR), and the
estimated population of the city in 2019 was 657,013 [19]. The Brazilian health system consists
of three sectors: public, which is funded by the Universal Healthcare System (SUS); private, con-
sisting of non-profit institutions co-funded by SUS; and a supplementary sector consisting of
health insurance plans provided through privately purchased insurance or funded by companies
for their employees. The majority of the population is covered by SUS, and PSA testing is pro-
vided freely under a physician’s recommendation in both urban and rural areas [20].

The incidence and mortality data were obtained from the CR (1996-2015) and the Online
Mortality Atlas/Mortality Information System, Brazil (1980-2018), respectively. The CR data-
base has good quality, presenting high microscopic verification rates, low rates of death certifi-
cate-only cases, low primary site-uncertain rates, and fair mortality-to-incidence ratios. The
registry has been providing data for cancer incidence in five continents, CONCORD survival
studies, and INCA’s cancer incidence in Brazil.

We identified cases of PCa using the International Classification of Disease, Oncology, 3rd
edition (ICD-3; topographical codes, ICD-O-3 C61 and D07.5; morphological codes, 8140/3,
8000/3, 8010/3, and 8142/2) to calculate incidence rates. For mortality rates, we employed the
ICD-9 classification until 1991 and ICD-10 thereafter. We calculated age-standardized rates
based on the direct method using the global population [21] to allow international compari-
sons. Age-specific rates were also calculated for the age groups 20-44 (young adults), 45-64
(middle-aged adults) and >65 years (elderly) for both incidence and mortality. To calculate
crude and age-specific rates, we used the population counts from the Brazilian Institute of
Geography and Statistics for each 5-year age group for the state of Sergipe and city of Aracaju,
and the data were expressed as the number of annual cases and deaths attributable to PCa in
the specified population per 100,000 individuals at risk [22].

To assess trends, we calculated the annual percent change (APC) and average annual per-
cent change (AAPC), as well as their confidence intervals (Cls), using the Joinpoint Regression
Program version 4.8.0.1 [23]. We used the Monte Carlo simulation of the permutation test,
which is more restrictive, to allow fewer joinpoints than other models of the program. The
default minimum number of joinpoints was set at zero, and the maximum number was set to
permit using one joinpoint for at least seven data points. These settings met the grid search
method, which produces a set of all possible positions of joinpoints, all in accordance with the
parameters, to find the best fit [24].

The Research Ethics Committee of the Federal University of Sergipe approved this study. All
methods were developed in accordance with the relevant guidelines and regulations. Patient
databases were anonymized; thus, obtaining informed consent was not possible. Consequently,
as specified in Resolution number 466, December 12, 2012, of the Ministry of Health of Brazil,
the ethics committee granted exemption of the requirement for informed consent.

Results

We retrieved data for 3595 malignant neoplasms and 30 high-grade glandular intraepithelial
lesions (without PCa) from the CR for the period of 1996-2015 (Table 1).

From the online Mortality Atlas of the Mortality Information System, 1218 deaths were
identified for the period 1980-2018 for the CR area, and 3269 deaths were recorded for the
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Table 1. Number and percentage of incident cases of prostate neoplasms by morphology, Cancer Registry, 1996-
2015.

Morphology Number %
8000/3: Malignant neoplasm, NOS 214 5.9
8010/3: Carcinoma, NOS 3 0.1
8140/3: Adenocarcinoma, NOS 3378 93.2
8148/2: Glandular intraepithelial neoplasia, high grade 30 0.8
Total 3625 100

NOS: Not otherwise specified.

https://doi.org/10.1371/journal.pone.0249009.t001

state area. Eighteen incident cases from the CR database, 9 deaths in the CR area mortality
database, and 14 deaths in the state mortality database were excluded from the calculation of
age-specific rates because the ages of the individuals could not be defined. Thus, Table 2 pres-
ents the numbers of cases, deaths, and percent and mean age-standardized rates for all ages
and each age group.

The analysis of trends of the incidence of PCa in the specified period (Table 3 and Fig 1)
revealed marked growth until 2007, including APCs of 31.6 (95% CI = 4.8-65.3) in 1996-1999
and 5.4 (95% CI = 1.4-9.5) in 1999-2017. Thereafter, we noted a decreasing trend with an
APC of -5.6 (95% CI = —8.2 to —3.0) for all ages. The pattern was similar for the 45-64-year-
old group, in which the incidence increased until 2008 before decreasing, and for patients aged
>65 years, who had increasing rates until 2006 before a subsequent downward trend.

When assessing PCa deaths in the population covered by the CR (Table 3 and Fig 2), an
increasing tendency was noted (AAPC = 1.2; 95% CI = 0.5-1.8), primarily because of increases
in the elderly group (AAPC = 1.9; 95% CI = 1.1-2.6).

For deaths across the state (Table 3 and Fig 3), the rate tended to increase until 2001
(APC =4.8; 95% CI = 2.8-6.9), followed by a non-significant change between 2001 and 2005
(APC = 22.0; 95% CI = —0.4-49.5) and stabilization thereafter.

As presented in Fig 4, trends in mortality related to ill-defined causes were introduced to
assess the correlation with the increased mortality rate from PCa in the entire state population.
The data revealed a striking decreasing trend starting in 1992 followed by stabilization at low
proportions in 2006.

Discussion

The present study analyzed the databases of the CR and the Mortality Information System on
the online Mortality Atlas. After calculating age-standardized and age-specific rates, trend

Table 2. Number and percentage of incident cases of prostate cancer and deaths by age group.

Age group Inc cases %
<45 23 0.6
45-64 1215 34.0
65+ 2339 65.4
All 3577 100

Rate Death CR % Rate Death ST % Rate
1,2 5 0.4 0.0 13 0.4 0.0
197.6 165 13.7 18.0 381 11.7 9.9

1312.3 1039 85.9 393.8 2861 87.9 184.6
113.8 1209 100 22.8 3255 100 11.1

Inc cases: Incident cases in the cancer registry area; Death CR: Deaths in the cancer registry area; Death ST: Deaths in the state population.

S1-83 Tables present the number of annual incident cases and age-standardized rates with corresponding ClIs for invasive carcinoma, CR area deaths, and state deaths.

The overall data indicate year-to-year stability.

https://doi.org/10.1371/journal.pone.0249009.t002
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Table 3. Joinpoint analyses of prostate cancer incidence and mortality trends.

Inc CR Mor CR Mor ST

Age group |JP Seg APC (95% CI) P JP Seg APC | (95% CI) P JP Seg APC | (95% CI) P

<45 NF NF NF NF NF NF NF NF NF NF NF NF

45-64 1996-2008 11.1* (7.9; 14.3) <0.001 1980-2018 -1.2 (-2.9;0.6) |0.187 1980-2018 | 2.4* (1.0;3.9) 0.002
2008-2015 -8.2* (-11.8; -4.4) <0.001

>65 1996-2005 | 9.3* (3.6; 15.2) 0.003 1980-2018 1.9 (1.1; 2.6) <0.001 1980-2001 4.8 (2.8;6.9) <0.001
2005-2015 -5.6* (-8.7; -2.5) 0.002 2001-2005 | 26.6" (5.0; 52.6) 0.015

2005-2018 1.1 (—0.4; 2.6) 0.153

All 1996-1999 | 31.6* (4.8; 65.3) 0.022 1980-2018 1.2* (0.5;1.8) 0.001 1980-2001 4.9 (2.7;7.1) <0.001
1999-2007 | 5.4* (1.4;9.5) 0.012 2001-2005 | 22.0 (—0.4; 49.5) 0.055
2007-2015 -5.6" (-8.2; -3.0) 0.001 2005-2018 | 0.3 (-1.3; 1.9) 0.698

Inc CR: Incidence in the cancer registry area; Mor CR: Mortality in the cancer registry area; Mor ST: Mortality in the state population; JP Seg: Time range segment;
APC: Annual percent change; CI: Confidence interval; NF: Model not fitted.
*Significant APC, p < 0.05.

https://doi.org/10.1371/journal.pone.0249009.t003
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Fig 1. Incidence trends for prostate cancer in the cancer registry area, 1996-2015.

https://doi.org/10.1371/journal.pone.0249009.g001
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Fig 2. Mortality trends for prostate cancer in the cancer registry area, 1980-2018.

https://doi.org/10.1371/journal.pone.0249009.9002

analyses were performed. Regarding incidence, there was a steady increase until 2007, after
which a decrease was noted, although rates remained higher than those at the beginning of the
time series. The trend curve was markedly influenced by the elderly age group. Mortality rates
in the CR area tended to increase over the entire time series, especially starting in 1996, and
more pronounced increases were noted in patients aged >65 years. The mortality trend for the
entire state was similar, increasing mainly starting in the mid-1990s, and higher rates were
recorded for the >65 age group, albeit with much lower rates than those in the CR area. We
also observed that the mortality rates in the CR area were approximately 2-fold higher than
those in the state.

In a systematic review, Dasgupta et al. found that PCa indicators varied geographically in
areas with different screening policies [25]. In Brazil, efforts to increase PSA screening were
exerted, including the utilization of mobile testing units [26]. Conversely, Araujo et al.
observed a reduction of PSA testing rates starting in 2009 in private laboratories but not
among men aged >74 [27]. Earlier observational studies demonstrated that the increased
number of biopsies and the diagnosis of indolent tumors did not yield benefits, and the impact
on mortality was questionable, leading to unnecessary treatment risks, such as impotence and
urinary complications [28-31]. Consequently, several countries issued policies recommending
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https://doi.org/10.1371/journal.pone.0249009.9003

against PSA testing, including Brazil [15]. Thus, the incidence rates of PCa have declined, but
they remain higher than those in the pre-PSA period [18,32], as also revealed in the present
study. Conversely, there has been an uptick in the incidence in geographic areas with low rates
[33].

The utility of PSA screening has not been clarified. Some studies suggest that there may be
differences in the incidence and mortality associated with genetic and racial factors [34]. Thus,
the need of screening could be based on individual risk, considering age, race, and family his-
tory. Because the risk of PCa is directly proportional to age, for individuals younger than 60,
screening is only beneficial among men with a family history of PCa. The family history should
include multiple relatives with PCa, especially at younger ages, as well as relatives diagnosed
with advanced PCa who developed metastases or died of PCa [16]. People of African descent
in the United States have a higher incidence of PCa and a worse prognosis after diagnosis [34].
However, in Brazil, clear racial separation is not often observed [34], in line with the study
findings.

According to Sierra et al. [35], the geographic and temporal variation in the incidence of
PCa in South and Central America may be attributable to differences in diagnostic techniques
of diagnosis and cancer registration, access to health services, the completion of death
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certificates, and public awareness. Considering the aforementioned factors and the indolent
course of PCa in most cases, screening practices with PSA, ultrasound, and even MRI can lead
to the unnecessary diagnosis of many tumors without improving mortality rates. These strate-
gies can also increase the diagnosis of cancer in young patients, leading to radical treatment
and the use of additional health resources [36,37]. Indeed, Gray et al. [38] demonstrated that
80% of diagnoses involved low- to intermediate-risk tumors, but the rate of radical prostatec-
tomy has increased among all risk groups.

Trend analyses in developed countries have revealed consistent decreases in incidence and
mortality rates [18,30], and the screening protocols did not negatively affect the evolution of
patients. Braga et al. [39] observed an increase in mortality rates in Brazil, especially in the
Northeast Region, and concluded that the finding was attributable to age and that the differ-
ences between Brazilian regions were possibly related to inequalities in health service access
and use. We hypothesized that the increased mortality rates recorded in our study are linked
to both age and improvements in the certification of cause of death, as confirmed by the
decreased rate of mortality from ill-defined causes, in line with previous findings [40]. The
decreased mortality rates in developed countries may have been associated with improvements
in treatment options. Conversely, the increased rates in many Asian and South American
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countries, as well as certain Eastern European countries, may have been attributable to other
factors such as obesity and unhealthy diets [8]. We understand that the increased mortality
rate in our area has another contributing factor, namely the attribution of PCa as the cause of
death, consequent to the increase in the diagnosis of indolent lesions via PSA testing and the
increased number of biopsies, a fact also referenced by Culp et al. [8].

The strengths of the study include the use of data from long time series. Concerning the
incidence data, we recorded the following quality indicators: microscopic verification, 94.2%;
death certification-only, 4.5%; and unknown primary site, 0.6% (54 Table). In addition, a high
rate of adenocarcinoma was noted in histopathological records.

Concerning the study limitations, there were some uncertainties in the official mortality
data, such as the high number of ill-defined cases in the initial years of the series, which jeopar-
dized the interpretation of the study results. By correcting the causes for competitive risks, bias
could possibly be avoided, and comparisons with net survival studies could be initiated.
Regarding the incidence data, it was not possible to perform the calculation by cancer stage or
tumor aggressiveness as defined using the Gleason score or new grading systems.

Conclusions

Our findings suggest that the observed trends in the incidence rates of PCa in the study popu-
lation might have resulted from changes in screening recommendations. Concerning the
increased mortality rates, we believe that these findings are attributable to age and improve-
ments in certification of the cause of death, as highlighted by the reduced rates of death from
ill-defined causes. Therefore, on the basis of the establishment of vital statistics, the late age at
diagnosis, and the indolent course of the disease, we could infer that many individuals died
from causes other than PCa. Additional research might be necessary, for instance, to investi-
gate whether radical treatment in patients with aggressive PCa would reduce mortality rates or
whether any causative agent would explain the high incidence rates in the study population.

On the basis of these findings, we would not recommend the implementation of systematic
PCa screening policies to health policy managers. Conversely, we agree with the need for tar-
geted public awareness campaigns calling attention to preventative strategies and highlighting
risk factors for PCa. In addition, individuals aged 55-69 should acquire information about
their personal risks and benefits to ensure individualized decision-making with the help of a
specialized professional.

Supporting information

S1 Table. Number of incident cases, age-standardized rates and confidence intervals, can-
cer registry area (CR).
(PDF)

$2 Table. Number of deaths, age-standardized rates and confidence intervals, cancer regis-
try area (CR).
(PDF)

S3 Table. Number of deaths, age-standardized rates and confidence intervals, state area
(ST).
(PDF)

$4 Table. Data quality of incidence data, Aracaju Cancer Registry, 1996-2015.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0249009 March 25, 2021 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249009.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249009.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249009.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249009.s004
https://doi.org/10.1371/journal.pone.0249009

PLOS ONE

Trends in prostate cancer in Brazil

Acknowledgments

We thank the following personnel of the Cancer Registry for their work in collecting data and
preparing the database for this research: José Erinaldo Lobo de Oliveira, Elma Santana de Oli-
veira, Maria das Gragas Prata Franga, Sueli Pina Vieira, Marina Kobilsek, Maria Cristina Con-
cei¢do Coelho Santos, Maria das Gragas Rodrigues de Melo, and Cecilia Ferreira. We thank
Joe Barber Jr., PhD, from Edanz Group (https://en-author-services.edanz.com/ac) for editing a
draft of this manuscript.

Author Contributions

Conceptualization: Carlos Anselmo Lima, Marcela Sampaio Lima, Marceli de Oliveira
Santos.

Formal analysis: Carlos Anselmo Lima, Marcela Sampaio Lima.
Methodology: Carlos Anselmo Lima, Marceli de Oliveira Santos.

Validation: Brenda Evelin Barreto da Silva, Evania Curvelo Hora, Erika de Abreu Costa Brito,
Angela Maria da Silva, Marco Antonio Prado Nunes, Hugo Leite de Farias Brito, Marcia
Maria Macedo Lima.

Writing - original draft: Carlos Anselmo Lima.

Writing - review & editing: Carlos Anselmo Lima, Brenda Evelin Barreto da Silva, Evania
Curvelo Hora, Erika de Abreu Costa Brito, Marceli de Oliveira Santos, Angela Maria da
Silva, Marco Antonio Prado Nunes, Hugo Leite de Farias Brito, Marcia Maria Macedo
Lima.

References

1. Annual Report to the Nation on the Status of Cancer (1973 through 1998), Featuring Cancers with
Recent Increasing Trends. JNCI: Journal of the National Cancer Institute. Oxford Academic. Available
from: https://academic.oup.com/jnci/article/93/11/824/2906147.

2. Canadian Cancer Statistics Advisory Committee. Canadian Cancer Statistics 2018. Toronto, ON:
Canadian Cancer Society; 2018. Available from: cancer.ca/Canadian-Cancer-Statistics-2018-EN.

3. Popiolek M, Rider JR, Andrén O, Andersson SO, Holmberg L, Adami HO et al. Natural history of early,
localized prostate Cancer: a final report from three decades of follow-up. Eur Urol. 2013; 63(3): 428—
435. https://doi.org/10.1016/j.eururo.2012.10.002 PMID: 23084329

4. Albertsen PC, Hanley JA, Gleason DF, Barry MJ. Competing risk analysis of men aged 55 to 74 years
at diagnosis managed conservatively for clinically localized prostate cancer. JAMA. 1998; 280(11):
975-980. https://doi.org/10.1001/jama.280.11.975 PMID: 9749479

5. Loffeler S, Halland A, Weedon-Fekjaer H, Nikitenko A, Christian Ellingsen CL, Haug ES. High Norwe-
gian prostate cancer mortality: evidence of over-reporting. Scand J Urol. 2018; 52: 122—128. https://doi.
org/10.1080/21681805.2017.1421260 PMID: 29325479

6. Nguyen-Nielsen M, Mgller H, Tjgnneland A, Borre M. Causes of death in men with prostate cancer:
Results from the Danish Prostate Cancer Registry (DAPROCAdata). Cancer Epidemiol. 2019; 59: 249—
257. https://doi.org/10.1016/j.canep.2019.02.017 PMID: 30861444

7. Gordetsky JB, Thomas JV, Nix JW, Rais-Bahrami S. Higher prostate cancer grade groups are detected
in patients undergoing multiparametric MRI-targeted biopsy compared with standard biopsy. Am J Surg
Pathol. 2017; 41: 101-105. https://doi.org/10.1097/PAS.0000000000000723 PMID: 27574875

8. Culp MBB, Soerjomataram |, Efstathiou JA, Bray F, Jemal A. Recent global patterns in prostate cancer
incidence and mortality rates. Eur Urol. 2020; 7: 38-52.

9. Estimativa 2020: incidéncia de cancer no Brasil | INCA—Instituto Nacional de Cancer. Available from:
https://www.inca.gov.br/publicacoes/livros/estimativa-2020-incidencia-de-cancer-no-brasil.

10. Quinn M, Babb P. Patterns and trends in prostate cancer incidence, survival, prevalence, and mortality.
Part I: International comparisons. BJU Int. 2002; 90: 162—173. https://doi.org/10.1046/j.1464-410x.
2002.2822.x PMID: 12081758

PLOS ONE | https://doi.org/10.1371/journal.pone.0249009 March 25, 2021 10/12


https://en-author-services.edanz.com/ac
https://academic.oup.com/jnci/article/93/11/824/2906147
https://doi.org/10.1016/j.eururo.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23084329
https://doi.org/10.1001/jama.280.11.975
http://www.ncbi.nlm.nih.gov/pubmed/9749479
https://doi.org/10.1080/21681805.2017.1421260
https://doi.org/10.1080/21681805.2017.1421260
http://www.ncbi.nlm.nih.gov/pubmed/29325479
https://doi.org/10.1016/j.canep.2019.02.017
http://www.ncbi.nlm.nih.gov/pubmed/30861444
https://doi.org/10.1097/PAS.0000000000000723
http://www.ncbi.nlm.nih.gov/pubmed/27574875
https://www.inca.gov.br/publicacoes/livros/estimativa-2020-incidencia-de-cancer-no-brasil
https://doi.org/10.1046/j.1464-410x.2002.2822.x
https://doi.org/10.1046/j.1464-410x.2002.2822.x
http://www.ncbi.nlm.nih.gov/pubmed/12081758
https://doi.org/10.1371/journal.pone.0249009

PLOS ONE

Trends in prostate cancer in Brazil

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Quinn M, Babb P. Patterns and trends in prostate cancer incidence, survival, prevalence, and mortality.
Part Il: individual countries. BJU Int. 2002; 90: 174—184. https://doi.org/10.1046/j.1464-410x.2002.
02823.x PMID: 12081759

U.S. Preventive Services Task Force. Screening for prostate cancer: Recommendation and rationale.
Ann Intern Med. 2002; 137: 915-916. https://doi.org/10.7326/0003-4819-137-11-200212030-00013
PMID: 12458992

U.S. Preventive Services Task Force. Screening for prostate cancer: U.S. Preventive Services Task
Force recommendation statement. Ann Intern Med. 2008; 149(3): 185-191. https://doi.org/10.7326/
0003-4819-149-3-200808050-00008 PMID: 18678845

Moyer VA, U.S. Preventive Services Task Force. Screening for prostate cancer: U.S. Preventive Ser-
vices Task Force recommendation statement. Ann Intern Med. 2012; 157(2): 120—134. hitps://doi.org/
10.7326/0003-4819-157-2-201207170-00459 PMID: 22801674

Instituto Nacional De Cancer. Rastreamento do Cancer de Prostata (2013). Available from: https://
www.inca.gov.br/sites/ufu.sti.inca.local/files/media/document/rastreamento-prostata-2013.pdf.

US Preventive Services Task Force. Screening for Prostate Cancer: US Preventive Services Task
Force Recommendation Statement. JAMA. 2018; 319(18): 1901-1913. https://doi.org/10.1001/jama.
2018.3710 PMID: 29801017

Nota oficial 2018—Rastreamento do Cancer de Préstata—Portal da Urologia. Available from: http:/
portaldaurologia.com.br/medicos/destaque-sbu/nota-oficial-2018-rastreamento-do-cancer-de-
prostata/.

Teoh JYC, Hirai HW, Ho JMW, Chan FCH, Tsoi KKF, Ng CF. Global incidence of prostate cancer in
developing and developed countries with changing age structures. PLoS ONE. 2019; 14(10):
e€0221775. https://doi.org/10.1371/journal.pone.0221775 PMID: 31647819

Sergipe | Cidades e Estados | IBGE. Available from: https://www.ibge.gov.br/cidades-e-estados/se.
html.

Paim J, Travassos C, Almeida C, Bahia L, Macinko J. The Brazilian health system: history, advances,
and challenges. Lancet. 2011; 377(9779): 1778-1797. https://doi.org/10.1016/S0140-6736(11)60054-8
PMID: 21561655

Doll R, Waterhouse J, Payne P. Cancer incidence in five continents: a technical report. Berlin: Interna-
tional Agency for Research on Cancer, 1966.

Instituto Brasileiro de Geografia e Estatistica. Populagéo residente, por sexo, situagédo e grupos de
idade. Available from: https:/sidra.ibge.gov.br/tabela/200.

Joinpoint Regression Program, Version 4.8.0.1—April 2020; Statistical Methodology and Applications
Branch, Surveillance Research Program, National Cancer Institute.

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to
cancer rates. Stat Med. 2000; 19: 335-351. https://doi.org/10.1002/(sici)1097-0258(20000215)
19:3<335::aid-sim336>3.0.co;2-z PMID: 10649300

Dasgupta P, Baade PD, Aitken JF, Ralph N, Chambers SK, Dunn J. Geographical variations in prostate
cancer outcomes: a systematic review of international evidence. Front Oncol. 2019; 9: 238. https://doi.
org/10.3389/fonc.2019.00238 PMID: 31024842

Faria EF, Carvalhal GF, Vieira RAC, Silva TB, Mauad EC, Carvalho AL. Program for prostate cancer
screening using a mobile unit: results from Brazil. Urology. 2010; 76(5): 1052—1057. https://doi.org/10.
1016/j.urology.2010.02.044 PMID: 20472277

Araujo FAGR Sumita NM, Barroso UO. A continuous fall of PSA use for prostate cancer screening
among Brazilian doctors since 2001. Good or bad notice? Int Braz J Urol. 2019; 45: 478—485. https://
doi.org/10.1590/S1677-5538./1BJU.2018.0179 PMID: 31038862

Hankey BF, Feuer EJ, Clegg LX, Hayes RB, Legler JM, Prorok PC, et al. Cancer surveillance series:
interpreting trends in prostate cancer—part I: evidence of the effects of screening in recent prostate
cancer incidence, mortality, and survival rates. J Natl Cancer Inst. 199991(12): 1017—-1024.

Altwein J, Ekman P, Barry M, Biermann C, Carlsson P, Fossa, et al. How is quality of life in prostate can-
cer patients influenced by modern treatment? The Wallenberg symposium. Urology. 1997; 49: 66—76.
https://doi.org/10.1016/s0090-4295(99)80325-2 PMID: 9111616

Esserman L, Shieh Y, Thompson |. Rethinking screening for breast cancer and prostate cancer. JAMA.
2009; 302(15): 1685—1692. https://doi.org/10.1001/jama.2009.1498 PMID: 19843904

Bryant RJ, Hamdy FC. Screening for prostate cancer: An Update. Eur Urol. 2008; 53(1): 37—44. https://
doi.org/10.1016/j.eururo.2007.08.034 PMID: 17826892

LeBlanc AG, Demers A, Shaw A. Recent trends in prostate cancer in Canada. Health Rep. 2019; 30:
12-17. https://doi.org/10.25318/82-003-x201900400002-eng PMID: 30994922

PLOS ONE | https://doi.org/10.1371/journal.pone.0249009 March 25, 2021 11/12


https://doi.org/10.1046/j.1464-410x.2002.02823.x
https://doi.org/10.1046/j.1464-410x.2002.02823.x
http://www.ncbi.nlm.nih.gov/pubmed/12081759
https://doi.org/10.7326/0003-4819-137-11-200212030-00013
http://www.ncbi.nlm.nih.gov/pubmed/12458992
https://doi.org/10.7326/0003-4819-149-3-200808050-00008
https://doi.org/10.7326/0003-4819-149-3-200808050-00008
http://www.ncbi.nlm.nih.gov/pubmed/18678845
https://doi.org/10.7326/0003-4819-157-2-201207170-00459
https://doi.org/10.7326/0003-4819-157-2-201207170-00459
http://www.ncbi.nlm.nih.gov/pubmed/22801674
https://www.inca.gov.br/sites/ufu.sti.inca.local/files/media/document/rastreamento-prostata-2013.pdf
https://www.inca.gov.br/sites/ufu.sti.inca.local/files/media/document/rastreamento-prostata-2013.pdf
https://doi.org/10.1001/jama.2018.3710
https://doi.org/10.1001/jama.2018.3710
http://www.ncbi.nlm.nih.gov/pubmed/29801017
http://portaldaurologia.com.br/medicos/destaque-sbu/nota-oficial-2018-rastreamento-do-cancer-de-prostata/
http://portaldaurologia.com.br/medicos/destaque-sbu/nota-oficial-2018-rastreamento-do-cancer-de-prostata/
http://portaldaurologia.com.br/medicos/destaque-sbu/nota-oficial-2018-rastreamento-do-cancer-de-prostata/
https://doi.org/10.1371/journal.pone.0221775
http://www.ncbi.nlm.nih.gov/pubmed/31647819
https://www.ibge.gov.br/cidades-e-estados/se.html
https://www.ibge.gov.br/cidades-e-estados/se.html
https://doi.org/10.1016/S0140-6736(11)60054-8
http://www.ncbi.nlm.nih.gov/pubmed/21561655
https://sidra.ibge.gov.br/tabela/200
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
https://doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
http://www.ncbi.nlm.nih.gov/pubmed/10649300
https://doi.org/10.3389/fonc.2019.00238
https://doi.org/10.3389/fonc.2019.00238
http://www.ncbi.nlm.nih.gov/pubmed/31024842
https://doi.org/10.1016/j.urology.2010.02.044
https://doi.org/10.1016/j.urology.2010.02.044
http://www.ncbi.nlm.nih.gov/pubmed/20472277
https://doi.org/10.1590/S1677-5538.IBJU.2018.0179
https://doi.org/10.1590/S1677-5538.IBJU.2018.0179
http://www.ncbi.nlm.nih.gov/pubmed/31038862
https://doi.org/10.1016/s0090-4295(99)80325-2
http://www.ncbi.nlm.nih.gov/pubmed/9111616
https://doi.org/10.1001/jama.2009.1498
http://www.ncbi.nlm.nih.gov/pubmed/19843904
https://doi.org/10.1016/j.eururo.2007.08.034
https://doi.org/10.1016/j.eururo.2007.08.034
http://www.ncbi.nlm.nih.gov/pubmed/17826892
https://doi.org/10.25318/82-003-x201900400002-eng
http://www.ncbi.nlm.nih.gov/pubmed/30994922
https://doi.org/10.1371/journal.pone.0249009

PLOS ONE

Trends in prostate cancer in Brazil

33.

34.

35.

36.

37.

38.

39.

40.

Taitt HE. Global trends and prostate cancer: a review of incidence, detection, and mortality as influ-
enced by race, ethnicity, and geographic location. Am J Mens Health. 2018; 12: 1807—1823. https://doi.
org/10.1177/1557988318798279 PMID: 30203706

Mara LO, Muniz JO, Bailey SR. Brazil in black and white? Race categories, the census, and the study of
inequality. Ethn Racial Stud. 2011; 35: 1466—1483.

Sierra MS, Soerjomataram |, Forman D. Prostate cancer burden in Central and South America. Cancer
Epidemiol. 2016; 44: S131-S140. https://doi.org/10.1016/j.canep.2016.06.010 PMID: 27678315

Mahal BA, Butler S, Franco |, Spratt DE, Rebbeck TR, D’Amico AV, et al. Use of active surveillance or
watchful waiting for low-risk prostate cancer and management trends across risk groups in the United
States, 2010-2015. JAMA. 2019; 321(7): 704—706. https://doi.org/10.1001/jama.2018.19941 PMID:
30743264

Bhatt NR, Kelly T, Domanska K, Fogarty C, Durkan G, Flood HD, et al. Increasing detection of signifi-
cant prostate cancer in younger men—ten year trends in prostate cancer risk profile in the Mid-West of
Ireland. Cent Eur J Urol. 2017; 70(2): 143—-147.

Gray PJ, Lin CC, Cooperberg MR, Jemal A, Efstathiou JA. Temporal trends and the impact of race,
insurance, and socioeconomic status in the management of localized prostate cancer. Eur Urol. 2017;
71: 729-737. hitps://doi.org/10.1016/j.eururo.2016.08.047 PMID: 27597241

Braga SFM, de Souza MC, Cherchiglia ML. Time trends for prostate cancer mortality in Brazil and its
geographic regions: An age—period—cohort analysis. Cancer Epidemiol. 2017; 50: 53-59. https://doi.
org/10.1016/j.canep.2017.07.016 PMID: 28810175

Conceicdo MBM, Boing AF, Peres KG. Time trends in prostate cancer mortality according to major geo-
graphic regions of Brazil: an analysis of three decades. Cad Saude Publica. 2014; 30: 559-566. https://
doi.org/10.1590/0102-311x00005813 PMID: 24714945

PLOS ONE | https://doi.org/10.1371/journal.pone.0249009 March 25, 2021 12/12


https://doi.org/10.1177/1557988318798279
https://doi.org/10.1177/1557988318798279
http://www.ncbi.nlm.nih.gov/pubmed/30203706
https://doi.org/10.1016/j.canep.2016.06.010
http://www.ncbi.nlm.nih.gov/pubmed/27678315
https://doi.org/10.1001/jama.2018.19941
http://www.ncbi.nlm.nih.gov/pubmed/30743264
https://doi.org/10.1016/j.eururo.2016.08.047
http://www.ncbi.nlm.nih.gov/pubmed/27597241
https://doi.org/10.1016/j.canep.2017.07.016
https://doi.org/10.1016/j.canep.2017.07.016
http://www.ncbi.nlm.nih.gov/pubmed/28810175
https://doi.org/10.1590/0102-311x00005813
https://doi.org/10.1590/0102-311x00005813
http://www.ncbi.nlm.nih.gov/pubmed/24714945
https://doi.org/10.1371/journal.pone.0249009

