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Abstract 

Familial cancers are caused by inherited mutations in specific genes that regulate cell growth, 

division, and repair. Approximately 5–10% of all cancer cases have a hereditary component, where 

germline mutations in certain genes increase an individual’s susceptibility to developing cancer. Two 

major categories of genes are involved in cancer development: tumour suppressor genes and 

oncogenes. Both play critical roles in regulating normal cell behaviour, and when mutated, they can 

contribute to uncontrolled cell proliferation and tumour formation. In addition to genetic mutations, 

epigenetic alterations also play a significant role in familial cancer. Epigenetics refers to changes in 

gene expression due to DNA methylation, histone modifications, and the dysregulation of non-

coding RNAs without alter the underlying DNA sequence. Familial cancer syndromes follow various 

inheritance patterns, including autosomal dominant, autosomal recessive, X-linked, and 

mitochondrial inheritance, each with distinct characteristics. Identifying genetic mutations associated 

with familial cancers is a cornerstone of genetic counselling, which helps individuals and families 

navigate the complex intersection of genetics, cancer risk, and prevention. Early identification of 

mutations enables personalized strategies for risk reduction, early detection, and, when applicable, 

targeted treatment options, ultimately improving patient outcomes. 
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1. Introduction 

Cancer is a multifactorial disease that combined genetic and environmental factors. 

Approximately 5-10% of all cases has a hereditary character where germinal mutations in specific 

genes increase the susceptibility to develop cancer [1]. Familial cancers that occur in families more 

frequently than would be expected by chance, are often caused by inherited mutations in specific 

genes that regulate cell growth, division, and repair. These mutations may be passed down through 

generations, increasing the risk of developing certain types of cancer [2,3]. The common familial 

cancers described in the literature are: breast cancer (BC) ovarian cancers (OC) [4–6] , prostate cancer 

(PC) [7,8], colorectal cancer (CC) [9,10], endometrial cancer (EC) [11], melanoma [12], Thyroid cancer 

(TC) [13,14] and pancreatic cancer (PnC) [15,16]. Familial cancers are often inherited according to 

specific genetic patterns, which influence how cancer risks are passed down through generations. 

These inheritance patterns can be autosomal dominant and [17–19] autosomal recessive and X-

linked [20]. Cancers can develop in various organs of the body and each organ is associated with 

specific genetic mutations include oncogenes and tumor suppressor genes that can predispose 

individuals to cancer [21]. 

Cancer is often the result of alterations in genes that regulate cell growth, division, and death. 

Two major categories of genes involved in cancer development are tumor suppressor genes and 

oncogenes [22–25]. These genes play critical roles in normal cellular processes, and when they 

become mutated or altered, they can contribute to the initiation and progression of cancer. 
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In addition to the genetic mutations that are typically passed from parent to child, epigenetic 

alterations can also be inherited across generations. This inheritance is referred to as epigenetic 

inheritance and can occur without changes to the DNA sequence itself. Several familial cancer 

syndromes may have epigenetic components that contribute to the predisposition to cancer [26,27] . 

Analyses of 4,034 cancer cases representing 12 cancer types indicated that the frequency of rare 

germline truncations in cancer-susceptibility-associated genes varies from 4% in glioblastoma and 

acute myeloid leukemia (AML) to 19% in ovarian cancer (Figure 1) [28]. 

 

Figure 1. Distribution of candidate germline variants associated with cancer predisposition, based on exome 

sequencing data from patients representing 12 distinct cancer types. 

The goal of the present manuscript is to provide a comprehensive understanding of the 

hereditary nature, genetic and epigenetic factors, that involve in familial cancer. It can help inform 

individuals, researchers, and healthcare professionals about the risk factors, inheritance patterns, and 

potential prevention strategies for familial cancer. 

2. Key Genes Involved in Familial Cancer 

Cancer is often the result of alterations in genes that regulate cell growth, division, and death. 

Two major categories of genes involved in cancer development; tumor suppressor genes and 

oncogenes [22–24]. These genes play critical roles in normal cellular processes, and when they 

become mutated or altered, they can contribute to the initiation and progression of cancer. 

2.1. Tumor Suppressor Genes 

Tumor suppressor genes are genes that normally function to regulate cell growth and prevent 

uncontrolled cell division. When these genes are inactivated by mutations or deletions, cells can begin 

to proliferate uncontrollably, leading to cancer. Common Tumor Suppressor Genes are: 

2.1.1. BRCA1 and BRCA2 
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The BRCA1 and BRCA2 genes are tumour suppressor genes that play a critical role in 

maintaining genomic stability by facilitating the repair of DNA double-strand breaks (DSBs) through 

the homologous recombination (HR) pathway. This high-fidelity repair mechanism is essential for 

preventing the accumulation of mutations and chromosomal aberrations. When either BRCA1 or 

BRCA2 is mutated, the homologous recombination process becomes defective, leading to genomic 

instability—a hallmark feature of many cancers [29,30]. Germline mutations in BRCA1/2 are strongly 

associated with a significantly increased risk of developing several cancer types, most notably breast 

cancer (BC), ovarian cancer (OC), prostate cancer (PC), male breast cancer, and others. These 

mutations are typically inherited in an autosomal dominant pattern, meaning a single mutated copy 

of the gene from either parent can confer elevated cancer risk. This inheritance pattern underlies 

hereditary cancer syndromes, such as Hereditary Breast and Ovarian Cancer (HBOC) syndrome, 

which substantially increase the lifetime risk of specific cancers—particularly in individuals with a 

family history of cancer [29,30]. 

Women with a BRCA1 mutation have an estimated 55-65% lifetime risk of developing BC and 

39% of OC by age 70, compared to about 12% in the general population. Women with a BRCA2 

mutation have a 45% and 11-17% lifetime risk of developing BC and OC by age 70, respectively. Men 

with BRCA2 mutations are also at increased risk for BC, although this is much rarer than in women. 

In addition, both BRCA1 and BRCA2 mutations are linked to an increased risk of pancreatic cancer 

[31–37]. 

2.1.2. RB1 

The RB1 gene produces the retinoblastoma protein, which regulates the cell cycle by inhibiting 

cell division. It is a critical regulator of the G1/S checkpoint of the cell cycle.  RB1 inhibits E2F 

transcription factors to prevent uncontrolled cell proliferation. Loss of function of RB1 is associated 

with retinoblastoma (a childhood eye cancer), osteosarcoma, and other cancers. The general 

frequency of RB1 gene mutation in the germline of retinoblastoma patients with retinoblastoma was 

estimated to be 40-60% [38]. 

2.1.3. APC (Adenomatous Polyposis Coli) 

The APC gene (Adenomatous Polyposis Coli) is a tumor suppressor gene that helps regulate cell 

growth and prevent the formation of tumors by controlling cell division. APC is a negative regulator 

of the Wnt/β-catenin signaling pathway which controls cell growth and differentiation. It also 

regulates the actin cytoskeleton and interacts with other proteins to control cell adhesion. When this 

gene is mutated, it can lead to the development of numerous polyps in the colon and rectum, which 

can eventually turn into cancer if left untreated. APC hereditary mutations are associated with a 

genetic condition called familial adenomatous polyposis (FAP), which significantly increases the risk 

of colon cancer and other cancers. FAP is a genetic disorder that causes cancer, primarily in the colon 

and rectum, due to the growth of numerous polyps (abnormal growths) in the gastrointestinal tract. 

Mutations in the APC gene are commonly found in familial adenomatous polyposis (FAP) and in 

sporadic colorectal cancers. The risk of carriers to develop cancer is significantly higher. Without 

intervention almost, all APC carriers (~100%) will develop colon cancer by the age of 40 to 50. It is 

estimated that by 2030, the number of colorectal cancer cases under 50 years of age will be 11% and 

the total number of rectal cancer cases will be 23% [39–41]. 

2.1.4. DNA Mismatch Repair Genes 

The DNA mismatch repair (MMR) system is a highly conserved cellular mechanism that corrects 

errors introduced during DNA replication, such as: Base-base mismatches (e.g., A-G instead of A-T) 

and small insertions or deletions, particularly in microsatellite regions. Key MMR genes such as 

MLH1, MSH2, MSH6, and PMS2 remain central to understanding microsatellite instability (MSI) and 

deficiency in mismatch repair (dMMR), which is a biomarker for response to immune checkpoint 

inhibitors. New findings also highlighted non-repair functions of MMR proteins in cell cycle, 
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apoptosis, and the cellular secretome, suggesting a broader impact on cancer development and 

progression. dMMR is a classic hallmark of Lynch Syndrome, a hereditary cancer predisposition 

syndrome [42–45]. Lynch syndrome is inherited in an autosomal dominant fashion. The hallmark of 

Lynch syndrome is defective DNA mismatch repair, which causes an elevated rate of single 

nucleotide changes and microsatellite instability, also known as MSI-H (the H is "high"). MSI is 

identifiable in cancer specimens in the pathology laboratory. Most cases result in changes in the 

lengths of dinucleotide repeats of the nucleobases cytosine and adenine (sequence: 

CACACACACA...) [43,46]. 

2.1.5. PTEN 

PTEN is a lipid phosphatase that antagonizes the PI3K/AKT/mTOR pathway, thereby 

promoting apoptosis and inhibiting cell survival signals. Normally, PTEN is involved in regulating 

the PI3K/AKT signaling pathway and acts as a tumor suppressor, helping to regulate cell growth and 

division. Germline PTEN mutations underlie PTEN hamartoma tumor syndrome (PHTS), which 

includes Cowden syndrome, and predispose to breast, thyroid, endometrial, and renal cancers [47]. 

When the PTEN gene is mutated, it can lead to uncontrolled cell growth and the formation of tumors 

in various parts of the body such as: breast (25-85% by the age of 70), endometrial (20-30% by the age 

of 70), thyroid (10-35% of life time), kidney (10% of life time), and rarely in skin, colon and liver 

[47,48]. 

2.1.6. TP53 (p53) 

TP53 is one of the most important tumor suppressors, involved in regulating cell cycle, DNA 

repair, and apoptosis (programmed cell death). It acts as a checkpoint in response to DNA damage, 

ensuring that damaged cells do not divide and propagate mutations. Mutations in TP53 are found in 

over 50% of human cancers, including those of the lung, breast, colon, and liver. Germline mutations 

in the p53 gene are most commonly associated with a rare inherited cancer syndrome known as Li-

Fraumeni syndrome (LFS). LFS syndrome is characterized by a high lifetime risk of developing 

multiple types of cancer, often at a young age. The risk is extremely elevated compared to the general 

population, and individuals with LFS can develop different cancers throughout their lifetime such 

as: Breast (50-70%, often at a younger age), soft tissue sarcoma (the life time risk is around 20-30%), 

Osteosarcoma (tends to develop in childhood), Brain, leukemia, adrenocortical, and other cancers 

including liver, colon and pancreatic. The risk of developing cancer in carriers of a germline p53 

mutation is elevated throughout life, but cancer tends to appear earlier than in the general 

population. It was estimated that by age of 30, there is a 50% chance of having developed cancer and 

by age 60, the lifetime cancer risk can be as high as 90% or more [49–52]. 

2.2. Oncogenes 

Oncogenes are genes that, when mutated or abnormally expressed, have the potential to cause 

normal cells to transform into cancerous cells. These genes typically promote cell growth and 

division. In a healthy cell, oncogenes are usually involved in regulating processes like cell 

proliferation, survival, and differentiation, but when mutated or overexpressed, they can lead to 

uncontrolled cell growth, resistance to apoptosis and increase angiogenesis, a hallmark of cancer. 

Common Oncogenes in Cancer are: 

2.2.1. HER2/neu (ERBB2) 

HER2/neu encodes a receptor tyrosine kinase that is involved in cell growth signaling. 

Overexpression of HER2 is a hallmark of BC and is associated with aggressive disease. Germline 

(inherited) mutations in HER2 (also known as ERBB2) are extremely rare in breast cancer Somatic 

mutations or overexpression of HER2 are common in HER2-positive breast cancer which occurs in 

approximately 15–30% of breast cancer tumors . HER2-targeted therapies, such as trastuzumab 

(Herceptin), have improved outcomes for patients with HER2-positive breast cancer [53–55]. 
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2.2.2. Ras 

Ras’s proteins are small GTPases that play a key role in cell signaling pathways regulating 

growth, differentiation, and survival. Mutations in Ras genes lead to constitutive activation of 

downstream signaling pathways, contributing to the development of various cancers, including lung, 

colorectal, and pancreatic cancers. Some hereditary cancer syndromes are linked to RAS mutations, 

particularly the HRAS gene in Costello syndrome, and occasionally KRAS and NRAS mutations in 

certain familial cancer syndromes. These mutations are passed down from one generation to the next 

and can increase the likelihood of cancer developing in affected individuals [56–58]. Germline 

mutations in RAS genes (KRAS, NRAS, HRAS) are extremely rare in human cancers, with most RAS 

alterations arising somatically—meaning they occur in tumour cells, not inherited or present in all 

cells of the body. KRAS mutations account for 11–14% of all human cancers. 

Mutations in the RAS genes lead to an activation of the RAS signaling pathway, which is crucial 

for regulating cell growth, differentiation, and survival. Mutations in KRAS, NRAS, or HRAS cause 

constitutive activation of RAS proteins, leading to Uncontrolled cell proliferation, Resistance to 

apoptosis (cell death), Enhanced survival and growth of tumors. These mutations often affect critical 

regions of the RAS protein, such as the GTPase domain, which normally helps turn off RAS signaling. 

When mutated, the proteins remain active in an unregulated manner, pushing cells to grow and 

divide inappropriately [59,60]. 

2.2.3. MYC 

MYC encodes a transcription factor that regulates the expression of genes involved in cell 

growth and metabolism. Overexpression of MYC is seen in many types of cancer, including 

lymphoma, leukemia, and breast cancer, and leads to uncontrolled cell proliferation. Point mutations 

in MYC disrupt phosphorylation that frequently observed in translocated MYC alleles in cancer. 

Therefore, mutations that disrupt T58 phosphorylation are selected genetic events acquired during 

initiation or progression of MYC-associated cancers [61,62]. Germline mutations in the MYC gene are 

indeed rare, and while most of the literature focuses on somatic mutations (acquired mutations in 

specific tissues during a person's life), there is emerging interest in understanding whether germline 

alterations in MYC or related pathways contribute to inherited cancer risk [63]. 

2.2.4. BCR-ABL 

BCR-ABL is a fusion gene that results from a chromosomal translocation between chromosomes 

9 and 22, known as the Philadelphia chromosome. This fusion gene encodes a constitutively active 

tyrosine kinase that leads to the development of chronic myelogenous leukemia (CML) and other 

hematologic cancers by promoting unchecked cell division [64]. 

Germline BCR-ABL mutations are extremely rare or essentially nonexistent in the medical 

literature. Most familial cases of CML likely involve inherited predispositions to develop the disease 

due to genetic or environmental factors, rather than the direct inheritance of the BCR-ABL fusion 

gene. The somatic nature of the BCR-ABL translocation in CML means it typically arises de novo 

during the lifetime of an individual rather than being passed down from parent to offspring. 

Mutations in the Bcr-Abl kinase domain may contribute to, resistance to tyrosine kinase inhibitors in 

CML patients [65]. 

3. Epigenetic Inheritance in Familial Cancer 

Epigenetic inheritance refers to heritable changes in gene expression or phenotype that do not 

involve changes to the underlying DNA sequence. In familial cancer, epigenetic mechanisms can play 

a significant role in the transmission of cancer susceptibility across generations. Epigenetic changes, 

such as DNA methylation, histone modifications, and non-coding RNA regulation, can influence 

tumorigenesis and may be passed down from parent to offspring, contributing to familial cancer 

syndromes [66]. Recently it was reported that ~33.9% of women with early-onset triple-negative 

breast cancer (TNBC) (who tested negative for BRCA1/2 germline mutations) had constitutional 
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BRCA1 promoter methylation detectable in blood. This suggests a significant epigenetic 

predisposition in a subset of breast cancer patients. [67], Other study reported that MLH1 promoter 

is methylated in <2% of patients with MMR-deficient colorectal cancer who do not carry detectable 

germline mutations. This form of epimutation can mimic Lynch syndrome but is often sporadic or 

mosaic [68]. Changes in DNA methylation in cancer have been heralded as promising targets for the 

development of powerful diagnostic, prognostic, and predictive biomarkers. Some epigenetic tests 

are already routine in specific clinical settings, but most epigenetic profiling remains primarily a 

research tool or used in specialized cases [69]. 

3.1. Mechanisms of Epigenetic Inheritance 

Epigenetic changes regulate gene expression and can be influenced by environmental factors, 

lifestyle choices, and genetic predispositions. In familial cancer, these changes may affect the 

expression of key tumor suppressor genes, oncogenes, or other regulatory genes involved in cell 

growth and apoptosis [70,71]. Three primary epigenetic mechanisms are implicated in familial 

cancer: 

3.2. DNA Methylation 

DNA methylation typically occurs at cytosine residues in CpG dinucleotides and is associated 

with gene silencing when it occurs in the promoter regions of genes. 

Aberrant DNA methylation, such as hypermethylation of tumor suppressor genes or 

hypomethylation of oncogenes, is a well-established mechanism in cancer. In familial cancer, 

inherited methylation patterns may predispose individuals to certain cancers. For example, the 

MLH1 gene in Lynch syndrome (hereditary non-polyposis colorectal cancer) can be silenced through 

promoter hypermethylation, leading to loss of DNA mismatch repair and increased cancer risk [72–

74]. 

3.3. Histone Modifications 

Histones are proteins around which DNA is wrapped. Post-translational modifications of 

histones, such as acetylation, methylation, and phosphorylation, can alter chromatin structure and, 

consequently, gene expression. In familial cancers, mutations in histone-modifying enzymes or 

altered histone marks may lead to abnormal gene expression, influencing tumorigenesis. For 

instance, mutations in EZH2, a histone methyltransferase, are found in various cancers, including 

familial cancers like prostate cancer [75]. 

3.4. Non-Coding RNAs 

Non-coding RNAs, including microRNAs (miRNAs) and long non-coding RNAs (lncRNAs), 

Circular RNAs (CircRNAs), and mall Nucleolar RNAs (snoRNAs) that regulate gene expression 

post-transcriptionally. 

miRNAs are short, single-stranded RNA molecules (about 20-22 nucleotides) that typically 

regulate gene expression post-transcriptionally by binding to the 3' untranslated region (UTR) of 

target messenger RNAs (mRNAs), leading to their degradation or translational repression. miRNAs 

can function as oncogenes (oncomiRs) or tumor suppressors depending on the genes they target. 

miRNAs that are upregulated in cancers and promote oncogenesis by inhibiting tumor suppressor 

genes. miRNAs that are downregulated in cancers and prevent tumor formation by targeting 

oncogenes [76–78]. 

LncRNAs are RNA molecules longer than 200 nucleotides that regulate gene expression at 

various levels, including transcriptional and post-transcriptional regulation. Many lncRNAs are 

involved in cancer initiation, progression, and metastasis by influencing chromatin remodeling, 

transcriptional activation, and repression, as well as alternative splicing [79,80]. 
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CircRNAs are a subclass of non-coding RNAs that form covalently closed loops and are involved 

in regulating gene expression. They can act as sponges for miRNAs or interact with RNA-binding 

proteins to regulate gene transcription [81,82]. 

SnoRNAs are involved in the chemical modification of ribosomal RNA (rRNA) and small 

nuclear RNA (snRNA). Some snoRNAs have been implicated in cancer progression by regulating the 

modification of rRNAs that impact protein synthesis and cell proliferation [83]. 

Dysregulated expression of non-coding RNAs can lead to cancer development by altering the 

expression of genes involved in cell cycle regulation, apoptosis, and metastasis. 

In familial cancers, the inheritance of mutations or altered expression of non-coding RNAs can 

contribute to cancer susceptibility and progression. For example, miR-21 is often overexpressed in 

various cancers and can inhibit tumor suppressor genes [84]. Other examples are listed in Table 1. 

Table 1. Examples of Familial Cancer Syndromes with miRNA Involvement. 

Syndrome                     miRNA Role 

DICER1 syndrome 
Germline mutations in DICER1 → impaired miRNA processing   

tumours in lung, ovary, thyroid, etc. 

Li-Fraumeni syndrome 
miR-34 family is regulated by TP53; dysfunction may amplify 

cancer risk in TP53 mutation carriers. 

HBOC (Hereditary Breast 

and Ovarian Cancer) 

miR-182 and others regulate BRCA1 expression; dysregulation 

may affect DNA repair.  

Familial colorectal cancer 
miR-155 and others can target MMR genes (MLH1, MSH2), 

influencing Lynch syndrome pathogenesis. 

4. Inheritance Patterns 

Inheritance patterns refer to the ways in which genetic traits are passed from parents to 

offspring. These patterns help explain how traits are inherited and why they can vary among 

individuals within a family or population. Each of these inheritance patterns helps to explain the 

genetic variability observed in families and populations, and understanding them is crucial for 

genetic counseling, diagnosing inherited diseases, and studying evolution. 

There are several main inheritance patterns, each with its own characteristics. Some of the most 

common inheritance patterns include: 

4.1. Autosomal Dominant 

The most common pattern in hereditary cancers. A mutation in one copy of a gene (e.g., BRCA1, 

BRCA2, TP53) is sufficient to increase cancer risk. Affected individuals have a 50% chance of passing 

the mutation to offspring [85,86]. The risk of developing cancer among carriers of hereditary 

mutations in cancer-related genes often ranges from 20% to nearly 90%, depending on the specific 

gene and type of cancer [87]. Examples of autosomal dominant are summarized in Table 2. 

Table 2. Autosomal Dominant Cancer Syndromes, the genes involve and associated cancers. 

Syndrome / Condition  Gene(s) Involved Associated  

Cancers 

Hereditary Breast and 

Ovarian Cancer  

  BRCA1, BRCA2 Breast, ovarian, 

prostate, pancreatic 

Lynch Syndrome 

(HNPCC) 

  MLH1, MSH2, MSH6,  

PMS2, EPCAM 

Colorectal, endometrial, 

ovarian, gastric, urinary 

tract 

Li-Fraumeni Syndrome    TP53 Breast, brain, sarcomas, 

adrenal, leukemia 
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Familial Adenomatous 

Polyposis (FAP) 

APC Colorectal (almost 100% 

risk), small intestine, 

stomach 

Cowden Syndrome PTEN Breast, thyroid 

(follicular), endometrial 

Peutz-Jeghers 

Syndrome 

STK11 (LKB1) GI tract (colon, 

stomach, pancreas), 

breast, cervix, testes 

Hereditary 

Retinoblastoma 

RB1 Retinoblastoma (eye), 

osteosarcoma 

Von Hippel–Lindau 

Disease (VHL) 

VHL Kidney (RCC), 

pheochromocytoma, 

CNS 

hemangioblastomas 

Multiple Endocrine 

Neoplasia type 1 

(MEN1) 

MEN1 Parathyroid, pancreatic, 

pituitary tumours 

Multiple Endocrine 

Neoplasia type 2 

(MEN2) 

RET Medullary thyroid 

carcinoma, 

pheochromocytoma 

4.2. Autosomal Recessive 

The less common pattern in hereditary cancers. Cancer risk increases when both copies of a gene 

are mutated (e.g., MUTYH-associated polyposis). Carriers typically do not show symptoms but can pass 

the mutation to children. Examples of autosomal recessive cancer disease are: Fanconi anemia [88], 

Bloom syndrome [89], Werner Syndrome [90] and ataxia telangiectasia [91]. 

4.3. X-Linked Hereditary Cancer 

X-linked inheritance is rare in hereditary cancer syndromes. Mutations in X-linked genes are 

transmitted through the maternal line and typically affect males more severely due to the presence 

of a single X chromosome. One example is Wiskott–Aldrich syndrome (WAS), a rare 

immunodeficiency disorder associated with an increased risk of malignancies. WAS is caused by 

mutations in the WAS gene located on the short arm of the X chromosome (Xp11.23) [92]. Another 

example of X-linked hereditary cancer is Lymphoproliferative Syndrome Type 1 associated with 

Burkitt lymphoma [93] . 

4.4. Mitochondrial Inheritance (Maternal Inheritance) 

Mitochondrial inheritance refers to the maternal transmission of mitochondrial DNA (mtDNA), 

which can affect both sexes but is passed on only by females. Mutations in mtDNA have been linked 

to several cancers—including breast, colorectal, ovarian, and lung cancer—by disrupting energy 

metabolism and promoting tumor growth. While some evidence suggests that maternally inherited 

mtDNA mutations may increase cancer risk, the relationship remains complex and involves 

interactions with nuclear genes [94–97] . 

5. General Recommendations for Cancer Genetic Testing in the Community 

Recommendations for genetic testing for cancer predisposition in the general population vary 

based on risk factors, population background, and family history. While universal genetic testing 
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is not yet standard for everyone, guidelines strongly recommend testing for people with personal 

or familial risk factors — and in some cases, for specific populations even without a family history. 

The most common hereditary syndromes and the suggested genetic tests are summarized in Table 3. 

Table 3. Key Conditions for Hereditary Cancer Testing. 

Syndrome   Common Genes Associated Cancers 

Hereditary Breast & 

Ovarian Cancer (HBOC) 

   BRCA1, BRCA2 Breast, ovarian, prostate, 

pancreas 

Lynch Syndrome    MLH1, MSH2, MSH6,  

PMS2, EPCAM 

Colorectal, endometrial, 

ovarian, gastric 

Li-Fraumeni Syndrome    TP53 Sarcomas, brain, breast, 

adrenal 

Cowden Syndrome    PTEN Breast, thyroid, endometrial 

Familial Adenomatous 

Polyposis (FAP) 

   APC Colorectal (hundreds of 

polyps) 

MUTYH-Associated 

Polyposis 

   MUTYH Colorectal polyps/cancer 

6. Concluding Remarks 

Hereditary cancers represent a significant portion of cancer cases, driven by inherited mutations 

in specific genes that regulate essential cellular processes such as growth, division, repair, and 

apoptosis. Understanding the genetic basis of these cancers is crucial, as it not only enhances our 

knowledge of cancer biology but also enables earlier detection, more effective prevention, and 

personalized treatment strategies. Mutations in tumor suppressor genes or oncogenes, along with 

epigenetic alterations, contribute to the initiation and progression of cancer in genetically 

predisposed individuals. Familial cancers follow various inheritance patterns, each with unique 

characteristics, which underscores the complexity of hereditary cancer risk.  Identifying Genetic 

Changes  in families enables genetic counseling that plays an essential role in managing hereditary 

cancer risk. It provides individuals and families with vital information about their genetic 

predisposition, guiding them through informed decision-making regarding testing, surveillance, and 

preventive measures. By identifying genetic mutations early, individuals can take proactive steps to 

reduce their cancer risk, undergo regular screenings, and consider preventive treatments, ultimately 

improving outcomes and quality of life. 

Despite the progress in understanding the genetic and epigenetic factors involved in hereditary 

cancers, much remains to be learned. Ongoing research into genetic mutations, epigenetic 

modifications, and the molecular mechanisms underlying these cancers will continue to shape future 

diagnostic, therapeutic, and preventive approaches. 

In conclusion, hereditary cancer risk is driven by a complex interplay of high-penetrance 

mutations, moderate-risk genes, and polygenic factors. While significant progress has been made in 

identifying key genetic contributors to familial cancer syndromes, many challenges remain. Future 

research should focus on integrating next-generation sequencing technologies into routine clinical 

practice to enable earlier and more accurate identification of at-risk individuals. Moreover, the use of 

polygenic risk scores may offer a more nuanced understanding of cancer susceptibility, especially in 

individuals without strong family histories. Advances in gene editing, epigenetics, and AI-driven 

risk modelling, also hold promise for improving prevention and personalized treatment strategies. 

Continued efforts in patient education, genetic counselling, and ethical frameworks will be critical as 

the field evolves. 
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