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Abstract 

Background In the last decades, an increasing incidence of testicular cancer has been observed in several countries 
worldwide. Although mortality rates have been variable in many countries, little information is available from Latin 
America and the Caribbean (LAC). Therefore, we examined mortality trends of testicular cancer in the last two 
decades.

Methods Age‑standardized mortality rates (ASMR) of testicular cancer per 100,000 men‑years were estimated using 
the World Health Organization mortality database from 1997 to 2019. We examined the mortality trends and com‑
puted annual percent change (APC) for all ages and the following age groups, 15–29, 30–44, 15–44, and ≥ 45 years.

Results Ten countries had mortality rates greater than 0.43 per 100,000 men, with the highest rates for Chile, Mexico, 
and Argentina. Significant increases in mortality rates were observed in Argentina, Brazil Colombia, and Mexico in all 
ages, and < 45 years, while Colombia, Ecuador, Mexico, and Peru reported significant downward trends in males 
aged ≥ 45 years. Only Chile showed significant decreases for all ages and age groups studied.

Conclusion Mortality by testicular cancer increased among LAC countries in males of all ages and across age groups. 
A reduction in mortality rates was observed only in Chilean males of all ages and in men ≥ 45 years in several coun‑
tries. Strengthening of early detection among symptomatic males may decrease the mortality by this neoplasm.
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Introduction
Testicular cancer (TC) is relatively rare, but it is the most 
frequently diagnosed neoplasm among young males 
aged 20 to 44 years [1], especially in developed countries 
[2–4]. In 2020, GLOBOCAN reported 74,000 new cases 
(0.4% of all cancers), representing 1.8 cases per 100,000 
men-years, and nearly 9,300 deaths (0.1% of all cancers), 
representing 0.2 deaths per 100,000 men-years world-
wide, with North America and Europe having the highest 
burden [5, 6]. The incidence of testicular cancer is grow-
ing worldwide with variable mortality [2, 3, 7].

The great majority of TCs are testicular germ cell 
tumors. The risk factors for developing germ cell tumors 
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are not well described, although they are known to be 
associated with other male reproductive disorders includ-
ing cryptorchidism [8–12], a family history of testicular 
cancer [10, 12], hypospadias [13], and a previous diag-
nosis of malignancy in the contralateral testicle [8, 9, 11]. 
While other factors have been reported to be associated 
with increased risk in some studies, none have a strong, 
reproducible association with TC [14–20].

Although the incidence of TC has increased in recent 
decades, especially in Northern European countries 
[2, 3], low mortality rates have been reported in these 
countries due to highly effective therapies [4]. Some 
Latin American and Caribbean (LAC) countries have 
also reported increases in the incidence of TC [21], 
however, mortality by this cancer has not been compre-
hensively studied in all LAC countries or over a period 
longer than 20  years. Therefore, we aimed to assess 
TC mortality trends, overall and by age group, in LAC 
countries between 1997 and 2019.

Material and methods
Data source
TC deaths were obtained from the World Health 
Organization (WHO) Mortality Database for the period 
between 1997 (the first year available) and 2019 (the last 
year available) [22]. The cause-of-death statistics are from 
country civil registration systems which are compiled 
by the national authorities and submitted to the WHO 
each year. These data are official national statistics trans-
mitted to the WHO by the competent authorities of the 
countries covered. Each member state reports popula-
tion data together with its mortality data for the popula-
tion covered by the death registration system, according 
to the standards of the International Classification of 
Diseases (ICD) 10th revision (ICD-10). Only data from 
countries reporting duly coded data according to the 
ICD were included in the present study. Data were avail-
able for the following LAC countries: Argentina, Brazil, 
Chile, Colombia, Costa Rica, Cuba, Ecuador, Guatemala, 
Mexico, Nicaragua, Panama, Paraguay, Peru, Puerto Rico, 
Uruguay, and Venezuela. We identified TC deaths using 
the ICD-10 (C62) [23]. Mortality rates were analyzed by 
age group and calendar year. Estimates of the population 
for each country were obtained from the World Popula-
tion Prospects 2022 [24].

Statistical analysis
The age-standardized mortality rates (ASMRs) for TC 
from 1997 to 2019 were calculated per 100,000 men-years 
using the SEGI world standard population [25]. We ana-
lyzed trends in TC mortality for all ages and for the fol-
lowing age groups: 15–29 years, 30–44 years, ≥ 45 years. 
In addition to the main analyses, we analyzed the age 

group between 15–44  years because these are the ages 
with the highest incidence of TC (Supplementary 1). We 
calculated the average TC mortality rates (all ages com-
bined) for the last 5  years for the LAC countries, with 
those exceeding 0.43 deaths being considered as high 
rates, as they were the highest rates estimated by GLO-
BOCAN 2020.

Joinpoint regression analysis was performed to ana-
lyze the mortality trends using the Joinpoint Regression 
Program software (National Cancer Institute, Bethesda, 
Maryland, USA), Version 4.6.0, 2017 [26]. Joinpoints 
given by the program were identified and the annual 
percentage change (APC) and corresponding 95% con-
fidence intervals (95%CI) were estimated for each coun-
try. APCs were considered statistically significant with a 
p-value < 0.05. We calculated the average APC (AAPC) 
for countries that had 2 or more attachment joinpoints. 
In the joinpoint analysis, the program chooses the points 
of best fit (joinpoints), where the rate changes signifi-
cantly. The analysis starts with the minimum number of 
joinpoints (zero, which is the straight line), and checks 
whether one or more joinpoints (up to three) are sig-
nificant and should be added to the model. Each signifi-
cant joinpoint that indicates a change in slope (if any) 
is retained in the final model. Mortality trend analyses 
could not be performed for countries with low death 
counts in any given year or for the age group 0–14. The 
significance levels utilized are based on the Monte Carlo 
permutation method and for the calculation of the APC 
we used the logarithm of the ratio [27].

Results
Figure  1 shows the average age-standardized TC mor-
tality rates per 100,000 between 2015 and 2019 in LAC. 
Ten countries reported mortality rates higher than 0.43 
deaths per 100,000 men, with the highest rates in Chile 
(0.97), Mexico (0.94), and Argentina (0.85).

Table 1 shows the estimated AAPC in TC mortality for 
all ages between 1997 and 2019. Argentina (0.6%), Bra-
zil (2.5%), Colombia (1.8%), Mexico (2.2%), and Para-
guay (4.6%) had significant upward trends, whereas Chile 
(− 1.3%) showed a significant downward trend (Fig. 2).

Table 2 presents the mortality rates and APCs for men 
in the age group 15–29  years between 1997 and 2019. 
Argentina (0.7%), Colombia (4.3%), Ecuador (3.5%), 
Guatemala (3.9%), Mexico (3.8%), Paraguay (4.8%), Peru 
(2.7%) and Venezuela (1.8%) showed significant upward 
trends for the entire time interval. Nicaragua also had a 
significant increasing trend from 1997–2013 (7.9), but 
the trend decreased from 2013–2019. Chile (− 1.4%) had 
a significant downward trend for the entire interval.

Table  3 displays the mortality rates and APCs for 
men in the age group of 30–44 years between 1997 and 
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2019. Argentina (1.3%), Brazil (2.3%), Colombia (3.0%), 
and Mexico (3.2%) had significant increasing trends. In 
contrast, Chile (− 1.2%) and Peru (− 1.8%) presented 
significant downward trends.

Table  4 shows the mortality rates and APCs for 
men aged ≥ 45  years between 1997 and 2019. For this 
age group, only Brazil (1.4%) presented a significant 
increase in mortality. In contrast, Colombia (− 1.9%), 
Ecuador (− 3.1%), Mexico (− 0.9%), and Peru (− 4.4%) 
the mortality rates significantly decreased.

Supplementary table  1 displays the mortality rates 
and APCs for men aged 15–44  years. Nine coun-
tries showed significant increases in mortality rates: 
Argentina (1.0%), Brazil (3.0%), Colombia (3.9%), 
Ecuador (2.2%), Guatemala (3.6%), Mexico (3.6%), Nic-
aragua (3.8%), Paraguay (5.6%) and Venezuela (1.7%). 
In contrast, only Chile (− 1.3%) presented a significant 
decrease.

Regarding the evolution of incidence rates, Costa 
Rica and Quito (Ecuador) reported significant increases 
(around 3%) at all ages and of around 4.5% in the young 
population (15–29 years); in Colombia the only observed 
significant increase (of 4%) was observed in men aged 15 
to 29 years (Supplementary table 2).

Discussion
To our knowledge, this study on mortality by TC over a 
period of more than 20 years includes the largest of LAC 
countries to date. This study provides a comprehensive 
epidemiological analysis of TC mortality rates by age 
group in LAC between 1997 and 2019. Ten countries 
reported mortality rates higher than 0.43 per 100,000 
men. We found a variation in mortality rates by age 
group and country. Overall, five countries (Argentina, 
Brazil, Colombia, Mexico, and Paraguay) presented sig-
nificant increases in mortality, while Chile reported a sig-
nificant decrease. Chile experienced significant decreases 
in rates among all men, except those aged ≥ 45  years of 
age, although the decline did not attain statistical signifi-
cance. Four other countries (Colombia, Ecuador, Mexico, 
and Peru) showed significant decreases in TC mortality 
rates for men over 45 years of age.

Our findings of high TC mortality rates are consist-
ent with previous studies describing the highest TC 
mortality in low-income countries and in the Central 
and South American regions [28]. The reasons for the 
increase in mortality by TC in Latin American coun-
tries are not clear. Some studies suggest a strong rela-
tionship between the human development index and 

Fig. 1 Average age‑standardized (Segi world standard population) testicular cancer mortality rates per 100,000 between 2015 and 2019* in Latin 
America and the Caribbean. *Data from 2018 for Chile and Peru, 2017 for Puerto Rico, 2016 for Venezuela
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TC. In fact, the incidence of TC has risen eightfold in 
developed regions compared to less developed coun-
tries [29]. However, no relationship has been found 
for mortality [28, 29]. Our study found significant 
increases in incidence rates in Cali (Colombia), Costa 
Rica, Quito (Ecuador) for the last few years reported. 
Despite this, the results for incidence were not the 
same for mortality in the countries mentioned. One of 
the important problems in Latin America and the Car-
ibbean is the lack of incidence registry in most of the 
countries of the region, which would help to broaden 
the panorama of this disease [30]. In addition, data 
such as histology, time of disease, pathological ante-
cedents, among others, would help to clarify the evolu-
tion of this disease in each country. On the other hand, 
changes in the quality of mortality data could explain 
the increases or decreases in the trends shown in our 
study [31].

Our study showed variations in mortality trends by 
age group, with an increase in the younger population, 
but, in some cases, a decrease in the population over 
45 years of age. On the other hand, the increasing mor-
tality rates in some countries suggest poor health care 
delivery or diagnosis at late stages of TC. Between 2003 

and 2008, several Latin American countries (e.g., Brazil, 
Chile, and Mexico) enacted several laws to strengthen 
the health care systems towards universal health cover-
age. However, individuals at low socioeconomic levels 
have difficulty accessing prompt health care delivery 
[32]. As a result, in individuals in low economic settings 
the diagnosis of TC may be delayed and they may not 
receive optimal treatment, thereby increasing the mor-
tality rate. For example, a study in men in the United 
States reported that uninsured men had a higher risk 
of advanced cancer and an 88% higher risk of germ cell 
cancer-specific mortality than those with health care 
insurance [33]. Similarly, a population-based study 
found that uninsured men with TC were more likely to 
present with metastatic disease and present higher mor-
tality rates compared to insured men [34]. These obser-
vations highlight the need to perform early diagnosis 
and prompt treatment.

The increasing burden of cancer represents a sub-
stantial problem for LAC [35]; however, this represents 
only one facet of the problem, as the challenges in can-
cer care include other factors that condition cancer 
control. Among the existing challenges are insufficient 
financing, non-universal health coverage, inadequate 

Table 1 Average annual percent change and 95% confidence intervals for testicular cancer age‑adjusted mortality rates in Latin 
American and the Caribbean for men of all ages, 1997–2019

APC Annual Percent Change, CI Confidence interval
a Data from 2000 for Cuba and Guatemala, 1998 for Mexico and Panama, 1999 for Peru and Puerto Rico
b Data from 2018 for Chile, 2017 for Guatemala, 2018 for Peru, 2017 for Puerto Rico, and 2016 for Venezuela; * p‑value < 0.05

Country Age-Standardized 
Mortality Rates per 
100 000

Trend 1 APC 1 Trend 2 APC 2 Average APC (95% CI)

1997a 2019b

Argentina 0.79 0.81 1997–2019 0.6* (0.2,1.0) 0.6* (0.2,1.0)

Brazil 0.21 0.38 1997–2019 2.5*(2.0,3.0) 2.5*(2.0,3.0)

Chile 1.17 0.97 1997–2018  − 1.3*(− 1.9, − 0.6)  − 1.3*(− 1.9, − 0.6)

Colombia 0.29 0.49 1997–2019 1.8*(1.0,2.6) 1.8*(1.0,2.6)

Costa Rica 0.11 0.50 1997–2019 1.6(− 0.7,3.9) 1.6(− 0.7,3.9)

Cuba 0.26 0.23 2000–2019 0.5(− 1.9,2.9) 0.5(− 1.9,2.9)

Ecuador 0.41 0.51 1997–2019 0.1(− 1.1,1.2) 0.1(− 1.1,1.2)

Guatemala 0.52 0.54 2000–2017 2.3(− 0.3,4.9) 2.3(− 0.3,4.9)

Mexico 0.73 1.03 1998–2008 0.5(− 0.8,1.9) 2008–2019 3.7*(2.8,4.7) 2.2*(1.4,3.0)

Nicaragua 0.10 0.23 1997–2013 6.7*(2.3,11.3) 2013–2019  − 11.7(− 23.6,1.9) 1.3(− 3.3,6.1)

Panama 0.14 0.33 1998–2019  − 0.8(− 4.3,3.0)  − 0.8(− 4.3,3.0)

Paraguay 0.28 0.93 1997–2019 4.6*(2.8,6.4) 4.6*(2.8,6.4)

Peru 0.33 0.35 1999–2018  − 0.9(− 2.5,0.7)  − 0.9(− 2.5,0.7)

Puerto Rico 0.25 0.14 1999–2017 2.1(− 1.1,5.4) 2.1(− 1.1,5.4)

Uruguay 0.51 0.61 1997–2019  − 0.8(− 3.0,1.5)  − 0.8(− 3.0,1.5)

Venezuela 0.22 0.41 1997–2016 1.1(− 0.3,2.6) 1.1(− 0.3,2.6)
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registries, fragmented health systems, and unequal dis-
tribution of services, among others [36]. Although still 
lagging behind developed countries, according to The 
Lancet Oncology Commission 2015 report there have 
been improvements in cancer care in LAC, such as an 
increase in gross national product spent on cancer care 
and access to procedures and drugs, and basic health 
insurance that covers up to 60% of the population [37]. 
In regard to these changes, being a high-income coun-
try, Chile has responded with improvements in the 
management of cancer patients in recent years [37], 
with the creation of a “Acceso Universal con Garan-
tias Explicitas” (apart from national or private insur-
ance) that guarantees the treatment of all malignant 
neoplasms in children under 15 years of age and in 11 
malignant diseases in adults [38]. These improvements 

in care could explain the decreasing mortality rate by 
TC found in the present study.

It should be taken into account that TC is a rare 
pathology and usually has a low associated mortality 
[39], and thus, the number of deaths is usually relatively 
small in all countries around the world. This could gen-
erate relatively unstable rates and make their analysis 
difficult, which may limit the quality of our results. The 
study also has several limitations inherent to the utiliza-
tion of data from a secondary database, limited individ-
ual-level information, and variation in death registration 
completeness and quality. It is important to highlight 
the differences in the quality of mortality data records 
between countries and over time, which can lead to spu-
rious trends and differences when comparing mortality 
rates. For this reason, it is important to meticulously 

Fig. 2 Annual percent change (APC) in testicular cancer mortality for all ages between 1997 and 2019
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Table 2 Average annual percent change and 95% confidence intervals for testicular cancer age‑adjusted mortality rates in Latin 
American and the Caribbean for men 15–29 years of age, 1997–2019

APC Annual Percent Change, CIs Confidence intervals
a Data from 2000 for Cuba and Guatemala, 1998 for Mexico and Panama, 1999 for Peru and Puerto Rico
b Data from 2018 for Chile, 2017 for Guatemala, 2018 for Peru, 2017 for Puerto Rico, and 2016 for Venezuela; * p‑value < 0.05;

Country Age-Standardized 
Mortality Rates per 
100 000

Trend 1 APC 1 Trend 2 APC 2 Average APC (95% CI)

1997a 2019b

Argentina 1.24 1.39 1997–2019 0.7*(0.1,1.5) 0.7*(0.1,1.5)

Brazil 0.24 0.68 1997–2019 3.5*(2.7,4.3) 3.5*(2.7,4.3)

Chile 1.80 1.39 1997–2018  − 1.4*(− 2.5, − 0.3)  − 1.4*(− 2.5, − 0.3)

Colombia 0.44 0.82 1997–2019 4.3*(2.9,5.6) 4.3*(2.9,5.6)

Costa Rica 0.00 0.94 1999–2017 NA NA

Cuba 0.30 0.24 2000–2017 NA NA

Ecuador 0.48 0.71 1997–2019 3.5*(1.5,5.5) 3.5*(1.5,5.5)

Guatemala 0.67 0.86 2000–2019 3.9*(1.6,6.3) 3.9*(1.6,6.3)

Mexico 1.02 2.24 1998–2019 3.8*(3.3,4.2) 3.8*(3.3,4.2)

Nicaragua 0.42 0.20 1997–2013 7.9*(2.9,13.1) 2013–2019  − 14.0(− 4.9,8.2) 1.4(− 4.9,8.2)

Panama 0.47 0.35 1999–2019 NA NA

Paraguay 0.29 1.28 1997–2019 4.8*(2.4,7.2) 4.8*(2.4,7.2)

Peru 0.42 0.49 1999–2018 2.7*(0.7,4.8) 2.7*(0.7,4.8)

Puerto Rico 0.47 0.00 1999–2017 NA NA

Uruguay 0.99 1.28 1997–2019  − 1.6(− 4.7,1.6)  − 1.6(− 4.7,1.6)

Venezuela 0.41 0.61 1997–2016 1.8*(0.1, 3.6) 1.8*(0.1, 3.6)

Table 3 Average annual percent change and 95% confidence intervals for testicular cancer age‑adjusted mortality rates in Latin 
American and the Caribbean for men 30–44 years of age, 1997–2019

APC Annual Percent Change, CIs Confidence intervals
a Data from 2000 for Cuba and Guatemala, 1998 for Mexico and Panama, 1999 for Peru and Puerto Rico
b Data from 2018 for Chile, 2017 for Guatemala, 2018 for Peru, 2017 for Puerto Rico, and 2016 for Venezuela; * p‑value < 0.05

Country Age-Standardized Mortality Rates 
per 100 000

Trend 1 APC 1 Average APC (95% CI)

1997a 2019b

Argentina 1.24 1.39 1997–2019 1.3*(0.5,2.2) 1.3*(0.5,2.2)

Brazil 0.37 0.56 1997–2019 2.3*(1.4,3.2) 2.3*(1.4,3.2)

Chile 2.44 2.17 1997–2018  − 1.2*(− 2.2, − 0.2)  − 1.2*(− 2.2, − 0.2)

Colombia 0.45 0.78 1997–2019 3.0*(1.6,4.3) 3.0*(1.6,4.3)

Costa Rica 0.00 0.94 1999–2017 NA NA

Cuba 0.30 0.24 2000–2017 NA NA

Ecuador 0.26 0.67 1997–2019 0.1(− 2.0,2.3) 0.1(− 2.0,2.3)

Guatemala 0.47 0.74 2000–2019 2.8(− 0.6,6.2) 2.8(− 0.6,6.2)

Mexico 1.10 1.67 1998–2019 3.2*(2.4,4.1) 3.2*(2.4,4.1)

Nicaragua 0.42 0.20 1997–2019 NA NA

Panama 0.47 0.35 1999–2019 NA NA

Paraguay 0.29 1.28 1997–2019 NA NA

Peru 0.63 0.50 1999–2018  − 1.8*(− 3.7,0.1)  − 1.8*(− 3.7,0.1)

Puerto Rico 0.47 0.00 1999–2017 NA NA

Uruguay 0.59 0.61 1997–2019  − 2.2(− 5.4,1.2)  − 2.2(− 5.4,1.2)

Venezuela 0.24 0.71 1997–2016 1.4(− 0.7, 3.6) 1.4(− 0.7, 3.6)
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evaluate completeness and quality of coding of mortal-
ity as well as promote high quality population-based 
caner registries and obtain better, more reliable infor-
mation based on reliable data from the countries of the 
region. Nonetheless, a meticulous analysis of the infor-
mation provided by the WHO database was carried out 
in order to provide the most accurate results.

On the other hand, this study has several strengths, 
such as lengthy study period (1997 to 2019) and the 
inclusion of a large number of countries across Latin 
America. In addition, the study examined mortality rates 
in various age groups to determine changes in rates in the 
different groups.

Conclusion
In conclusion, our findings suggest geographical vari-
ability by age group in testicular cancer mortality rates 
between 1997 and 2019. The increasing testicular can-
cer mortality in the younger population is of concern 
and calls for early detection among symptomatic males 
and preventive interventions in the Latin American and 
the Caribbean population. It is important to improve 
the quality of data in our region, especially that related 
to incidence, in order to help broaden the picture of this 
neoplasm in Latin America.
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Page 8 of 8Crispin‑Rios et al. BMC Cancer         (2023) 23:1038 

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 July 2023   Accepted: 10 October 2023

References
 1. Kusler KA, Poynter JN. International testicular cancer incidence rates in 

children, adolescents and young adults. Cancer Epidemiol. 2018;56:106–11.
 2. Znaor A, Lortet‑Tieulent J, Jemal A, Bray F. International variations 

and trends in testicular cancer incidence and mortality. Eur Urol. 
2014;65(6):1095–106.

 3. Znaor A, Skakkebæk NE, Rajpert‑De Meyts E, Laversanne M, Kuliš T, Gur‑
ney J, Sarfati D, McGlynn KA, Bray F. Testicular cancer incidence predic‑
tions in Europe 2010–2035: A rising burden despite population ageing. 
Int J Cancer. 2020;147(3):820–8.

 4. Rosen A, Jayram G, Drazer M, Eggener SE. Global trends in testicular 
cancer incidence and mortality. Eur Urol. 2011;60(2):374–9.

 5. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 
F: Global cancer statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA: Cancer J Clin 
2021, 71(3):209–249.

 6. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, et al. Global 
Cancer Observatory: Cancer Today. Lyon, France: International Agency for 
Research on Cancer. 2020. [Cited 11 March, 2023]. Available from: https:// 
gco. iarc. fr/ today.

 7. Stang A, Bray F, Dieckmann K‑P, Lortet‑Tieulent J, Rusner C. Mortality of 
testicular cancer in east and west Germany 20 years after reunification: a 
gap not closed yet. Urol Int. 2015;95(2):160–6.

 8. McGlynn KA. Environmental and host factors in testicular germ cell 
tumors. Cancer Invest. 2001;19(8):842–53.

 9. Garner MJ, Turner MC, Ghadirian P, Krewski D. Epidemiology of testicular 
cancer: an overview. Int J Cancer. 2005;116(3):331–9.

 10. Dieckmann K‑P, Pichlmeier U. Clinical epidemiology of testicular germ cell 
tumors. World J Urol. 2004;22(1):2–14.

 11. McGlynn KA, Trabert B. Adolescent and adult risk factors for testicular 
cancer. Nat Rev Urol. 2012;9(6):339–49.

 12. McGlynn KA, Cook MB. Etiologic factors in testicular germ‑cell tumors. 
Future Oncol. 2009;5(9):1389–402.

 13. Schnack TH, Poulsen G, Myrup C, Wohlfahrt J, Melbye M. Familial coaggre‑
gation of cryptorchidism, hypospadias, and testicular germ cell cancer: a 
nationwide cohort study. J Natl Cancer Inst. 2010;102(3):187–92.

 14. Grulich AE, Van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers 
in people with HIV/AIDS compared with immunosuppressed transplant 
recipients: a meta‑analysis. Lancet. 2007;370(9581):59–67.

 15. Holm M, Hoei‑Hansen CE, Rajpert‑De Meyts E, Skakkebaek NE: Increased 
risk of carcinoma in situ in patients with testicular germ cell cancer with 
ultrasonic microlithiasis in the contralateral testicle. J Urol 2003;170(4 Part 
1):1163–1167.

 16. Hasle H, Mellemgaard A, Nielsen J, Hansen J. Cancer incidence in men 
with Klinefelter syndrome. Br J Cancer. 1995;71(2):416–20.

 17. Dieckmann K‑P, Rube C, Henke R‑P. Association of Down’s syndrome and 
testicular cancer. J Urol. 1997;157(5):1701–4.

 18. Garner MJ, Birkett NJ, Johnson KC, Shatenstein B, Ghadirian P, Krewski D. 
Group CCRER: Dietary risk factors for testicular carcinoma. Int J Cancer. 
2003;106(6):934–41.

 19. Gurney J, Shaw C, Stanley J, Signal V, Sarfati D. Cannabis exposure and risk 
of testicular cancer: a systematic review and meta‑analysis. BMC Cancer. 
2015;15(1):897.

 20. Powles T, Bower M, Daugaard G, Shamash J, De Ruiter A, Johnson M, 
Fisher M, Anderson J, Mandalia S, Stebbing J. Multicenter study of 
human immunodeficiency virus–related germ cell tumors. J Clin Oncol. 
2003;21(10):1922–7.

 21. Gurney JK, Florio AA, Znaor A, Ferlay J, Laversanne M, Sarfati D, Bray F, 
McGlynn KA. International trends in the incidence of testicular cancer: 
lessons from 35 years and 41 countries. Eur Urol. 2019;76(5):615–23.

 22. Quezada AD, Lozada‑Tequeanes AL. Time trends and sex differences in 
associations between socioeconomic status indicators and overweight‑
obesity in Mexico (2006–2012). BMC Public Health. 2015;15(1):1244.

 23. World Health Organization. International Classification of Disease and 
Related Health Problems: 10th Revision. Geneva, vol. 1: World Health 
Organization; 1992.

 24. Department of Economic and Social Affairs Population Division. World 
Population Prospects 2022. [Cited 1 July , 2023]. Available in: https:// 
popul ation. un. org/ wpp/.

 25. World Health Organization. Age Standardization of Rates: A new Who Stand‑
ard. 2011. Available from: http:// www. who. int/ healt hinfo/ paper 31. pdf? ua=1.

 26. National Cancer Institute. Joinpoint regression program. [Accesed 4 April, 
2020] .Available in: https:// surve illan ce. cancer. gov/ help/ joinp oint.

 27. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint 
regression with applications to cancer rates. Stat Med. 2000;19(3):335–51.

 28. Huang J, Chan SC, Tin MS, Liu X. Lok VT‑T, Ngai CH, Zhang L, Lucero‑Prisno 
III DE, Xu W, Zheng Z‑J: Worldwide Distribution, Risk Factors, and Temporal 
Trends of Testicular Cancer Incidence and Mortality: A Global Analysis. Eur 
Urol Oncol. 2022;5(5):566–76.

 29. Greiman AK, Rosoff JS, Prasad SM. Association of Human Development 
Index with global bladder, kidney, prostate and testis cancer incidence 
and mortality. BJU Int. 2017;120(6):799–807.

 30. Piñeros M, Abriata MG, Mery L, Bray F. Cancer registration for cancer 
control in Latin America: a status and progress report. Rev Panam Salud 
Publica. 2018;41: e2.

 31. Miki J, Rampatige R, Richards N, Adair T, Cortez‑Escalante J, Vargas‑Herrera 
J. Saving lives through certifying deaths: assessing the impact of two 
interventions to improve cause of death data in Perú. BMC Public Health. 
2018;18(1):1–11.

 32. Atun R, De Andrade LOM, Almeida G, Cotlear D, Dmytraczenko T, 
Frenz P, Garcia P, Gómez‑Dantés O, Knaul FM, Muntaner C. Health‑
system reform and universal health coverage in Latin America. Lancet. 
2015;385(9974):1230–47.

 33. Markt SC, Lago‑Hernandez CA, Miller RE, Mahal BA, Bernard B, Albiges L, 
Frazier LA, Beard CJ, Wright AA, Sweeney CJ. Insurance status and dispari‑
ties in disease presentation, treatment, and outcomes for men with germ 
cell tumors. Cancer. 2016;122(20):3127–35.

 34. Kamel MH, Elfaramawi M, Jadhav S, Saafan A, Raheem OA, Davis R. Insur‑
ance status and differences in treatment and survival of testicular cancer 
patients. Urology. 2016;87:140–5.

 35. Piñeros M, Laversanne M, Barrios E, de Camargo CM, de Vries E, Pardo C, 
Bray F. An updated profile of the cancer burden, patterns and trends in 
Latin America and the Caribbean. Lancet Reg Health Am. 2022;13: 100294.

 36. Barrios CH, Werutsky G, Mohar A, Ferrigno AS, Müller BG, Bychkovsky BL, 
Uribe CJ, Villarreal‑Garza C, Soto‑Perez‑de‑Celis E, Gutiérrez‑Delgado F. 
Cancer control in Latin America and the Caribbean: recent advances and 
opportunities to move forward. Lancet Oncol. 2021;22(11):e474–87.

 37. Strasser‑Weippl K, Chavarri‑Guerra Y, Villarreal‑Garza C, Bychkovsky BL, 
Debiasi M, Liedke PE, Soto‑Perez‑de‑Celis E, Dizon D, Cazap E, de Lima 
Lopes Jr G,. Progress and remaining challenges for cancer control in Latin 
America and the Caribbean. Lancet Oncol. 2015;16(14):1405–38.

 38. Ministerio de Salud y Protección Social. Ordenamiento por Desempeño 
EPS 2014. [Cited 10 September, 2023]. Available in: https:// www. minsa 
lud. gov. co/ sites/ rid/ Lists/ Bibli oteca Digit al/ RIDE/ DE/ CA/ ORDEN AMIEN TO‑ 
POR‑ DESEM PENO‑ EPS‑ 2014. pdf.

 39. Znaor A, Skakkebaek NE, Rajpert‐De Meyts E, Kuliš T, Laversanne M, Gur‑
ney J, Sarfati D, McGlynn KA, Bray F: Global patterns in testicular cancer 
incidence and mortality in 2020. Int J Cancer 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://gco.iarc.fr/today
https://gco.iarc.fr/today
https://population.un.org/wpp/
https://population.un.org/wpp/
http://www.who.int/healthinfo/paper31.pdf?ua=1
https://surveillance.cancer.gov/help/joinpoint
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/DE/CA/ORDENAMIENTO-POR-DESEMPENO-EPS-2014.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/DE/CA/ORDENAMIENTO-POR-DESEMPENO-EPS-2014.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/DE/CA/ORDENAMIENTO-POR-DESEMPENO-EPS-2014.pdf

	Testicular cancer mortality in Latin America and the Caribbean: trend analysis from 1997 to 2019
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Data source
	Statistical analysis

	Results
	Discussion
	Conclusion
	Anchor 14
	Acknowledgements
	References


