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A B S T R A C T   

Objectives: The purpose of this study is to describe the genetic variants present in the Ecuadorian 
population and the incidence and mortality patterns of thyroid cancer in Ecuador from 2016 to 
2021. 
Methods: The present research constitutes a nationwide cross-sectional study encompassing all 
reported cases of thyroid cancer (C-73) in Ecuador from 2016 to 2021. Incidence rates were 
calculated based on the annual population at risk, considering factors such as ethnicity, sex, age 
group, and the geographic location of the incidence. All data was collected from the Hospital 
Discharge Statistics and the Statistical Registry of General Deaths Databases. 
Results: Between 2016 and 2021, a total of 20,297 hospital admissions and 921 deaths attributed 
to thyroid cancer were reported in Ecuador. The incidence of thyroid cancer remained relatively 
stable from 2016 to 2019. However, there was a notable decrease in 2020, followed by an in-
crease in 2021. Notably, thyroid cancer prevalence rates were found to be higher in highlands 
regions. Moreover, two genetic variants, the BRAFV600E and KITL678F, have been identified in the 
Ecuadorian population. It is noteworthy that women exhibited a higher susceptibility to thyroid 
cancer, being five times more likely than men to develop this condition. 
Conclusion: Ecuador exhibits one of the highest global incidences of thyroid cancer. Consequently, 
describing the genetic variants and epidemiological characteristics of thyroid cancer is imperative 
for enhancing healthcare access and formulating evidence-based public health policies. This 
research contributes towards a comprehensive understanding of thyroid cancer in the Ecuadorian 
context, aiming to improve targeted interventions and health outcomes.   
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Fig. 1. Estimated annual percentage changes (EAPCs) from 1990 to 2019.  
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1. Introduction 

Thyroid cancer (TC) is the most common endocrine neoplasia, with its incidence increasing every year [1]. Ecuador exhibits the 
highest TC incidence among Latin American countries and one of the highest in the world [2]. Deng et al. (2020) and Bao et al. (2021) 
investigated the incidence of TC and its temporal trends in 204 countries between 1990 and 2019. Their findings revealed that Ecuador 
has the highest estimated annual percentage change (EAPC) in South America and is among the top five globally (Fig. 1) [3,4]. 

In 2012, Ecuador exhibited the highest TC incidence rate in South America and the second highest in the world (38.7 for women 
and 6.8 for men per 100,000 inhabitants) [5]. However, by 2017 and 2019, the incidence rates of TC in Ecuador declined to 5.29 
(4.48–6.23) and 4.62 (3.43–6.15) per 100,000 individuals, respectively. Despite this reduction, these rates remained the highest 
among South American countries, with other countries in the region reporting at least 1 case less per 100,000 inhabitants during the 
same years [3,4]. 

Additionally, data from the International Agency for Research on Cancer revealed that in 2020, TC ranked as the fifth most 
diagnosed malignant tumor in Ecuador, accounting for 1685 cases, and the sixth in South America, totaling 47,943 [6,7]. It is esti-
mated that by 2040, the number of TC cases increase to 2100 in women and 350 in men [8]. 

TC is classified according to its histopathological characteristics into differentiated TC (DTC), poorly differentiated TC (PDTC), and 
anaplastic TC (ATC) [9]. DTC comprises over 90 % of the cases and further divides into two subtypes: papillary TC (PTC) and follicular 
TC (FTC) [10]. FTC and PTC are high-risk carcinomas with high recurrence probability; hence, they must be diagnosed early to initiate 
adequate treatment [9,11]. 

PDTC and ATC represent approximately 5 % of TC cases and are characterized by more aggressive behavior and lower survival rates 
[9]. The remaining 5 % of cases correspond to medullary TC (MTC), which derives from parafollicular C cells and has been reported to 
be inherited in an autosomal dominant manner in 25 % of cases [12]. 

The increase in TC incidence shows geographic disparities. Some countries have reported a notably high and increasing incidence, 
while others describe a relatively low incidence with minimal growth. These inequalities may stem from differences in healthcare 
systems, access to care, and cancer screening practices [13–15]. 

The substitution from valine (V) to glutamic acid (E) at codon 600 of the BRAF gene (BRAFV600E) is the most reported mutation in 
PTC [9,16]. BRAF mutations can lead to the activation of the BRAF kinase in the MAPK pathway, representing the initial event in the 
oncogenesis and progression of PTC [9]. An association between BRAFV600E variant presence and worse prognosis, extrathyroidal 
extension, and lymph node metastasis has also been established [17]. 

The objective of this study is to elucidate the genetic variants present in the Ecuadorian population, alongside exploring the 
incidence and mortality patterns of TC in Ecuador from 2016 to 2021. 

2. Methods 

2.1. Study population 

The present manuscript describes a nationwide cross-sectional study encompassing all reported cases of TC (C-73 code) in Ecuador 
over a six-year period (2016–2021). All data was obtained from the Open Data Bank of the National Institute of Censuses and Statistics 
(INEC). 

2.2. Data sources 

Data from the last six years was collected from the Hospital Discharge Statistics and the Statistical Registry of General Deaths 
Databases. The website https://aplicaciones3.ecuadorencifras.gob.ec/BIINEC-war/index.xhtml contains the annual records. 

This study did not involve human participants. All the data comes from secondary, non-identifiable public records obtained from 
the Hospital Discharge Statistics and the Statistical Registry of General Deaths Databases, accessible on the Open Data Bank website of 
the National Institute of Statistics and Census of Ecuador. Therefore, institutional review board assessment was not necessary, in 
accordance with the Organic Law on Transparency and Access to Public Information of Ecuador. 

TC statistics (C-73) were analyzed by year at canton and province levels. Data were categorized by place of residence, the place 
where treatment was provided, sex, age, and ethnic origin. 

2.3. Data analysis 

The incidence, prevalence, and mortality rates were age-standardized using the 2010 national population census as a reference. 
Rates were calculated using the annual population at risk, considering factors such as ethnicity, sex, age group, and the geographic 
location of the incidence. Statistical analyses were conducted using the IBM SPSS statistics v24.0. Spatial analysis was performed using 
the software QGIS v2.8. 
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3. Results 

3.1. Genetic variants 

Only two genetic variants have been identified in the Ecuadorian population. The first variant is a heterozygous mutation in the 
BRAF gene, involving an adenine-to-thymine change at position 1799. This mutation causes an amino acid change from Valine to 
Glutamic acid at position 600 (BRAFV600E). Pazmiño et al. (2023) analyzed the exon 15 of the BRAF oncogene using paraffin-embedded 
tissue samples from 193 patients through Sanger sequencing. They identified the mutation BRAFV600E in 146 cases, accounting for 
75.6 % of the samples [18]. 

The second genetic variant is a heterozygous mutation in the KIT gene, involving a thymine-to-cytosine at position 2032. This 
mutation induces an amino acid change from Leucine to Phenylalanine at position 678 (KITL678F). Cadena-Ullauri et al. (2023) 
analyzed a thyroid tissue sample from a patient with PTC by next-generation sequencing. Findings revealed the presence of both 
mutations BRAFV600E and KITL678F mutations in the sample [19]. 

3.2. Statistics of thyroid cancer 

Between 2016 and 2021, Ecuador recorded 20,297 TC cases. The mean age at diagnosis was 49 years (±15 years), with 83 % of 
cases occurring in women. Predominantly, patients were attended in urban areas (96 %), and received treated through various 
healthcare systems: public health care system (42 %), private for-profit health care system (45 %), and private non-profit health care 
system (13 %). TC was more frequently reported among individuals of mestizos ethnicity, constituting 75.5 % of the cases. 

3.3. Incidence, prevalence, and mortality 

The annual incidence was relatively stable from 2016 to 2019. The annual average prevalence was lower in men, with 7.2 ± 0.33 
cases per 100,000 inhabitants, compared to women, in which case it was 35.97 ± 1.31 cases per 100,000. In 2020, the incidence 
decreased to 14 cases per 100,000 individuals, followed by an increase in 2021 to 19 cases per 100,000. The female-to-male incidence 
ratio was approximately 5:1 (Fig. 2). 

The prevalence rates exhibit a high geographical variation. Upon provincial analyses, the prevalence rate from 2016 to 2021 ranges 
from 27 cases per 100,000 inhabitants in Orellana to 277 cases per 100,000 in Chimborazo (Supplementary Fig. 1). 

Analyzing by cantons, the highest prevalence rate was observed in Guachapala, Azuay, with 598.06 cases per 100,000 inhabitants, 
followed by Riobamba, Chimborazo, with 476.80 cases per 100,000. On the other hand, the lowest prevalence rate was 2.18 cases per 
100,000 individuals in Eloy Alfaro, Esmeraldas. The highlands region exhibited a prevalence rate of 199 per 100,000 individuals, 
followed by the Amazon region with 64 per 100,000 and the coastal region (including the Galapagos Islands) with 60 per 100,000 
(Fig. 3). 

TC mortality rate was 0.58 ± 0.12 deaths in men and 1.22 ± 0.14 in women per 100,000 inhabitants. The female-to-male mortality 
ratio was approximately 2:1 (Fig. 4). 

When analyzing by age groups, the mortality rate in infants, children, and adolescents (0–19 years) was 0.01 per 100,000 in-
habitants. This rate slightly increases to 0.18 per 100,000 in young adults (20–39 years). The highest mortality rate was 1.26 per 
100,000 in adults aged 80 and older (Fig. 5). 

Fig. 2. Male, female, and total annual incidence rates for thyroid cancer in Ecuador from 2016 to 2021.  
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Fig. 3. Prevalence rates of thyroid cancer in Ecuador according to cantons, from 2016 to 2021.  

Fig. 4. Annual deaths and mortality rate per 100,000 individuals of thyroid cancer in Ecuador from 2016 to 2021 in men and women.  
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3.4. Trends 

Between 2016 and 2019, the incidence of TC remained relatively stable at approximately 22 cases per 100,000 inhabitants. In 
2020, the incidence decreased to 14 cases per 100,000 inhabitants, rising again in 2021 to 19 cases per 100,000. Gender-wise analysis 
revealed a relatively constant incidence rate of approximately 36 cases per 100,000 women per year from 2016 to 2019, compared to 
approximately 7 cases per 100,000 men during the same period. Between 2020 and 2021, the incidence increased from 5.13 to 6.61 
cases per 100,000 men, and from 21.99 to 30.11 cases per 100,000 women (Fig. 6). Over the period of 2016–2021, the annual average 

Fig. 5. Prevalence rate and mortality rate per 100,000 inhabitants of thyroid cancer in Ecuador by age group from 2016 to 2021.  

Fig. 6. Incidence rate per 100,000 thyroid cancer cases in Ecuador in 2016, 2020 and 2021.  
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mortality rate was 0,91 ± 0,08 deaths per 100,000 inhabitants. 

4. Discussion 

In Ecuador and in several other countries worldwide, the incidence of PTC has increased in the last three decades [15,20–23]. TC 
has now become the fifth most diagnosed cancer in the Ecuadorian population 23. Certainly, cancer represents a global challenge, and 
its prevalence is expected to increase in the coming decades. Projections indicate a substantial increase in the cancer burden within 
Latin America, from 1.5 million new cases to over 2.4 million by 2040. Specifically, the estimates indicated a 4.3 % increase in new 
cases of TC by 2040 [24]. 

The increment in TC incidence could be attributed to the overdiagnosis of small incidental tumors [25]. Nevertheless, some studies 
indicate an increase in larger and more aggressive tumors, suggesting the involvement of other factors influencing PTC incidence [26, 
27]. Several studies suggest that TC incidences are different among populations. Zheng et al. (2022) reported that African-American 
individuals had a lower probability of TC in thyroid nodules. They also noted that, irrespective of tumor size, TC in African-American 
patients was less likely to metastasize to the lymph nodes [28,29]. In contrast, Finlayson et al. (2014) identified a higher incidence of 
TC in most ethnic minority groups in England [30]. Thus, population-specific factors, such as American Indian ancestry, which could 
influence other cancer patterns, may contribute to an elevated risk of PTC in the Ecuadorian population [31,32]. The higher prevalence 
of TC among the mestizo Ecuadorian population can be attributed to their status as the largest ethnic group in the country. 

TC incidence and mortality in Ecuador surpass those in other Latin American countries, ranking among the highest globally [33, 
34]. We hypothesize that the higher incidence of TC in Ecuador is due to the implementation of new radiological technologies, which 
facilitates early detection of a higher number of small tumors, typically clinically undetectable [35]. Over the past two decades, 
Ecuador has made significant strides in enhancing both public and private healthcare, ensuring increased and improved healthcare 
access for its population. This progress is likely be the main reason related to overdiagnosis [36,37]. 

Our study reveals that the incidence and mortality rates of TC have remained relatively stable since 2016, at 22 cases and 1 death 
per 100,000 inhabitants, respectively. This trend diverges from the findings reported by Salazar-Vega et al. (2019), who documented a 
rise in the annual incidence from 3 cases in 2001 to 22 cases in 2016 per 100,000 inhabitants [15]. In 2020, amidst the COVID-19 
pandemic, the incidence dropped to 14 cases per 100,000. However, in 2021, it increased again to 19 cases per 100,000. The 
impact of the pandemic on healthcare services was significant. Despite the policies implemented to reduce the number of infections, 
the SARS-CoV-2 virus collapsed the national health system, placing Ecuador among the most affected countries in Latin America. 
Ecuador’s largest hospitals had to transition from general healthcare centers to COVID-19-specific facilities, prioritizing patients with 
respiratory conditions. Unfortunately, this transition left many patients without specialized care, who had to wait for the progressive 
reopening of medical specialties at healthcare centers [38]. 

Our research shows that most patients with TC reside in the Ecuadorian highlands, with higher prevalence rates observed in the 
Andean regions (average altitude 2500 masl). Notably, between 2016 and 2021, the provinces of Chimborazo, Azuay, and Loja had the 
highest prevalence rates. Guachapala in Azuay province was the canton with the highest prevalence rate at 598.06 cases per 100,000 
inhabitants. However, given its small population of approximately 3400 inhabitants, its rates statistics are not representative. The 
second-highest prevalence rate was observed in Riobamba (476.80 cases per 100,000 individuals). 

Furthermore, several studies have suggested that an active volcanic environment can be a risk factor for developing thyroid cancer 
[39,40]. Additionally, Vigneri et al. (2017) established that environmental metal pollution, even at low levels, can contribute to the 
propagation of altered thyroid cells, potentially increasing the risk of thyroid cancer [41]. 

Upon analyzing the incidence and mortality across age groups, we observed that TC has a relatively low impact on children, ad-
olescents, and older adults. However, mortality rates increased from 4.37 % in individuals aged 60–64 to 74.46 % in both men and 
women over 80 years. This increase in mortality could be due to the higher prevalence of comorbidities within this age range. 

Our results affirm that Ecuador exhibits the highest incidence rates in Latin America, yet there is a scarcity of studies addressing the 
epidemiology of this neoplasia. Limited research has been conducted, with only a few studies reporting significant variations in TC 
incidence over the last two decades [2,15,20–22,25,42,43]. Notably, the number of cases increased nearly twentyfold from 2001 to 
2021 [15]. While the epidemiological reports are limited, the genetic investigations are even scarcer. A single study from Pazmiño 
et al. (2023) revealed a BRAFV600E mutation in 146 of 193 (75,6 %) PTC patients from the northern Ecuadorian Andes treated at 
Hospital Eugenio Espejo in Quito, Ecuador [43]. This study corroborates the high prevalence of the BRAFV600E variant in Ecuadorian 
patients with PTC, aligning with global trends [44,45]. 

Despite BRAFV600E being the most prevalent mutation, our research group identified a novel variant in the KIT gene (KITL678F) in an 
Ecuadorian woman with Native American ancestry [2], further diversifying the genetic landscape associated with PTC in the Ecua-
dorian population. 

Genetic variations, encompassing both single nucleotide polymorphisms (SNPs) and point mutations, have a substantial impact on 
various cellular pathways such as cell apoptosis, DNA repair mechanisms, folate metabolism, and inflammation. Germline mutations in 
key genes such as BRAF, RAS, RET, TERT, MET, BAX, TP53, XRCC1, VDR, SPARC, SPP1, MMP-9, NRG1, FOXE1, PAX8/PPAR-γ, and 
NTRK profoundly influence the susceptibility to TC [46,47]. 

The significance of mitogen-activated protein kinase (MAPK) pathway activation is well-established, primarily attributed to the 
role of point mutations of the BRAF and RAS genes, as well as RET/PTC rearrangements, in the molecular pathogenesis of PTC [48,49]. 
In contrast, the precise role of KIT in cancer is remains unknown, with many investigations presenting discrepancies according to the 
type of tumor. Some studies show that KIT is highly expressed or mutated in small-cell lung cancer, leukemia cells, colon cancer, and 
neuroblastoma. Conversely, other studies suggest loss of KIT expression in breast cancer and melanoma [50]. Notably, during the 
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transformation from normal thyroid epithelium to papillary carcinoma, a downregulation of KIT expression has been observed, 
suggesting a potential role in the differentiation of thyroid tissue [50,51]. 

Notably, specific variations within the RET and MET genes exhibit a strong correlation with a risk of thyroid cancer, especially in 
papillary thyroid cancer. Genetic variants in BAX, TP53, and HOTAIR significantly impact cell apoptosis and DNA repair mechanisms, 
thereby contributing to the development of thyroid cancer. Moreover, SNPs in genes associated with folate metabolism and inflam-
matory cytokines distinctly influence the risk of thyroid cancer [46]. 

Moreover, epigenetic changes, such as DNA methylation, chromatin remodeling, histone modification, and non-coding RNA 
regulation, play a key role in the development and risk of thyroid cancer. Notably, PTC demonstrates lower DNA methylation fre-
quencies in contrast to FTC, which is characterized by marked hypermethylation/hypomethylation patterns. Non-coding RNAs, 
including miRNA, lncRNA, and circRNA, serve as crucial regulators, influencing oncogenes, tumor suppressors, and pivotal pathways 
in thyroid cancer. Among these, miR-34 and miR-221 have been extensively studied in both PTC and FTC, and they are recognized as 
key regulators of thyroid carcinogenesis in well-differentiated tumors [52]. 

Comprehending these genetic variations and epigenetics factors is crucial for predicting an individual’s risk of thyroid cancer, 
determining prognosis, and customizing treatments for each patient. Further comprehensive research is essential to delve deeper into 
these genetic and epigenetic associations across diverse populations, thereby enhancing the understanding of how genetic factors 
intricately influence thyroid cancer. 

5. Limitations 

The main limitation of the study is associated with the use of the Hospital Discharge Statistics Database, which is not specifically 
designed to discriminate between the multiple instances that the same patient enters and leaves a hospital. Additionally, it may not 
capture thyroid cancer cases that do not require hospitalization, leading to a potential risk of case duplication. 

6. Conclusion 

This report highlights that the predominant genetic variant associated with TC in the Ecuadorian population is the BRAFV600E. 
Furthermore, our findings indicate a higher TC incidence in women and in regions with high altitudes. The description of genetic 
variants and their correlation with epidemiological factors is essential for enhancing health access and promoting evidence-based 
public health policies. Further analyses are needed to identify risk factors contributing to an elevated susceptibility to TC, espe-
cially those associated with altitude and environmental composition. 
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