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Abstract
Background Considering the socioeconomic disparities and inequalities observed in the healthcare resources among the Bra-
zilian regions, we aimed to analyze the mortality trends of urological cancers in Brazil to identify areas with differential risks.
Methods Deaths related to prostate (PCa), bladder (BCa), kidney (KC), penile (PeC), and testis (TCa) cancers from 1996 
to 2019 were retrieved from the Mortality Information System database (Brazil). Geographic and temporal patterns were 
analyzed using age-standardized mortality rates (ASMRs). A joinpoint regression model was used to identify changes in the 
trends and calculate the average annual percentage change (AAPC) for each region.
Results In Brazil, the ASMRs (per 100,000 persons/year) were 11.76 for PCa; 1.37, BCa; 1.13, KC; 0.33, and PeC; 0.26, 
TCa over the period. Increasing mortality trends were registered for BCa (AAPC = 0.45 in men; 0.57 in women), KC 
(AAPC = 2.03 in men), PeC (AAPC = 1.01), and TCa (AAPC = 2.06). The PCa mortality presented a significant reduction 
after 2006. The Northeast and North regions showed the highest increases in the PCa mortality. The South registered the 
highest ASMRs for BCa and KC, but the highest increasing trends occurred in the men from the Northeast. The North pre-
sented the highest ASMR for PeC, while the South registered the highest ASMR for TCa.
Conclusion Differences among regions may be partly explained by disparities in the healthcare systems. Over the study 
period, the North and Northeast regions presented more discrepant mortality rates. Efforts should be made to ensure access 
to the healthcare resources for people at risk, particularly in these regions.
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Abbreviations
AAPC  Average annual percentage change
APC  Annual percentage change
ASMR  Age-standardized mortality rate

BCa  Bladder cancer
GLOBOCAN  Global Cancer Observatory
KC  Kidney cancer
PCa  Prostate cancer
PeC  Penile cancer
SRR  Standardized rate ratio
STD  Sexually transmitted disease
TCa  Testicular cancer

1 Introduction

The global aging population and the current population 
growth might partially explain the worldwide burdens of 
cancer incidence and mortality. In Brazil, cancer is the 
second major cause of death among those aged ≥ 70 years 
[1]. There are socioeconomic differences between Brazil-
ian regions and cities, and these discrepancies influence the 
availability of diagnostic methods and treatments, determine 
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migratory phenomena, and could possibly be related to dif-
ferences in oncological outcomes [2].

According to the 2021 GLOBOCAN estimates, prostate 
cancer (PCa) represents 14.1% of malignant neoplasms in 
men, and 6.8% of the deaths caused by cancer (5th most 
common cause) [1]. Bladder cancer (BCa) deaths accounted 
for 2.1% of cancer-related deaths in both the sexes, with 
440,864 new cases in men and 132,414, in women. Kidney 
cancer (KC) is also more common in men than in women, 
with 271,249 and 160,039 new cases, respectively. Testis 
cancer (TCa) and penile cancer (PeC) are less common, with 
new cases estimated at 0.4% and 0.2%, respectively. Each 
represents approximately 0.1% of cancer-related deaths [1].

Only a few published epidemiological studies have 
focused on urological malignancies and their distributions 
across the Brazilian regions. Understanding the epidemiol-
ogy of these cancers could aid to elucidate potential regional 
risk factors and to suggest preventive strategies. Therefore, 
this study aimed to analyze the geographic distribution 
and time trends of urological cancers mortality in Brazil to 
identify areas with differential risks and outcomes for these 
neoplasms.

2  Materials and Methods

2.1  Data Source

This study analyzed the number of new cancer deaths 
retrieved from the Mortality Information System database 
(https:// datas us. saude. gov. br) of the Brazilian Ministry of 
Health (SIM/MS) for the following urological malignancies 
and their respective ICD-10 codes: prostate (C61), bladder 
(C67), kidney (C64), testis (C62), and penile cancer (C60). 
Deaths registered between 1996 and 2019 were included in 
the analysis [3].

This is a free access database considered the main source 
of health information in Brazil. It provides tabulation tools 
that enable the researchers to select and organize the data 
according to the objectives of the study.

Data were obtained for the following variables: year of 
death, place of residence, age group, sex (if applied), and 
underlying cause of death according to the previously men-
tioned ICD-10 coding. All individuals included in the analy-
sis were classified into the following age groups: 0–4, 5–9, 
10–14, 15–19, 20–29, 30–39, 40–49, 50–59, 60–69, 70–79, 
and ≥ 80 years.

Population data were obtained from the webpage pro-
vided by the Brazilian Institute of Geography and Statistics 
for the census conducted in 2000 and 2010. For the intercen-
sus years, estimates and projections published by the same 
data source were used [4]. Death cases with missing sex or 
age information were excluded from the analysis.

2.2  Study Design and Geographical Areas

Geographic and temporal patterns were examined using 
age-standardized mortality rates (ASMRs), and they were 
expressed as per 100,000 persons per year. Adjustment by 
age was performed by the direct method, using the world 
standard population created by Segi in 1960 and modi-
fied by Doll in 1966 [5] as a reference for Brazil and the 
five geographic regions (North, Northeast, Central–West, 
Southeast, and South).

The Brazilian states and the Federal District are 
grouped into these five mentioned geographic regions. 
The population is highly concentrated in the Southeast 
region, with more than 40% of the Brazilian inhabitants 
living there, followed by the Northeast, with almost 30% 
of the population. The two most extensive regions are the 
Central-West and the North regions, which together rep-
resent 64% of the territory, but have a total of only 16% of 
the population [4].

Data on cancer deaths among men and women were 
extracted separately for bladder and kidney tumors. For 
BCa and KC mortality rates, an age-standardized rate ratio 
was calculated by dividing the ASMR for men by that for 
women in both neoplasias.

2.3  Statistical Analysis

A joinpoint regression model was applied and permuta-
tion tests were performed to identify changes in the trends 
using the Joinpoint Regression Program for Windows, ver-
sion 4.8.0.1 (National Cancer Institute, Bethesda, MD; 
available at https:// surve illan ce. cancer. gov/ joinp oint). 
The software enabled the user to test whether an appar-
ent change in the trend is statistically significant. It fit the 
selected trend data into the simplest joinpoint model that 
the data allowed (maximum of four joinpoints) and calcu-
lated the average annual percentage change (AAPC) value 
for each region [6].

AAPC is a weighted average of the angular coefficients 
of the regression line with weights equal to the length of 
each segment over the interval. AAPC values were tested 
for equality to zero using the corresponding standard 
errors, and the values were considered statistically sig-
nificant if p ≤ 0.05 [6]. Additionally, the maps were dis-
played using the software TabWin, version 4.15, provided 
by DATASUS, Brazil.

https://datasus.saude.gov.br
https://surveillance.cancer.gov/joinpoint
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3  Results

3.1  Overall Mortality Rates of the Urological 
Cancers, 1996–2019

In Brazil, from 1996 to 2019, the SIM/MS database regis-
tered 270,117 deaths due to PCa; 70,690, BCa (48,993 in 
men, 21,689 in women); 54,021, KC (33,291 in men and 
20,722 in women); 7371, PeC; and 6527, TCa.

For the entire period, the calculated ASMR in Brazil was 
11.76 deaths per 100,000 men for PCa; 1.37, BCa; 1.13, KC; 
0.33. PeC; and 0.26, for TCa. The age-specific mortality 
rates calculated for the periods 1996–2004 and 2005–2019 
in Brazil are presented in Table 1. Maps showing the mean 
ASMRs in these two periods are also shown in Online 
Resources 1 and 2.

3.2  Variations by Sex

When stratified by sex, the ASMR was higher in men than 
that in women for both BCa (2.18 deaths per 100,000 men 
and 0.74 deaths per 100,000 women) and KC (1.54 deaths 
per 100,000 men and 0.79 deaths per 100,000 women).

The standardized rate ratios (SRR) calculated between the 
sexes were represented by an SRR of 2.94 for BCa and 1.94 
for KC, showing a predominance in men in both the cancers.

A detailed description of the ASMRs in each year of 
the period, with their respective standard errors (SE), is 
shown in Online Resources 3 and 4 for men and women, 
respectively.

3.3  Regional Trends of Urological Cancers Mortality

Increasing mortality trends were identified for PCa from 
1996 to 2006, characterized by an annual percentage change 
(APC) of 2.3. This was followed by a slight but significant 
reduction from 2006 to 2019 (APC = − 0.76) (Fig. 1a). The 
peak ASMR for PCa in Brazil occurred in 2006 (15.29 
deaths per 100,000 men).

In the Brazilian regions, the Northeast region presented 
the highest increase (Table 2), particularly in the period 
between 2003 and 2006 (APC = 17.02), followed by the 
North region. The Southern region showed a decreasing 
trend, predominantly after 2005. The Central–West region 
showed a similar ASMR during the entire period, and the 
Southeast region showed a significant reduction only after 
2008 (APC = − 1.49), but this decreasing trend was not sig-
nificant considering the full period (Fig. 2a and Table 2).

Regarding the mortality trends of BCa, the peak 
ASMR was 2.61 deaths per 100,000 men, with an increas-
ing trend in the period of the study (AAPC = 0.45) and 

Table 1  Age-specific mortality rates of urological cancers in Brazil 
by age groups in the periods 1996–2004 and 2005–2019

a Rates in 100,000 persons per year (based on census population 2000)
b Rates in 100,000 persons per year (based on census population 2010)

Age-specific mortal-
ity rate (1996–
2004)a

Age-specific mortal-
ity rate (2005–
2019)b

Prostate cancer
 < 50 years 0.09 0.12
 50–59 years 6.52 6.60
 60–69 years 40.90 43.87
 70–79 years 151.05 170.10
 80+ years 366.02 503.34

Bladder cancer (Male)
 < 50 years 0.09 0.10
 50–59 years 2.47 2.42
 60–69 years 9.25 9.89
 70–79 years 25.33 28.87
 80+ years 51.49 70.00

Bladder cancer (Female)
 < 50 years 0.06 0.06
 50–59 years 1.09 1.22
 60–69 years 2.88 3.43
 70–79 years 7.38 8.67
 80+ years 17.14 21.85

Kidney cancer (Male)
 < 50 years 0.24 0.29
 50–59 years 3.06 3.91
 60–69 years 6.16 9.32
 70–79 years 10.12 14.92
 80+ years 11.64 20.87

Kidney cancer (Female)
 < 50 years 0.18 0.20
 50–59 years 1.50 1.77
 60–69 years 3.18 4.01
 70–79 years 5.71 6.97
 80+ years 7.41 11.55

Penile cancer
 < 50 years 0.08 0.10
 50–59 years 0.69 0.86
 60–69 years 1.10 1.52
 70–79 years 1.91 2.48
 80+ years 4.16 5.40

Testis cancer
 < 30 years 0.16 0.26
 30–39 years 0.40 0.58
 40–49 years 0.29 0.31
 50–59 years 0.18 0.25
 60+ years 0.40 0.67
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0.9 per 100,000 women (AAPC = 0.57) (Fig. 1b). The 
South region had the highest ASMR, considering both 
men and women (Fig. 2b, c); but among men, the South 
region showed a significant reduction over the period 
(AAPC = − 0.8). The North and Northeast regions had 
increasing mortality trends in both the sexes, particularly 
in men in the Northeast, in comparison to the national 
data (Table 3).

The ASMR for KC showed upward mortality trends in 
both sexes, particularly in men (AAPC = 2.03) (Fig. 1c). 
This trend was higher among men in the Northeast region, 
followed by the North and Central–West regions (Fig. 2d). In 
women, the growing trend was highest and significant in the 
north, followed by the Northeast and Southeast. Despite this, 
the South region also registered the highest ASMRs in the 
period for both the sexes. Considering all the groups, only 
women in the South showed a decreasing mortality trend, 
but this was not statistically significant (AAPC = − 0.11) 
(Fig. 2e and Table 2).

There were fewer deaths due to PeC and TCa than those 
due to other urological cancers. Both registered increas-
ing mortality trends (AAPC = 1.01 and 2.06, respectively) 
(Fig. 1d, e). As expected, the North and Northeast regions 
had the highest ASMRs and AAPCs for PeC. At the end of 
this period, the North region was the most impacted, par-
ticularly after the stagnation of the ASMR in the Northeast 
region since 2008 (Fig. 2f). A significant decreasing trend 
was identified only in the Southeast region. As compared to 
the national trend, the Southeast region presented the most 
negative difference (Table 3).

Regarding TCa, all the regions showed significant upward 
trends, but the ASMR was the highest in the South (Fig. 2g). 

As compared to the Brazilian data, a significant difference in 
AAPC was observed only in the Northeast (Table 3).

4  Discussion

This study provides an overview of mortality patterns and 
trends of the main urological malignancies in Brazil and its 
regions. To the best of our knowledge, it is the most com-
prehensive analysis of mortality data in urological malig-
nancies. In the last 2 decades, except for PCa, all urologi-
cal cancers showed upward trends in the mortality rates. A 
particular observed point was that the North and Northeast 
were the regions that more contributed to these increases. 
These regions still demonstrate the highest rates of poverty 
and the areas with the lowest Human Development Indices 
in the country [7].

The rise in mortality rates for PCa in Brazil at the end 
of the 1990s and the beginning of the 2000s was also noted 
in previous population studies [8–12]. However, it has 
occurred late as compared to developed countries such as 
the United States, Canada, the United Kingdom, Germany, 
and France [9, 13]. In our study, a reduction in PCa mortality 
occurred only from 2006 onwards (APC 2006–2019 = − 0.8; 
p = 0.003). Several reasons might explain our results, likely 
reflecting increased awareness and advancements in health-
care structure, enabling a late but gradually broader adop-
tion of prostate-specific antigen testing and biopsies [14, 
15]. Contemporary analyses have suggested that decreasing 
trends will continue to occur in Brazil [11, 16].

A study conducted by Jerez-Roig et al. (2014) observed 
a stable plateau in PCa mortality from 2006 to 2010, in 

Fig. 1  Trends in the age-standardized mortality rates for prostate (a), bladder (b), kidney (c), penile (d), and testicular (e) cancers in Brazil. APC 
annual percentage change



243Journal of Epidemiology and Global Health (2022) 12:239–247 

1 3

contrast to a significant increase in the North region. The 
authors performed a projection from 2011–2025, report-
ing that the increasing ASMRs in the North and Northeast 
regions were mainly attributed to population changes [10]. 
In contrast, we noted non-significant changes in the North-
east region since 2006 and in the North region since 2015. 
Nevertheless, the AAPC across the whole period showed 
increasing trends in these regions, and structural changes 
certainly persisted. Due to fewer oncological services in 
these regions, prostate screening tends to be less prevalent 
among men with lower schooling levels and low income, 
indicating a potential increase in the absolute number of 
deaths [10].

Regarding the role of ethnicity in the prognosis of PCa, 
men of African and Caribbean descent had the highest inci-
dence and mortality rates [1]. The South region presents the 
highest proportion of Caucasians in Brazil (approximately 
80%). Due to the complexity of the miscegenation phenom-
enon in Brazil, it is unclear if this could explain the most 
significant decrease observed in this region in comparison 
to the national data.

Bladder cancer is the seventh most common cancer in 
Brazilian men and is ranked 16th among women. Similarly, 
mortality is also higher among men than in women (12th and 
16th, respectively) [8]. Geographic and temporal patterns of 
BCa mortality show trends similar to those of tobacco con-
sumption. Antoni et al. (2017) reported that BCa incidence 
and mortality were higher in countries with very high or 
high human development indices, but a decreasing trend in 
mortality has been observed, except in transition economies 
such as South American countries, where smoking preva-
lence started decreasing more recently [17, 18].

In this way, it is possible that decreases in BCa rates will 
not be observed in the North and Northeast regions for a 
few decades. Concurrently, the prevalence of smoking in the 
overall Brazilian population has declined by more than 2% 
per year in recent years [19], but a growing prevalence has 
been observed among women [20, 21]. Our analysis showed 
that the mortality trend decreased in men from the Southeast 
and South regions. On the contrary, this variation was not 
observed in women in these regions.

The Northeast and North regions showed a worsening of 
the BCa burden in Brazil in both the sexes. Successful public 
policies for tobacco consumption need to be implemented 
to bring about further declines in these rates, in addition 
to improving access to the health facilities offered to these 
people [19, 20, 22].

Table 2  Average annual percentage change of the age-standard-
ized mortality rates of urological cancers among Brazilian regions 
between 1996 and 2019

AAPC 
(1996–
2019)

Lower 95% CI Upper 95% CI p value*

Prostate cancer
 Brazil 0.6* 1.0 2.5 0.013
 North 3.4* 2.4 4.4  < 0.001
 Northeast 3.8* 1.8 5.9  < 0.001
 Central-West 0.0 − 0.5 0.5 0.996
 Southeast − 0.9 − 2.4 0.6 0.236
 South − 0.9* − 1.7 − 0.1 0.019

Bladder cancer (Male)
 Brazil 0.5* 0.2 0.7 0.004
 North 3.3* 2.4 4.2  < 0.001
 Northeast 4.0* 3.5 4.4  < 0.001
 Central-West 0.9* 0.1 1.7 0.031
 Southeast − 0.5* − 0.8 − 0.2 0.002
 South − 0.8* − 1.3 − 0.4 0.001

Bladder cancer (Female)
 Brazil 0.6* 0.3 0.9 0.001
 North 3.4* 1.9 4.9  < 0.001
 Northeast 2.5* 1.9 3.2  < 0.001
 Central-West 0.2 − 0.7 1.1 0.682
 Southeast − 0.1 − 0.5 0.3 0.576
 South 0.0 − 0.5 0.5 0.981

Kidney cancer (Male)
 Brazil 2.0* 1.8 2.3  < 0.001
 North 4.6* 3.7 5.5  < 0.001
 Northeast 5.2* 4.0 6.5  < 0.001
 Central-West 3.4* 2.5 4.3  < 0.001
 Southeast 1.3* 1.0 1.6  < 0.001
 South 1.0* 0.6 1.4  < 0.001

Kidney cancer (Female)
 Brazil 1.0* 0.8 1.3  < 0.001
 North 3.4* 2.1 4.7  < 0.001
 Northeast 3.1* 2.3 3.9  < 0.001
 Central-West 1.1 − 0.1 2.4 0.063
 Southeast 0.5* 0.1 0.9 0.011
 South − 0.1 − 0.5 0.2 0.516

Penile cancer
 Brazil 1.0* 0.7 1.3  < 0.001
 North 4.4* 2.6 6.3  < 0.001
 Northeast 3.9* 2.6 5.2  < 0.001
 Central-West − 0.3 − 1.7 1.1 0.682
 Southeast − 0.9* − 1.4 − 0.4 0.001
 South − 0.4 − 1.2 0.5 0.363

Testis cancer
 Brazil 2.1* 1.6 2.6  < 0.001
 North 3.4* 1.3 5.6 0.003
 Northeast 3.9* 2.4 5.4  < 0.001
 Central-West 1.7* 0.0 3.3 0.047
 Southeast 2.1* 1.5 2.7  < 0.001
 South 1.3* 0.6 2.1 0.001

Table 2  (continued)
AAPC average annual percent change, CI confidence interval
*Bold values indicate that the average annual percentage change 
(AAPC) is significantly different from zero (p ≤ 0.05)
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Growing mortality trends for KC were also reported by 
Sierra et al. in Brazil from 1997 to 2006 in both the sexes 
(AAPC = 2.7, men; 1.0, women) [8]. The worldwide inci-
dence and mortality rates varied and were higher in the 
developed areas. Known risk factors include smoking, 
obesity, and hypertension [23]. Except Southern and Cen-
tral-Western women, all the other groups showed increas-
ing mortality trends, particularly people in the North and 
Northeast. However, there is a predominance of deaths due 
to KC in people originating from the South during the entire 
period. The role of smoking prevalence or genotypes in the 
Southern region could not be assessed in this study.

It is well documented that PeC is more prevalent in devel-
oping countries, and it is a highly aggressive urogenital 
tumor. The most important risk factors among men with 
phimosis or excess prepuce are low socioeconomic level 
and poor hygiene, in addition to a history of sexually trans-
mitted diseases (STDs), and a high prevalence of human 
papillomavirus (HPV) infection in penile cancer, reaching 
approximately 50% [24–26]. In the current study, only the 
Southeast region demonstrated a significant reduction in 
the ASMR. A previous epidemiologic study predicted an 
increasing ASMR over all the age groups in Brazil up to 

2025, particularly in men aged > 50 years [27]. Considering 
the period between 1996 and 2019, our analysis evidenced 
an ASMR of 0.43 and 0.40 per 100,000 men in the North 
and Northeast regions, respectively.

A delay in diagnosis, associated with the limited access 
to healthcare, results in a worse prognosis. A recently pub-
lished Brazilian consensus reported that circumcision, smok-
ing reduction, and educational campaigns regarding proper 
hygiene habits, STD prevention, and HPV vaccination can 
decrease PeC rates [25]. Efforts to promote male health 
through a national policy for comprehensive male health-
care must be stimulated [26]. Currently, the quadrivalent 
HPV vaccine is available through the public health system 
in Brazil for girls aged 9–14 years, boys aged 11–14 years, 
immunosuppressed men aged up to 26 years, and immuno-
suppressed women aged up to 45 years.

Finally, TCa is considered rare, but it is one of the most 
frequently diagnosed cancers in young men aged < 40 years. 
TCa can be aggressive, but it usually presents a high chance 
of cure when diagnosed in the early stages [28]. The ASMR 
in the period of 1996–2019 (0.26 per 100,000 men) was 
similar to that reported in previous studies [29]. This malig-
nancy is more common in developed areas. The highest 

Fig. 2  Trends in the age-standardized mortality rates for urological 
cancers in the Brazilian regions. a prostate cancer; b bladder cancer 
in men; c bladder cancer in women; d kidney cancer in men; e kid-

ney cancer in women; f penile cancer; g testicular cancer. APC annual 
percentage change
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Table 3  Correlations of the 
average annual percentage 
change of the age-standardized 
mortality rates of urological 
cancers among Brazil and the 
Brazilian regions between 
1996–2019

AAPC average annual percent change, CI confidence interval
*Bold values indicate that the average annual percentage change (AAPC) is significantly different from 
zero (p ≤ 0.05)

AAPC (1996–
2019)

Lower 95% CI Upper 95% CI p value*

Prostate cancer
 Brazil vs North − 2.9* − 4.0 − 1.7  < 0.001
 Brazil vs Northeast − 3.3* − 5.3 − 1.2 0.002
 Brazil vs Central-West 0.6 − 0.1 1.2 0.088
 Brazil vs Southeast 1.5 − 0.1 3.1 0.066
 Brazil vs South 1.5* 0.6 2.3 0.001

Bladder cancer (Male)
 Brazil vs North − 2.8* − 3.7 − 1.9  < 0.001
 Brazil vs Northeast − 3.5* − 4.0 − 3.0  < 0.001
 Brazil vs Central-West − 0.4 − 1.2 0.4 0.299
 Brazil vs Southeast 1.0* 0.6 1.3  < 0.001
 Brazil vs South 1.3* 0.8 1.8  < 0.001

Bladder cancer (Female)
 Brazil vs North − 2.8* − 4.3 − 1.4  < 0.001
 Brazil vs Northeast − 2.0* − 2.6 − 1.3  < 0.001
 Brazil vs Central-West 0.4 − 0.5 1.3 0.375
 Brazil vs Southeast 0.7* 0.2 1.2 0.005
 Brazil vs South 0.6* 0.0 1.1 0.035

Kidney cancer (Male)
 Brazil vs North − 2.6* − 3.5 − 1.7  < 0.001
 Brazil vs Northeast − 3.2* − 4.5 − 1.9  < 0.001
 Brazil vs Central-West − 1.3* − 2.2 − 0.4 0.003
 Brazil vs Southeast 0.7* 0.4 1.1  < 0.001
 Brazil vs South 1.1* 0.6 1.5  < 0.001

Kidney cancer (Female)
 Brazil vs North − 2.4* − 3.6 − 1.1  < 0.001
 Brazil vs Northeast − 2.1* − 2.9 − 1.2  < 0.001
 Brazil vs Central-West − 0.1 − 1.3 1.1 0.854
 Brazil vs Southeast 0.5* 0.1 1.0 0.025
 Brazil vs South 1.1* 0.7 1.6  < 0.001

Penile cancer
 Brazil vs North − 3.4* − 5.2 − 1.6  < 0.001
 Brazil vs Northeast − 2.9* − 4.2 − 1.6  < 0.001
 Brazil vs Central-West 1.3 − 0.1 2.6 0.061
 Brazil vs Southeast 1.9* 1.4 2.4  < 0.001
 Brazil vs South 1.4* 0.6 2.2 0.001

Testis cancer
 Brazil vs North − 1.3 − 3.4 0.7 0.208
 Brazil vs Northeast − 1.8* − 3.3 − 0.3 0.017
 Brazil vs Central-West 0.4 − 1.2 2.0 0.633
 Brazil vs Southeast 0.0 − 0.8 0.7 0.931
 Brazil vs South 0.7 − 0.1 1.6 0.089
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ASMR occurred in the South. However, the highest AAPC 
was observed in the Northeastern region.

A recent publication that predicted data from 2016 to 
2030 described stability in ASMR only for the Southeast 
region, in addition to a slight reduction in rates for the 
Central–West region [29]. In contrast, our study showed 
a constant growing trend in all regions from 1996–2019. 
The main reasons for regional differences are related to 
socioeconomic features and the availability of healthcare 
services. Ethnicity is a risk factor that can be assessed. 
The high proportion of Caucasians in the South can partly 
explain the disparity in mortality rates. Furthermore, 
improving the efficacy of protocols and educating men in 
favor of self-examination could aid in the early diagnosis.

The interpretation of our data demands some caution, as 
the absolute numbers are based on the availability and accu-
racy of each regional data. Previous studies have reported 
that mortality data may be less accurate among elderly 
groups due to the challenges in identifying the cause of death 
in this group of patients with multiple comorbidities [30]. 
Inaccuracies among elderly patients, particularly those with 
PCa, KC, and BCa, could affect the final measure. Individual 
factors were not available for a comprehensive evaluation 
of this type of study. In addition, delays in epidemiological 
reports, coding errors, and limited resources could limit the 
reliability of the number of deaths [31].

There were concerns regarding the reliability of the 
Brazilian registry of deaths, particularly in the North and 
Northeast regions. Nevertheless, improvements and stand-
ardization of data collection and registration have been 
implemented in the last two decades [10, 32].

In conclusion, this study provides an overview of mor-
tality patterns and trends of the main urological malignan-
cies in Brazil and its regions using public data retrieved 
from SIM/MS over the last two decades. This public 
information system can serve as a tool for creating public 
healthcare policies. Differences observed in ASMR and 
mortality trends among regions may be partly explained 
by disparities in healthcare systems, access to treatment, 
and diagnosis in reference cancer centers. Additionally, the 
national aging phenomenon must continue to influence the 
rise in mortality rates in Brazil.

Healthcare providers and policy makers should ensure 
health policies to guarantee access for elderly people, 
particularly in the North and Northeast regions, where 
increasing and discrepant mortality rates were observed 
across the study period.
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