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Summary
Background There has been an increase in certain cancers among young adults (YA) aged 20–39, particularly in
Latin America. This is the first study to examine cancer incidence and mortality in YA in Costa Rica, focusing on
sex-specific patterns.

Methods Invasive cancer cases (excluding non-melanoma skin cancer) in YA from 2006 to 2015 were obtained from
the Costa Rican National Registry of Tumors. Utilising SEER*Stat software, age-standardized incidence rates (IRs)
and incidence rate ratios (IRRs) were calculated. Trends and annual percent changes (APCs) in IRs were
estimated using the Joinpoint regression analysis program. Cancer deaths from 2000 to 2021 were obtained from
the Costa Rican National Institute of Statistics and Census. Age-standardised mortality rates were calculated using
STATA®17.

Findings YA comprised 10.7% of all invasive cancer cases diagnosed from 2006 to 2015. The age-standardized
incidence rate (ASIR) of invasive cancer in YA was 50.9/100,000 person-years. The ASIR was twofold higher for
females compared to males (IRR = 2.03, 95% CI:1.94, 2.13). This difference increased with age, peaking in the
35–39-year age group (IRR = 2.84, 95% CI:2.62, 3.10). Thyroid, breast, and cervical cancer were the most common
in females. Testicular cancer was the most common in males. Leading causes of cancer-related deaths included
cervical and breast cancer in females and stomach and brain/nervous system cancer in males.

Interpretation The study highlights sex-specific patterns in cancer incidence and mortality among YA in Costa Rica to
increase understanding and improve cancer outcomes in this age group.

Funding This study was funded by the Intramural Research Program of the National Cancer Institute.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Globally, an increase in several cancer types, such as
colorectal and breast cancer, among young adults (YA)
aged 20–39 years has been reported in recent years.1,2

The World Health Organization (WHO) estimated that
6.4% of cancers worldwide occurred in YA in 2020,
excluding non-melanoma skin cancer (NMSC).1 Within
this age group, females had a nearly two-fold higher
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age-standardised incidence rate (IR) of cancer than
males (62.8 per 100,000 in females versus 31.8 per
100,000 in males).1 Among YA females, breast cancer
has consistently had the highest incidence, accounting
for approximately 30% of the cases in 2020, followed by
cervical and thyroid cancer.1,3 Among YA males, testic-
ular cancer accounted for approximately 10% of cases in
2020 followed by leukaemia and thyroid cancer.1 Cancer
nes Biomédicas, Fundación INCIENSA, Sabana Norte, San José, Costa
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Research in context

Evidence before this study
While a global increase in the incidence of several cancers
among young adults ages 20–39 years has been reported in
recent years, no research has focused specifically on cancer
incidence and mortality in young adults in Costa Rica. We
searched the PubMed database from inception to August 5,
2023 for published studies pertaining to young adult cancer
incidence and mortality in Costa Rica using the search terms:
“incidence”, “mortality”, “young adult”, “AYA” (adolescent
young adult), “trend”, “Latin America and the Caribbean”,
“Costa Rica” and “cancer.”
Multiple studies have previously examined cancer incidence
and mortality of AYA cancer globally and by region. However,
only two studies on cancer incidence in Latin America had
results specific to Costa Rica. One study examined cancer
incidence from 1997 to 2008 in all ages, and the other study
focused on cancer incidence in individuals aged 15–29 years
from 1998 to 2007. Both studies offered only an overview of
cancer incidence in Costa Rica. No study has thoroughly
examined cancer incidence and mortality in Costa Rica among
young adults and explored differences by sex and age group.

Added value of this study
This study pioneers a comprehensive analysis of cancer
incidence and mortality among YA in Costa Rica, a topic
previously unexplored in such depth. For the first time, we

illuminate the landscape of incidence and mortality for the
20 most common cancers in this age group, providing a
nuanced understanding of how these diseases affect YA
differently based on gender and age sub-groups. Significantly,
our research has brought to light a gender disparity: YA
females are twice as likely to be diagnosed with cancer than
their male counterparts, with this discrepancy being more
pronounced in Costa Rica than in the global context. The
study highlights the incidence of thyroid, cervical, and breast
cancers in young women and testicular cancer in young men,
pointing to the need for gender-specific research and
prevention strategies. Moreover, stomach cancer, despite its
relative rarity, is the deadliest among YA, particularly affecting
women. By identifying these patterns and trends, our study
contributes valuable knowledge that can help shape public
health policies and cancer prevention programs tailored to the
YA population of Costa Rica.

Implications of all the available evidence
This study is the first thorough examination of cancer
incidence in YA in Costa Rica, stratified by sex and age groups.
It also provides a general overview of cancer mortality within
this age group. The findings highlight the need for focused
cancer research among young adults, particularly among
females due to markedly higher incidence compared to their
male counterparts.
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in YA presents a distinct challenge when compared to
cancer in children and older adults for several reasons,
including variations in the biology of malignant
tumours, delay in diagnosis, and disruptions to contri-
butions to the economy.4–6

Countries in Latin America and the Caribbean vary
in demographic profiles and cancer incidence7,8 and
have higher IRs of cancer in YA compared to the global
average (51.9 versus 47.0 per 100,000 in 2020) according
to the International Agency for Research on Cancer
(IARC).3 Similar to worldwide data, YA females in Latin
America and the Caribbean had a twofold higher inci-
dence rate of cancer than their male counterparts.1

Breast, thyroid, and cervical cancer were the three
most common cancers in females, consistent with
global patterns. In YA males, testicular cancer was the
most common cancer in both Latin America and the
Caribbean and globally but was followed by non-
Hodgkin lymphoma in Latin America and the
Caribbean,1 whereas leukaemia was the second most
common in males globally.

It is important to assess mortality in addition to
incidence to understand patterns of cancer. Globally, the
estimated age-standardized mortality rate (ASMR) in YA
in 2020 was 14.5 per 100,000 and differed significantly
by world region, with the highest ASMR in Africa
(20.3 per 100,000) followed by Latin America and the
Caribbean (14.6 per 100,000) and Asia (14.0 per
100,000).1 In contrast, higher-income regions tend to
report lower ASMRs such as in Europe and Northern
America (10.3 and 9.8 per 100,000 respectively).
According to 2020 estimates, cervical and breast cancers
were the most common causes of cancer-related death
in females globally as well as in Latin America and
the Caribbean. In males, leukaemia was the leading
cause of cancer-related death in Latin America and the
Caribbean, and globally, liver cancer and leukaemia
were the most common cancer-related deaths.1

Given the increasing incidence trends in certain
cancers among YA globally and the higher cancer
incidence and mortality in Latin America and the
Caribbean relative to other regions, characterizing can-
cer incidence and mortality in YA in the region is
essential. Additionally, because of clear differences in
cancer incidence between YA females and males,
examining rates by sex is crucial for understanding the
cancer distribution in this population. Pairing our
cancer incidence assessment with cancer mortality
among YA informs interpretations and potential use of
public health interventions; for example, cancers with
high incidence and low mortality versus cancers with
both high incidence and mortality may require tailored
prevention strategies. We investigated cancer incidence
and mortality by sex in YA aged 20–39 years using the
www.thelancet.com Vol 38 October, 2024
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most recent data available in the Costa Rican National
Registry of Tumors database (2006–2015) and the
Costa Rican National Institute of Statistics and Census
(INEC, 2000–2021) respectively. Quantifying cancer
incidence and mortality and examining cancer incidence
trends in YA in Costa Rica will facilitate evidence-based
decision-making around national health policies, which
in turn could improve cancer outcomes in this age group.
Methods
Data source and study population
To estimate cancer incidence, we analysed data from the
Costa Rican National Registry of Tumors, which is
generated and maintained by the Costa Rican Ministry
of Health. The Costa Rican National Registry of Tumors
is a decentralized information system, integrated with
all institutions of the health sector. The report of all new
cancer cases by clinical and pathological diagnosis to the
institution is mandatory by law for both the public and
private health sectors (medical registries, pathology,
death certificates, etc.). The registry’s objective is to
provide timely and reliable information on the diagnosis
of all cancer cases that are detected in Costa Rica.9

Cancer cases reported to the National Registry of
Tumors were provided by the Proyecto de Fortalecimiento
de la Atención Integral del Cáncer en la Red de la Caja
Costarricense de Seguro Social (Project to Strengthen
Comprehensive Cancer Care in the Costa Rican Social
Security Network).10 Data are anonymised and include
information on topography, morphology, and behaviour
codes of the cancer site, year of diagnosis, and patient
characteristics, such as age, sex, and province of
residence. We analysed data from January 1, 2006,
through December 31, 2015, as these were the years
with the most recent information available. Population
estimates by age, sex, year, and province of residence
were obtained from the Costa Rican INEC. We
restricted the analysis to individuals aged 20–39 years,
the suggested definition of young adults by the
Adolescent and Young Adult Oncology Review Group.11

To estimate mortality rates, we obtained all cancer-
related deaths reported between 2000 and 2021 in
Costa Rica from the INEC, which serves as the central
database for all death certificates issued across the
country.12 We specifically included records where cancer
was identified as the primary cause of death, and the
diagnostic codes from the 10th edition of the Interna-
tional Classification of Diseases (ICD-10) were used to
identify these cases. We included all available years of
data from the death registry (2000–2021).

Cancer sites
For cancer incidence, we utilised the Surveillance,
Epidemiology and End Results (SEER) Site Recode
based on the International Classification of Diseases
(ICD) for Oncology 3rd Edition (ICD-0-3)/WHO 2008
www.thelancet.com Vol 38 October, 2024
Definition13 to group ICD codes into general cancer
sites. Groupings are detailed in Supplementary
Table S1. We restricted the analysis to invasive cancers
(behaviour code 3, malignant). From 2006 to 2015,
94,863 invasive cancer cases were reported to the Costa
Rican National Registry of Tumors. Excluding NMSC,
73,130 cases were reported (ASIR = 94.4 per 100,000
person-years). Of these, 7820 cases occurred in YA
(ASIR = 56.7 per 100,000 person-years). There were
380 cancer cases classified as miscellaneous in the SEER
Site Recode ICD-0-3/WHO 2008 that were included in
the overall cancer statistics but could not be assigned to
a specific anatomic site. This was either because their
origin was not clear or because they affected body areas
not distinctly categorised in the coding system. The
miscellaneous entries included 168 cases of other and
ill-defined sites (C76.0–76.5) and unknown primary site
(C80.9), 83 cases of lymph nodes (C77.0–77.9), and
129 cases of bone marrow (C42.1).

For analysing cancer mortality, we utilised the SEER
Cause of Death (COD) to Site Recode ICD-O-3 2023
Revision, a classification system to categorise causes of
death.14 Groupings are detailed in Supplementary
Table S2. Between 2000 and 2021, the Costa Rican
INEC recorded a total of 4650 deaths attributed to inva-
sive cancers in YA. A total of 207 cancer-related deaths
were classified under the miscellaneous category, with 95
deaths occurring in females and 112 in males, all of
which were included within the overall cancer category.

Statistical analysis
Incidence
We described the population distribution of young adults
aged 20–39 years in Costa Rica from 2006 to 2015 by sex,
age group (20–24 years, 25–29 years, 30–34 years, and
35–39 years), and province (Supplementary Table S3). We
presented age-standardized incidence rates (ASIRs) per
100,000 person-years for the 20 most common cancer sites
by sex. For the five most common cancers by sex, we also
presented ASIRs by subgroups of age at diagnosis, prov-
ince of residence, and year of diagnosis (Supplementary
Table S4). Among each age group by sex, we presented
the five most incident cancers. IRs were age-standardized
to the World Standard Population proposed by Segi.15

To compare cancer rates between females and males,
age-standardised incidence rate ratios (IRRs) were
calculated for all cancers combined and stratified by age
at diagnosis. IRRs were also computed for the 20 most
common cancer sites that affect both sexes. Because the
elevated incidence of thyroid cancer is likely due to
overdiagnosis, we also provide IRRs for all cancers
excluding thyroid cancer.16 All ASIRs and IRRs were
calculated using the SEER*Stat software version 8.4.1.2.

For all cancers combined and the five most common
cancers by sex, we calculated trends in ASIRs from 2006 to
2015 and presented the annual percent change (APC) us-
ing the Joinpoint regression analysis program, version 5.0.
3
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Joinpoint identifies inflection points where the slopes of
the APCs change significantly and then separately esti-
mates APCs for each period. Statistically significant APCs
(p < 0.05) were characterized as increasing (APC>0) or
decreasing (APC<0) trends.17 When the APC was not sta-
tistically significant (p > 0.05) and changed less than or
equal to 0.5% per year (−0.5 ≤ APC ≤ 0.5), the trend was
characterized as stable. When the APC was not statistically
significant (p > 0.05) and changed more than 0.5% per
year (APC < −0.5 or APC > 0.5), the trend was character-
ized as non-significantly changing (increasing or
decreasing non-significantly).17

In cases where a specific cancer was among the top
five for only one sex but affected both sexes, the trends
for each sex was included separately to provide a
comprehensive analysis. The test for parallelism using
Joinpoint regression was used to examine whether the
trends in cancers overall and specific anatomic sites
differed significantly between sexes. Case counts,
proportions, and rates based on sample sizes of less
than 10 were suppressed to reduce the likelihood of a
breach of confidentiality as well as ensure the statistical
analysis was reliable and robust by minimizing the
impact of random variability. The data was stratified by
sex rather than gender as this paper examines cancers
that affect biological characteristics; furthermore, data
on biological sex, and not gender identity, was collected.

Mortality
We estimated ASMRs per 100,000 person-years for the 20
most common cancer-related deaths for both sexes com-
bined and stratified by sex. MRs were age-standardized to
the World Standard Population proposed by Segi.15 The
ASMRs were calculated using the STATA® 17 version
(Stata Corp, College Station, TX, USA).

Role of the funding source
This study was funded by the Intramural Research Pro-
gram of the National Cancer Institute. The funding source
approved the final version of this manuscript, but played
no role in the design, conduct, or analysis of the study or
the decision to submit the manuscript for publication.

Ethics
Case counts, proportions, and rates based on sample
sizes of less than 10 were suppressed to reduce the
likelihood of a breach of confidentiality as well as ensure
the statistical analysis was reliable and robust by mini-
mizing the impact of random variability. The activity is
deemed not human subject’s research. No Institutional
Review Board review or determination was required.
Results
Incidence
Between 2006 and 2015, out of the 73,130 invasive
cancer cases diagnosed in Costa Rica (excluding
NMSC), 10.7% (n = 7820) occurred in YA. During the
estimated 15.3 million person-years of follow-up in this
time period (Supplementary Table S3), 7820 cases of
invasive cancer in YA were diagnosed (ASIR = 50.9 per
100,000 person-years) (Supplementary Table S5). The
ASIR for all cancers was two-fold higher for females
compared to males (IRR = 2.03, 95% CI: 1.94, 2.13)
(Fig. 1). This difference intensified with each successive
five-year age group: the IRR increased linearly from 20
years to 39 years and peaked at the 35–39-year age group
where females had nearly a threefold increase in inci-
dence compared to males (IRR = 2.84, 95% CI: 2.62,
3.10) (Fig. 2). When thyroid cancer was excluded, the IR
in females remained higher than in males (IRR = 1.62,
95% CI: 1.54, 1.71) (Fig. 1).

Young adult females
During 2006 to 2015, there were 5199 incident cancer
cases diagnosed in YA females, with over 70% of the
cancer cases occurring in the five most common
anatomic sites: thyroid, cervix, breast, ovary, and stom-
ach (Table 1). Thyroid cancer (ASIR = 18.1 per 100,000
person-years) had the highest ASIR in YA females, fol-
lowed by cervical cancer (ASIR = 13.8 per 100,000
person-years) and breast cancer (ASIR = 10.8 per
100,000 person-years) (Table 1).

When stratifying by age group, thyroid cancer
remained the most common cancer in females for each
age group, but the margin between thyroid cancer and
the second most common cancer narrowed as the age
groups increased (Supplementary Fig. S1). Among 20–
24-year-old females, the incidence rate of thyroid cancer
(IR = 7.8 per 100,000 person-years) was greater than
twofold higher than cervical cancer (IR = 3.3 per 100,000
person-years), the second most common cancer in this
age group. By the 35–39-year group, although thyroid
cancer was still the most common cancer (IR = 30.6 per
100,000 person-years), the rate was nearly the same as
the incidence rate for breast cancer (IR = 30.5 per
100,000 person-years), the second most common cancer
in this age group (Supplementary Table S6). Thyroid,
cervical, and breast cancer were the three most common
cancers for all age groups except 20–24 years, where
Hodgkin lymphoma was more common than breast.
Among 20–24-year-old females, ovarian cancer, and
leukaemia were the fourth and fifth most common
cancers, respectively. Among 25–29-year-old females,
Hodgkin lymphoma and ovarian cancer were the fourth
and fifth most common cancers. Among 30-34- and 35–
39-year-old females, stomach and colorectal cancer were
the fourth and fifth most common cancers
(Supplementary Fig. S1).

Between 2006 and 2015, ASIRs of all cancers com-
bined increased non-significantly in females (APC = 1.8,
95% CI: −0.0, 3.9; Fig. 3a). When thyroid cancer was
excluded, the ASIR of all cancers combined remained
stable (APC = 0.3, 95% CI: −2.3, 3.1; Fig. 3a). From 2006
www.thelancet.com Vol 38 October, 2024
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Fig. 1: Female-make age-standardized incidence rate ratio of the most common cancers affecting both young adult males and females in Costa
Rica, 2006–2015. Cancers with fewer than ten cases per sex were not included, and incidence rates were rounded to the hundredths place. Other
respiratory organs refers to trachea, mediastinum, and other respiratory organs, and all cancer includes sex-specific cancers. Bolded values
indicate statistically significant results. *Non-melanoma skin cancer was excluded.
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to 2015, the ASIR of thyroid cancer significantly rose in
females by 6.2% per year (95% CI: 3.7, 9.3; Fig. 3b),
while the ASIR of breast cancer remained stable
(APC = −0.5, 95% CI: −15.4, 17.4, Fig. 3d) and the ASIR
of ovarian cancer increased non-significantly
(APC = 3.9, 95% CI: −3.8, 13.2; Fig. 3e). The trend for
cervical cancer and stomach cancer significantly
changed in 2008: cervical cancer rates increased non-
significantly during 2006–2008 (APC = 19.5, 95%
CI: −4.1, 51.5) and decreased non-significantly during
2008–2015 (APC = −2.7, 95% CI: −21.0, 7.8; Fig. 3c),
while stomach cancer rates shifted from a non-
significant decrease in 2006–2008 (APC = −22.5, 95%
CI: −38.7, 4.9) to a non-significant increase in
2008–2015 (APC = 4.1, 95% CI: −20.5, 37.1; Fig. 3f).

Young adult males
During 2006 to 2015, 2621 incidence cancer cases were
diagnosed in YA males, with over 50% of cancer cases
www.thelancet.com Vol 38 October, 2024
occurring in the five most common anatomic sites:
testis, non-Hodgkin lymphoma, thyroid, colorectal, and
Hodgkin lymphoma (Table 1). Testicular cancer was the
most common cancer in YA males (ASIR = 8.7 per
100,000 person-years), followed by non-Hodgkin lym-
phoma (ASIR = 2.6 per 100,000 person-years) (Table 1).

When stratifying by age group, testicular cancer was
the most common cancer for males for each age group,
exhibiting an ASIR more than threefold greater than the
second most common cancer in the 20−24-, 25−29-, and
30–34-year age groups (Supplementary Fig. S1). Among
35–39-year-old males, the ASIRs of the five most com-
mon cancers were very similar, ranging from 5.6 per
100,000 person-years for testicular cancer to 4.1 per
100,000 person-years for non-Hodgkin lymphoma
(Supplementary Table S6). Testicular cancer and non-
Hodgkin lymphoma were among the five most com-
mon cancers in each age category. The third, fourth, and
fifth most common cancers were leukaemia, Hodgkin
5
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Fig. 2: Ratio of invasive cancer in females versus males in Costa Rica, 2006–2015. The shaded zone indicates the young adult age group.
Non-melanoma skin cancer was excluded. Bolded values indicate a statistically significant result.

Female Male

Cancer type n (%) ASIR Cancer type n (%) ASIR

All cancersa 5199 (100.0) 68.5 All cancersa 2621 (100.0) 33.7

All cancers, excluding thyroida 3826 (–) 50.4 All cancers, excluding thyroida 2424 (–) 31.1

1 Thyroid 1373 (26.4) 18.1 1 Testis 681 (26.0) 8.7

2 Cervix uteri 1052 (20.2) 13.8 2 Non-Hodgkin lymphoma 197 (7.5) 2.6

3 Breast 823 (15.8) 10.8 3 Thyroid 197 (7.5) 2.5

4 Ovary 213 (4.1) 2.8 4 Colorectal 181 (6.9) 2.3

5 Stomach 210 (4.0) 2.8 5 Hodgkin lymphoma 165 (7.4) 2.1

6 Colorectal 189 (3.6) 2.5 6 Leukaemia 135 (6.0) 1.7

7 Hodgkin lymphoma 167 (3.2) 2.2 7 Brain and other nervous system 126 (5.6) 1.6

8 Non-Hodgkin lymphoma 122 (2.4) 1.6 8 Stomach 123 (5.5) 1.6

9 Corpus uteri 105 (2.0) 1.4 9 Soft tissue including heart 71 (2.7) 0.9

10 Leukaemia 100 (1.9) 1.3 10 Bones and joints 57 (2.2) 0.7

11 Brain and other nervous system 96 (1.9) 1.3 11 Kaposi sarcoma 52 (2.0) 0.7

12 Melanoma of the skin 75 (1.4) 1.0 12 Melanoma of the skin 48 (1.8) 0.6

13 Soft tissue including heart 64 (1.2) 0.8 13 Liver and intrahepatic bile ducts 42 (1.6) 0.5

14 Bones and joints 37 (0.7) 0.5 14 Lung and bronchus 35 (1.3) 0.5

15 Kidney and renal pelvis 36 (0.7) 0.5 15 Kidney and renal pelvis 33 (1.3) 0.4

16 Liver and intrahepatic bile ducts 32 (0.6) 0.4 16 Trachea, Mediastinum, and other respiratory organs 33 (1.3) 0.4

17 Lip, oral cavity 29 (0.6) 0.4 17 Nasopharynx 25 (1.0) 0.3

18 Salivary glands 27 (0.5) 0.4 18 Urinary bladder 25 (1.0) 0.3

19 Pancreas 20 (0.4) 0.3 19 Penis 22 (0.8) 0.3

20 Lung and bronchus 19 (0.4) 0.3 20 Other non-epithelial skin 21 (0.8) 0.3

ASIR, age-standardized incidence rate. Standardized to Segi 1960 world population and per 100,000; IR rounded to tenths place. aExcluding non-melanoma skin cancer.

Table 1: Counts and age-standardized incidence rates of the 20 most common cancers in young adults stratified by sex in Costa Rica, 2006–2015.
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Fig. 3: Age standardized incidence rates and trends for the most common cancers by sex in young adults in Costa Rica, 2006–2015. Points
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lymphoma, and bone and joint cancer among 20-24-
year-old males; thyroid cancer, Hodgkin lymphoma,
and colorectal cancer among 25-29- and 30-34-year-old
males; and thyroid, colorectal, and stomach cancer
among 35-39-year-old males (Supplementary Fig. S1).

Between 2006 and 2015, ASIRs of all cancers
remained stable in males (APC = −0.3, 95% CI: −2.9,
2.5; Fig. 3a). When thyroid cancer was excluded, the
ASIR of all cancers in males non-significantly decreased
(APC = −0.8, 95% CI: −3.1, 1.6, Fig. 3a). The ASIR of
testicular cancer (APC = 1.1, 95% CI: −2.2, 4.7; Fig. 3g)
and thyroid cancer in males (APC = 5.2, 95% CI: −0.7,
12.7; Fig. 3b) increased non-significantly, while the
ASIR of colorectal cancer decreased non-significantly
during this time period (APC = −5.2, 95% CI: −12.0,
1.9; Fig. 3i). The trend for non-Hodgkin lymphoma and
Hodgkin lymphoma significantly changed in 2008 and
2011 respectively. Non-Hodgkin lymphoma increased
non-significantly from 2006 to 2008 (APC = 21.4, 95%
CI: −9.3, 63.7) and then shifted to decreasing non-
significantly from 2008 to 2015 (APC = −9.0, 95%
CI: −30.5, 1.7; Fig. 3h), while Hodgkin lymphoma
shifted from increasing non-significantly (APC = 6.4,
95% CI: −8.8, 76.9) from 2006 to 2011 to decreasing
significantly from 2011 to 2015 by 19.7% per year (95%
CI: −59.6, −2.3; Fig. 3j).

Sex differences in cancer incidence by anatomic site
In cancers affecting both males and females, the ASIRs
displayed substantial variations with some anatomic
sites presenting higher incidence rates in females while
other sites showed higher incidence rates in males
(Fig. 1). ASIRs for thyroid cancer (IRR = 7.11, 95% CI:
6.12, 8.30), stomach cancer (IRR = 1.73, 95% CI: 1.37,
2.17), and melanoma of the skin (IRR = 1.62, 95% CI:
1.11, 2.38) were significantly higher in females
compared to males. The IRR was elevated most for
thyroid cancer, with females having a more than
sevenfold higher incidence than males. Non-Hodgkin
lymphoma and trachea, mediastinum, and other respi-
ratory organs cancer were the only cancers with a
significantly higher ASIR in males compared to females.
The ASIR for non-Hodgkin lymphoma in females was
37% lower than in males (IRR = 0.63, 95% CI: 0.50,
0.79), and the ASIR for trachea, mediastinum, and other
respiratory organs cancer was nearly 80% lower in fe-
males than in males (IRR = 0.21, 95% CI: 0.08, 0.49). No
significant differences in ASIRs between sexes were
observed for all other cancers (Fig. 1). When comparing
trends over time in ASIRs between females and males,
no significant differences were found (p-values: all
estimates. The solid line represents the age-standardized incidence rate tre
value is statistically significant (p < 0.05). The scale used differs by an
excluded.
cancers, p = 0.20; thyroid, p = 0.76; colorectal, p = 0.09,
stomach, p = 0.07; Hodgkin lymphoma, p = 0.96, non-
Hodgkin lymphoma, p = 0.59) (Fig. 3).

Mortality
Between 2000 and 2021, 4650 deaths from invasive
cancer were reported in YA in Costa Rica (ASMR = 13.6
per 100,000 person-years). The three cancers with
higher MRs were cervical cancer (ASMR = 2.5 per
100,000 person-years), breast cancer (ASMR = 1.9 per
100,000 person-years), and stomach cancer (ASMR = 1.5
per 100,000 person-years). Among females, there were
2501 cancer-related deaths (ASMR = 14.8 per 100,000
person years). Among these deaths, ∼40% were attrib-
uted to the three most common neoplasms that cause
death: cervix, breast, and stomach. Cervical cancer had
the highest ASMR in YA females (ASMR = 2.5 per
100,000 person-years), followed by breast cancer
(ASMR = 1.9 per 100,000 person-years), and stomach
cancer (ASMR = 1.7 per 100,000 person-years). While
thyroid cancer ranked as the most frequently diagnosed
among YA females, it ranked 20th in terms of mortality,
leading to 19 deaths (ASMR = 0.1 per 100,000 person-
years). Among YA males, there were 2149 cancer-
related deaths (ASMR = 12.5 per 100,000 person-years).
Of these deaths, ∼ 30% occurred in the three most
common neoplasms causing death: stomach, brain, and
colorectal. Stomach cancer (ASMR = 1.3 per 100,000
person-years) had the highest ASMR in YA males,
followed by brain and other nervous system cancers
(ASMR = 1.2 per 100,000 person-years) and colorectal
cancer (ASMR = 1.1 per 100,000 person-years) (Table 2).
No statistically significant differences in ASMRs for
cancer overall were observed between the sexes (mortality
rate ratio = 1.2, 95% CI: 0.1, 1.3).
Discussion
This is the first study to provide a comprehensive
overview of cancer incidence among YA in Costa Rica
highlighting differences by sex and includes a general
overview of mortality rates within this age group. While
cancer incidence trends are informative, it is also crucial
to consider the outcomes of these diagnoses. We found
that YA females had a twofold higher cancer incidence
than their male counterparts whereas the incidence of
cancer in childhood and adults aged 40 years and older
was slightly lower in females compared to males
(childhood IRR female: male = 0.88, 95% CI: 0.81, 0.96;
aged 40 years and older IRR female: male = 0.95, 95%
CI: 0.94, 0.97).
nd. An asterisk in the annual percent change (APC) indicates that the
anatomic site. Data with fewer than ten cancer cases per sex were
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Overall Female Male

Cancer type n (%) ASMR Cancer type n (%) ASMR Cancer type n (%) ASMR

All cancersa 4650 (100.00) 13.6 All cancersa 2501 (100.00) 14.8 All cancersa 2149 (100.00) 12.5

1 Stomach 521 (11.20) 1.5 1 Cervix 419 (16.75) 2.5 1 Stomach 232 (10.80) 1.3

2 Cervix 419 (9.01) 2.5 2 Breast 326 (13.03) 1.9 2 Brain/other nervous system 204 (9.49) 1.2

3 Colorectal 376 (8.09) 1.1 3 Stomach 289 (11.56) 1.7 3 Colorectal 186 (8.66) 1.1

4 Brain/other nervous system 352 (7.57) 1.0 4 Colorectal 190 (7.60) 1.1 4 Precursor lymphoid neoplasm 178 (8.28) 1.1

5 Breast 328 (7.05) 1.9 5 Brain/other nervous system 148 (5.92) 0.9 5 Testis 167 (7.77) 1.0

6 Precursor lymphoid neoplasm 304 (6.54) 0.9 6 Leukaemia 129 (5.16) 0.8 6 Leukaemia 157 (7.31) 0.9

7 Leukaemia 286 (6.15) 0.9 7 Precursor lymphoid neoplasm 126 (5.04) 0.8 7 Non-Hodgkin lymphoma 149 (6.93) 0.9

8 Non-Hodgkin lymphoma 262 (5.63) 0.8 8 Non-Hodgkin lymphoma 113 (4.52) 0.7 8 Liver/intrahepatic bile duct 95 (4.42) 0.6

9 Testis 167 (3.59) 1.0 9 Ovary 89 (3.56) 0.5 9 Bones and joints 85 (3.96) 0.5

10 Hodgkin lymphoma 163 (3.51) 0.5 10 Hodgkin lymphoma 79 (3.16) 0.5 10 Hodgkin lymphoma 84 (3.91) 0.5

11 Liver/intrahepatic bile duct 148 (3.18) 0.4 11 Heart and soft tissue 59 (2.36) 0.4 11 Heart and soft tissue 72 (3.35) 0.4

12 Bones and joints 132 (2.84) 0.4 12 Liver/intrahepatic bile duct 53 (2.12) 0.3 12 Other hematopoieticb 61 (2.84) 0.4

13 Heart and soft tissue 131 (2.82) 0.4 13 Bones and joints 47 (1.88) 0.3 13 Lung and bronchus 57 (2.65) 0.3

14 Lung and bronchus 100 (2.15) 0.3 14 Lung and bronchus 43 (1.72) 0.3 14 Pancreas 36 (1.86) 0.2

15 Other hematopoieticb 99 (2.13) 0.3 15 Other hematopoieticb 38 (1.52) 0.2 15 Other respiratory organs 36 (1.86) 0.2

16 Ovary 89 (1.91) 0.5 16 Corpus uteri 37 (1.48) 0.2 16 Nasopharynx 32 (1.49) 0.2

17 Melanoma of the skin 61 (1.31) 0.2 17 Melanoma of the skin 33 (1.32) 0.2 17 Melanoma of the skin 28 (1.30) 0.2

18 Pancreas 61 (1.31) 0.2 18 Pancreas 25 (1.00) 0.2 18 Kidney and renal pelvis 20 (0.93) 0.1

19 Nasopharynx 47 (1.01) 0.1 19 Retroperitoneum/peritoneum 22 (0.88) 0.1 19 Lip, oral cavity 20 (0.93) 0.1

20 Other respiratory organs 40 (0.86) 0.1 20 Thyroid 19 (0.76) 0.1 20 Thyroid 19 (0.88) 0.1

ASMR, age-standardized mortality rate. Standardized to Segi world population and per 100,000, MR rounded to tenths place. Other respiratory organs refer to trachea, mediastinum and other respiratory.
aIncludes miscellaneous cancer deaths; overall n = 207, female n = 95, male n = 112. bIncludes plasma cell neoplasms & immunoproliferative diseases, myeloproliferative neoplasms & myelodysplastic
syndrome and miscellaneous hematopoietic neoplasms.

Table 2: Counts and age-standardized mortality rates of the 20 most common cancer deaths overall and by sex in Costa Rica, 2000–2021.
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A similar pattern in sex incidence by age group exists
worldwide.1,3 However, the increased cancer incidence
among YA females relative to YA males is more pro-
nounced in both Costa Rica and Latin America and the
Caribbean when contrasted with the global scenario.
Among the 35–39 year age group, we observed the
incidence of cancer to be 2.84 times higher in females
than in males in Costa Rica, which is similar to the
estimated IRR in Latin America and the Caribbean in
this age group (IRR female:male = 2.80) but deviates
from the global IRR of 2.21.1 Our study revealed that
thyroid, cervical, and breast cancer were the three most
incident cancers in females, each exhibiting an IR more
than three times greater than any other anatomic site.
Except for thyroid, cervical, and breast cancer, all other
anatomic sites evaluated in YA females were considered
rare (fewer than 6 cases per 100,000).18 In YA males, the
IR of testicular cancer was more than three times
greater than any other anatomic sites evaluated.
Although testicular cancer remains the most incident
cancer in males in this age group across Latin America
and the Caribbean, in countries such as Peru and Brazil,
the incidence of testicular cancer is less than 2 times
greater than any other anatomic site.1,19,20 Within our
study, all cancers except testicular cancer were consid-
ered rare in YA males in Costa Rica. Both the healthcare
system and non-governmental organizations in Costa
www.thelancet.com Vol 38 October, 2024
Rica have launched initiatives to raise awareness about
testicular cancer among adolescents and YA with the
intention of improving timely detection and early treat-
ment.21,22 However, these efforts are not regularly
implemented, and continuous reassessment of strate-
gies is necessary to enhance early cancer detection and
maintain awareness efforts throughout the country.

This study of the descriptive epidemiology of cancers
in YA in Costa Rica showed that breast and cervical
cancers among YA females had the highest incidence
and mortality rates. This is important because both of
these cancers have proven prevention opportunities.
Breast cancer was the third most incident cancer and the
second leading cancer-related death in YA females; in
fact, ∼60% of breast cancer cases occurred in the 30–39
age group, an age group not typically targeted for
population-based screening. In 2022, the Costa Rican
government declared the prevention and management
of breast cancer as a problem of public interest and
included performing mammography for high-risk YA
females older than 35 years.23–25 Additionally, cervical
cancer was the second most incident and the deadliest
cancer in females in this study and can be almost
entirely prevented by HPV vaccination of adolescents
paired with routine cervical cancer screening of
women.26 Indeed, Costa Rica’s national immunization
program funds HPV vaccination to 10-year-old-girls
9
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since 2019 and screens women with cervical cytology yet
is moving towards primary HPV testing, known to be a
better method for risk stratification.27 Costa Rica also
recommends Pap smear tests to sexually active in-
dividuals with a cervix who are aged 20 years and older
and recently updated their guidelines in 2023 to screen
individuals older than 30 using an HPV test.28 While
Costa Rica has strengthened prevention efforts for
breast and cervical cancer, there are opportunities for
improvement. For example, cervical cancer control
could be achieved sooner if government funding of
HPV vaccination was extended to girls older than 10
years old.

In Costa Rica, stomach cancer was the leading cause
of cancer death among YA. While incidence was
generally low, females did exhibit a 1.7 times higher
incidence compared to their male counterparts (IRR
1.73, 95% CI: 1.37, 2.17). Our finding of females
exhibiting a higher incidence of stomach cancer
compared to males among YA is consistent with global
trends. However, our observation highlights a more
pronounced sex difference, as worldwide estimates
typically show an IRR of 1.10 in YA (female:male).29,30

Research suggests that higher antibiotic use may
explain sex differences in gastric cancer rates among
YA. Observational studies have also pointed to hor-
monal variations, particularly estrogen levels, as poten-
tial factors in these sex differences, although direct
measurement of estrogen levels has yielded inconsistent
results.29,30 Other key risk factors for stomach cancer
include Helicobacter pylori (H. pylori) infection, heredi-
tary factors, and certain lifestyle choices like smoking
and alcohol consumption.31 Despite higher smoking and
alcohol use among YA males, YA females in Costa Rica
exhibit a higher stomach cancer incidence, suggesting
other contributing factors beyond lifestyle differences.32

Like breast and cervical cancers, stomach cancer offers
opportunities for primary prevention based on H. pylori
eradication and secondary prevention focused on the
detection of early cancers. These strategies have reduced
cancer incidence and mortality in regions of Asia.31,33

While the incidence of stomach cancer is a well-
documented public health issue in Costa Rica,34,35 the
focus has typically been on the older population as the
risk increases with age. However, recognizing the rele-
vance and impact of gastric cancer incidence and mor-
tality in YA is of great importance as it might aid
medical professionals in early diagnoses, as early
detection offers a higher chance of curability.33 In
response to this need, Costa Rica established the Na-
tional Center for Early Detection of Gastric Cancer in
2016, focusing on prevention and early detection to
reduce mortality from gastric and colorectal cancers
through innovative screening protocols.36 Considering
the reported increase in the incidence of gastric cancer
in YA in recent years, we believe that even though we
observed a non-statistically significant increase in gastric
cancer in females during 2008–2015, there is a need to
continue evaluating the behaviour of this cancer over
time.37 This will allow us to determine whether gastric
cancer in Costa Rica is exhibiting a similar trend in
recent years and establish specific strategies.

Thyroid cancer was the most common cancer in fe-
males, and the incidence significantly increased from
2006 to 2015, driving the overall increase in cancer rates
among YA females. Studies typically lack information
on the stage and size of the tumours or the pathway to
detection and diagnosis. To inform the incidence trend
analysis, we also utilized mortality data to determine
whether thyroid cancer is a true public health problem
or the consequence of overdiagnosis due to the typically
indolent nature of this cancer. In this case, over-
diagnosis refers to the identification of tumours with a
typically indolent nature— slow-growing and clinically
insignificant— that are particularly detectable when
sensitive diagnostic exams are performed. We identified
fewer than 20 deaths attributed to thyroid cancer over
the 21-year period. We therefore conclude that the high
incidence of thyroid cancer in YA females does not
constitute a significant public health concern. These
findings are consistent with previous studies high-
lighting overdiagnosis as a driver behind increasing
incidence of thyroid cancer in Costa Rica.35,38 Notably,
while the rising trend of thyroid cancer in YA in Costa
Rica aligns with global patterns,2 the female to male IRR
for thyroid cancer is disproportionately higher in Costa
Rica compared to the world when we focus on the YA
age group (sevenfold to fourfold, respectively).1 Prior
research has attributed the sex differences in thyroid
cancer incidence to greater healthcare engagement and
likelihood for evaluations during care for other medical
and reproductive conditions for females compared to
males.39,40 Further studies are needed in Costa Rica to
understand the pathway to diagnosis for thyroid cancer
in adolescents and YA, to inform whether a diagnostic
bias or etiologic factors explain the marked sex differ-
ences noted at this anatomic site, and to reduce the
diagnosis of indolent cancers more generally.

We identified limitations in the study. Costa Rica had
a relatively small population of approximately 4.9
million people in 2015, of which 1.6 million were aged
20–39 years. As a result, we had limited power to detect
significant trends over time and differences between
sexes for some cancers. Similar to most other cancer
registries, the lack of data on relevant covariates and risk
factors, such as smoking and alcohol consumption,
prevented a more informed interpretation of trends in
incidence within anatomic sites over time. Additionally,
we were not able to calculate the incidence rates based
on histological type because approximately 20% of cases
were categorized under the morphology code 8000,
indicating a malignant tumour without specific classi-
fication. Despite these limitations and the absence of
updated data on incidence beyond 2015, this study
www.thelancet.com Vol 38 October, 2024
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remains significant as it provides the first snapshot of
cancer incidence in adults aged 20–39 in Costa Rica,
providing valuable insights to propel further research.
The main strength of this analysis is that it was
completed with high-quality data from the Costa Rican
INEC and the Costa Rican National Registry of Tumors.
These data are characterized by their high validity and
national representation, ensuring the reliability of the
findings. The Costa Rican National Registry of Tumors
was one of the first nationwide population-based cancer
registries in Latin America with international recogni-
tion, being utilized by the IARC since 1987.9 With only
two countries in Latin America currently hosting
nationwide population-based cancer registries— the
second being Uruguay — utilizing this data provided
comprehensive information for a previously unobserved
demographic group.41

Our analysis is the first thorough examination of
cancer incidence in adults aged 20–39 in Costa Rica,
stratified by sex and age groups, which additionally pro-
vides a general overview of cancer mortality within this
age group. This study highlights the need for focused
cancer research among YA, particularly among females
due to the markedly higher incidence compared to their
male counterparts. Public health measures often priori-
tize cancer in older adults, resulting in a lack of aware-
ness in the younger adult age group, leading to delayed
diagnosis and consequent detection when cancer is more
challenging to treat.42 Continued emphasis on prevent-
able measures, such as vaccination, screening, and
avoiding risk factors is critical to decrease the incidence
of cancer among the YA age group. Finally, for a
comprehensive understanding of cancer in YA in Costa
Rica, future research on cancer survival and analysis
focused on years of life lost should be conducted.
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