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[bookmark: _Toc227780494]ABSTRACT
Ovarian cancer is one of the most dangerous gynecological diseases in women, not only causing death but also affecting female fertility. Many studies have shown that the BRCA gene is closely related to the risk of ovarian cancer, and those with family members who have the disease, carry the gene mutation, or develop the disease at a young age have a higher risk of carrying this gene mutation. BRCA gene mutations are known to impair the ability to repair genetic material, leading to an increased risk of common and potentially life-threatening cancers. Therefore, classifying ovarian cancer patients with this gene mutation is crucial in treatment protocols to improve treatment effectiveness and patient quality of life. Currently, there are no studies worldwide or in Vietnam examining the relationship between paraclinical indicators and the likelihood of carrying a gene mutation in ovarian cancer patients. While paraclinical characteristics are diverse and objectively reflect a part of a patient's health status or treatment response, this relationship remains unexplored. Therefore, this retrospective cross-sectional study was conducted to compare the paraclinical characteristics between a group of ovarian cancer patients with a high risk of carrying gene mutations and a group of patients with a low risk of carrying gene mutations. In addition, the study also aimed to analyze factors that may be associated with the likelihood of carrying gene mutations in ovarian cancer patients. With 223 patient records obtained from tertiary cancer treatment hospitals, the study showed that the paraclinical characteristics of ovarian cancer patients were mostly within normal values. Several clinical indicators, such as red blood cell count, MCH, %LYM, MPV, fibrinogen determination, creatine, glucose, SGOT and SGPT, urea, albumin, and cancer markers CA125 and HE4 showed statistically significant differences between the group of ovarian cancer patients with a high risk of gene mutations and the group of patients with a low risk of gene mutations. Through univariate logistic regression analysis, red blood cell count, MCH, %LYM, urea, and albumin were identified as potentially related subclinical indicators associated with the ability to classify ovarian cancer patients as carriers of gene mutations. However, after adjustment using multivariate logistic regression, only two indicators, MCH and albumin, remained independently associated with the risk of carrying gene mutations in ovarian cancer patients.
[bookmark: _Toc227780495]LIST OF ABBREVIATIONS
	Abbreviation
	Definition

	BRCA 1/2
	The BReast CAncer 1/2 gene mutation 

	CA125
	Cancer antigen 125
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	Deoxyribonucleic Acid
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	Human development index
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	Human epididymis secretory protein 4

	OR
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	Polyadenosine diphosphate ribose polymerase
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[bookmark: _Toc227780498]Chapter 1. INTRODUCTION
1.1. [bookmark: _Toc227780499]Rationale
Ovarian cancer is one of the most common types of female genital cancers, which can be divided into three main types: epithelial, stromal, and germ cell cancers, based on the origin of the tumor; of which serous carcinoma is the most frequent type (Gaona-Luviano, Medina-Gaona, & Magana-Perez, 2020) (Figure 1.1). One of the long-term consequences of ovarian cancer is infertility due to the removal of the ovaries. In addition, the increase in the number of patients and deaths related to ovarian cancer also has a great impact on the economy and human development in many countries, especially those in Africa (Cabasag et al., 2022; Hutchinson et al., 2025). Currently, there are many methods of treating ovarian cancer, such as surgery, chemotherapy, or radiotherapy. However, these methods demonstrate high efficiency in the early stages, but their ability to treat gradually decreases for advanced stages. Therefore, patients who are detected and treated at late stages often face higher treatment costs, and those of working age also have to pay a larger amount for treatment than those who do not have ovarian cancer (Chin, Hansen, & Carlson, 2020).
[image: ]
[bookmark: _Toc219559415][bookmark: _Toc220620666][bookmark: _Toc220620756]Figure 1.1. Classification of ovarian cancer based on histology
Patients with ovarian cancer are often detected at late stages, when the tumor has progressed, even metastasized, leading to many difficulties in care and treatment. Tumor detection markers commonly used in testing today include cancer antigen 125 (CA125) or human epididymis secretory protein 4 (HE4); however, these markers show low specificity for ovarian cancer. Therefore, in practice, doctors still need to combine marker test results with clinical, para-clinical, or ultrasound results to make the most accurate diagnosis (Zhang, Siu, Ngan, & Chan, 2022). In addition, current diagnostics cannot provide an assessment of the risk of carrying dangerous gene mutations in patients. The BReast CAncer 1/2 (BRCA1/2) gene mutation has been reported to worsen conditions in people with ovarian cancer (Birkbak et al., 2013). People with this gene mutation often show a lower 5-year survival rate and are more resistant to treatment. Therefore, we conducted the project "Evaluation of paraclinical characteristics and related factors in ovarian cancer patients with high and low mutation risk in Vietnam " with the hope of providing preliminary indicators to screen patients at risk of carrying the gene mutation. Therefore, the results from this topic can support doctors, medical staff, and patients in choosing appropriate treatment regimens, thereby increasing the effectiveness of medical examinations and treatments and reducing costs.
[image: ]
[bookmark: _Toc220620667][bookmark: _Toc220620757]Figure 1.2. Stages of ovarian cancer progression in women (Amer et al., 2025)
1.2. [bookmark: _Toc227780500]Objectives of the research
Cancer is one of the most common diseases today. This is a condition in which cells divide uncontrollably, leading to compression of surrounding tissues and organs, impairing the function of the organs, and these cells can metastasize to other parts of the body (Krieghoff-Henning, Folkerts, Penzkofer, & Weg-Remers, 2017). According to the GLOBOCAN 2022 report, more than 20 million people are suffering from cancer, and approximately 9.7 million people are dying from cancer (Bray et al., 2024). For women, ovarian cancer is one of the cancers with high incidence and mortality rates, greatly affecting people's quality of life and socio-economics. Recent studies show that the mortality rate due to ovarian cancer is on the decline, but the number of incidents is increasing and occurring at younger ages, possibly due to the high rates of obesity and metabolic syndromes among women (Huang, Huang, Wang, Chung, & Wong, 2018; Z. Liu et al., 2015).
[image: ]
[bookmark: _Toc220620668][bookmark: _Toc220620758]Figure 1.3. The prevalence of ovarian cancer by age group in the United States population over 4 years (Florczak, Królikowska, Mazurek, Woźniak, & Domagala, 2025).

One of the factors leading to this disease in women is the mutation of some special genes, such as BReast CAncer 1 (BRCA1) and BReast CAncer 2 (BRCA2). These genes play a role in repairing DNA damage during replication, and a deficiency in the BRCA1/2 genes can increase the risk of breast and ovarian cancer (Schoolmeester et al., 2017). Research by Toss et al. shows that detecting and identifying mutations in the BRCA1/2 genes plays an important role in assessing survival and disease progression in women with ovarian cancer (Toss et al., 2021). Early detection of individuals carrying BRCA gene variants before they develop cancer will greatly contribute to effective surveillance, prevention, and treatment strategies for this disease (Burke et al., 1997; Pujade-Lauraine et al., 2017). In addition, early detection and monitoring of people carrying the above gene mutations also help reduce the rate of disease progression and death in people with hereditary ovarian cancer (T. Liu et al., 2023). 
Clinical guidelines around the world currently recommend genetic testing for cancer patients, including ovarian cancer, to suggest the most effective treatment regimens for each individual. However, due to financial and technological difficulties, genetic testing for ovarian cancer patients is not yet popular in hospitals in Vietnam.
Therefore, this study has great significance and is necessary to compare the para-clinical characteristics of patients with high/low risk of carrying BRCA gene mutations. Our research is expected to support doctors in diagnosing patients with a high probability of having gene mutations, thereby having the most appropriate treatment therapies.
As a result, we conducted the topic "Evaluation of paraclinical characteristics and related factors in ovarian cancer patients with high and low mutation risk in Vietnam " with the main objective of making initial recommendations on the para-clinical differentiation between the high-risk group of patients carrying the mutation and the lower-risk group. To achieve that general goal, this thesis aims for two main results: 
1. [bookmark: _Hlk219531373]Describe the para-clinical characteristics of ovarian cancer patients in Hanoi, Vietnam. 
2. Compare the para-clinical characteristics between patients with high and low risk of BRCA1/2 gene mutations and related factors. 
[bookmark: _Toc227780501]
Chapter 2.  LITERATURE REVIEW
2.1. [bookmark: _Toc227780502]Research in the world
2.1.1. [bookmark: _Toc227780503]The disease burden of ovarian cancer
Ovarian cancer is one of the most dangerous gynecological diseases, with a high risk of causing infertility and mortality in women (Cabasag et al., 2022). According to the GLOBOCAN 2022 report, ovarian cancer ranked 14th among cancers that cause death in women, with approximately 207,000 deaths and more than 324,000 new cases (Bray et al., 2024). This disease not only causes negative health consequences and shortens life expectancy but also significantly affects the quality of life and socio-economic development in countries (Figure 2.1). According to research by Brian and colleagues, ovarian cancer is expected to claim the lives of about 8 million women between 2022 and 2050 and lead to huge economic losses in many countries (Hutchinson et al., 2025). Accordingly, economic burden in countries without early screening and treatment measures can amount to tens of billions of dollars, along with a crisis in the health care system and a decline in the health of workers. Countries with high human development index (HDI) often show higher rates of gynecological diseases in young people but lower mortality rates than countries with a low HDI (Ceolotto et al., 2024). In addition, ovarian cancer also needs to be considered in adolescents, who will contribute greatly to the socio-economic development of countries. However, the disease burden of ovarian cancer is alarming and continues to increase globally, especially in countries with middle and low economic levels (Che & Yin, 2025). Therefore, governments and health systems in countries need to take measures to detect individuals who may have ovarian cancer early and treat them at the early stages to reduce the burden of this disease.
[image: Clarifying the burden of ovarian cancer]
[bookmark: _Toc220620669][bookmark: _Toc220620759]Figure 2.1. An overview of ovarian cancer incidence rates in different regions.
Overall, Southeast Asia, Northern and Eastern Europe have the highest rates of ovarian cancer in the world (2021) ((Fiscutean & Ashour, 2021).

2.1.2. [bookmark: _Toc227780504]Histopathological characteristics and subgrouping of ovarian cancer
Ovarian tumors are pathologies encompassing various histopathological types, differing in their cellular origin, molecular biological characteristics, and treatment responses. Histopathological classification plays a crucial role in diagnosis, prognosis, and the selection of optimal treatment strategies for patients. According to the updated WHO classification from 2020, malignant ovarian tumors are divided into three main groups: ovarian carcinoma, germ cell tumors, and stromal tumors (Hohn et al., 2021). Of these three main groups, carcinoma is the most common, with the highest incidence and mortality rates among ovarian cancers (Kurman & Shih Ie, 2016). 
Ovarian carcinoma originates from the surface epithelium of the ovary, fallopian tube epithelium, or precancerous lesions in the fimbriae of the fallopian tubes. It is the most common type of ovarian cancer, often detected in middle-aged or older women. Based on morphological, immunohistochemical, and molecular biological characteristics, ovarian carcinoma is divided into major subgroups: high-grade serous carcinoma (HGSC), low-grade serous carcinoma (LGSC), mucinous carcinoma, endometrial carcinoma, and clear cell carcinoma (Zamwar & Anjankar, 2022). Of the main subtypes mentioned above, HGSC is the most common, accounting for approximately 70% of ovarian cancer cases, and has the worst prognosis. HGSC is characterized by high malignancy, a large mitotic index, and is often diagnosed at a late stage, and is strongly associated with abnormalities in DNA repair mechanisms, particularly BRCA1/2 mutations and homologous recombination deficiency (HRD) (Bowtell et al., 2015; Cancer Genome Atlas Research, 2011). On the other hand, the LGSC subgroup grows more slowly, is less sensitive to chemotherapy, but has a better prognosis than HGSC. Besides classifying ovarian carcinoma into the main subgroups mentioned above, many studies also use a classification system into Type I and Type II, based on carcinogenesis and molecular biological characteristics (Figure 2.2). Based on this classification, Type I includes LGSC, mucinous carcinoma, endometrial carcinoma, and clear cell carcinoma – slow-growing tumors, often arising from precancerous lesions, and with less genetic instability. Type II, typically HGSC, is characterized by high invasiveness, severe genetic instability, and is often associated with BRCA and p53 mutations (Koshiyama, Matsumura, & Konishi, 2014).

[image: ]
[bookmark: _Toc220620670][bookmark: _Toc220620760]Figure 2.2. Illustrating common types of ovarian carcinoma. Epithelial ovarian carcinoma can be divided into two types based on the stage of disease progression and prognosis (Aviles, Warshal, Buchbinder, & Ostrovsky, 2022).

In contrast to epithelial ovarian cancer, germ cell ovarian tumors are a rarer group of cancers, accounting for approximately 5–10% of malignant ovarian tumors, and usually occur in young women and adolescents. Common types include malignant teratoma, yolk sac tumor, and embryonal carcinoma (Figure 2.3). This group has distinct biological characteristics, is often sensitive to chemotherapy, and has a relatively good prognosis if diagnosed and treated early (Gica et al., 2022).
[image: ]
[bookmark: _Toc220620671][bookmark: _Toc220620761]Figure 2.3. Images of mixed germ cell ovarian cancer cells observed under a microscope.  Images a, b, c, and d respectively show the teratoma, mucinous epithelium, hepatocytes, and embryonic cancer, respectively ((Goyal, Kaur, & Kawatra, 2014).

Similar to germ cell tumors, cord-stromal tumors also account for a very low percentage of ovarian cancer patients, at around 5%. They originate from the supporting cells of the ovary, such as granulosa cells or Leydig cells. These tumors are often endocrine-active, manifesting as menstrual irregularities or increased estrogen production, and generally have a better prognosis than epithelial ovarian carcinoma (Schultz et al., 2016). 
[image: hình 19]
[bookmark: _Toc220620672][bookmark: _Toc220620762]Figure 2.4. Images of genital cord tumors were stained and observed under a microscope. Image of gonadal cord tumor tissue from an ovarian cancer patient with characteristic ring-shaped ducts (Young, 2005).
2.1.3. [bookmark: _Toc227780505]The percentage of ovarian cancer patients carrying the BRCA gene mutation worldwide
BRCA1 and BRCA2 gene mutations are important genetic factors associated with the risk of ovarian cancer. Recent epidemiological studies on ovarian cancer patient populations in various countries have shown that the prevalence of BRCA1/2 mutations varies significantly between regions and histopathological types, reflecting the genetic diversity of the population and the study's sample selection criteria. A study on an Eastern European population reported that among 158 unselected ovarian carcinoma patients, 11.4% carried BRCA1 mutations and 4.4% carried BRCA2 mutations, for a total of approximately 15.8% of patients who carried at least one BRCA1/2 mutation (Jasiewicz et al., 2022). Similarly, another study in the high-grade non-mucinous carcinoma group noted that 18.37% of patients tested positive for BRCA1/2 mutations, with BRCA1 being the majority (6/49 cases) and BRCA2 accounting for the remainder (3/49) (Christianto & Ariani, 2025). 
[bookmark: _Toc220620673][bookmark: _Toc220620763]Table 2.1. Differences in the prevalence of ovarian cancer patients carrying BRCA1/2 mutations across countries and ethnic groups.
Statistical table comparing the number of ovarian cancer patients, the number of patients carrying BRCA1/BRCA2 gene mutations, and the percentage of patients carrying BRCA1/BRCA2 gene mutations in several notable countries (Sekine, Nishino, & Enomoto, 2021).
[image: ]
Furthermore, larger-scale epidemiological reports also show significant variability in the prevalence of BRCA1/2 mutations among ethnic groups and geographical regions. An updated international study for 2025 indicated that the prevalence of disease-causing BRCA1/2 variants in ovarian cancer patients is approximately 26.6%, with BRCA1 accounting for 20.8% and BRCA2 for 5.5% (Peng et al., 2025). Another study by De Matteis and colleagues using next-generation gene sequencing technology also showed that approximately 29.8% of patients carried BRCA1/2 mutations, with BRCA1 being more prevalent (75.8%) than BRCA2 among 319 ovarian cancer patients (De Matteis et al., 2024).
In contrast to the reports on the prevalence of gene mutations mentioned above, the prevalence of BRCA1/2 mutations appears to be significantly lower in some Asian populations. A study in a Thai population revealed that the total mutation rate (germline and somatic) was only about 8.7% in 138 ovarian cancer patients, with the strongest association between the mutation and high-grade serous carcinoma (Lertkhachonsuk et al., 2020). Differences in the proportion of ovarian cancer patients carrying gene mutations reflect differences in study samples, patient selection rates based on clinical criteria, and differences in population genetics. A study in South Korea also shared the same finding, noting that the prevalence of BRCA1/2 mutations in ovarian cancer patients varied widely from approximately 5% to over 30%, depending on the patient group and the testing method used	 (Paik et al., 2021).


[bookmark: _Toc220620674][bookmark: _Toc220620764]Figure 2.5. Distribution of BRCA1/2 prevalence in ovarian cancer patients across several study populations.
These reports highlight the importance of understanding the prevalence and distribution of BRCA1/2 mutations across different patient populations to guide appropriate genetic screening and clinical intervention policies. In particular, high-grade serous carcinoma, the most common type of ovarian cancer, often has a higher BRCA mutation rate compared to other subgroups, emphasizing the role of genetic testing in personalized diagnostic and treatment approaches (Lanjouw et al., 2023).

2.1.4. [bookmark: _Toc227780506]BRCA mutations: therapeutic significance and paraclinical screening

BRCA1/2 gene mutations not only play a crucial role in the pathogenesis of ovarian cancer but also have profound therapeutic and prognostic implications, especially in the context of personalized medicine. Numerous international studies have demonstrated that ovarian cancer patients carrying BRCA1/2 mutations respond better to platinum-based chemotherapy and have longer overall survival (OS) and progression-free survival (PFS) compared to those without the mutation, particularly in HGSC patients (Lheureux, Gourley, Vergote, & Oza, 2019; Moore et al., 2018). Ovarian cancer cells with BRCA gene mutations are cells whose ability to repair double-strand breaks in DNA is inactivated. Therefore, these cancer cells become more sensitive to DNA-damaging agents, particularly platinum-containing chemotherapy drugs and PARP inhibitors (Figure 2.6) (Banerjee, Kaye, & Ashworth, 2010). Clinical trials have also shown positive signs in prolonging life in ovarian cancer patients carrying the gene mutation (Gonzalez-Martin et al., 2019; Ray-Coquard et al., 2023). 
[image: Making the best of PARP inhibitors in ovarian cancer | Nature Reviews  Clinical Oncology]
[bookmark: _Toc220620675][bookmark: _Toc220620765]Figure 2.6. Mechanism of action of PARP inhibitors in ovarian cancer cells carrying BRCA mutations. The image illustrating the mechanism of PARP inactivation is taken from the report by Banerjee (Banerjee et al., 2010).

Although genetic testing is the gold standard for identifying BRCA mutations, its widespread adoption remains limited in many countries due to high costs, technical infrastructure, and healthcare resources. Therefore, recent studies worldwide are increasingly focusing on identifying clinical and paraclinical characteristics that may suggest a risk of carrying BRCA mutations, in order to support screening and prioritize genetic testing
Ovarian cancer patients often have different clinical and para-clinical characteristics depending on the stage of disease progression, genetic characteristics, and tumor origin, so there should be appropriate treatment regimens for each patient's characteristics (Biglia et al., 2016; Park et al., 2024; Yoshida, 2021). Many studies have indicated that patients with relatives who have breast cancer or ovarian cancer will have a high risk of carrying BRCA mutations and developing ovarian cancer (Kim et al., 2018; Sighinolfi et al., 2025). BRCA gene mutation characteristics have also been shown to be associated with survival and treatment efficacy with different chemotherapy regimens in ovarian cancer patients (Ji et al., 2021; Lau-Min, McCarthy, Nathanson, & Domchek, 2023). Current medical literature in the world encourages screening and testing for ovarian oncogene mutations to find optimal treatment methods for each patient (Bookman, Tyczynski, Espirito, Wilson, & Fernandes, 2017; Lanjouw et al., 2023; Tsibulak et al., 2018; Yuan et al., 2024). Previous studies have shown that there is a correlation between the clinical characteristics of ovarian cancer patients and the likelihood of carrying gene mutations such as BRCA1/2, and this information can be used to advise and prescribe early genetic testing for similar patients (Ferretti et al., 2024; Kwon et al., 2019; Norquist et al., 2013). However, studies on the association between para-clinical characteristics of ovarian cancer patients and the possibility of carrying BRCA gene mutations have not been comprehensively studied in many countries or regions. For that reason, further studies are needed to examine the correlation between patient characteristics and para-clinical index with the risk of carrying gene mutations.
2.2. [bookmark: _Toc227780507]Research in Vietnam
In Vietnam, ovarian cancer has recently emerged as a threat to reproductive health and a major disease burden in women. According to the World Health Organization report in 2022, the number of new cases and deaths from ovarian cancer is 1,534 and 1,003 cases, respectively, with 8.7 out of every 100,000 women suffering from this disease (Bray et al., 2024). This cancer is often detected at a late stage in stage III, IV ( the stage when cancer cells have metastasized to nearby lymph nodes, the abdomen, and other important organs such as the lungs and liver) because the initial symptoms are atypical, easily missed, and confused with other health problems (Phạm, Nguyễn, & Vũ, 2023; Trần, Võ, & Nguyễn, 2024). 
Ovarian cancer can be caused by many factors, one of which is genetic defects. Some studies in Vietnam have shown that people with a family history of diseases such as ovarian cancer or breast cancer have a 27.3% risk of carrying a BRCA1 gene mutation, and 9.1% of people tested have a BRCA2 mutation (Le et al., 2022). Another study in 2022 showed that the frequency of carrying the BRCA gene mutation associated with hereditary breast and ovarian cancer syndrome in the Vietnamese population was 1.3%, and in those at high risk of related cancers was 4.3% (Nguyễn et al., 2022). Understanding the risk of gene mutations in patients contributes significantly to the development of personalized medicine, improving the effectiveness of diagnosis and treatment of ovarian cancer in the early stages (Đức, Khôi, Tú, Thịnh, & Quý, 2023; Marchetti et al., 2024). 
However, genetic testing for all ovarian cancer patients in Vietnam faces many obstacles, especially in terms of economics. In Vietnam, there are currently no standards for screening patients at high risk of harboring BRCA gene mutations in ovarian cancer patients (Đức Long, Thị Anh Đào, & Quang Vinh, 2022). Studies evaluating clinical and paraclinical characteristics in Vietnam mainly only summarize and describe patient characteristics or histopathology without any connection with genetic factors (Linh et al., 2021) (Table 2.2). Studies in Vietnam have not specifically focused on the relationship between para-clinical characteristics in ovarian cancer patients and the possibility of carrying BRCA gene mutations, which helps save costs and increase the efficiency of gene mutation identification. In conclusion, para-clinical features will be a potential marker to help healthcare professionals identify early ovarian cancer patients at high risk of BRCA gene mutations.

[bookmark: _Toc219558733][bookmark: _Toc219559428][bookmark: _Toc220620676][bookmark: _Toc220620766]Table 2.2. Clinical and para-clinical features are often of interest in patients with ovarian cancer
	Classify
	Common symptoms/Indications of interest

	1. Clinical characteristics

	Functional symptoms
	- Dull abdominal pain or pressure in the lower abdomen
- Bloating, flatulence
- Digestive disorders
- Frequent or difficult urination
- Menstrual disorders

	Systemic symptoms
	· Fatigue, unexplained weight loss
· Anorexia

	Clinical examination	
	- Palpable pelvic mass
- Ascites (in late stages)

	2. Para-clinical characteristics

	Cancer marker test/ Blood test
	- CA125: elevated (especially in epithelial ovarian cancer)
- HE4 (incorporated in ROMA test)
- General tests: anemia, increased CRP

	Diagnostic imaging
	- Abdominal and vaginal ultrasound: detects ovarian tumors
- CT scan / MRI: assess extent of spread, lymph nodes, metastasis
- PET-CT (in some cases to evaluate distant metastases)

	Histopathological test
	- Biopsy of mass or ascites 
- Determine histological type: epithelial, germ cell, stromal-gonadal

	Stage Assessment
	- Based on FIGO classification (I – IV), combining imaging, surgery and histology


Note: CA125 (Cancer Antigen 125): (tumor marker); HE4 (Human Epididymis Protein 4): specific indicator in diagnosing ovarian cancer; ROMA test (Risk of Ovarian Malignancy Algorithm test): a test index based on an algorithm that combines the results of CA125 and HE4 combined with the menstrual cycle to assess the risk of ovarian cancer; CRP (C-Reactive Protein): a non-specific inflammatory response protein; CT scan (Computed Tomography): computed tomography; MRI (Magnetic Resonance Imaging): electron resonance; PET-CT (Positron Emission Tomography – Computed Tomography): Combination of PET and CT scan; FIGO (International Federation of Gynecology and Obstetrics): gynecological cancer staging system.
2.3. [bookmark: _Toc227780508]BRCA1/2 gene mutations and ovarian cancer
BRCA1/2 are genes that play an important role in maintaining chromosome stability. Under normal functioning, BRCA1/2 plays a role in repairing DNA damage in the human body by fixing breaks in DNA molecules. Abnormal BRCA1/2 function, possibly due to mutations, impairs the cell's ability to repair genetic material, leading to the accumulation of mutations and the expression of disease phenotypes (Figure 2.7). Mutations of these genes can cause dangerous diseases such as breast cancer or ovarian cancer. With mutations detected in approximately 6-15% of ovarian cancer patients, abnormalities in BRCA1/2 gene activity are considered a very high-risk factor for ovarian cancer (Talwar & Rauthan, 2022). Several studies have shown that older women carrying BRCA1 or BRCA2 gene mutations have an 11 - 39% higher risk of developing ovarian cancer than those who do not have the mutation (Talwar & Rauthan, 2022). Furthermore, mutations in this gene may be hereditary in ovarian and breast cancer (Morgan et al., 2022). Approximately 22% of patients with ovarian tumors due to germline and somatic mutations carry variants of the BRCA1/2 gene, a significantly higher rate than other gene mutations, indicating the prevalence of BRCA mutations in ovarian carcinoma (Cancer Genome Atlas Research, 2011). Data on the prevalence of this gene mutation shows that one of the urgent goals of current medicine is to early categorize ovarian cancer patients with BRCA gene mutations to provide accurate and highly effective treatment options.
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[bookmark: _Toc219559417][bookmark: _Toc220620677][bookmark: _Toc220620767]Figure 2.7. The BRCA genes repair DNA damage
The accumulation of BRCA mutations may pose a significant risk to adolescents or adults of reproductive age (Dias Nunes, Demeestere, & Devos, 2023). This genetic instability can lead to infertility in both men and women by exacerbating ovarian aging, reducing ovarian reserve, or causing infertility. Conversely, some studies have shown that patients with BRCA1/2 mutations have longer survival times and better prognosis than patients with high-grade serous ovarian cancer who do not carry the disease-causing gene mutation (Sutrisno, Marlina, Tjandraprawira, & Adinda Adriansyah, 2024). In addition, patients with BRCA mutations have also been reported to be well-responsive to PARP (polyadenosine diphosphate ribose polymerase) inhibitor therapy. However, early screening or testing for BRCA genes in ovarian cancer patients at high risk of gene mutations, such as those with high-grade serous carcinoma, has not received adequate attention in many settings (Lanjouw et al., 2023). Early detection of patients with gene mutations makes preventive interventions more effective, thereby reducing the risk of disability and death from ovarian cancer, especially in cases of hereditary ovarian cancer (T. Liu et al., 2023). As a result, developing guidelines and recommendations for genetic testing in people with ovarian tumors is practical and important to optimize the treatment process for patients.
2.4. [bookmark: _Toc227780509]Overview of characteristics of ovarian cancer patients
2.4.1. [bookmark: _Toc227780510]Clinical characteristics of ovarian cancer patients
In medicine in general and in monitoring the formation and progression of ovarian cancer patients in particular, the clinical and para-clinical characteristics of the patient are of great interest. Clinical characteristics are the manifestations or symptoms that the patient shows. Doctors can easily identify these characteristics through clinical examination, listening, questioning, and observation. In people with ovarian cancer, common clinical symptoms include irregular menstruation, abdominal pain, pain in the lower abdomen, or even palpable tumors. Clinical characteristics of patients are also analyzed to make judgments about survival, diagnosis of progression, or risk of platinum resistance in people with ovarian cancer (Miras, Estevez-Garcia, & Munoz-Galvan, 2024; Mousavi et al., 2024). 
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[bookmark: _Toc220620678][bookmark: _Toc220620768]Figure 2.8. Some characteristics and classifications of ovarian cancer. 
Ovarian cancer is classified based on histological, clinical, and molecular profile characteristics (Zhu, Charkhchi, & Akbari, 2022).

Several recent epidemiological and clinical studies report that ovarian cancer patients carrying BRCA1/2 mutations exhibit significantly different clinical characteristics compared to those without the mutation. BRCA1/2 mutations are not only a genetic risk factor increasing disease incidence but also influence clinical morphology, disease progression, and treatment response. Lheureux's study indicated that patients with BRCA1 mutations typically experience disease onset at a younger age compared to those with BRCA2 and those without the mutation, with a median age at diagnosis approximately 3–7 years lower (Lheureux et al., 2019). Contrary to the above study's findings, Norquist and colleagues showed that the age of ovarian cancer patients with gene mutations was significantly higher than that of other patients (Norquist et al., 2013). Nevertheless, both studies showed that patients carrying the BRCA mutation had a better prognosis than other ovarian cancer patients.
In terms of histopathological classification, the majority of patients positive for BRCA1/2 mutations belong to the HGSC type of ovarian cancer – the most common and highly invasive form. Compared to other histopathological subtypes, HGSC in patients with BRCA mutations is often associated with greater peritoneal spread, larger tumor volume, and a higher frequency of distant metastases (Nougaret et al., 2017). At the same time, these studies also noted a higher incidence of ascites and lymph node involvement in ovarian cancer patients with gene mutations, reflecting a faster disease progression.

2.4.2. [bookmark: _Toc227780511]Paraclinical characteristics of ovarian cancer patients

On the other hand, para-clinical features include test results, ultrasound images, MRI, biopsy, and pathology (Figure 2.9). To obtain clear para-clinical results, medical staff must use biomedical equipment and machines such as blood testing machines, X-ray machines, or MRI machines without being able to directly observe or ask patients. Para-clinical results give doctors an objective and relatively accurate view of the disease progression, thereby providing appropriate treatment regimens (Kwon et al., 2019). In addition, para-clinical results have also been reported to be potentially related to BRCA1/2 gene mutations. Para-clinical results often noted in ovarian cancer patients are ultrasound results, tumor size, and markers CA125 or HE4 (Phạm et al., 2023; Trần et al., 2024). The above reports all indicate that the common types of ovarian cancer are epithelial cancer, teratoma, or cyst, with variable tumor size, and rare malignant prognosis.
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[bookmark: _Toc219558913][bookmark: _Toc219559418][bookmark: _Toc220620679][bookmark: _Toc220620769]Figure 2.9. Several machines are used in para-clinical diagnosis. 
A. Hematology analyzer; B. Ultrasound machine; C. MRI (Magnetic Resonance Imaging) machine.

For ovarian cancer patients examined and treated at the hospital, tests typically include a total blood cell analysis, coagulation tests, blood biochemistry tests, electrolyte tests, and tests related to cancer markers. A total blood cell analysis is one of the basic hematological tests, providing paraclinical indicators, and is routinely performed in hospitals for many different diseases (Figure 2.10). This test simultaneously evaluates multiple blood components, such as red blood cells, white blood cells, platelets, and other indicators, to provide clinical information that allows doctors and healthcare professionals to monitor and diagnose various medical conditions in the body (El Brihi & Pathak, 2025). Parameters related to red blood cells provide information about their ability to transport oxygen to tissues and organs; therefore, values ​​different from the normal threshold signal anemia due to various causes such as deficiencies in trace minerals, vitamins, or bone marrow abnormalities, etc (El Brihi & Pathak, 2025). Extended indicators such as mean corpuscular volume (often abbreviated as MCV), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular hemoglobin (MCH), and red cell distribution width-coefficient of variation (RDW-CV) contribute additional evidence and important indicators for healthcare professionals regarding the causes and classification of anemia due to nutritional deficiencies or chronic diseases, thus guiding specific treatment. Besides red blood cell indicators, the number and proportion of different white blood cell groups are also frequently considered in complete blood count tests. Indicators such as total white blood cell count, neutrophils, lymphocytes, monocytes, eosinophils, and basophils are often analyzed to assess the body's inflammatory or immune status (Seo & Lee, 2022). Lower or higher than normal values ​​of white blood cell groups may suggest side effects of treatments or be used to identify underlying infections or chronic inflammation in patients. A small number of platelet counts are also analyzed in complete blood count tests in patients. These counts provide information about clotting function in patients, especially the elderly and those with metabolic disorders (Essawi et al., 2023). A decrease in platelet count and related indicators such as plateletcrit (PCT) and mean platelet volume (MPV) can be suggestive of bone marrow failure, thrombocytopenia due to bleeding, or chronic inflammation (Walle, Arkew, Asmerom, Tesfaye, & Getu, 2023). 
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[bookmark: _Toc219558914][bookmark: _Toc219559419][bookmark: _Toc220620680][bookmark: _Toc220620770]Figure 2.10. Total blood cell analysis test result. The images of blood test results were taken from the patients' medical records collected in the study, with the patients' personal information removed

In addition to a complete blood count, ovarian cancer patients are also often prescribed coagulation tests and electrolyte tests. These two tests provide additional paraclinical information about the patient's home environment, as well as underlying diseases, nutritional status, and the risk of complications during treatment. Coagulation tests are usually focused on indicators such as prothrombin time (seconds), prothrombin time (%), INR (international normalized ratio), fibrinogen determination, and APTT values (Figure 2.11A). These test results contribute to assessments of blood clotting disorders in patients, the risk of thrombosis, and their impact on the prognosis of certain diseases (Ay, Pabinger, & Cohen, 2017; Lê, Suzanne, Nguyễn, Huỳnh, & Nguyễn, 2025). Notably, fibrinogen abnormalities have been reported as an indicator of worsening ovarian cancer and some other types of cancer (Ay et al., 2017). Along with coagulation tests, indicators of major ions in the body, such as Na+, K+, and indicators reflecting the body's nutrition, such as total calcium and albumin, are also often considered in patients, especially those with ovarian cancer (Berardi et al., 2019) (Figure 2.11B). These indicators not only contribute to assessing overall health and nutrition but also reveal the health of vital organs such as the heart, kidneys, and nervous system. People with cancer undergoing treatments such as chemotherapy, radiation therapy, or surgery often need to closely monitor these indicators to assess treatment progress and potential side effects affecting organ function. Furthermore, studies have shown a link between electrolyte imbalance and a reduced quality of life and worsening disease progression in cancer patients (Rashidi et al., 2025). Blood biochemistry indicators are also routinely used in cancer patients, including ovarian cancer patients. Indicators such as blood glucose, liver enzyme levels like SGPT (serum glutamic pyruvic transaminase), SGOT (serum glutamic-oxaloacetic transaminase), and creatine provide information about liver and kidney function and the patient's blood sugar status. They play a crucial role in monitoring cancer progression as well as the effectiveness and side effects of treatments.
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[bookmark: _Toc219558915][bookmark: _Toc219559420][bookmark: _Toc220620681][bookmark: _Toc220620771]Figure 2.11. Blood coagulation test results and blood biochemistry test results. 
A. Results of blood clotting-related tests in ovarian cancer patients. B. Results of blood biochemistry and electrolyte tests. Images are taken from medical records of ovarian cancer patients collected in the study; personal information has been removed.

Finally, one of the notable paraclinical indicators in cancer patients is cancer marker testing. Common markers such as CA125, HE4, CEA (carcinoembryonic antigen), and CA19-9 (carbohydrate antigen 19-9) are frequently used to aid in diagnosis, monitor progression, and assess treatment response in cancer patients, including ovarian cancer (Figure 2.12). CEA is a glycoprotein marker that is highly expressed during pregnancy and decreases afterward; however, in patients with colorectal cancer or mucinous ovarian cancer, the expression of this marker is abnormally high (Fletcher, 1986). In Vietnam and around the world, CEA is often recommended for use in combination with other markers to improve the effectiveness of cancer diagnosis for patients (Duffy, 2013; Thị Nga, Quốc Tuấn, Thị Hồng, & Thị Hồng Lê, 2021). CA125 is known for its frequent appearance in the diagnosis and screening of serous epithelial ovarian cancer (Charkhchi et al., 2020). Although playing a crucial role in managing tumor progression, this marker is also recommended to be combined with other markers, as guided by health organizations. The marker commonly combined with CA125 is HE4. The combination of these two markers has been reported to increase the accuracy in identifying malignancies and is highly significant in monitoring the pathological status of ovarian cancer patients (Chudecka-Glaz et al., 2023; Song et al., 2023). Unlike the cancer markers mentioned above, CA19-9 is usually specific to cancers of the digestive system or pancreatic cancer, but it is also indicated for ovarian cancer patients in some cases. This marker is also often tested along with CA125 or other cancer markers to assess the metastasis and origin of cancer cells (Locker et al., 2006).
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[bookmark: _Toc219558916][bookmark: _Toc219559421][bookmark: _Toc220620682][bookmark: _Toc220620772]Figure 2.12. Test results of some common cancer markers. 
Commonly used cancer markers include CEA, CA125, and CA19-9.
2.5. [bookmark: _Toc227780512]Evaluation of patients at high risk of carrying BRCA gene mutations 
2.5.1. [bookmark: _Toc227780513]Genetic testing strategies and screening guidelines worldwide
Genetic testing strategies for ovarian cancer patients carrying BRCA1/2 mutations have become an essential component of global clinical care, aiming to optimize treatment options and minimize family risk. International guidelines from specialized organizations such as the National Comprehensive Cancer Network (NCCN), the American Society of Clinical Oncology (ASCO), and the European Society for Medical Oncology (ESMO) all emphasize the importance of assessing genetic risk and performing BRCA testing for ovarian cancer patients, not only for prevention but also directly influence targeted therapy strategies (Daly et al., 2023; McDevitt et al., 2024). 
According to NCCN guidelines, all patients diagnosed with ovarian cancer, suspected metastatic ovarian cancer, or primary peritoneal cancer with a family history should undergo risk assessment and be referred for BRCA1/2 genetic testing, including germline testing and, in some cases, somatic tumor testing to determine responsiveness to PARP inhibitors (Daly et al., 2023). Meanwhile, ASCO has updated and expanded its recommendations for polygenic testing when results influence treatment choices or are based on personal or family history, with the goal of optimizing the diagnostic and treatment outcomes for related cancers (Tung et al., 2024). In addition, ESMO/ESGO also recommends BRCA genetic testing for all women diagnosed with ovarian cancer or with a family history of breast/ovarian cancer to guide proactive prevention strategies, such as reducing the risk through surgical removal of reproductive organs, to lessen the burden caused by these diseases (Sessa et al., 2023). 
In the current context, a comprehensive map of BRCA1/2 genetic testing guidelines has been developed, revealing over 30 individual or reference guidelines, varying in requirements and scope of application across numerous countries and regions. This statistical report also highlights the uneven access to genetic testing and counseling services, particularly in resource-limited countries, resulting in BRCA1/2 testing not being as widespread as in developed countries (Hughes et al., 2023).

[bookmark: _Toc220620683][bookmark: _Toc220620773]Table 2.3. Several BRCA testing strategies according to international guidelines.
	Guidelines
	Application
	Primary screening target
	Objectives

	NCCN (2025)
	Ovarian cancer, ovarian metastasis, peritoneal cancer
	Both germline and somatic BRCA
	Treatment and prevention

	ASCO (2024)
	Ovarian cancer, breast cancer, and related cancers
	Patient indications for treatment, family history
	Expand testing and multigene panel

	ESMO/ESGO
	HBOC syndrome
	All ovarian cancer patients with a related family history
	Supporting screening and prevention strategies

	EMQN (2024)
	Tumor and germline testing
	People diagnosed with ovarian cancer
	Technical and quality guidelines for laboratory testing



2.5.2. [bookmark: _Toc227780514]Evaluation of ovarian cancer patients at high risk of carrying the BRCA mutation
Women at high risk of ovarian cancer are older, those who have never had children or have children late in life, and obese women are also more likely to develop tumors (Pruthi, Gostout, & Lindor, 2010) (Figure 2.13). A family history of cancer is also a risk factor for ovarian cancer. However, early identification of BRCA mutation carriers in the population is currently facing many difficulties. Current markers such as the CA125 marker, family history of cancer, or ultrasound results are often used to recommend patients for genetic testing, but the reliability is not high (Lewis, Lu, Klimczak, & Mok, 2018).
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[bookmark: _Toc220620684][bookmark: _Toc220620774]Figure 2.13. Several factors increase a woman's risk of developing ovarian cancer.

Otherwise, some signs such as age of onset, type of ovarian cancer, or clinical and para-clinical characteristics can contribute to indicating patients at high risk of carrying genetic mutations. Specifically, one study showed that patients with BRCA gene variants had larger peritoneal tumors and larger lymph nodes than those without the mutation (Petrillo et al., 2017). Other research shows that people who carry BRCA1 mutations tend to develop ovarian tumors much earlier than those who do not carry the mutation or who carry a BRCA2 mutation (Temkin, Bergstrom, Samimi, & Minasian, 2017). In addition, patients diagnosed with invasive epithelial and high-grade serous ovarian cancer had significantly higher frequencies of gene mutation carriers than patients with other histological subtypes (Alsop et al., 2012). Identifying patients at high risk for ovarian cancer, along with those at high risk for carrying genetic mutations, is important because it will help the health system develop more specific, personalized strategies to reduce the time living with the disease, provide early prevention methods, and reduce the mortality rate from ovarian cancer.

[bookmark: _Toc227780515]
Chapter 3. RESEARCH METHODOLOGY
3.1. [bookmark: _Toc227780516]Research approaches
From the two main results, the study was conducted with the following contents:
	The first content describes the para-clinical characteristics of ovarian cancer patients in the Hanoi area, Vietnam. A retrospective study will be conducted to describe the paraclinical characteristics of patients by collecting medical records of patients diagnosed with ovarian cancer admitted to end-line cancer hospitals in the Hanoi area, such as the Vietnam National Cancer Hospital, Oncology and Radiation Therapy Department of Viet Duc University Hospital. This research is a part of and is supported by a VNU-IS project entitled "Evaluate the clinical and para-clinical characteristics between ovarian cancer patients with high versus low risk of BRCA1/2 genetic mutations in Hanoi" (Decision No. 1389/QĐ-TQT), led by Dr. Dinh-Toi Chu, which is further developed and analyzed from the data in the previous group's VNU project on ovarian cancer.
	The second content is a comparison of para-clinical characteristics and some other related factors between two groups of ovarian cancer patients with high and low risk of BRCA1/2 gene mutation. Based on the results described in the first part, the association of some para-clinical, epidemiological factors, etc, with the risk of gene mutations in ovarian cancer patients will be investigated through statistical tests, including Student’t test, Mann-Whitney U, and regression models. Thereby, future research directions and screening for gene mutations in ovarian cancer patients will be proposed.
3.2. [bookmark: _Toc227780517]Population and sample
· Research object: Medical records of patients diagnosed with ovarian cancer admitted to end-line oncology hospitals in Hanoi, part of which was inherited from the previous research of the group in the VNU-Hanoi project on ovarian cancer (Decision No. 776/QD-VNU). These medical records were collected at hospitals such as the Vietnam National Cancer Hospital, Oncology and Radiation Therapy Department of Viet Duc University Hospital.
· Sampling range: Patients at end-line cancer hospitals in the Hanoi area, such as the Vietnam National Cancer Hospital, Oncology and Radiation Therapy Department of Viet Duc University Hospital.
· Sampling method: Using the convenience sampling method
+ Selection criteria: Medical records of patients diagnosed with ovarian cancer admitted to end-line cancer hospitals in the Hanoi area
+ Exclusion criteria: Medical records with incomplete clinical and paraclinical information.
· [image: A math equation with numbers and symbols

Description automatically generated]Research sample size: Based on the formula for calculating the sample size of 2 proportions for 2 groups of subjects (Sutrisno et al., 2024)
+ Error level  then 
+ Error level  then 
+  is the proportion of patients with advanced ovarian cancer in the group with gene mutations, in which  and 
+  is the proportion of patients with advanced ovarian cancer in the group without gene mutations, in which  and 
+ p =  = 0,89, q = 1- p = 0,11
Results are estimated based on the study by Cunningham et al. 2014 (Cunningham et al., 2014).
Therefore, the study requires a minimum of 84 patients per group. The actual sample size may be larger than the minimum sample size.
3.3. [bookmark: _Toc227780518]Research methods
· Research design: A cross-sectional retrospective study using secondary data extracted from medical records to describe the differences between para-clinical characteristics in ovarian cancer patients with high and low risk of gene mutations in Vietnam and some related factors.
· Subgrouping of patients at high risk for carrying a gene mutation based on recommendations from the United States Preventive Services Task Force (USPSTF) (Force et al., 2019) and research of Petrucelli N (Petrucelli, Daly, & Pal, 1993). Accordingly, patients with a personal/family history of one of the following characteristics are at high risk of carrying a BRCA mutation:
+ Patients who develop ovarian cancer before the age of 50
+ Patients with ovarian cancer who have a family history of ovarian or breast cancer
+ Having at least one male relative who has had breast cancer
+ Many cases of breast cancer run in families, with one or more family members having two major types of cancer linked to the BRCA gene
+ Patients with triple-negative ovarian cancer (ER, PR, HER2)
+ Patients have a family member with a known BRCA1 or BRCA2 pathogenic variant.
· Collecting data: The research team searched the patient's paper medical records stored at hospitals or oncology departments, then entered data using Google Forms. The data is then compiled into a Microsoft Excel file for cleaning and analyzing the information fields. Information on the clinical, para-clinical, and epidemiological characteristics of the patients was collected. Specifically, the data collected includes:
+ General patient information, such as age, ethnicity, and occupation, is extracted from medical records
+ Information about the patient's personal medical history, the medical history of family members, and information about their treatment at the hospital
+ Information on para-clinical tests such as complete blood count, coagulation factor test, blood biochemistry test, electrolytes, and tumor marker concentration test, such as CEA, CA125, HE4 in plasma.
+ Staging is performed by the attending physician and is determined based on the criteria of the International Federation of Gynecology and Obstetrics (FIGO).
· Statistical analysis: SPSS v. 27 software was used for statistical analysis. Percentages (%) and mean values (SD) were used to describe para-clinical and some epidemiological characteristics of patients. Mann-Whitney U test and multivariate logistic regression were used to find out the associated factors with p<0.05, which was considered a statistically significant difference.
[bookmark: _Toc227780519]
Chapter 4. RESULTS AND DISCUSSION
4.1. [bookmark: _Toc227780520]General characteristics of ovarian cancer patients
After data collection and cleaning, this study collected 223 medical records of ovarian cancer patients from tertiary hospitals such as the Vietnam National Cancer Hospital, Oncology and Radiation Therapy Department of Viet Duc University Hospital. The general characteristics of ovarian cancer patients are shown in Table 4.1 below, where characteristics such as age, weight, body mass index (BMI), and length of hospital stay are statistically presented using mean and standard error (SDThe remaining characteristics, such as ethnicity, jobs, diagnosis, and other variables, are statistically analyzed by the number and percentage of each characteristic in the total number of collected medical records. 
In this study, the average age of ovarian cancer patients was 52.11 (± 14.73), and the average weight was approximately 51 kg (50.93 ± 8.82). The average BMI of the patients in the study was 21.03 (± 3.65), which, according to the WHO classification, is within the normal range for these patients. Patients were hospitalized for a relatively long time, with an average value of more than 38 days (38.24 ± 4.30). The average age of ovarian cancer patients in this study was lower than that of studies on ovarian cancer patients at the Vietnam National Cancer Hospital by Nguyen Linh Toan et al. and Dang Tien Giang et al., which were 57.7 ± 17.2 and 58.5 ± 9.5, respectively (Đặng, Khúc, Phan, & Lại, 2024; Linh et al., 2021). The differences in study age may be explained by differences in study subject selection and the inconsistent number of case histories among accessible studies. On the other hand, similar ages in ovarian cancer patients were observed in a Korean study of patients carrying the BRCA gene mutation (Kwon et al., 2019). Next, there is a similarity in the body condition of ovarian cancer patients between this study and Nguyen Linh Toan's study, as the majority of patients did not have noticeable abnormalities in the BMI (Linh et al., 2021). 
Of the 223 patient records, the Kinh ethnic group accounted for the majority at 91.5%, while other ethnic groups such as Tay, Thai, and others accounted for a significantly smaller proportion with only 19 records. Occupation was not clearly stated in the records, with over 50% of the records not mentioning the patient's occupation. Regarding the primary diagnosis recorded in the records, the majority of patients had ovarian cancer as their primary diagnosis, accounting for 69.5%; in addition, the records also recorded cases of ovarian cysts and other pathological conditions related to ovarian cancer, accounting for 17.5% and 13% respectively. Table 4.1 also shows that 75.8% of patients had no underlying medical conditions, while a small percentage had common underlying conditions such as hypertension, diabetes, or tumors in other locations. This characteristic is similar to previous studies on ovarian cancer patients, where the majority of study subjects had a healthy personal history with no recorded comorbidities (Linh et al., 2021). Similar to this study's report, Tarkhov and colleagues' research also noted that conditions such as diabetes, hypertension, and obesity are common underlying diseases in ovarian cancer patients (Tarkhov et al., 2025). 
Regarding medical history, 9 cases reported a family history of cancer, and 81 medical records showed that patients had previously had cancer, accounting for 2.95% and 36.3% respectively. While family cancer history is often explored in studies of ovarian cancer, research in Vietnam rarely records cases of patients with family members suffering from ovarian cancer or related cancers (Linh et al., 2021). Meanwhile, another study conducted in 2012 showed significant differences in family history between groups of ovarian cancer patients with different BRCA gene mutations (Alsop et al., 2012). This difference may be explained by a lack of information in medical records or insufficient attention to patients' family history in Vietnam. After hospital treatment, the majority of patients were assessed as having a positive discharge status, such as recovery, improvement, or reduction in symptoms, while only 8.5% and 2.20% of patients had unchanged or worsening conditions.

[bookmark: _Toc219558739][bookmark: _Toc219559434][bookmark: _Toc220620685][bookmark: _Toc220620775]Table 4.1. Characteristics of ovarian cancer patients
	Characteristics
	N (Mean)
	% (SD)
	N total

	Age
	52.11
	14.73
	223

	Weight
	50.93
	8.82
	203

	BMI
	21.03
	3.65
	185

	Ethnicity
	Kinh
	204
	91.5
	223

	
	Others
	19
	8.5
	

	Job
	Workers and civil servants
	19
	8.50
	223

	
	Student
	5
	2.20
	

	
	Retirement
	29
	13.0
	

	
	Others
	170
	76.20
	

	Hospital stay
	38.24
	4.30
	219

	Diagnose
	Ovarian cancer
	155
	69.50
	223

	
	Ovarian cysts
	39
	17.50
	

	
	Others
	29
	13.00
	

	Comorbidities
	Diabetes
	13
	5.80
	222

	
	Hypertension
	28
	12.60
	

	
	Have a tumor in another location
	12
	5.40
	

	
	Normal
	169
	75.80
	

	Family history
	Relatives with cancer
	9
	2.95
	223

	
	No relatives with cancer
	214
	70.16
	

	Personal history
	Had cancer
	81
	36.30
	223

	
	Did not have cancer
	142
	63.70
	

	Discharge status
	Cured
	43
	19.30
	223

	
	Reduced
	156
	70.00
	

	
	Unchanged
	19
	8.50
	

	
	More severe, death
	5
	2.20
	



223 patient records of ovarian cancer were divided into two groups: high-risk patients carrying the BRCA gene mutation and low-risk patients carrying the gene mutation, based on the classification criteria mentioned in the research methods section. This study included 97 records classified as high-risk (43.5% of the total patients) and 126 records showing low-risk patients carrying the gene mutation (Figure 4.1). The number of records in each group did not differ significantly and also exceeded the minimum number of records required for each group as calculated in the study sample size.

[bookmark: _Toc219558918][bookmark: _Toc219559423][bookmark: _Toc220620686][bookmark: _Toc220620776]Figure 4.1. Proportion of patients at high/low risk of carrying gene mutations
4.2. [bookmark: _Toc227780521]Differences in paraclinical characteristics between high- and low-risk patient groups carrying gene mutations
The paraclinical parameters evaluated in this study included total blood cell analysis, coagulation tests, blood biochemistry, electrolytes, and commonly used cancer markers (Table 4.2). First, the total blood cell analysis results in most patient groups were within normal ranges. However, the mean hemoglobin levels in both high-risk and low-risk groups were significantly lower than normal. The mean red blood cell count in the high-risk group with the gene mutation was significantly higher than in the low-risk group (p<0.001); however, these values ​​were still within the normal range. Similarly, the mean MPV in the high-risk group was significantly higher than in the low-risk group (p=0.05). The mean lymphocyte ratio in the high-risk group was also higher than in the low-risk group (p=0.02). Notably, this index in the low-risk group showed a lower mean value than the normal value. Conversely, the mean MCH value of the high-risk group of patients carrying the gene mutation was lower than the mean MCH of the low-risk group (27.64±0.38 and 28.97±0.22, p=0.04).
Table 4.2. Para-clinical characteristics of patients at high/low risk of carrying BRCA gene mutations
	Para-clinical characteristics 
	Normal value
	High risk of mutation
	Low risk of mutation
	p-value

	
	
	Mean
	SD
	Mean
	SD
	

	[bookmark: _Hlk218972019]TOTAL BLOOD CELL ANALYSIS

	Red blood cell count
	3.9-5.4 T/L
	4.34
	0.07
	4.05
	0.05
	<0.001a

	Hemoglobin level
	125-145 g/L
	118.27
	1.73
	115.44
	1.65
	0.24a

	Hematocrit
	0.35-0.47 L/L
	0.36
	0.01
	0.35
	0.01
	0.15a

	Mean Corpuscular Volume (MCV)
	83-100 fL
	84.12
	0.94
	86.88
	0.55
	0.09a

	Mean Corpuscular Hemoglobin Concentration (MCHC)
	320-360 g/L
	327.97
	1.58
	331.52
	1.11
	0.13b

	Mean corpuscular hemoglobin (MCH)
	27-32 pg
	27.64
	0.38
	28.97
	0.22
	0.04b

	Red Cell Distribution Width-Coefficient of Variation (RDW-CV)
	11-16 %
	14.66
	0.29
	14.27
	0.17
	0.22a

	White blood cell count
	4-10 G/L
	9.08
	0.5
	9.49
	0.37
	0.21b

	Neutrophil percentage (%NEU)
	37-72 %
	67.07
	1.65
	70.17
	1.35
	0.15a

	Lymphocyte ratio (%LYM)
	20-45 %
	22.38
	1.27
	18.37
	0.97
	0.02b

	Monocytes ratio (%MON)
	0-14 %
	6.94
	0.35
	6.66
	0.24
	0.58b

	Eosinophil ratio (%EOS)
	0-6.0 %
	2.12
	0.23
	2.8
	0.53
	0.96b

	Basophil ratio (%BASO)
	0-1 %
	0.37
	0.03
	0.39
	0.03
	0.87b

	Absolute neutrophil count (NEU)
	2.8-8.0 G/L
	6.43
	0.51
	6.95
	0.37
	0.07b

	Absolute lymphocyte count (LYM)
	1.2-4.0 G/L
	2.06
	0.42
	1.51
	0.06
	0.22b

	Absolute monocyte count (MON)
	0-1.0 G/L
	0.58
	0.04
	0.63
	0.03
	0.58b

	Absolute eosinophil count (EOS)
	0-0.6 G/L
	0.16
	0.02
	0.2
	0.02
	0.89b

	Absolute basophil count (BASO)
	0-0.2 G/L 
	0.03
	0.003
	0.03
	0.003
	0.09b

	Platelet count
	150-450 G/L
	276.7
	8.89
	313.23
	11.56
	0.08b

	Mean platelet volume (MPV)
	fL
	8.93
	0.16
	8.56
	0.13
	0.05b

	Plateletcrit (PCT)
	%
	0.25
	0.01
	0.26
	0.01
	0.59b

	BLOOD COAGULATION TEST

	Prothrombine (s) <per second>
	11.5
	12.38
	0.39
	12.02
	0.21
	0.24b

	Prothrombine (%)
	70-140 %
	91.14
	2.13
	94.54
	1.87
	0.27b

	International Normalized Ratio (INR)
	0.85-1.25
	1.08
	0.04
	1.04
	0.02
	0.37b

	[bookmark: _Hlk218931492]Fibrinogen determination
	2-4 g/L
	4.06
	0.55
	4.07
	0.15
	<0.001b

	APTT (s)
	31
	29.24
	0.81
	28.88
	0.89
	0.57b

	APTT ratio (Disease/control)
	0.75-1.25
	0.96
	0.03
	0.95
	0.03
	0.38b

	BLOOD BIOCHEMISTRY TEST

	Creatine
	<90 umol/l 
	61.19
	3.37
	69.67
	4.92
	0.02b

	Glucose
	3.9-6.4 mmol/l
	5.71
	0.42
	6.91
	0.38
	<0.001b

	SGOT
	<37 U/L
	23.73
	2.02
	30.03
	2.25
	<0.001b

	SGPT
	<40 U/L
	18.88
	2.1
	26.17
	2.88
	<0.001b

	Billirubin total
	<19 mmol/l 
	11.39
	1.58
	11.7
	2.31
	0.95b

	Protein total
	65-86 g/l
	62.3
	5.18
	57.41
	5.33
	0.30b

	Ure
	1.7-8.3 mmol/l
	4.08
	0.22
	6.17
	0.87
	0.04a

	ELECTROLYTE TEST

	Na+
	133-147 mmol/l
	136.39
	0.38
	136.21
	0.38
	0.60b

	K+
	3.4-5.0 mmol/l
	3.73
	0.08
	3.63
	0.04
	0.24b

	Calcium total
	2.15-2.55 mmol/l
	2.07
	0.1
	2.04
	0.07
	0.56b

	Albumin
	35-50 g/l
	38.64
	0.75
	34.28
	0.91
	<0.001b

	CANCER MARKER

	CEA
	<5 ng/ml
	10.47
	3.88
	11.3
	6.21
	0.81b

	CA125
	<35 U/ml
	473.5
	192.59
	1000.41
	246.08
	0.03b

	HE4
	<70 pmol/L
	114.02
	37.19
	268.75
	72.33
	0.001b

	CA 19-9
	<37 U/ml
	5243.18
	4864.03
	402.69
	351.1
	0.21b


*Note: a-Perform Student's t-test for variables with normal distributions; b- Mann-Whitney test for variables with non-normal distributions.
Coagulation test results did not show significant differences between the two patient groups (Table 4.3). Clinical values ​​assessing coagulation ability, such as Prothrombin (%), INR, and APTT ratio, were within the normal range for both groups. Meanwhile, Prothrombin (s) in both high-risk and low-risk groups were higher than normal, but there was no noticeable difference between the two groups. APTT (s) values ​​showed the opposite, with the mean values ​​in both groups being lower than normal. Furthermore, Fibrinogen levels showed a significant difference between the low-risk and high-risk groups (p<0.001), and these values ​​were higher than normal in both groups. Some recent studies suggest that Fibrinogen, in addition to its role as an indicator of coagulation status, may also be a reliable marker in diagnosing ovarian cancer (Wu, Zhang, Liu, & Ge, 2023). This study also indicated that fibrinogen levels were higher in patients with malignant ovarian cancer, and that combining this test with cancer markers such as CA125 could improve the accuracy of diagnosing ovarian tumors. 
[bookmark: _Toc220620687][bookmark: _Toc220620777]
Table 4.3. Blood clotting test results between high-risk and low-risk patient groups carrying the gene mutation.
	Para-clinical characteristics 
	Normal value
	High risk of mutation
	Low risk of mutation
	p-value

	
	
	Mean
	SD
	Mean
	SD
	

	Prothrombine (s) <per second>
	11.5
	12.38
	0.39
	12.02
	0.21
	0.24

	Prothrombine (%)
	70-140 %
	91.14
	2.13
	94.54
	1.87
	0.27

	International Normalized Ratio (INR)
	0.85-1.25
	1.08
	0.04
	1.04
	0.02
	0.37

	Fibrinogen determination
	2-4 g/L
	4.06
	0.55
	4.07
	0.15
	<0.001

	APTT (s)
	31
	29.24
	0.81
	28.88
	0.89
	0.57

	APTT ratio (Disease/control)
	0.75-1.25
	0.96
	0.03
	0.95
	0.03
	0.38



The blood biochemical test results of most patient groups were within normal ranges. However, indicators such as creatinine, SGOT, SGPT, and urea showed significant differences between high-risk and low-risk groups carrying the gene mutation (Figure 4.2). Specifically, the mean values ​​of creatinine and urea were significantly higher in the low-risk group compared to the high-risk group, with values ​​of 69.67±4.92 - 61.19±3.37 (p=0.02) and 6.17±0.87 – 4.08±0.22 (p=0.04), respectively. Similarly, the low-risk patient group also had significantly higher mean SGOT and SGPT values ​​(30.03±2.25 and 26.17±2.88, respectively) compared to the high-risk patient group (23.73±2.02 and 18.88±2.1, respectively) with p<0.001. The high-risk group carrying the gene mutation had a mean glucose index within the normal range (5.71±0.42), but the low-risk group had a significantly higher value, at the level of diabetes mellitus (6.91±0.38) with p<0.001.


[bookmark: _Toc220620688][bookmark: _Toc220620778]Figure 4.2. Comparison of several blood biochemical parameters between high-risk and low-risk ovarian cancer patients carrying BRCA gene mutations.

In the electrolyte test results, the mean total calcium values ​​of both groups were lower than the normal range, but there were no significant differences between the two groups (Figure 4.3). Meanwhile, the mean albumin of the low-risk group was significantly lower (34.28±0.91) than that of the high-risk group (38.64±0.75), which was within the normal range with p<0.001.
[image: ]
[bookmark: _Toc220620689][bookmark: _Toc220620779]Figure 4.3. Comparison of mean values ​​of electrolyte parameters between two groups of ovarian cancer patients.

All cancer marker test values ​​in the patient groups were higher than normal. Except for CA19-9, the remaining markers, such as CEA, CA125, and HE4, showed that the low-risk group had higher mean values ​​than the high-risk group carrying the gene mutation. Notably, the mean values ​​of CA125 and HE4 in the low-risk group were significantly higher than in the other group, with p-values ​​of 0.03 and 0.001, respectively.

[bookmark: _Toc219558741][bookmark: _Toc219559436][bookmark: _Toc220620690][bookmark: _Toc220620780]




[bookmark: _Toc227780522]4.3. Factors associated with a patient's likelihood of carrying a gene mutation
To assess the correlation between paraclinical indicators and the likelihood of carrying BRCA gene mutations, we used logistic regression to identify factors potentially associated with mutation risk in ovarian cancer patients. Univariate regression analysis of paraclinical indicators showed significant differences between high-risk and low-risk groups carrying gene mutations, as presented in Table 4.4. Logistic regression analysis results showed that red blood cell count, MCH, %LYM, glucose, urea, and albumin were related to the risk of carrying gene mutations. Specifically, red blood cell count, %LYM, and albumin levels were positively correlated with the odds of carrying gene mutations. Conversely, MCH, glucose, and urea showed a reduced odds of carrying gene mutations in ovarian cancer patients.
In univariate regression analysis, a one-unit increase in red blood cell count increased the odds of carrying the gene mutation in patients by 2.11 times (95% CI: 1.34-3.31; p=0.001). Increases in %LYM and albumin also increased the odds of risk in patients, with ORs of 1.03 (95% CI: 1.01-1.05; p=0.01) and 1.09 (95% CI: 1.03-1.14; p<0.001), respectively. On the other hand, a one-unit increase in MCH decreased the odds by 13% (OR=0.87; p=0.003). Glucose and urea levels in patients also showed an inverse correlation with the odds of carrying a gene mutation, with ORs of 0.90 (95% CI: 0.81-1.00; p=0.049) and 0.79 (95% CI: 0.68-0.92; p=0.002), respectively. The remaining indicators, such as MPV, fibrinogen determination, creatine, SGOT, SGPT, CA125, and HE4, did not show a strong correlation with the risk of carrying mutations in ovarian cancer patients.





[bookmark: _Toc219558742][bookmark: _Toc219559437][bookmark: _Toc220620691][bookmark: _Toc220620781]Table 4.4. Paraclinical characteristics associated with the likelihood of gene mutations in ovarian cancer patients
	Factors
	OR
	95% CI
	P value

	
	
	Lower
	Upper
	

	Red blood cell count
	2.11
	1.34
	3.31
	0.001

	[bookmark: _Hlk218882765]Mean corpuscular hemoglobin (MCH)
	0.87
	0.79
	0.95
	0.003

	Lymphocyte ratio (%LYM)
	1.03
	1.01
	1.05
	0.01

	Mean platelet volume (MPV)
	1.19
	0.99
	1.43
	0.07

	[bookmark: _Hlk218884889]Fibrinogen determination
	1.00
	0.92
	1.09
	0.99

	Creatine
	1.00
	0.99
	1.00
	0.23

	Glucose
	0.90
	0.81
	1.00
	0.049

	SGOT
	0.98
	0.97
	1.00
	0.06

	SGPT
	0.99
	0.97
	1.00
	0.08

	Ure 
	0.79
	0.68
	0.92
	0.002

	Albumin
	1.09
	1.03
	1.14
	<0.001

	CA125
	1.00
	1.00
	1.00
	0.14

	HE4
	1.00
	0.995
	1.00
	0.09



To more accurately assess the correlation between clinical indicators and the likelihood of carrying gene mutations in ovarian cancer patients, multivariate logistic regression analysis was used to adjust for confounding factors (Table 4.5). In the multivariate regression model, only MCH and albumin showed a statistically significant association with the risk of carrying gene mutations in patients. Indeed, each unit increase in albumin increased the odds of carrying gene mutations by 1.15 times (95% CI: 1.05-1.25; p=0.002). Meanwhile, MCH still showed an inverse correlation with the odds of carrying mutations with an OR=0.86 (95% CI: 0.74-0.99; p=0.04).
Some paraclinical parameters such as red blood cell count, lymphocyte ratio, glucose, and urea, although statistically significant in univariate analysis, did not show a clear correlation in multivariate logistic regression analysis. This suggests that the association of these parameters in univariate regression analysis may still be influenced by other confounding factors. After multivariate adjustment, mean corpuscular hemoglobin and albumin still showed a correlation with the likelihood of carrying gene mutations in ovarian cancer patients, suggesting that these parameters are independently associated with the risk of carrying gene mutations in patients. The biological mechanism of the relationship between MCH and albumin in carrying gene mutations in patients remains unclear. However, it is possible that carrying BRCA1/2 gene mutations in ovarian cancer patients affects their immunity and nutritional status.
[bookmark: _Toc219558743][bookmark: _Toc219559438][bookmark: _Toc220620692][bookmark: _Toc220620782]Table 4.5. Multivariate regression analysis of paraclinical indicators and gene mutation likelihood in ovarian patient groups
	Factors
	OR
	95% CI
	P value

	
	
	Lower
	Upper
	

	Red blood cell count
	0.49
	0.21
	1.18
	0.11

	[bookmark: _Hlk218885826]Mean corpuscular hemoglobin (MCH)
	0.86
	0.74
	0.99
	0.04

	[bookmark: _Hlk218885646]Lymphocyte ratio (%LYM)
	0.98
	0.94
	1.02
	0.40

	Glucose
	0.91
	0.8
	1.04
	0.16

	Ure 
	0.82
	0.66
	1.02
	0.08

	Albumin
	1.15
	1.05
	1.25
	0.002





[bookmark: _Toc227780523]
Chapter 5. CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc227780524]5.1. Recapitulation
[bookmark: _Hlk219531743]A retrospective cross-sectional study collected 223 medical records of ovarian cancer patients at tertiary hospitals in Hanoi, such as the Vietnam National Cancer Hospital, Oncology Department of Viet Duc University Hospital. The average age of the patients was 52.11 ± 14.73. Of the collected records, 69.5% had a primary diagnosis of ovarian cancer, and the majority did not have underlying or comorbid conditions. Based on the criteria for classifying patients at high risk for carrying BRCA gene mutations, 43.5% of the patients were classified as high-risk carriers, and the remaining 126 (equivalent to 56.5%) were classified as low-risk carriers. Statistical methods such as the Student's t-test and Mann-Whitney test were used to compare differences in paraclinical characteristics between the two groups of ovarian cancer patients. The results of the total blood cell analysis for both patient groups were mostly within the normal range. However, some indicators, such as red blood cell count, MPV, and lymphocyte percentage, were significantly higher in the high-risk group carrying the gene mutation compared to the other group, while the mean MCH value showed the opposite. Among the coagulation test parameters, fibrinogen determination was the only indicator showing a statistically significant difference between the two patient groups, and this indicator also exceeded the normal range in both groups. Blood biochemical parameters such as creatinine, glucose, SGOT, SGPT, and urea all showed that patients in the low-risk group had significantly higher mean values ​​for these parameters compared to patients in the high-risk ovarian cancer group carrying the gene mutation (p<0.05). Specifically, the mean blood glucose levels of low-risk patients carrying the mutation were within pathological limits. There were no significant differences between patient groups in the mean values ​​of electrolyte tests. The only characteristic showing a significant difference between the two patient groups was mean albumin, with low-risk patients having lower mean albumin values ​​than high-risk patients (p<0.001). This study focused on four common cancer markers: CEA, CA125, CA19-9, and HE4. Surprisingly, the mean values ​​of CEA, CA125, and HE4 were higher in the low-risk group carrying the gene mutation than in the high-risk group. The mean values ​​of CA125 and HE4 were statistically significantly higher, with p values ​​of 0.03 and 0.001, respectively.
To assess the association of paraclinical characteristics with the risk of carrying gene mutations in ovarian cancer patients, univariate and multivariate logistic regression analysis was used. In the univariate analysis model, red blood cell count, MCH, %LYM, glucose, urea, and albumin were found to be associated with the risk of carrying gene mutations. After adjustment with multivariate logistic regression, only MCH and albumin were found to be independently associated with the risk of carrying gene mutations in ovarian cancer patients. Albumin increased the odds of carrying mutations in patients (OR=1.15; CI 95%: 1.05-1.25; p=0.002), while MCH was inversely correlated with the risk odds (OR=0.86; CI 95%: 0.74-0.99; p=0.04).
[bookmark: _Toc227780525]5.2. Concluding remarks
In order to address the research objectives and provide evidence on the association between paraclinical characteristics and BRCA1/2 mutation risk in ovarian cancer patients, a retrospective cross-sectional study was conducted on the collected dataset. The findings contribute to improving the understanding of potential indicators that may support early risk stratification and clinical decision-making. In this study, we have achieved the two initial objectives we set out to:
(1) Describe the para-clinical characteristics of ovarian cancer patients in Hanoi, Vietnam
· With 223 collected medical records, the study revealed some common characteristics and paraclinical features of ovarian cancer patients at several hospitals in Hanoi. Most of the patients' paraclinical indicators, such as total blood cell analysis, coagulation tests, biochemical tests, and electrolyte levels, were within normal ranges.
· However, the patients' blood fibrinogen and glucose levels were higher than normal. In particular, the average levels of cancer markers in ovarian cancer patients in this study were significantly higher than normal.
(2) Compare the para-clinical characteristics between patients with high and low risk of BRCA1/2 gene mutations and related factors
· To assess the differences in mean values ​​of paraclinical indicators between two groups of ovarian cancer patients, the study used the Student's t-test and Mann-Whitney test to compare paraclinical indicators in the high-risk group carrying BRCA gene mutations with the low-risk group carrying the mutation. The results showed that there were statistically significant differences between the two groups of patients in indicators such as red blood cell count, MCH, %LYM, MPV, fibrinogen determination, creatine, glucose, two liver enzyme indicators (SGOT and SGPT), urea, albumin, and 2/4 cancer markers (CA125 and HE4).
· Among these paraclinical indicators, red blood cell count, MCH, %LYM, urea, and albumin were associated with the likelihood of carrying gene mutations in ovarian cancer patients in the univariate logistic regression analysis model. However, after adjustment in the multivariate logistic regression model, only MCH and albumin remained independently associated with the risk of carrying gene mutations in ovarian cancer patients.
[bookmark: _Toc227780526]5.3. Limitations of the research 
Besides the strengths mentioned, this study also has some limitations that need to be considered and addressed in subsequent studies. First, the number of patient records accessed by the study is quite limited, and these records are physical records, not digitized. Therefore, many records lack the necessary information and data for analysis. This reduces the statistical analysis capabilities of the study, and related factors may be distorted due to the lack of information fields. Second, because the study was designed as a retrospective cross-sectional study, it faces the inherent limitations of this type of research, including the lack of paraclinical index variables and inconsistent data between hospital units. Furthermore, a limitation of retrospective studies is the inability to assess changes in patient conditions and the linear relationships between patient characteristics over time. Finally, this study was unable to perform gene sequencing on patients to directly and accurately determine the research results, and was primarily based on stratifying the likelihood of carrying BRCA gene mutations. This limitation prevents the study from fully reflecting the relationship between subclinical characteristics and the likelihood of carrying gene mutations in ovarian cancer patients, and further studies are needed to clarify this.
[bookmark: _Toc227780527]5.3. Recommendations
This represents a new research direction and approach to risk stratification in ovarian cancer patients. However, this study is not without its limitations, and there are some suggestions for similar research in the future:
(1) The scope of sampling and the number of samples collected from hospitals need to be expanded. A large and diverse number of medical records will help make the statistics and descriptions of cancer patients more objective.
(2) This study is a foundation for conducting further studies on gene sequencing in ovarian cancer patients. From there, studies can consolidate previous research results, providing a more comprehensive and accurate overview of related factors and clinical characteristics that can help in the early classification of ovarian cancer patients carrying gene mutations.
(3) This study also contributes to suggesting the possibility of applying information technology in analyzing and classifying the characteristics of high- and low-risk patients carrying gene mutations in people with ovarian cancer. The study, combining two fields of biomedical science and information technology, and artificial intelligence, can provide early diagnostic models for patients carrying gene mutations; thus, doctors and medical staff can provide more effective care and treatment for the disease.
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