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diagnosis signals a missed opportunity in cancer prevention 
and control. Indeed, up to 98% of individuals with Lynch 
syndrome remain undiagnosed today [2]. Cascade testing is 
a guideline-recommended approach for identifying individ-
uals with Lynch syndrome early by systematically testing 
family members of individuals who were previously diag-
nosed with Lynch syndrome, starting with first-degree rela-
tives and cascading throughout the family, as needed. In the 
US, cascade testing typically relies on individuals diagnosed 
with a pathogenic or likely pathogenic variant to inform 
at-risk relatives of the need for genetic testing, and then 
relies on the relatives to seek genetics services individually. 
Multilevel barriers to facilitating predictive genetic testing 
among relatives exist such that only 52% of first-degree 
relatives of patients with Lynch syndrome receive cascade 
testing, with lower uptake among underserved populations 
[3]. The presence of barriers to cascade testing at different 
socio-ecological levels has led to suboptimal use of this 
strategy for identifying individuals with Lynch syndrome 
and demonstrates a need for further research and practice 

Introduction

Lynch syndrome is a hereditary cancer condition character-
ized by up to a 90% lifetime risk of colorectal cancer and 
a 40% lifetime risk of endometrial cancer due to germline 
pathogenic variants in DNA mismatch repair genes [1]. 
Lynch Syndrome-associated cancer risk is best managed 
through early diagnosis and guideline recommended cancer 
risk management strategies enabling cost-effective cancer 
prevention [2]. Unfortunately, most individuals in the US 
are diagnosed with Lynch syndrome following a significant 
personal or family history of cancer. Identifying individuals 
with pathogenic or likely pathogenic variants after a cancer 
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Abstract
Lynch syndrome is an underdiagnosed genetic condition that increases lifetime colorectal, endometrial, and other cancer 
risk. Cascade testing in relatives is recommended to increase diagnoses and enable access to cancer prevention services, 
yet uptake is limited due to documented multi-level barriers. Individual barriers such as feelings of fear, guilt, and anxiety 
and limited knowledge about Lynch syndrome as well as interpersonal barriers including complex family dynamics and 
language barriers limit family communication about Lynch syndrome and prevent uptake of genetic screening for relatives. 
Organizational and environmental barriers including a shortage of genetics professionals, high costs, and fears of discrimi-
nation also reduce cascade testing. These multi-level barriers may disproportionately impact underserved populations in 
the United States, such as individuals with lower incomes, limited English-speaking proficiency, lower educational attain-
ment, and inadequate access to health systems. Multi-level facilitators of cascade testing include interpersonal support 
from family members, peers, and healthcare providers, educational resources, and motivation to improve family health. 
Taken together, these barriers and facilitators demonstrate a need for interventions and strategies that address multi-level 
factors to increase cascade testing in families with Lynch syndrome and other hereditary cancer conditions. We provide an 
example of a cascade testing intervention that has been developed for use in individuals diagnosed with Lynch syndrome 
and discuss the variety of current approaches to addressing these multi-level barriers.
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advancement to support probands (i.e., initial family mem-
ber diagnosed with Lynch syndrome) and relatives in cas-
cade testing [4]. Here, we discuss the multi-level barriers 
and facilitators to cascade testing present across individual-, 
interpersonal-, organizational-, and environmental- levels; 
the need for multi-level interventions to improve the equi-
table adoption, implementation, and sustainment of cascade 
testing for Lynch syndrome; and an example of such an 
intervention developed to address these barriers with insight 
from invested partners to support cascade testing for Lynch 
syndrome.

Multilevel barriers and facilitators

Individual and interpersonal barriers and 
facilitators

Individual and interpersonal barriers include those at the 
patient, relative, and provider levels as well as interac-
tions between them during cascade testing. Among family 
members, low knowledge about Lynch syndrome and the 
value of genetic testing is a major barrier to cascade test-
ing [4–6]. Qualitative data from individuals with Lynch 
syndrome have highlighted that low awareness about Lynch 
syndrome and its elevated lifetime cancer risk may result 
in low perceived benefit of cascade testing among family 
members, translating to low uptake of testing [4]. Not only 
do patients and family members lack this knowledge, but 
also providers. In particular, data suggest that non-genetics 
providers may lack knowledge about Lynch syndrome, 
which in turn hinders the process of cascade testing because 
providers cannot adequately discuss cascade testing or sup-
port patients through the process of testing additional family 
members [4]. Additionally, confusion among patients about 
the role of their providers in facilitating cascade testing can 
lead to delays or disruptions in communication with family 
members about a Lynch syndrome diagnosis [4].

For patients who are aware of cascade testing and its 
importance for family health, psychosocial barriers can pose 
an obstacle for communicating with family members to 
seek cascade testing. Feelings of guilt and anxiety, privacy 
concerns, and fears of potential stigmatization due to social 
norms about illness can cause patients to feel reluctant to 
disclose their Lynch syndrome diagnosis to family mem-
bers [5, 6]. Challenging family dynamics such as emotional 
distance or conflict can further impede communication with 
family members about Lynch syndrome [5]. Finally, even if 
patients successfully share their genetic status with family 
members, feelings of fear and information avoidance among 
relatives can delay or prevent uptake of genetic testing [5].

Cascade testing for Lynch syndrome is also limited by 
certain interpersonal communication issues such as lan-
guage discordance and a lack of open communication chan-
nels for family members [5]. A lack of proficient skills in 
a family member’s primary language can prevent effective 
disclosure of genetic testing results, which is compounded 
by low genetic literacy broadly [7]. Indeed in the United 
States, limited proficiency in the English language is also 
associated with lower probability of awareness of genetic 
testing [8].

Individual and interpersonal factors can also support the 
process of cascade testing for relatives. The motivation to 
inform family members through a sense of duty and desire 
to support family member health can facilitate communi-
cation about a Lynch syndrome diagnosis [4, 6]. Solidarity 
and psychological support from the diagnosed proband as 
well as peers in support groups and advocacy organizations 
can also encourage relatives to overcome concerns about 
genetic testing [5], suggesting the importance of social net-
works and social support. Finally, recommendations and 
educational materials for relatives provided by physicians 
can facilitate the process of genetic testing for family mem-
bers [5]. The important role of health professionals in guid-
ing cascade testing emphasizes the need to increase provider 
education about Lynch syndrome and optimize clinical sys-
tems to facilitate patient navigation through testing.

Organizational and environmental barriers and 
facilitators

Organizational policies and procedures can further reduce 
accessibility to genetic testing services for family members. 
Relatives often face logistical challenges in identifying and 
receiving a referral for a genetic counselor to initiate genetic 
testing given the workforce shortage in genetics profession-
als in the United States [5, 6]. Beyond a general workforce 
shortage, there is also a severe lack of genetics professionals 
who can provide services in languages other than English, 
limiting access to the genetics services necessary to receive 
testing for individuals who speak other primary languages 
[9]. In cases when a genetic counselor can be identified 
and a referral obtained, many professionals practice in aca-
demic centers or clinics which may require family members 
living in rural areas to navigate long-distances as well as 
take time off from work to receive services during typical 
clinic hours—this may or may not be feasible [5, 6]. Inter-
estingly, the shift to virtual cancer genetic counseling dur-
ing the COVID-19 pandemic, while removing distance and 
time costs to accessing care, has been associated with lower 
willingness to consent to genetic testing among patients 
compared in-person counseling [10]. Thus, expanding 
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geographic access remains an important issue in increasing 
cascade testing among geographically dispersed families.

Family members also demonstrate reluctance to com-
plete cascade testing due to concerns about affordability 
and fears of discrimination in employment, health or life 
insurance [4–6]. The high cost of genetic testing and a lack 
of insurance coverage have been reported by patients as 
reasons for declining genetic testing [4]. Free testing pro-
grams offered by laboratories for relatives of newly diag-
nosed Lynch syndrome patients have been found to address 
financial concerns and increase uptake of cascade testing 
by family members [4]. Yet qualitative data has indicated 
that this alone does not fully relieve concerns about the per-
ceived costs related to cascade testing and potential costs 
related to management of Lynch syndrome [4]. Along these 
lines, family members have also expressed concerns about 
the indirect costs of a Lynch syndrome diagnosis. Concerns 
that career advancement or employment in jobs with physi-
cal or medical requirements could be compromised by a 
positive test result preclude some family members from 
pursuing genetic testing after being informed of their need 
for cascade testing. Additionally, patients also report barri-
ers to receiving testing due to uncertainty about eligibility 
for medical or life insurance after having Lynch syndrome 
listed as a pre-existing condition on medical records [4]. 
While the Affordable Care Act provides protections for 
medical insurance in the United States, protections from life 
insurance discrimination remain a concern.

Finally, while evidence suggests that centralized cascade 
testing and provider-mediated cascade testing may be effec-
tive means for implementing cascade testing, there is not 
yet a centralized cascade testing program for Lynch syn-
drome in the US. Such a program could be especially chal-
lenging in a fragmented healthcare system. Further, Health 
Insurance Portability and Accountability Act and variation 
in state genetic privacy laws to protect patient privacy may 
limit direct disclosure of Lynch syndrome risk to relatives 
by healthcare providers [3]. However, despite these imple-
mentation barriers, there is increasing interest in establish-
ing the feasibility of such an approach as is being done for 
other Tier 1 genetic conditions [11]. 

A cross cutting barrier: health inequities

Barriers to cascade testing may be heightened among under-
served populations who experience additional barriers to 
the health care system due to historical injustices imposed 
by the healthcare systems [12]. Recent research has iden-
tified unique challenges faced by non-English-speaking 
patients in the use of genetics services. Language concor-
dance is known to support patient-provider communication 
and improve understanding and decision-making in genetic 

counseling, yet patients have reported limited access to 
genetics professionals practicing in non-English languages 
[4, 13]. As noted previously, limited English proficiency is 
also correlated with low awareness of genetic testing and 
a lack of informational resources available in non-English 
languages is a known barrier to the uptake of genetic cancer 
risk assessments [8, 14].

Strategies to overcome multilevel barriers

Given the multilevel barriers associated with cascade test-
ing, there is a need for effective interventions that can oper-
ate at multiple socio-ecological levels to eliminate barriers 
and improve the adoption of cascade testing. However, most 
current interventions to support Lynch syndrome cascade 
testing target only barriers at a one or two socio-ecological 
levels. For example, educational materials for patients can 
address barriers such as a lack of knowledge and commu-
nication skills [15]; However, patient education does not 
support relatives in locating a genetics provider or affording 
testing costs. Interventions such as physician referral letters 
recommending genetic testing for at-risk relatives can pro-
vide critical information about Lynch syndrome and sim-
plify health system navigation for relatives, but do not offer 
psycho-social support to patients and relatives who feel fear 
or concerns about their current or potential diagnosis [16]. 
Additionally, many current interventions do not specifi-
cally account for unique challenges faced by patients across 
underserved communities who have lower access to health-
care systems and resources to engage in cascade testing 
and benefit from cancer prevention. Finally, a prior scoping 
review of cascade testing interventions more broadly found 
that few rigorous evaluations of cascade testing models and 
interventions have been conducted [6]. 

An example strategy

In response to multilevel barriers to cascade testing, our 
research team developed a theory-based, intervention 
informed by key parties in cascade testing that considers 
patient, family, provider, and system barriers for cascade 
testing for LS through an intervention called “Let’s Talk 
about Lynch syndrome and your family” (Let’s Talk) [17]. 
Let’s Talk is a theory- and evidence-based cascade testing 
intervention developed to systematically address multilevel 
needs of this population. It was designed to be delivered to 
the proband in the format of an interactive workbook. We 
used intervention mapping – a 6 step process for develop-
ing an intervention that integrates the perspectives of key 
leaders and implementing partners in intervention design. 
Let’s Talk was informed by qualitative interviews (among 
patients, providers, administrators, policy-makers, and 
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patients in clinical settings. The participants also had sev-
eral suggestions for improving the workbook including 
increasing the font size, reducing the number of pages, sim-
plifying the language, and adding more graphics to convey 
the meaning of difficult concepts. This feedback around the 
visual formatting, length, and language complexity of Let’s 
Talk/Hablemos was unique among the bilingual participants 
compared to prior usability testing among those for whom 
English was their primary language, suggesting potential 
areas for further co-design and tailoring. Similarly, work is 
underway to adapt and tailor Let’s Talk for other hereditary 
conditions, including hereditary breast and ovarian cancer 
syndrome and familial hypercholesterolemia. Thinking for-
ward, most participants expressed interest in an electronic 
delivery format, primarily a web-based version, and empha-
sized the value of providing the workbook in multiple for-
mats to meet the needs of different users. These findings 
aligned with usability testing for the English-language ver-
sion as well.

While Let’s Talk’s design takes into consideration mul-
tiple participants and multilevel barriers related to cascade 
testing, it is primarily a patient-level intervention with the 
option of provider-led support in (1) identifying which rela-
tives to contact and (2) contacting those relatives who the 
proband does not feel comfortable reaching out to or having 
a family member or friend reach out to (activity 1 in the 
workbook). This flexibility offers the opportunity for this 
intervention to target multiple partners in cascade testing, 
including family, friends, and providers but still heavily 
relies on patient engagement.

A path forward

Let’s Talk/Hablemos represents a theory and evidence-
based cascade testing intervention aimed at addressing mul-
tiple barriers for cascade testing in English and Spanish. In 
our initial work, our advisory panel prioritized barriers and 
facilitators based on their importance and changeability. 
As a result, not all barriers were addressed, and thus many 
opportunities remain to improve the adoption and imple-
mentation of cascade testing in the US beyond the devel-
opment of supportive interventions delivered directly to 
patients and providers.

Other approaches to cascade testing in the US have 
expanded beyond proband initiated approaches to hybrid 
approaches engaging relatives as well. For example, Cas-
well-Jin and colleagues developed an online program in 
which both known carriers and first-degree relatives of car-
riers can enroll in an online family testing program includ-
ing a pre-test video and online consent process [18]. Offered 
by a genetic testing laboratory, individuals who have a 
pathogenic variant can provide email addresses for their 

patient advocacy organizations, n = 60)  [4], a systematic 
literature review [5], and an Advisory Panel. The interven-
tion includes four core components: information chunking, 
guided practice for family communication, planning cop-
ing responses, and gain-framing messaging for patients, 
their provider and family members. Let’s Talk content also 
addresses obstacles to cascade testing including interper-
sonal dynamics (e.g., identifying relatives that the proband 
needs help contacting either by a friend, family member or 
provider), limited knowledge about Lynch syndrome (e.g., 
educational materials, glossary), fear, guilt or stigma about 
Lynch syndrome (e.g., planning coping responses, gain 
frame messaging), low social support (e.g., linked resources 
for social support groups), and low provider access (e.g., 
linked resources for identifying genetics providers across 
geographic areas). Initial paper-based content of Let’s Talk 
has been tested among patients for its usability (n = 10) and 
was found to be highly acceptable, easy to use, and superior 
to existing resources [17]. Ongoing work seeks to make this 
intervention more accessible and interactive in an online 
version.

Given concerns around the availability of non-English 
language resources, we recently adapted Let’s Talk into 
Spanish (i.e., Hablemos) to assist Spanish-speaking patients 
in overcoming challenges to cascade testing with family 
members given the limited availability of language-con-
cordant care, and genetic resources. Hablemos content was 
professionally translated into Spanish as a direct translation 
of the English content and reorganized into a paper- and 
pdf-based workbook format. We conducted a qualitative 
usability study with five bilingual adults diagnosed with 
Lynch Syndrome to examine the preliminary usability of 
Hablemos for Spanish-speaking patients and to gather data 
to enable future areas for cultural tailoring (Supplemental 
File 1).

Similar to findings in English-speaking patients [16], 
we found that all participants liked the educational mes-
saging in the workbook explaining the definition of Lynch 
syndrome, the cancer risks associated with the condition, 
and strategies for cancer prevention. Most participants fur-
ther commented positively on the motivational content in 
the workbook describing the benefits of Lynch syndrome 
genetic testing and encouraging the uptake of cascade test-
ing. All participants emphasized the value of the interac-
tive workbook activities in directing communication about 
Lynch syndrome and genetic testing with family members. 
Consistent with other qualitative work highlighting limited 
knowledge of Lynch syndrome cascade testing and appro-
priate educational resources, most participants had not pre-
viously seen a similar resource for Lynch syndrome family 
cascade testing delivered in Spanish [5, 17] and expressed 
that they would recommend the workbook for use with 
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address health system level barriers such as competing 
demands and low relative priority related to cascade test-
ing. Thus, the feasibility and sustainability of such programs 
must be considered and further studied.

Other approaches to direct-contact include centralized 
cascade testing models, which include a coordinating center 
that directs cascade testing. Qualitative data from provid-
ers, administrators and patient advocates have pointed to 
centralized cascade testing as a gold standard for increasing 
cascade testing rates [4]. Deemed one of the most successful 
strategies for cascade testing, the Netherlands implemented 
a national cascade testing program for familial hypercho-
lesterolemia with over 80% of eligible relatives receiving 
testing [21]. Despite the success of centralized cascade 
screening for FH in the Netherlands, after twenty years, 
government funding of the program was discontinued. How-
ever, with buy-in for centralized cascade screening across 
key partners, a non-profit organization was developed and 
took over national coordination of cascade testing, demon-
strating yet another model for funding such a national, cen-
tralized program [21]. 

Increasingly consideration of how to adapt such a model 
to the US context has been considered. A recent proof of con-
cept study for a centralized cascade testing model for famil-
ial hypercholesterolemia showed the potential feasibility of 
this strategy in the US. McGowan and colleagues adapted 
the Dutch model for FH cascade testing to the US context 
in partnership with the Family Heart Foundation in which 
individuals diagnosed with FH are referred to the Family 
Heart Foundation [11]. In turn the Family Heart Foundation 
educated the proband about the need for cascade testing, and 
upon consent, supported conversations between probands 
and their relatives as well as directly contacted relatives for 
cascade testing, provided education to relatives, and coordi-
nated cascade testing and lipid testing for consenting rela-
tives [11]. As a final step in this approach, the Family Heart 
Foundation then supported relatives with a positive result 
to identify specialty care and engage in additional cascade 
testing in their family. Ongong work is examining the feasi-
bility of this strategy further (Department of Defense Award 
Number: W81XWH-21-1-0645, PI Ahmad), and if success-
ful this approach could be adapted for Lynch syndrome in 
partnership with other advocacy organizations.

These strategies are but a few of many cascade testing 
approaches being tested and used in practice. For example, 
other innovative approaches focus on (1) supporting the 
connections between probands and close relatives as well 
as distant relatives through the use of social networks [22], 
(2) using interactive videos to model family discussions 
[23], and (3) chatbots to support education about genetic 
testing [24]. While each of these strategies addresses sub-
sets of implementation barriers, the comparative and cost 

relatives who then receive an email with the pre-test video 
and consent information directly from the program. Those 
first-degree relatives who are enrolled then receive results 
and these results are provided by a genetic counselor if posi-
tive. In parallel, first-degree relatives who learn about the 
program can directly enroll into the program.

For first-degree relatives to participate directly with 
the program, the proband must have disclosed receiving a 
pathogenic variant to the relative from the outset. Thus, in 
a sense, this pathway, while directly targeting first degree 
relatives, does still rely on information flow from the pro-
band. This gap is addressed by also intervening with pro-
bands and providing direct-contact to first degree relatives 
by the program. This approach circumvents provider and 
health system barriers related to competing demands and 
relative priority of cascade testing by delivering it through a 
genetic testing company and connecting individuals with a 
positive result directly to a genetic counselor. Understand-
ing the extent to which relatives are connected back to their 
health care teams (or new care teams) would be an interest-
ing future direction.

A direct-contact strategy for cascade testing removes the 
burden of cascade testing from the patient and utilizes an 
outside party (often a provider service) to contact relatives 
of individuals recently diagnosed with a hereditary condi-
tion. Primarily based on non-US studies, a recent meta-anal-
ysis suggests that compared with patient-mediated contact, 
direct-contact strategies for cascade testing are associated 
with increased rates of genetic counseling and testing 
among relatives [19]. Recent work by Henrikson and col-
leagues has looked at patient and family preferences for a 
health system-led direct contact approach for cascade test-
ing for hereditary cancer syndromes (hereditary breast and 
ovarian cancer and Lynch syndromes) [20]. Using a qualita-
tive human-centered design approach, the team identified a 
draft set of requirements for a direct-contact cascade testing 
strategy aligned with patient and family preferences. These 
requirements included: patient consent prior to a provider 
contacting their relatives, autonomy for relatives to decide 
what information is received and how to use it, multiple 
lines of communication with relatives, specific communica-
tion points for contact with relatives, a clear recommenda-
tion for testing and follow-up, and resources for the proband 
to share with their relatives [20]. Patients and families felt 
that communication to the relative should include notifica-
tion that their relative gave permission for the provider to 
call, the reason for contact, and information about inherited 
cancer risk, cost, coverage, privacy, and non-discrimina-
tion laws. The strength of this approach is that it helps to 
address proband- and interpersonal-level barriers to cascade 
screening and directly provides the necessary information to 
relatives. Health care system approaches do not, however, 
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patients and families [12, 28]. Answering this call is critical 
for ensuring precision public health.

Conclusion

The numerous barriers to cascade testing for Lynch syn-
drome at individual, interpersonal, community, and policy 
levels emphasize the need for multi-level interventions to 
facilitate the equitable implementation of cascade testing 
for Lynch Syndrome across the care continuum. There is 
a need for the development of multi-level solutions, both 
at an individual and interpersonal levels, as well as at the 
organizational and policy levels to overcome the multi-level 
barriers to cascade testing faced by patients, particularly in 
underserved communities. Research to develop innovative 
and effective interventions that support the cascade testing 
process at all socio-ecological levels is an important step 
toward addressing the critical and timely need to improve 
health equity in the implementation of Lynch syndrome cas-
cade testing and other applications of genomic medicine.
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effectiveness of these approaches remains unknown. Future 
work to understand which strategies and components of 
strategies are optimal (e.g., educational v direct contact) 
to meet the needs of different patient groups is needed to 
advance cascade testing.

Finally, because cascade testing relies on the initial diag-
nosis of a proband in a family, improving initial genetic test-
ing is another opportunity to advance cascade testing uptake. 
Genetic testing in probands remains suboptimal limiting 
the potential impact of cascade testing in family members. 
Efforts to improve identification of individuals through uni-
versal tumor screening for Lynch syndrome among patients 
with colorectal and endometrial cancers as well as emerg-
ing calls for population genetic screening for LS and other 
conditions may enhance these identification efforts. These 
efforts should be paired with cascade testing strategies as 
well as interventions focused on ensuring appropriate fol-
low up for family members who test positive.

Though little has been done in this area, ideal implemen-
tation of cascade testing will support all aspects of care from 
proband diagnosis, to communication of risk status to fam-
ily members, to genetic testing in relatives, and to follow-up 
programs to ensure appropriate risk management for cancer. 
Thus the development of interventions or linkages between 
interventions across this continuum will be crucial for 
ensuring improved outcomes for these high risk families. 
Finally, as more tools are developed in cascade testing, and 
other aspects of the care continuum (proband diagnosis and 
long-term risk management), the call must shift from devel-
oping more tools to implementing the tools that we know 
work. The field of implementation science can support the 
integration of cascade testing best practices and evidence-
based interventions into clinical and public health settings. 
Through comparative effectiveness studies, implementa-
tion scientists can identify which strategies are efficient and 
cost-effective for delivering and sustaining cascade testing 
in practical settings. Yet, the field of implementation science 
in cascade testing, while growing, is still underdeveloped 
and in need of dedicated research to advance the field [25]. 
Numerous calls for implementation science in precision 
public health propose that the field can contribute towards 
realizing the public health impact of interventions like cas-
cade testing [26, 27].

Finally, current research has also emphasized the need 
for ongoing improvement as it relates to the development 
of tailored, culturally- and linguistically-appropriate inter-
ventions for cascade testing for Lynch syndrome. Public 
health leaders recently called for increased action to address 
disparities in access and utilization of genomics-based 
healthcare including through the development of culturally 
and community-tailored genomic educational materials for 
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