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 Resumen 

Introducción: El cáncer de mama ha sido establecido como 

un problema de salud pública y es el más común a nivel 

mundial, es una enfermedad heterogénea que consiste 

principalmente en el crecimiento anormal, multiplicación y 

proliferación de las células sanas hasta transformarse en un 

tumor. Los genes BRCA1 y BRCA2 están en estrecha relación, 

pues son los encargados de inhibir los tumores malignos y una 

mutación de estos produce este tipo de carcinoma.  Objetivo: 

Caracterizar la frecuencia de las mutaciones en genes BRCA1 

y BRCA2 en mujeres con cáncer de mama atendidas en el 

Instituto de Cáncer SOLCA Cuenca en el periodo 2019 – 2023. 

Metodología: El presente artículo está basado en un enfoque 

cuantitativo de tipo descriptivo no experimental, documental 

secundario y de corte transversal. La información se recopiló 

de fuentes secundarias ingresadas en la base de datos del 

departamento de secuenciación genética del Instituto del 

Cáncer SOLCA – Cuenca; se elaboró una base de datos 

mediante el empleo del programa Microsoft Excel y SPSS. 

Resultados: De 188 pacientes con cáncer de mama 

(correspondientes al 100%), apenas el 4% de casos es debido 

a una mutación en los genes BRCA1 o BRCA2, con un rango 

de edad de diagnóstico de 25 a 62 años. Conclusión: Los datos 

recopilados en este estudio determinaron que la frecuencia de 

las mutaciones en genes BRCA1 o BRCA2 en mujeres con 

cáncer de mama atendidas en el Instituto de Cáncer SOLCA 

Cuenca en el periodo 2019 – 2023 es baja. Área de estudio 

general: Medicina (biología molecular). Área de estudio 

específica: Oncología.  Tipo de estudio: Artículo Original.  
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 Abstract 

Introduction:Breast cancer has been established as a public 

health problem and is the most common worldwide. It is a 

heterogeneous disease that consists of abnormal growth, 

multiplication, and proliferation of healthy cells until it 

transforms into a tumor. The BRCA1 and BRCA2 genes are 

closely related since they are responsible for inhibiting 

malignant tumors, and a mutation of these genes produces this 

type of carcinoma. Objective: To characterize the frequency of 

mutations in BRCA1 and BRCA2 genes in women with breast 
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cancer treated at the SOLCA Cancer Institute in Cuenca in 

2019 – 2023. Methodology: This article uses a non-

experimental descriptive, secondary documentary, and cross-

sectional quantitative approach. The information was collected 

from secondary sources and entered the database of the genetic 

sequencing department of the SOLCA Cancer Institute. A 

database was developed using Microsoft Excel and Spss. 

Results: Out of 188 patients with breast cancer (corresponding 

to 100%), only 4% of cases were due to a mutation in the 

BRCA1 or BRCA2 genes, with an age range of diagnosis from 

25 to 62 years old. Conclusion: The data collected in this study 

determined that the frequency of mutations in BRCA1 or 

BRCA2 genes in women with breast cancer treated at the 

SOLCA Cancer Institute in Cuenca in 2019 – 2023 is low. 

 

 

 

Introduction 

Breast cancer (BC) is the most common cancer worldwide; it is a heterogeneous disease, 

which consists mainly of the abnormal growth, multiplication and proliferation of healthy 

cells until they become a tumor.(1)Various factors influence the origin of this pathology 

and include aspects such as: age, early menstruation or late menopause, absence of 

pregnancies, smoking, family history (genetics), among others.(2). 

CM has been established as a public health problem, despite the great advances in 

medicine, it is the first cause of mortality in women in Latin America and even 

worldwide.(3). Therefore, in recent years, both the incidence and mortality of breast 

cancer have been highly prevalent in North America and Northern Europe, while in 

Southern Europe and Latin America the frequency is at an intermediate level, and in Asia 

and Africa the frequency is minimal.(4). 

In North America, the United States accounts for more than 260,000 cases each year and 

is responsible for approximately more than 40,000 deaths.(5). On the other hand, in South 

America, Uruguay leads the list of countries, with 40.1 deaths per 100,000 inhabitants. 

Continuing the trend, Argentina is ranked second with a mortality rate of 29.5(6). 

According to statistical data obtained from Globocan, in Ecuador during 2020, 3,563 

cases of BC were diagnosed and more than 29% of them died. At the national level, 1,287 

https://www.zotero.org/google-docs/?twl6Ax
https://www.zotero.org/google-docs/?kcqp8I
https://www.zotero.org/google-docs/?6ULPpC
https://www.zotero.org/google-docs/?lvAYRs
https://www.zotero.org/google-docs/?BHiQPi
https://www.zotero.org/google-docs/?PV8Kav
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new cases are diagnosed annually, breast cancer represents the first morbidity in women, 

in addition to that, it produces 3.99 deaths per 100 thousand inhabitants.(7, 8). 

The BRCA1 and BRCA2 genes have among their normal functions the repair, 

transcription and recombination of DNA, due to which they are closely related to this 

cancer, for the same reason they are responsible for inhibiting malignant tumors and a 

hereditary mutation of these produces breast cancer.(9). 

BRCA1 and BRCA2 are autosomal dominant inheritance. In the female population, it is 

estimated that up to the age of 70 there is a 50 to 95% risk of acquiring BC due to the 

mutation of the BRCA1 or BRCA2 gene, while in the male population there is only a 1% 

risk for developing this malignant neoplasm.(10, 11). 

The BRCA1 gene, cloned in 1994 and located on chromosome 17, may be involved in 

approximately 45% of cases of hereditary breast cancer. Similarly, the BRCA2 gene, 

cloned in 1995 and located on chromosome 13, may contribute to around 35% of cases 

of hereditary breast cancer.(12). 

Due to the dimension of this public health problem, the objective of this article was based 

mainly on characterizing the frequency of mutations in BRCA1 and BRCA2 genes in 

women with breast cancer treated at the SOLCA Cuenca Cancer Institute in the period 

2019 - 2023; and is aimed both at the benefit of women suffering from breast cancer, as 

well as for the health personnel working at SOLCA - Núcleo de Cuenca. 

Methodology 

This article is based on a quantitative, non-experimental, descriptive, secondary 

documentary, and cross-sectional approach. The study universe was made up of the set 

of women with breast cancer who attend the SOLCA Cuenca Cancer Institute, in the 

period 2019 - 2023. For the entire sample, a full coverage sampling was used, from the 

records of patients diagnosed with breast cancer due to the mutation in BRCA1 or BRCA2 

genes. The information was collected from secondary sources entered into the database 

of the genetic sequencing department. 

The inclusion criteria in this study were records of only female patients diagnosed with 

breast cancer due to mutations in the BRCA1 and BRCA2 genes; the exclusion criteria 

were: patients diagnosed with breast cancer due to mutations in other genes, or due to 

prolonged use of estrogens and hormones, and finally, patients diagnosed with breast 

cancer outside the period 2019 - 2023. At the same time, the main variables analyzed 

were chronological age, family history, and finally the production of mutated genes, these 

being BRCA1 and BRCA2. 

https://www.zotero.org/google-docs/?A0jsqC
https://www.zotero.org/google-docs/?XZ7XAo
https://www.zotero.org/google-docs/?JJ1JT8
https://www.zotero.org/google-docs/?0SiShW
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A database was created using the Microsoft Excel program and for statistical analysis a 

database was generated in the SPSS program, as well as descriptive statistics, central 

tendency measures (mean, median and mode), frequency analysis and cross tables. 

Tables were used to present the results and graphs were represented using bars and pie 

charts. 

This article is based on the ethical principles for research with human subjects established 

in the Declaration of Helsinki Addendum of Taiwan. The data obtained by the researchers 

were anonymized and coded to maintain the dignity, confidentiality and integrity of the 

patient at all times; it should be emphasized that the use of the present data is being 

derived solely for the total benefit of society. 

Results 

From an anonymized database of 188 patients, corresponding to 100% of the female 

population studied who presented breast cancer and attended the SOLCA Cuenca Cancer 

Institute in the period 2019 - 2023, 4% presented a mutation in the BRCA1 or BRCA2 

genes, this being the cause of BC, on the other hand, 96% suffer from BC due to other 

factors (Figure 1). Likewise, through the results obtained from the database of the 

aforementioned Institution, it was possible to corroborate that the age range of diagnosis 

for BC due to mutations in the BRCA1 or BRCA2 genes ranges from a minimum of 25 

years to 62 years, with an average of 44 years. However, through the bibliographic review 

carried out previously, it was evident that up to the age of 70, women have a higher risk 

of suffering from BC due to mutations in the BRCA1 or BRCA2 genes. 

In Solca, to determine the degree of CM involvement, Birads 2 mammograms are used to 

monitor the patient, as the results are usually benign. Similarly, Birads 3 mammograms 

are performed, where findings are also probably benign, requiring check-ups every 3 

months. In the case of diagnosing breast carcinoma, Birads 4 mammography is used, as 

it reveals some suspicious abnormality and a biopsy is necessary. Birads 5 and Birads 6 

classifications, on the other hand, indicate a high degree of suspicion of malignancy or, 

equivalently, a histologically confirmed lesion. 
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Figure 1.Percentage of female patients with breast cancer who attend the SOLCA Cuenca Cancer 

Institute in the period 2019 - 2023 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:Database (SOLCA - Cuenca) 

For a diagnosis of a mutation in the BRCA1 or BRCA2 genes, at the Solca Cancer 

Institute - Cuenca, a sample is taken, either from blood or from a biopsy; in the case of 

the present study population, 25% underwent a biopsy and 75% underwent a blood 

sample (figure 2). 

Figure 2. Percentage of sample type performed on female patients with breast cancer due to mutations in 

BRCA1 or BRCA2 genes who attend the SOLCA Cuenca Cancer Institute in the period 2019 - 2023 

 

 

 

 

 

 

 

 

 
Note:Database (SOLCA - Cuenca) 

As can be seen in Figure 3, there is a 50% equality regarding the mutation in the different 

genes, whether it is BRCA1 or BRCA2, considering that the BRCA1 gene can originate 

in 45%, while BRCA2 in approximately 35% of breast cancer cases. 

Figure 3.Percentage of mutations in the BRCA1 or BRCA2 genes in female patients with breast cancer 

who attend the SOLCA Cuenca Cancer Institute in the period 2019 - 2023  
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Note:Database (SOLCA - Cuenca) 

Regarding CM mortality due to mutations in the genes mentioned, according to our study, 

it is evident that only 12.50% of the population studied died, and 87.50% managed to 

survive with adequate treatment (Figure 4).  

Figure 4.Mortality rate in female patients with breast cancer attending the SOLCA Cuenca Cancer Institute in the 

period 2019 - 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:Database (SOLCA - Cuenca) 

As previously mentioned, there is a 50% equality regarding the mutation in the different 

genes. Based on the data obtained, 50% who have BRCA1 survived, and of the other 50% 

who have BRCA2, 12.50% died and 37.50% managed to survive (Figure 5). 

https://d.docs.live.net/490e2d7790466586/Documentos/TESIS/AR/Elaboarci%C3%B3n%20Prev%20(AO)%20REV_13%20DE%20ENERO%20DE%202024.docx#_msocom_1
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Figure 5.Mortality rate in female patients with breast cancer who have mutations in BRCA1 or BRCA2 

genes and attend the SOLCA Cuenca Cancer Institute in the period 2019 - 2023 

Note:Database (SOLCA - Cuenca) 

Regarding the frequency of the type of cancer presented by female patients with breast 

cancer with BRCA1 and BRCA2 mutations who attend the SOLCA Cuenca Cancer 

Institute in the period 2019 - 2023, it is shown that 37.50% had left luminal B CM, 12.50% 

bilateral luminal B CM and 50% right luminal B CM (Figure 6), thus demonstrating that 

bilateral CM is rare.  

The relationship between genes and type of breast cancer in the patients studied shows 

that, on the one hand, 25% of patients with BC due to mutations in the BRCA1 and 

BRCA2 genes have an infection in the right breast; likewise, patients with a mutation in 

the BRCA2 gene have an infection in the left breast in 25% of cases, while those patients 

with a mutation in the BRCA1 gene have an infection in the left breast in 12.50% of cases. 

Finally, only 12.50% of the population studied with a mutation in the BRCA1 gene have 

bilateral breast cancer. 

 

 

 

 

 

 



 
 

 
 
  

                                      Biological Medicine    P a g e  14| 22 
 

ISSN: 2697-3391 

Vol. 7 No. 2, pp. 6 – 22, April - June 2024 

www.anatomiadigital.org 

Figure 6.Frequency of the type of cancer presented in female patients suffering from BC due to mutations 

in BRCA1 or BRCA2 genes who attend the SOLCA Cuenca Cancer Institute in the period 2019 - 2023 

  

 

 

  

  

  

  

  

  

Note:Database (SOLCA - Cuenca) 

By analyzing the anonymized database, among the possible risk factors being genetic or 

hormonal, it was determined that all patients with BC and an affection in some gene 

(BRCA1 or BRCA2), have relatives from the first to fourth degree of consanguinity who 

have presented BC and have even died because of it, and at the same time they have 

presented an early menarche (9 years of age) in 25%, and others have presented a late 

menarche (17 years of age) in 12.50%. 

On the other hand, in Figure 7 you can see different types of treatments which will help 

female patients with CM, the most commonly used being paclitaxel + doxorubicin 

hydrochloride (Adriamycin) and cyclophosphamide (AC) + Letrozole at 12.50%, 

paclitaxel + AC at 37.50%, AC at 25%, docetaxel and cyclophosphamide (TC) at 12.50% 

and Letrozole at 12.50%. 

As previously mentioned, treatment for CM will help prevent the spread of cancer cells 

and prevent a long-term increase in the risk of mortality. Therefore, with the treatments 

used in the patients, there was no mortality with paclitaxel + AC + letrozole at 12.50%, 

paclitaxel + AC 37.50%, AC 25%, TC 12.50%. However, with letrozole there was a 

12.50% mortality rate. 
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Figure 7.Frequency of treatment in female patients with breast cancer attending the SOLCA Cuenca Cancer 

Institute in the period 2019 - 2023 

 

 

 

 

Note:Database (SOLCA - Cuenca) 

Discussion 

In SOLCA, blood or a biopsy of the affected patient can be used, and through this type of 

sample, immunohistochemical studies are performed to determine the presence or 

absence of cancer cells. If cancer cells are present, a massive gene sequencing study 

(NGS) is performed.(15,16)In the present data analysis, all patient samples underwent 

NGS to determine the type of mutation, which could be BRCA1 or BRCA2. 

In the present study, mutations in the BRCA1 and BRCA2 genes that cause BC are rare, 

since of the 188 patients only 4% have a mutation in the genes in question, and the 

presence of both BRCA1 and BRCA 2 are equal in 50%. In Mexico, a case-control study 

of breast cancer was reported from 12 hospitals in three cities, where 810 blood samples 

were obtained from women with cancer, of which 334 (41%) were premenopausal and 

476 (59%) were postmenopausal. Likewise, 35 mutations were identified in 34 of the 810 

(4.3%) women analyzed, including 8 unique BRCA1 mutations in 20 women and 11 

unique BRCA2 mutations in 14 women.(13). 

On the other hand, in Colombia, a study was carried out to measure the frequency of the 

BRCA1 and BRCA2 genes in 43 patients who were referred for suspected breast cancer 

syndrome, of these, 48.8% had the BRCA1 gene and 51.2% had mutations in the BRCA2 

gene.(14). 

As is known, breast cancer can occur due to different factors, such as: age, late menarche 

or menopause, lack of pregnancies, smoking, family history (genetics), among others. A 

 AC = Doxorubicin Hydrochloride + Cyclophosphamide.  

 TC = Docetaxel + Cyclophosphamide. 

 

https://www.zotero.org/google-docs/?BFXrcm
https://www.zotero.org/google-docs/?5iZhkX
https://www.zotero.org/google-docs/?lYdrdw
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mutation in the BRCA1 or BRCA2 genes produces BC, but this is a purely genetic factor. 

However, the factors mentioned above may be the cause of activating or triggering a 

mutation in these genes early.(2); and according to the present study, it was determined 

that all patients have first to fourth degree relatives who have presented CM. 

Likewise, some of the patients studied presented an early menarche (9 years), and others 

presented a late menarche (17 years); corroborating that the literature tells us that 

normally a menarche occurs between 10 to 15 years.(23); therefore, the menarche of these 

patients in question may or may not have been a trigger that accelerated the mutation 

factor of the BRCA1 or BRCA2 genes. 

Analyzing the anonymized database of the SOLCA Institute, 12.50% of those with a 

BRCA 2 gene condition died, and those with a BRCA1 gene condition did not show a 

death rate; considering that, according to research, 26% die from BC due to a mutation in 

the BRCA1 gene and 21% of the population can die due to a mutation in the BRCA2 

gene.(20). 

Of the female patients with breast cancer with BRCA1 and BRCA2 mutations who attend 

the SOLCA Cuenca Cancer Institute in the period 2019 - 2023, right luminal B CM 

occurred more frequently, however, in studies previously carried out according to its 

classification, luminal A type breast carcinomas occur in 62.5% while luminal B type 

occurs in 18%.(21); at the same time it was determined that bilateral CM is rare in these 

patients, which, like the literature, tells us that bilateral breast cancer is rare, since it 

occurs in approximately 1-2.5% of all patients.(22). 

As previously mentioned, in terms of results, treatment for BC will help prevent the 

spread of cancer cells and avoid a long-term increase in the risk of mortality, and in 

SOLCA, polypharmacotherapy is the most commonly used because it has a high 

possibility of making BC treatment more effective. 

Although the tumor may become resistant to a specific drug, the effectiveness of the 

treatment may still be maintained thanks to the tumor's response to another drug within 

the combination used.(24). 

In conjunction with treatment, early detection using mammography has reduced mortality 

in patients with BC by more than 30%. The Breast Imaging Reporting and Data System 

(BI-RADS) was developed, which is a widely used method for categorizing 

mammography findings.(17,18). 

For the management of breast lesions, BI-RADS 0 is categorized as: Inconclusive study, 

additional images required; BI-RADS 1: Negative mammography, annual control; BI-

RADS 2: Benign findings, annual control; BI-RADS 3: Probably benign findings (<2% 

risk of malignancy), control in 6, 12, 18, 24 months; BI-RADS 4: Suspicious abnormality, 

https://www.zotero.org/google-docs/?ifSB2i
https://www.zotero.org/google-docs/?Z10494
https://www.zotero.org/google-docs/?5XuTu5
https://www.zotero.org/google-docs/?dl6M7t
https://www.zotero.org/google-docs/?XBiVjs
https://www.zotero.org/google-docs/?u4PF3X
https://www.zotero.org/google-docs/?kjfcg2
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positive predictive value between 29-34% up to 70%); BI-RADS 5: Highly suggestive of 

malignancy, biopsy, malignancy between 81-97%; BI-RADS 6: histologically confirmed 

lesion.(18, 19). 

Conclusions 

 Risk factors related to BC are obesity, smoking, family history, among others; in 

the present study, mutations in the BRCA1 and BRCA2 genes were analyzed, 

these being the ones that cause BC. It was possible to demonstrate that this 

mutation is rare, since according to the literature it tells us that 5 to 10% of BC 

cases are due to hereditary conditions; and at the SOLCA Cuenca Cancer Institute, 

of the 188 female patients with BC, only 4% presented a mutation in the genes in 

question. 

 The mutated genes in these patients are found in a 50/50 ratio, however, the 

literature indicates that the gene that mutates most frequently is the BRCA1 gene; 

also, in these patients the main risk factor is due to a family inheritance, but 

whether the mutation occurs at an early age or not, can go hand in hand with 

menarche, since, corroborating with some studies carried out, an early or late 

menarche can be a risk factor for the suffering of BC. 

 Likewise, the therapeutic regimen used at SOLCA Núcleo de Cuenca is the same 

for most patients; early diagnosis along with appropriate treatment can reduce the 

mortality rate of CM. 

 Finally, it is correct to state that in Ecuador the genetic determination of BRCA1 

and BRCA2 is restricted due to the associated costs and the availability of the 

necessary technology. This situation makes it difficult to obtain an accurate 

understanding of the percentage of patients nationwide who present these genetic 

alterations. In the specific case of the city of Cuenca, it is noteworthy to highlight 

that the SOLCA Cancer Institute is the only center in the region with the capacity 

to carry out these analyses, highlighting the concentration of this service in a 

single medical establishment in that locality. 
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