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Abstract Lynch syndrome is the most common cause of

inherited colorectal and endometrial cancers. Individuals

with Lynch syndrome have a 10–80 % lifetime risk for

colorectal cancer and a 15–60 % lifetime risk for

endometrial cancer. Both cancers are preventable through

chemoprevention, intensive cancer surveillance, and risk-

reducing surgery options. Efforts to identify as many

individuals with Lynch syndrome as possible will prevent

cancers and save lives. This includes the traditional cancer

genetic counseling model whereby individuals with and

without cancer are evaluated for a possible Lynch syn-

drome diagnosis based on their personal and family history

of colon polyps and cancers. It also includes universal

tumor screening for Lynch syndrome whereby all indi-

viduals with colorectal or endometrial cancer are screened

for tumor features of Lynch syndrome at the time of

diagnosis. Those with tumors suspicious for Lynch syn-

drome are referred for cancer genetic counseling regardless

of their family history of cancer. This two approaches must

be maximized to attain high patient reach. Finally, and

perhaps most importantly, cascade testing among the at-

risk relatives of those diagnosed with Lynch syndrome is

critically important to maximize the diagnosis of individ-

uals with Lynch syndrome. In fact, the cost-effectiveness

of universal tumor screening for Lynch syndrome relies

entirely on counseling and testing as many at-risk indi-

viduals as possible since young unaffected individuals

stand to benefit the most from an early diagnosis of Lynch

syndrome. This approach must be optimized to achieve

high family reach. It will take a concerted effort from

patients, clinicians and public health officials to improve

current approaches to the diagnosis of Lynch syndrome and

the prevention and treatment of Lynch syndrome-associ-

ated cancer but these lessons can be applied to other con-

ditions as the ultimate example of personalized medicine.

Keywords Lynch syndrome � Genetic counseling �
Cascade testing � Genetic testing

Background

Lynch syndrome is the most common cause of inherited

colorectal and endometrial cancers. It affects around 1 in

35 colorectal and endometrial cancer patients [1–4] and

about 1 in 370 individuals in the general population [5].

Individuals with Lynch syndrome have a 10–80 % risk for

colorectal and a 15–60 % risk for endometrial cancer by

age 70 [6, 7]. They are also at increased risk for gastric,

ovarian, urothelial, small bowel, pancreatic and sebaceous

carcinomas although the risks are not as high for these

cancers. Several organizations have published surveillance

guidelines for individuals with Lynch syndrome; most

recommend colonoscopy every 1–2 years at age 20–30 and

consideration of risk-reducing hysterectomy and bilateral

salpingo-oophorectomy after childbearing [8–11]. These

surveillance and prevention options have been shown to be

very effective at reducing the morbidity and mortality of

cancers associated with Lynch syndrome [12–16]. In

addition, there is evidence that long-term use of aspirin

reduces the risk for colorectal cancer and possibly other

cancers among individuals with Lynch syndrome [17]. As a

result, it is clear that the early identification of individuals
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with Lynch syndrome can prevent cancers and save lives

through participation in cancer surveillance and prevention

options.

It is perhaps surprising then, that a study in the Kaiser

Permanente health system revealed that less than 5 % of

colorectal cancer patients with a positive family history had

any Lynch syndrome testing [18]. We obviously have a

long way to go if we are to make substantive improvements

in the diagnosis of Lynch syndrome. There are three main

approaches to the identification of individuals with Lynch

syndrome that will be explored. The first two pertain to

increasing the identification of families with Lynch syn-

drome by increasing the number of appropriate individuals

receiving genetic counseling and testing. The traditional

model involves patient or physician referral of individuals

suspected of having Lynch syndrome based on their per-

sonal or family history of cancer. These individuals may or

may not have cancer themselves. The active approach

involves universal tumor screening for Lynch syndrome

among all newly diagnosed colorectal and endometrial

cancer patients with follow-up genetic counseling and

testing for individuals suspected of having Lynch syn-

drome based on the results of their tumor testing. The last

approach involves increasing the number of family mem-

bers who undergo genetic counseling and testing for Lynch

syndrome once one member of the family is diagnosed.

This is known as cascade testing since you follow the

mutation through the family, testing those at 50 % risk

first, followed by their children, only if they test positive.

We must optimize all three approaches to begin to tackle

the problem of the under-diagnosis of Lynch syndrome.

Traditional genetic counseling

The traditional genetic counseling model has been in

practice for years but really took hold in the field of cancer

genetics in the 1990s. This model utilizes risk assessment

criteria or computer models to identify individuals who are

at risk of having Lynch syndrome. These models can be

applied to individuals with and without cancer. They began

with the development of the Amsterdam criteria in 1990 for

the identification of families likely to have Lynch syn-

drome for use in gene-hunting research [19]. These criteria

are sometimes referred to as the ‘‘3-2-1 Rule’’ because the

family must include at least three cases of colorectal cancer

(one of whom is a first-degree relative of the other two), in

at least two successive generations, with at least one

individual diagnosed under age 50. The criteria were

revised in 1999, to be less restrictive including some other

Lynch syndrome-associated cancers and were referred to as

the Amsterdam II criteria [20]. The Bethesda guidelines

[21] and Revised Bethesda guidelines [22] included even

less restrictive criteria in an attempt to identify colorectal

and endometrial cancer patients who might benefit from

tumor screening for Lynch syndrome. The result, however,

may have instead complicated risk assessment for clini-

cians and patients since this led to four different sets of

complex criteria that were difficult to apply in practice.

Newer approaches attempt to simplify this process

through the use of quick patient questionnaires or on-line

risk assessment tools. The Colorectal Cancer Risk Assess-

ment Tool has been validated in a busy endoscopy practice

and includes three yes or no questions [23]. If participants

answer yes to any of the items, they should then be referred

for cancer genetic counseling. This tool was endorsed in the

U.S. Multisociety Task Force on Colorectal Cancer Guide-

lines for Lynch syndrome [8]. The PREMM1,2,6 risk

assessment tool is available on-line (http://premm.dfci.har

vard.edu/) and involves a quick series of questions about the

presence of colorectal, endometrial and other Lynch syn-

drome-associated cancers in the patient, their first-degree

relatives and their second-degree relatives [24, 25]. Indi-

viduals with a 5 % or greater likelihood of having a muta-

tion in a Lynch syndrome gene should be referred for cancer

genetic counseling. This model has been shown to outper-

form existing clinical criteria including the Revised

Bethesda guidelines [24–26]. The major flaw in this method

is that fact that clinicians are busy and may not have time to

take an adequate cancer family history or to apply appro-

priate risk assessment tools. If they do take the history and

use the model and identify an at-risk individual, they still

have to make the referral to cancer genetics and the patient

has to follow-through with the appointment. Cancer genetic

counseling services have to be accessible within driving

distance of the patient and have appointments available in a

timely manner. Patients are likely lost at every step in this

process and it is this process that led to only 5 % of colon

cancer patients with a positive family history on chart re-

view having had any Lynch syndrome testing in one large

health system [18]. Efforts to assist in family history taking

and risk assessment could help to optimize this strategy (e.g.

patient-directed family history collection tools that integrate

with the electronic medical record, best practice alerts in the

electronic medical record for those who need referral to

cancer genetics, and more cancer genetics providers so that

it is easy to find a nearby clinic with a reasonable wait time).

Universal tumor screening for Lynch syndrome

The American Cancer Society predicts that there will be

134,490 new cases of colorectal cancer diagnosed in 2016

in the United States [27]. It is estimated that 4035 of these
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patients have Lynch syndrome and another 12,105 of their

family members also have Lynch syndrome [2, 3]. In an

attempt to identify these individuals, several professional

organizations have recommended universal tumor screen-

ing of all newly diagnosed colorectal cancer patients at the

time of diagnosis [8, 28] and some organizations have

recommended screening all newly diagnosed endometrial

cancer patients [29]. Universal tumor screening consists of

testing the paraffin-embedded tumor for microsatellite

instability (MSI: a characteristic found in 77–89 % of

tumors from individuals with Lynch syndrome) or for the

presence of the four Lynch syndrome proteins (MLH1,

MSH2, MSH6 and PMS2) using immunohistochemical

(IHC) staining (one or more of these proteins is absent in

83 % of tumors from individuals with Lynch syndrome)

[30]. Reasons for this recommendation are that patients

whose tumors exhibit microsatellite instability (whether

proven by MSI testing or extrapolated from abnormal IHC

testing): (1) have a better prognosis [31], (2) may need

treated differently [32, 33], and (3) are more likely to have

Lynch syndrome [2, 3]. However, a survey performed in

2012 found that of respondents, only 73 % of compre-

hensive cancer centers, 36 % of College of Surgeons

accredited cancer centers, and 15 % of community cancer

hospitals were performing universal tumor screening of all

CRC patients [34]. There are many possible barriers to the

implementation of universal tumor screening for all newly

diagnosed CRC patients, but a major one is that many

cancer centers do not have cancer genetics professionals on

staff to provide genetic counselling and follow-up genetic

testing to the patients whose tumors have abnormal

screening tests.

Once implemented, the next barrier occurs when trying to

get patients with abnormal tumor screening to undergo

genetic counseling with consideration of genetic testing.

These patients are different than those seen in the traditional

genetic counseling model because they did not seek out

genetics due to concerns about their personal or family his-

tory, range in age from 18–89?, may have little to no

knowledge about Lynch syndrome or hereditary cancers, and

are dealing with their new diagnosis of cancer. It has been

shown that institutions with a high level of patient follow-

through with genetic counseling and testing following a

screen-positive result all utilize genetic counselors to dis-

close the screen-positive results to the patients and genetic

counselors either facilitate physician referrals to genetics or

eliminated the need for referrals through an agreement with

the treating surgeons and oncologists allowing them to

contact the patients directly [35]. It is also important to

include tests (somatic BRAF mutation testing or MLH1

promoter hypermethylation testing) to identify patients with

acquired hypermethylation of the MLH1 promoter who do

not need follow-up genetic counseling and testing.

To help optimize this model, it may require public

policy mandating the screening of all newly diagnosed

colorectal and endometrial cancer patients. Similar to the

newborn screening model, the system could use centralized

laboratories to conduct the tumor screening and regional

genetic centers to provide the genetic counseling and

testing to those with an abnormal screening test. This will

enable smaller community hospitals to provide the same

level of service as the larger academic centers and will

ensure that patients receive the same care with regard to

Lynch syndrome screening no matter where they are

diagnosed.

Cascade testing

Cascade testing occurs once one member of a family has

been diagnosed with Lynch syndrome. At that point,

genetic counseling and testing should be offered to all of

the individual’s first degree relatives who are age 18 or

over since they each have a 50 % chance that they have

also inherited Lynch syndrome. Testing is very reliable and

less expensive at this point because it is known which

Lynch syndrome gene is responsible and where the exact

mutation is located in that gene. Full testing of all the

Lynch syndrome genes can cost $1500-4000 whereas

known mutation testing for at-risk relatives once the

mutation has been identified in a family costs $200–475. If

an individual with Lynch syndrome has a sister who has 5

children, it is also more cost-effective to test the sister first.

If she tests negative for Lynch syndrome, then her 5 chil-

dren are not at-risk and do not need testing at all, saving

time and money and avoiding unnecessary concern. Simi-

larly, once it is known whether or not the Lynch syndrome

was inherited from the individual’s mother or father, it is

clear which aunts, uncles and cousins are at-risk for Lynch

syndrome (those on the side of the family with the muta-

tion) and which are not (those on the other side of the

family). Cascade testing is very important since it identifies

who has Lynch syndrome and can benefit from intensive

cancer surveillance and prevention options that can help

prevent or lead to the early diagnosis of cancer improving

morbidity and reducing mortality. It also identifies mem-

bers of the family who do not have Lynch syndrome. These

individuals are not at increased risk for cancer and can

follow the American Cancer Society guidelines for cancer

screening in the general population. This can be the dif-

ference between undergoing colonoscopy every 10 years

starting at age 50 for those without the mutation in the

family or undergoing colonoscopy every 1–2 years starting

at age 20-30 for those with the mutation in the family.

In controlled research settings, it has been shown that

six at-risk relatives can be tested for each colorectal cancer
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patient identified with Lynch syndrome with three testing

positive [2, 3]. Because this testing occurred in a research

setting, the genetic counseling and testing were free and the

counselor provided services locally in the families’ homes,

churches, or doctor’s offices. However, outside the

research setting, it appears that 3.6 relatives or fewer are

tested for every individual diagnosed with Lynch syndrome

[36]. Demographic factors (age\ 50, female sex, parent-

hood, level of education, employment, participation in

medical studies), psychological factors (lack of depressive

symptoms) and possible family history (greater number of

relatives with cancer) were positively associated with

uptake of genetic testing. Another study found that indi-

viduals with Lynch syndrome share their results with first-

degree relatives (parents, children and siblings) but they are

significantly less likely to share their results with more

distant relatives [37]. It is very important that rates of

cascade testing within known Lynch syndrome families

improve. In fact, this is the key factor influencing the cost-

effectiveness of the universal tumor screening for Lynch

syndrome approach with screening become more cost-ef-

fective as increasing numbers of relatives under genetic

counseling and testing [38–40].

Efforts to improve uptake of cascade testing of at-risk

relatives once a diagnosis of Lynch syndrome is made in a

family will be applicable to all adult-onset genetic condi-

tions (e.g. Hereditary Breast Ovarian Cancer syndrome,

Familial Hypercholesterolemia, etc.) so the potential ben-

efits are enormous. Researchers are beginning to explore

ways to improve cascade testing through the use of secure

websites for sharing results (Kintalk.org), videos that can

be sent to relatives explaining the importance of genetic

counseling and testing for Lynch syndrome, and direct

contact of at-risk relatives by the clinician helping to take

this burden off the original family member with a diagnosis

of Lynch syndrome who may be dealing with their own

cancer diagnosis. The results of two nationwide cascade

testing programs for Familial Hypercholesterolemia have

been published. The program in the Netherlands resulted in

testing 25.7 relatives per proband compared to 4.5 relatives

tested per proband in Norway [41]. Similar to our research

Lynch syndrome cascade testing, the very successful pro-

gram in the Netherlands involved direct contact of the at-

risk family members by a genetic field worker who

arranged to take a blood sample from the family members

at their homes with treatment being coordinated by local

specialist clinics. The program in Norway relied on the

proband and the genetic counselor to contact the relatives

and request follow-up testing coordinated by the primary

care physician which required an appointment. Again,

public policy may play a role if the United States was to

consider some type of coordinated effort at a nationwide

cascade testing program for adult-onset conditions where

early detection has been shown to improve outcomes and

testing has been proven to be cost-effective.

Discussion

It is clear that waiting for these patients and families to self-

refer or be referred by their clinicians to cancer genetics is

not sufficient on its own. There will always be a need to

identify families with hereditary cancer syndromes in the

traditional model but we must undergo a paradigm shift in

genetic counseling to a more active approach in the identi-

fication of individuals who need a cancer genetic evaluation

and testing. Similarly, relying on probands to contact their

family members and refer them to local cancer genetics

providers has not been a very successful approach to pro-

moting cascade testing among at-risk relatives. An active

approach to cascade testing among at-risk relatives perhaps

using a nationwide system to maximize results may improve

the identification of as many individuals with Lynch syn-

drome as possible in families with this diagnosis.

It will take a concerted effort by patients, clinicians, and

others involved in public health genomics to increase the

number of individuals diagnosed with Lynch syndrome.

However, these efforts have the potential to prevent many

cancers and save lives. In addition, any models that are

successful for Lynch syndrome could be applied to other

adult-onset conditions for which testing, prevention and

treatment is available. Some of the solutions may be high-

tech involving the electronic medical record and alerts for

individuals with strong personal or family histories of

cancer. Other solutions may be low-tech such as offering

‘‘house calls’’ to improve uptake of cascade testing among

at-risk relatives. This may require new approaches to the

billing and reimbursement of genetic counseling services.

It will also require an open mind and consideration of

alternative service delivery models (such as modeling this

after the newborn screening program in the United States).
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