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Simple Summary: The aim of this study was to explore the utility of cascade family testing (CFT) 

in families of breast cancer patients who carry specific genetic variations. We conducted genetic 

analysis in a group of breast cancer patients and identified genetic variations in over 20% of them; 

thus, CFT was recommended to their first-degree relatives. Among those tested, the majority were 

asymptomatic females and mainly offspring, siblings, or parents of the patients. The study showed 

that CFT was most commonly performed in families with high-risk genetic findings, and we 

concluded that CFT could be a valuable approach for preventing hereditary cancers by identifying 

at-risk family members. We also emphasized the need for improved genetic counseling and 

communication to ensure effective implementation. 

Abstract: Background: Hereditary cancer predisposition syndromes are responsible for 

approximately 5–10% of all diagnosed cancer cases. In order to identify individuals at risk in a cost-

efficient manner, family members of individuals carrying pathogenic alterations are tested only for 

the specific variant that was identified in their carrier relative. The purpose of this study was to 

investigate the clinical use and implementation of cascade family testing (CFT) in families of breast 

cancer patients with pathogenic/likely pathogenic variants (PVs/LPVs) in cancer-related 

predisposition genes. Methods: Germline sequencing was carried out with NGS technology using a 
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52-gene panel, and cascade testing was performed by Sanger sequencing or MLPA. Results: In a 

cohort of 1785 breast cancer patients (families), 20.3% were found to have PVs/LPVs. Specifically, 

52.2%, 25.1%, and 22.7% of patients had positive findings in high-, intermediate-, and low-

penetrance breast cancer susceptibility genes, respectively. Although CFT was recommended to all 

families, only 117 families (32.3%) agreed to proceed with genetic testing. Among the first-degree 

relatives who underwent CFT, 70.3% were female, and 108 of 121 (89.3%) were cancer free. 

Additionally, 42.7%, 36.7%, and 20.6% were offspring, siblings, and parents of the subject, 

respectively. Our data suggest that CFT was mostly undertaken (104/117, 88.8%) in families with 

positive findings in high-risk genes. Conclusions: Cascade family testing can be a powerful tool for 

primary cancer prevention by identifying at-risk family members. It is of utmost importance to 

implement genetic counseling approaches leading to increased awareness and communication of 

genetic testing results. 

Keywords: cascade family testing; hereditary breast cancer; next-generation sequencing 

 

1. Introduction 

Hereditary breast cancer refers to the subgroup of breast cancer cases with inherited 

genetic susceptibility due to specific genetic pathogenic or likely pathogenic variants 

(PVs/LPVs) showing familial clustering. Although the vast majority of breast cancers arise 

from acquired DNA damage primarily shaped by external environmental and lifestyle 

elements, hereditary breast cancer diagnoses are caused by PVs/LPVs in genes that are 

critical for upholding the stability of DNA within cells [1]. 

Genes have been categorized into different groups based on their association with 

the risk of developing breast cancer [2]. High-risk genes are those that, when mutated, 

significantly increase the risk of cancer development, with a risk greater than four times 

(>4×) that of the general population over a lifetime. Moderate-risk genes, on the other 

hand, confer a risk of two to four times (2–4×) compared to the general population. Low-

risk genes are associated with a less than two times (<2×) increased risk of cancer. For 

some genes, there is limited or insufficient evidence available regarding their link to 

cancer and the extent of the associated risk [3]. It is important to note that this classification 

is dynamic and continuously updated based on clinical evidence from various sources, 

with the aim of achieving a consensus within the scientific community. 

BRCA1 and BRCA2 (known as BReast CAncer genes 1 and 2) are the most widely 

recognized breast cancer susceptibility genes. PVs/LPVs in these genes markedly increase 

the risk of developing breast and/or ovarian cancer. These PVs/LPVs adhere to an 

autosomal dominant inheritance pa�ern, substantially increasing the risk of cancer 

development in first-degree relatives inheriting them compared to the general population 

[4]. In addition to the BRCA1 and BRCA2 genes, there are several other genes associated 

with an increased risk of breast cancer. Some of these genes include TP53, CHEK2, ATM, 

PALB2, PTEN, STK11, CDH1, NF1, RAD51C, and RAD51D [5]. 

Individuals with a family history of breast cancer, particularly a history characterized 

by early-age diagnoses and multiple primary cancers, may opt for genetic testing to 

identify PVs/LPVs occurring in high-risk genes. Detection of such a variant could trigger 

cascade family testing (CFT), a process involving the genetic testing of higher-risk family 

members to determine their genetic status. CFT serves to identify individuals with genetic 

PVs/LPVs before symptoms manifest [6]. This early identification empowers healthcare 

providers to initiate surveillance measures and preventive strategies, thereby facilitating 

early intervention and potentially improved outcomes. The practice of cascade testing 

facilitates personalized risk evaluation and counseling by recognizing individuals at 

heightened susceptibility to hereditary cancer. Individuals and their families are 

empowered to make informed choices regarding cancer screening, preemptive surgeries, 
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and lifestyle modifications to enhance overall well-being [7]. CFT for genes with moderate 

or low penetrance, which do not have clear-cut management recommendations, is a 

crucial query. This is further complicated by the general ambiguity surrounding risk 

interpretation for many genes with moderate penetrance. The lack of consensus on the 

best clinical approach for pathogenic variants (PVs) in these genes underscores the 

necessity for specialized genetic counseling education [8]. 

CFT is a crucial and fundamental element in the field of genetic counseling and 

testing approaches, playing a significant role in uncovering the innate factors contributing 

to susceptibility to breast cancer among family members. This approach holds substantial 

value in identifying these factors. It goes beyond the initial individual, typically referred 

to as the proband, who has received a diagnosis of a breast cancer-related PV/LPV [9]. 

One of the primary challenges is the complexity of acquiring comprehensive and well-

informed consent from family members for genetic testing. This procedure is rife with 

ethical, emotional, and psychological intricacies, spanning from concerns about privacy 

to addressing the consequences of test results. The likelihood of a chain reaction of 

emotional impact on individuals who become informed about their genetic predisposition 

should not be underestimated, emphasizing the necessity of robust psychological support 

mechanisms [10]. 

The aim of this study was to investigate the clinical use and implementation of CFT 

within families of breast cancer patients carrying PVs/LPVs. 

2. Materials and Methods 

We conducted a thorough retrospective investigation involving a total of 1785 breast 

cancer patients belonging to 1785 families, who were specifically referred to our 

laboratory for the purpose of undergoing genetic testing. This research was conducted 

within a private diagnostic laboratory, where patients were not chosen based on rigid 

criteria for genetic testing. Instead, every individual received genetic counseling including 

explanations about the importance of molecular testing by a physician and/or geneticist 

from our laboratory. The patients shared details about their personal and familial 

backgrounds and gave their consent before undergoing molecular genetic testing. They 

also gave permission for their data to be used anonymously for research or scientific 

publications. 

As previously described [11], our focus encompassed a comprehensive panel of 52 

genes that are known to be associated with a predisposition to hereditary cancers (Table 

S1). Among these genes were the following breast cancer-associated genes: ATM, BARD1, 

BLM, BRCA1, BRCA2, BRIP1, CDH1, CHEK2, NBN, NF1, PALB2, PTEN, RAD50, RAD51C, 

RAD51D, STK11, and TP53. These genes were selected for cancer predisposition testing 

based on extensive scientific research and established guidelines (Table S2).  

The analysis of these 52 genes was carried out utilizing a highly effective and targeted 

approach known as a capture-based method, which was seamlessly integrated with 

cu�ing-edge next-generation sequencing (NGS) technology. This advanced methodology 

was generated through the application of the DNBSEQ-G400 technology. In the course of 

the sequencing procedure, a fundamental step involved aligning the genetic reads to a 

curated reference sequence referred to as GRCh37. This alignment was essential for 

ensuring accuracy and precision in the identification of any deviations or alterations 

within the genetic sequences. Importantly, any identified sequence variations were 

meticulously evaluated in the context of a specific transcript that holds clinical 

significance.  

One particularly noteworthy aspect of our approach was the incorporation of the 

capture-based method. This method enables the assessment of copy number variations 

(CNVs), thus enriching our understanding of the genetic landscape related to hereditary 

cancer predisposition. 

Furthermore, we executed a comprehensive cascade testing protocol involving 121 

individuals from 117 families. This process involved either Sanger sequencing or the 
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utilization of multiplex ligation-dependent probe amplification (MLPA) techniques. These 

advanced methodologies enabled us to scrutinize specific genetic regions of interest, 

thereby ensuring a rigorous assessment of potential genetic pathogenic variants. A clear 

overview of the workflow is provided as a visual representation below (Figure 1). 

 

Figure 1. Schematic representation of the workflow used in this study. 

The p-values were calculated utilizing Fisher’s exact test. A p-value < 0.05 was 

considered to be statistically significant. 

The study was conducted in accordance with the Declaration of Helsinki and 

approved by the Ethics Commi�ee of the Hellenic Breast Surgeons Society (1 September 

2023). 

3. Results 

Our comprehensive study of a cohort of 1785 individuals who had been diagnosed 

with breast cancer provides novel insight into the genetic landscape of the disease. Among 

this group, 362 patients, accounting for approximately 20.3% of the total cohort, carried a 

significant genetic distinction—the presence of either pathogenic variants (PVs) or likely 

pathogenic variants (LPVs). These variants represent crucial genetic alterations that play 

a substantial role in the development and progression of breast cancer. By delving deeper 

into the specifics of these genetic alterations, we found that the positively identified 

patients could be categorized into distinct groups based on the nature of the variations 

within their genomes. 

A noteworthy 52.2% of these individuals exhibited variations within high-penetrance 

cancer susceptibility genes. Further analysis revealed that 25.1% of the patients carried 

variations in moderate-penetrance cancer susceptibility genes. Intriguingly, 22.7% of the 

patients were identified with a pathogenic/likely pathogenic variant in low/unspecified-

penetrance cancer susceptibility genes (Figure 2).  
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Figure 2. Percentages of genes with P/LP variants among breast cancer patients with positive 

findings. Genes are divided into different categories according to the associated risk for breast 

cancer. 

Despite the strong and widely acknowledged recommendation for the integration of 

genetic counseling and CFT within all families affected by potential genetic conditions, 

the actual uptake of this vital process was notably low. Among the targeted group of 362 

families, only 117 families, comprising approximately 32.3% of the total, chose to move 

forward with the genetic testing procedure. In these 362 families with potentially 

significant genetic variants, we estimated that about 1246 first-degree relatives could 

benefit from CFT; however, 121 individuals, or 9.7%, pursued CFT. Even within the same 

family, not all members chose to undergo genetic testing. 

The average age of the patients who initiated the testing was 46 years, and the median 

age was 45 (26–80). In parallel, the average age of the first-degree relatives who actively 

engaged in the genetic testing process was noted to be 40 years (Table 1). This age 

difference between the probands and their tested relatives yielded a statistically 

significant result (p < 0.0001), signifying a noteworthy discrepancy.  

Among the individuals who opted for genetic counseling and CFT within the group 

of first-degree relatives, a substantial majority, approximately 70%, were female (Table 1).  

Of the total 121 individuals who engaged in the genetic testing process, a significant 

proportion, specifically 108 individuals, accounting for 89.3% of the tested relatives, 

displayed no discernible symptoms or indications related to cancer (Table 1).  

Table 1. Information on individuals who underwent CFT. 

Categories n = 121 

Female, n (%) 85 (70.3%) 

Male, n (%) 36 (29.7%) 

Mean Age, years 40 

Asymptomatic, n (%) 108 (89.3%) 

Symptomatic, n (%) 13 (10.7%) 
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The median duration of the cascade testing process, an essential aspect of genetic 

testing that involves tracing the genetic variants through a family tree, was calculated to 

be nine months. Within the group of 121 individuals who pursued genetic testing, a 

detailed stratification of their relationships to the patients is shown in Figure 3. 

Approximately 42.7% of the tested individuals were offspring, indicating a concern for 

future generations and the desire to understand potential risks that could affect their 

children. About 36.7% were siblings, reflecting the pivotal role of siblings in supporting 

and understanding familial health histories. Finally, 20.6% were parents of the probands, 

illustrating the multi-generational impact of the genetic condition and the parental 

commitment to obtaining crucial information for their own well-being as well as that of 

their offspring. 

 

Figure 3. Percentage of first-degree relative categories undergoing cascade family testing. 

Out of the total instances of CFT among the 117 families, a significant 88.8% (104 

families) were conducted within high-risk families. 

4. Discussion 

Approximately 5–10% of all breast cancers are a�ributed to the syndrome known as 

hereditary breast and ovarian cancer (HBOC) [12]. The identification of pathogenic and 

likely pathogenic variants (20.3%) in a significant proportion of the current cohort 

underscores the role of genetics in disease manifestation. The diverse distribution of these 

variants across high- (52.5%), moderate- (25.1%), and low-penetrance (22.7%) genes 

accentuates the multifactorial nature of breast cancer susceptibility. This insight not only 

advances our understanding of the genetic mechanisms driving breast cancer but also lays 

a foundation for more targeted and personalized approaches to diagnosis, treatment, and 

risk assessment of individuals affected by this complex disease [13]. 

The observation that only a fraction of families (32.3%) followed through with 

recommended genetic counseling and testing despite its acknowledged importance 

emphasizes the complex interplay of factors shaping individuals’ choices in healthcare 

[14]. Our results agree with a growing number of studies that have examined the uptake 

of cascade family testing for hereditary cancer and show generally that this is lower than 

30% among the eligible first-degree relatives [15,16]. Another important issue is that after 

a careful inspection of the 362 families with a proband identified as carrying a P/LP 

variant, we computed that approximately 1246 first-degree relatives would be eligible for 

CFT, but only a small number of individuals (121 individuals, 9.7%) proceeded with 

testing even in families that responded to CFT. Therefore, more efforts should focus on 

encouraging first-degree relatives in these families to pursue testing and reducing the cost 

of CFT approaches. 



Cancers 2023, 15, 5218 7 of 10 
 

 

An interesting result of our study is the gap between the age average of the probands 

up taking the genetic testing and that of their first-degree relatives at the time of CFT. This 

discrepancy might reflect the diverse motivations and concerns that individuals at 

different life stages hold regarding genetic testing. Younger individuals, often less 

burdened by health issues or more distant in time from family members’ diagnoses, could 

perceive genetic testing as a preemptive measure to shape their future health decisions. 

The significant age gap between the probands and their tested relatives not only 

underscores the impact of age on the decision to pursue genetic testing but also points to 

the potential influence of other factors such as family dynamics, health histories, and 

personal beliefs. The decision to opt for genetic testing is multifaceted and influenced by 

numerous considerations, ranging from personal health awareness to familial 

responsibilities [5]. Our findings collectively highlight the need for a comprehensive 

understanding of the diverse motivations and barriers that individuals face when 

considering genetic testing, ultimately guiding efforts to enhance the accessibility and 

acceptance of this critical component of personalized healthcare [17]. 

Furthermore, the comprehensive demographic stratification of tested individuals 

underscores the complexity of familial dynamics and the diverse motivations for 

undergoing genetic testing. The proactive involvement of individuals who displayed no 

symptoms (89.7%) underscores the increasing awareness of the potential benefits of 

preemptive health management. Additionally, the distribution of tested individuals 

across different relationship categories emphasizes the collaborative and interconnected 

nature of family health. The statistical data regarding the sex distribution, absence of 

cancer symptoms, testing duration, and relationship categories provides a rich context for 

understanding the choices and motivations behind the decision of first-degree relatives to 

pursue genetic testing. These insights collectively contribute to a deeper comprehension 

of the multifaceted considerations that drive individuals to engage in genetic counseling 

and testing, ultimately shaping more informed healthcare decisions and potentially 

enabling the implementation of effective preventive strategies [18].  

Factors associated with increased uptake of CFT are higher educational level and 

socioeconomic factors, effective communication with relatives, and comfort with 

disclosing the results at the proband level, while at the family-level, female sex has an 

additive effect [19], a conclusion also revealed by our study. This highlights the critical 

role that women often play in health-related decisions within families, underscoring their 

active engagement in seeking valuable genetic insights to enhance their understanding of 

potential health risks and probably also reflects the strong belief among patients and their 

families that breast cancer-related genetic findings at least will not affect male relatives. 

However, breast cancer genes are also associated with increased risk for other cancers 

affecting both sexes. 

The cumulative data emphasize the significance of both identifying shared genetic 

risk within families and focusing on high-risk gene families during the testing process. 

The prevalence of shared PVs/LPVs within tested first-degree relatives highlights the 

tangible impact of genetics on familial health pa�erns, while the strategic prioritization of 

high-risk gene families showcases a targeted approach to risk assessment and prevention 

[20]. The application of CFT in families with probands carrying genes with moderate or 

low penetrance, particularly those without established management protocols, is a critical 

area of inquiry. This is further complicated by the widespread uncertainty surrounding 

how to assess the risk of many genes with moderate penetrance [7]. The lack of consensus 

on the most effective clinical approach for addressing PVs in these genes emphasizes the 

pressing need for specialized genetic counseling education. This education is essential for 

providing tailored guidance on risk management for individuals carrying these variants, 

ensuring they receive the most informed and personalized care possible. As such, 

advancing genetic counseling education becomes a pivotal step towards improving 

clinical care and support for those with PVs in moderate- and low-penetrance genes [8]. 
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An example of cascade testing within a family with a BRCA1 pathogenic variant is 

shown in Figure 4. In this particular family, the initial individual of interest, marked as 

III:2 within the family tree, underwent genetic testing due to the family’s notable history 

of breast cancer and was found to carry a pathogenic variant within the BRCA1 gene. 

Following the disclosure of the testing results, the proband’s brother (III:3), who had been 

diagnosed with pancreatic cancer, was subsequently tested and identified to carry the 

same variant [21].  

In contrast, the proband’s sister (III:4) was healthy at the time of her brother’s positive 

genetic testing outcome. Two years later, her circumstances changed dramatically as she 

was diagnosed with breast cancer. Considering her diagnosis, she opted to undergo 

genetic testing that revealed that she also carried the familial variant in the BRCA1 gene. 

This finding further underscored the impact of such testing in unraveling familial 

predispositions to certain cancers and how these insights can potentially influence 

healthcare decisions, risk assessment, and preventive measures [22]. The journey from the 

initial proband to the subsequent testing of family members demonstrates the complexity 

of genetic influences and their profound implications for health outcomes within a family 

context [23]. 

 

Figure 4. An example of cascade testing within a family with a BRCA1 pathogenic variant. 

Α recent study with a large sample size investigated the rate of unexpected 

pathogenic/likely pathogenic variants in relatives undergoing multigene panel testing 

(MGPT) instead of the limiting cascade testing for familial PVs/LPVs recommended in the 

guidelines. In 6.2% of the relatives, an unexpected PV/LPV in a cancer predisposition gene 

was detected, and in nearly half (2.7% of the relatives that were tested), the unexpected 

PV/LPV was in a high- or moderate-penetrance gene, offering a change in clinical 

management in a high proportion of them [24]. A future perspective of our study could 

include MGPT in relatives to reveal such unexpected findings and empower the value of 

such an approach. 

Certainly, this research, while valuable, is not without limitations. One notable 

constraint is the relatively small sample size of individuals who underwent CFT. This may 

potentially influence the generalization of the findings to larger populations. 

Additionally, a crucial aspect that warrants a�ention is the absence of follow-up data for 

both the initial proband and their relatives who underwent testing. This lack of 

longitudinal information limits our ability to track the progression of or any changes in 

their genetic status over time, which is essential for a comprehensive understanding of the 
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outcomes. Another noteworthy limitation pertains to the uncertainty surrounding 

whether some relatives may choose to undergo testing at a different laboratory in the 

future. This introduces a potential source of variability in the testing process and 

outcomes, as different laboratories may employ slightly different methodologies or have 

distinct interpretations of genetic data. This information gap could impact the overall 

consistency and reliability of the results and should be taken into consideration when 

interpreting the findings. 

Considering these limitations, it is important to acknowledge that while this research 

provides valuable insights, further studies with larger sample sizes and robust long-term 

follow-up protocols are needed to strengthen the reliability and applicability of the 

findings. Additionally, future investigations may benefit from tracking whether relatives 

pursue testing at alternate laboratories, allowing for a more comprehensive 

understanding of the genetic landscape within the family context. 

5. Conclusions 

In conclusion, the outcomes of this study highlight the interaction between genetic 

heritage and the evaluation of risk within families. The significant presence of PVs/LPVs 

among immediate relatives accentuates the genetic basis of the condition. Moreover, the 

increased focus on families with high-risk genes during testing exemplifies a well-

informed and calculated strategy for risk control. These findings add to the expanding 

knowledge base regarding genetic testing and its consequences, enhancing our grasp on 

anticipating, comprehending, and potentially reducing the risk of hereditary disorders 

within familial contexts. 
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