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Abstract
Background: People at risk of developing hereditary cancers associated with Lynch 
Syndrome (LS) can be identified through universal screening of colorectal tumors. 
However, tumor screening practices are variable across Canada and few studies ex-
plore the perspectives of genetic counselors and pathologists about tumor screening. 
This study was conducted to better understand the barriers and facilitators of imple-
menting universal tumor screening in health centers across Canada.
Methods: An online survey about tumor screening programs was administered to 
genetic counselors and pathologists across Canada through communication channels 
of professional organizations. It was hosted on SurveyMonkey and accessible from 
October 2016 to March 2017.
Results: Barriers to tumor screening included a lack of sustainable resources, includ-
ing funding and genetic counselors. Respondents strongly identified the need for a 
coordinated, interdisciplinary approach to program planning with the “right people at 
the table.” Respondents currently with a screening program provided advice such as 
carefully designing the program structure, developing patient and family follow‐up 
protocols, and ensuring adequate resources (funding, staff, training for providers) 
were available prior to program initiation.
Conclusion: There is no national approach to universal tumor screening in Canada. 
However, future efforts can be informed by the experiences of those centers that have 
already created a universal tumor screening program for LS. These data suggest the 
need for an interdisciplinary approach, initial and sustained funding, and careful ad-
vanced planning of program structures and policies.
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1 |  INTRODUCTION

As the second most common cancer in Canada, colorectal 
cancer (CRC) accounted for 13% of all cancers in 2017.1 
Lynch Syndrome (LS), an autosomal dominant genetic con-
dition, is the most common heritable cause, accounting for 
3%‐5% of all CRCs.2,3

Lynch Syndrome not only significantly increases the life-
time risk of CRC, but also pancreatic, stomach, and other 
malignancies, with an appreciably higher lifetime risk of 
endometrial cancer for female carriers.4-6 Given these sub-
stantial lifetime cancer risks, early identification of high‐risk 
individuals is critically important for cancer prevention.

Traditionally, patients with CRC evaluated for LS were 
identified using family history information and age of can-
cer onset as outlined in the Amsterdam criteria and Bethesda 
guidelines.7-10 However, because of their limited sensitivity 
and specificity, they have significant drawbacks.11 Many 
mutation carriers are not individuals who would have been 
tested for LS according to these criteria, and some who do 
meet the criteria are improperly diagnosed.12-14 As a result, 
some high‐risk families remain unidentified and are unable 
to avail early prevention strategies.11,15,16

The underpinning cause of LS is loss‐of‐function muta-
tions in any of the genes that encode the DNA mismatch re-
pair (MMR) proteins MLH1, MSH2, MSH6, or PMS2.17 As 
such, recent strategies to better identify high‐risk individuals 
include “reflex testing” the tumors of patients with CRC for 
MMR deficiency using either immunohistochemistry (IHC) 
or microsatellite instability (MSI).15,16,18

The better sensitivity of reflex tumor testing to identify 
possible cases of LS led to recommendations of universal 
tumor screening for all individuals with CRC, regardless of 
age or family history.15 This initial call was followed by fur-
ther support from the US Multi‐Society Task Force on CRC 
and other national organizations and initiatives.11,19

Despite the calls for universal screening programs, how-
ever, there is variable uptake of reflex testing and heterogene-
ity in practice.20-24 In the UK, for example, screening for LS 
in the National Health Service is “patchy and inconsistent” 
with a variety of screening protocols in use across institu-
tions.25 In the US, driven in part by the Healthy People 2020 
policy objective “to increase the proportion of persons with 
newly diagnosed CRC who receive genetic testing to identify 
Lynch syndrome,” universal screening has been implemented 
regionally by over 30 health systems and on a statewide basis 
in Ohio.2,26 Nonetheless, LS screening protocols are more 
likely in research and academic centers, and less likely in 
community hospitals.20,27 A recent systematic review of exist-
ing screening pathways for LS28 revealed only five sites with 
structured and permanent screening protocols: three in the US, 
one in Australia, and one in Europe. Of these, three followed a 
universal screening approach including all patients with CRC. 

The Australian pathway included CRC patients <60 years, 
while the Californian site included CRC patients <50 years. 
In Canada, there is no standardized and integrated approach to 
the identification of patients with LS.22,23,29,30 Rather, identi-
fying potential cases of LS depends largely on individual cli-
nicians, leaving some families with LS unidentified.23

Barriers to implementing tumor screening programs for 
LS include a lack of financial and human resources, low 
awareness of LS and tumor screening, a lack of education for 
healthcare providers, and a general lack of information on ex-
actly how to implement the program, complicated by variable 
program structures and protocols.16,19,23,31,32

To inform discussions about universal tumor screening pro-
grams for LS, this study presents the results of an online sur-
vey of Canadian pathologists and genetic counselors. Barriers 
and facilitators to implementing a tumor screening program 
for LS from the viewpoint of those currently with, and with-
out, a screening program at their centers are described.

In this province, universal tumor screening could posi-
tively impact health outcomes. Newfoundland and Labrador 
(NL) has the highest incidence of CRC in Canada, and the 
highest CRC mortality rate.33 Statistics from the Canadian 
Cancer Society show NL with the highest stage‐specific, age‐
standardized incidence rate of CRC of around 20 per 100 000 
for Stage II and III colon cancer.1 With its small population 
(~528 000), CRC represents a significant public health bur-
den for the province.

The purpose of this study was to explore the barriers 
and facilitators related to implementing a tumor screening 
program for LS. There is little practical information in the 
literature regarding how centers have proceeded with imple-
menting a tumor screening program. The objective of this 
paper is to reveal identified barriers and advice about imple-
menting tumor screening programs for LS in the hope that 
other centers may learn from those with experience.

2 |  METHODS

Ethical approval was obtained from the Health Research 
Ethics Board in St. John's, Newfoundland and Labrador, 
Canada (Ref # 16.062).

2.1 | Survey development and content
The full description of survey content and iterative develop-
ment is described elsewhere.30 Briefly, two descriptive, on-
line surveys were developed for genetic counselors (38 items) 
and pathologists (36 items). Additional items for genetic 
counselors probed follow‐up protocols in the event of an ab-
normal tumor screen. Items from prior published surveys21,22 
were used or slightly modified for current surveys (eg, which 
tumors were routinely screened, criteria for screening, type 
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of test used, ordering healthcare professional), with items 
measuring attitude toward tumor screening and consent prac-
tices crafted by the research team.

In this paper, items measuring barriers to, and facilita-
tors of, implementing tumor screening programs for LS are 
presented. Specifically, respondents who indicated they had 
a tumor screening program at their center were asked about 
barriers to implementing the universal screening protocol, 
how barriers were overcome, and what advice they could 
offer for those centers currently planning a similar program. 
Respondents who specified at the start of the survey they did 
not have a universal tumor screening program at their center 
were directed to items exploring possible barriers to a screen-
ing program and what might be helpful in implementing 
universal tumor screening. Response options to close‐ended 
items were taken or adapted from Cohen.21

2.2 | Survey administration
Surveys were hosted on SurveyMonkey between October 
2016 and March 2017.30

2.3 | Participant recruitment
All pathologists and genetic counselors in Canada were eli-
gible to complete surveys, regardless of where they practiced 
or for how long. We were interested in the opinions of those 
with a tumor screening program for LS in their institution, 
but also those who did not have such a program. Thus, there 
were no exclusion criteria. The sampling frame consisted of 
genetic counselors and pathologists who were members of 
national professional organizations. A study invitation con-
taining the survey link was advertised at least twice through 
professional disciplines’ regular communication channels 
(eg, newsletters, emails, social media posts). The Canadian 
Association of Pathology (CAP), the Canadian Association 
of Genetic Counselors (CAGC), and the Canadian 
Immunohistochemistry Quality Control all distributed study 
ads to their members. Research team members also sent per-
sonal study invitations containing the survey link through 
their networks. Four pathologists and three genetic counse-
lors received personal study invites from team members and 
they were encouraged to share the link with colleagues.

2.4 | Survey analysis
This was a descriptive study with no formal hypothesis. 
Rather, the goal was to describe barriers to implementing a 
tumor screening program and possible solutions from the per-
spective of those respondents who currently had a screening 
program at their centers. Those currently without a screen-
ing program were also asked to describe possible barriers 
and what might be helpful in establishing a program at their 

center. Descriptive statistics are used to describe responses 
to quantitative and qualitative items. Counts and percentages 
describe respondents’ endorsement of specific barriers and 
facilitators to implementing a tumor screening program for 
LS. All open‐ended questions were coded and analyzed ac-
cording to the qualitative descriptive approach.34,35 This is 
a naturalistic form of inquiry with no a priori theoretical as-
sumptions about the data. Rather, data are presented in the 
language of participants and the end result is a comprehen-
sive summary of responses. First, data were isolated accord-
ing to question content (eg, barriers to a screening program, 
advice to others considering implementing a LS screening 
program). Two investigators (HE, GL) then independently 
read open‐ended responses and identified emerging themes 
across surveys. Following independent coding, these investi-
gators met to discuss and finalize themes and representative 
quotes. Slight differences in codes and themes were resolved 
through discussion. This analysis was finally presented to 
the larger research team for discussion and approval.

3 |  RESULTS

One hundred and nineteen completed surveys were avail-
able for analysis (53 pathologists and 66 genetic counselors). 
Accurate response rates for the surveys could not be deter-
mined as there was no way of knowing exactly how many ge-
netic counselors and pathologists saw the survey invite, opened 
the link, or started the survey. Survey invites were sent to 472 
pathologists through the CAP, giving a crude response rate of 
approximately 11%. At the time of advertising, the CAGC con-
firmed there were 330 genetic counselors in their membership 
and on their mailing list, giving a crude response rate of 66/330 
or 20%. Response to demographic items was poor across both 
groups. Just seven genetic counselors completed demographic 
information. All were female; four practiced in ON and three 
in Western Canada. Most were practicing for 11‐15 years; four 
specified “academic medical center” as their place of practice, 
three a community hospital, and one a diagnostic laboratory. 
Thirty‐two pathologists provided demographic data: two from 
Atlantic Canada, 14 from ON and QB, with 16 from Western 
Canada. There were roughly equal numbers of men and 
women (n = 16), in practice for more than 15 years (~29%). 
Almost half practiced in academic medical centers (41.5%), 
with approximately one quarter in community hospitals; the 
remainder identified private practice or diagnostic lab.

3.1 | Perspectives of respondents with a 
tumor screening program at their centers
Respondents were asked to identify which barriers their center 
faced in implementing a tumor screening protocol (Figure 1). 
The most common response from pathologists was lack of 
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funding, whereas genetic counselors most often indicated they 
did not know what the specific barriers were. Pathologists 
further endorsed a lack of genetic counselors as a significant 

barrier, while the genetic counselors identified the lack of an 
interdisciplinary approach as a common barrier. Both groups 
noted that not having the right people to the table was a barrier.

F I G U R E  1  Responses (counts) of 
pathologists and genetics counselors to the 
item, “What barriers did your centre face in 
implementing a screening protocol?”

0

2

4

6

8

10

12

14

16

Barriers identified by path (n = 53) Barriers identified by GCs (n = 66)

Lack of funding Lack of genetic counselors

Right people to the table Disinterest from pathology

Disinterest from genetic counselors Time

Lack of interdisciplinary approach Don't know

Inability to test inhouse Other

T A B L E  1  Barriers to a tumor screening program for LS

Barrier to screening 
program Possible solutions

Representative quotations 
Genetic counselors (n = 7); Pathologists (n = 11)

Ongoing access to 
adequate funding

Seek alternative sources of funding, 
including government

The hospital has been willing to cover the IHC costs so far, but as costs 
continue to rise there are worries that there will be cut‐backs to our 
IHC budget. –Pathologist

Found alternative ways to fund. –Genetic counselor
I think much of the funding came through the cancer centre budget. 
–Pathologist

A government commitment to fund downstream genetic testing. 
–Pathologist

Overcome? Funding is an ongoing issue. –Pathologist

Lack of interest/
awareness

Raising awareness of tumor screening 
for LS to the right stakeholders

Highlighting the importance of universal tumor testing and getting the 
right individuals on board. –Genetic counselor

 Continued discussion with pathologists on the need to test patients. 
–Pathologist

Lack of interest in the program from the clinicians that directly interact 
with the patients (surgeons, oncologists). –Pathologist

Lack of interdisciplinary 
approach

Building an interdisciplinary team When it came to our endometrial testing, we have a great group of 
people including pathology gyn/onc and genetics who routinely review 
these things. The right people are at the table. We need to establish 
the same multidisciplinary approach in colon. –Genetic counselor

We are in the process of putting together a working group to look at 
this issue. We would like to see screening properly implemented… 
–Pathologist

Identifying the right 
people to come to the 
table

Finding champions of tumor screening Getting informed and proactive individuals from health authority 
administrations to the table is always a challenge. Luckily, a 
champion of an epidemiologic approach to universal screening was 
hired as the new provincial Hereditary Cancer Programme and she 
was effective at implementing the program's follow up counselling and 
testing. –Pathologist

We have good oncology groups. –Pathologist 
Initial meetings organized by genetic counselors. Original criteria 
[for screening] set by counselors. –Pathologist
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Respondents were asked to explain how they overcame 
some of the barriers in an open item. Table 1 summarizes 
key barriers and potential solutions that arose from the data. 
Similar barriers and solutions were endorsed by patholo-
gists and genetic counselors and included having the right 
people to the table, funding issues, interdisciplinary teams, 
and awareness/interest mentioned most frequently. Access 
to funding for tumor screening programs was an oft‐cited 

barrier; respondents noted ongoing efforts to seek funding 
and the need for government support.

Respondents were provided with an opportunity to pro-
vide advice to centers that might be planning a LS screening 
program (Table 2). The most common themes that arose were 
related to how the program was developed and its ongoing 
structure and the different resources, training, and research 
that were available to support it.

T A B L E  2  Advice for institutions planning a tumor screening program for Lynch Syndrome

Theme
Representative quotations 
Genetic counselors (n = 10); Pathologists (n = 7)

Program Development 
and Structure

Definitely need buy‐in from pathology because that's where it all has to start. The gap in our process at this time is 
the referral getting to Genetics once the pathology report is available to the ordering MD I am quite sure that there 
are patients with IHC‐deficient tumours that are not referred to Genetics. If we had more staff/resources, I could 
propose that we receive the reports as well, however, this is not possible at this time. I attend Gyne‐Onc disease site 
team meetings every week, so I am able to remind and discuss cases with surgeons/oncologists regularly, so the 
referral process for gyne is good. I am unable to attend the GI disease site team meetings every week, mostly 
because they discuss at least 15 cases every week and do not have time to review genetic implications. As a result, I 
am sure there are patients that slip through the cracks. –Genetic Counselor

Good quality control and participate in external IHC testing. 
–Pathologist

Rather than cherry picking which cases to do, we found it easier to do all cases as a standard routine. It is much 
better and more cost effective to start with two antibody IHC screen (ie, PMS2 and MSH6 IHC) upfront and work 
from there. –Pathologist

Be clear about the expectations of all parties involved and make sure you have a way to track results. –Genetic 
Counselor

The only thing I could advise is that from start to finish, I think one person should be involved such as the genetic 
counselor – for the counseling consents, testing, results and any follow‐up testing. –Genetic Counselor

Resources, research 
and 
training

A screening program is very costly – need to have budget and hospital support. See if necessary lab tests are funded 
by the Provincial Ministry of Health. See if clinical genetics can accommodate the increased number of referrals. 
–Pathologist

It's all in the data‐ many patients will be missed without proper implementation. –Genetic Counselor
Compile epidemiological statistics on rates of MMR deletions and compare these to regional, national and interna-
tional figures. –Pathologist

Lots of resources from Heather Hampel and Lynch Syndrome Screening Network. –Genetic Counselor 
Education of pathologists. –Pathologist

F I G U R E  2  Responses (counts) of 
pathologists and genetics counselors to the 
question, “Can you tell us why your centre 
does not do routine LS screening?”
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3.2 | Perspectives of respondents without a 
tumor screening program at their centers
Respondents without a LS screening program at their center 
were asked to identify possible barriers. A list of nine differ-
ent possibilities was presented, and respondents could choose 
as many they wished. The frequencies of each option selected 
are shown in Figure 2.

While counselors could not definitely say why screening 
protocols did not exist at their centers, they indicated a pos-
sible lack of knowledge about LS in general and noted there 
were no clear guidelines for tumor screening. One also noted 
the role of the host institution in implementing a screening 
program:

I think there are a number of interested parties 
(genetics, pathology, surgery, oncology) but it is 
the organization and decisions regarding initiating 
a routine screening program. There is also a need 
for education.  –Genetic counselor

..this has been discussed, but I’m not sure what 
barrier(s) there have been to implementation. 
Testing is available, but to the best of my knowl-
edge, is only performed when requested by a 
clinician.  –Genetic counselor

Not clear on the criteria to use for this testing 
i.e., there is no provincial guideline dictating 
this testing be done if a patient is diagnosed 
under a specific age.  –Genetic counselor

Lack of knowledge about hereditary genetic 
conditions beyond hereditary breast and ovarian 
cancer.  –Genetic counselor

Pathologists most often identified the cost of the test as the 
reason for the lack of tumor screening at their center. One also 
noted the lack of provincial guidance: Lack of endorsement and 
guidelines from [provincial cancer organization]. Both groups 
also identified the lack of an interdisciplinary approach. Indeed, 
a lack of both resources and an interdisciplinary approach were 
identified by both genetic counselors and pathologists as the 
key barriers to implementing a tumor screening program for LS 
at their centers.

An interdisciplinary approach and increased 
funding are key. –Pathologist.

It is probably a combination of things, including 
lack of resources (money, trained persons and 
space).  –Genetic counselor

Lack of communication between pathology, on-
cology and genetics.  ‐Genetic counselor.

3.3 | Potential facilitators for implementing 
a tumor screening program for LS
Finally, respondents currently without a tumor screening program 
for LS were asked to choose what might facilitate their center's ef-
forts to implement a routine screening program (Figure 3).

Despite repeated mentions from pathologists in open 
comments of the need for a higher budget, their most selected 
response was the need for Algorithms (Figure 3). A “higher 
budget” had as many responses as hiring “additional genetic 
counselors (GCs)” and using a “coordinated and integrated 
approach.” The most common responses from the genetic 
counselors were a “higher budget” followed by an “integrated 
and coordinated approach” and “additional GCs.”

F I G U R E  3  Responses (counts) by 
pathologists and genetics counselors to the 
question, “What would be helpful to your 
centre if it attempted to implement routine 
screening for Lynch Syndrome?”
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4 |  DISCUSSION

Pathologists and genetic counselors identified numerous fac-
tors that were perceived to affect the implementation of a uni-
versal tumor screening program for LS.

A key barrier identified by all respondents was the pau-
city of resources available to design and maintain such a 
program, including a lack of dedicated funding and insuf-
ficient numbers of genetic counselors. Strong endorsement 
of the need for a coordinated, interdisciplinary approach to 
program planning with the right people at the table, includ-
ing decision maker champions of tumor screening, was also 
observed.

Advice from respondents whose centers currently had a 
current screening program for LS revolved around careful 
design of program structure and ensuring adequate resources 
(funding, staff, training for providers) were available prior to 
program initiation. Indeed, adequate and ongoing funding, 
sufficient counseling staff, and having an integrated and co-
ordinated interdisciplinary approach to screening were seen 
as key facilitators to implementing a screening program.

These barriers and facilitators are very consistent with 
the growing body of evidence on developing tumor screen-
ing programs for LS.19,20,23,32 A coordinated and consistent 
approach to tumor testing is needed, with clear guidelines 
on the management of patients with LS and the roles and 
responsibilities of providers in the care pathway.23,26,32 
Some respondents specifically noted the lack of provin-
cial guidelines and this has been cited as a barrier in the 
literature.32

If a population benefit to tumor screening is to be re-
alized, a broader coordinated approach to tumor testing is 
needed; lessons learned from provincial or state newborn 
screening programs could provide valuable information in 
this regard.26 Palter et al’s (2018) respondents noted that 
in order to ensure the consistency and quality of a provin-
cial reflex tumor testing program, centralized oversight 
through a top‐down approach (ie, mandated) would be nec-
essary.23 Given the heterogeneity of tumor testing programs 
in Canada, this approach may have merit.22,30 However, 
it has been suggested that balancing a mandated program 
with bottom‐up input from all key stakeholders in the care 
pathway would likely help ensure program compliance and 
quality.23

A provincially or nationally mandated program might also 
help ensure ongoing funding, an oft‐cited concern by respon-
dents and a common reported barrier.21,23,32 Bellcross et al 
(2012) suggested that a national screening program, rather 
than single institution protocols, could potentially reduce 
costs in the long term.26 By most measures, universal screen-
ing of newly diagnosed CRCs for LS is cost effective,36,37 and 
is associated with improving cancer‐associated morbidity 

and mortality, as well as improving quality of life.19,38 In 
Canada, the Canadian Agency for Drugs and Technology in 
Health released a health technology assessment about MMR 
deficiency testing for CRC patients and concluded that uni-
versal testing of all CRCs was one of the cost‐effective strat-
egies for identifying high‐risk individuals and could also be 
more equitable.39 Practically, the upfront costs would likely 
be significant and those at the policy level would need to be 
convinced of the downstream cost savings.23,26 However, ev-
idence continues to emerge about the cost effectiveness of 
different screening approaches from real‐world clinical set-
tings that should assist decision makers in implementing LS 
screening.40 In a comprehensive review of economic evalua-
tions of LS screening, Di Marco and colleagues concluded40 
that from a willingness to pay for health gains perspective, 
both universal and age‐targeted CRC‐based LS screening are 
cost effective; however, the choice of test for the initial screen 
(ie, IHC or MSI) and the choice of BRAF or MLH1 hyper-
methylation testing as follow‐up tests should depend on con-
text‐specific factors such as local expertise and preference or 
available technologies.

Ultimately, the success of universal tumor screening 
programs hinges on the uptake of subsequent germline con-
firmatory testing by patients who screen positive, allowing 
their at‐risk family members to access appropriate screening 
and prevention options.19,41 Some respondents observed that 
regular tracking of data and education for all clinical stake-
holders, as well as patients and families, would be essential 
if a universal tumor screening program was to be successful. 
These results and others16,23,26 highlight the need to build 
awareness of LS and tumor screening with ongoing contin-
ued medical education for all stakeholders in the care path-
way. Onsite champions could assist in this regard, and in this 
study, respondents without such a champion highlighted the 
difficulty of convincing medical staff of the necessity of such 
a program.

Genetic counseling resources in particular are critical to 
ensure patient and family education23 and many of the current 
study's respondents cited the lack of genetic counselors as a 
barrier to program implementation. Indeed, programs with 
high levels of genetic counseling involvement reported bet-
ter patient adherence to follow‐up protocols and better noti-
fication of positive tumor screens for LS.27 Thus, sufficient 
resources will be required to implement the necessary edu-
cation programs for all stakeholders, including patients and 
families.

There are several limitations to the study. First, it included 
only two stakeholder provider groups. While they are key stake-
holders in a tumor screening program, the views and experiences 
of surgeons and oncologists who care for cancer patients and 
would therefore be involved in a tumor screening process are 
missing. Thus, this sample is not representative of all providers 
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working within tumor screening programs in Canada. Further, 
the sampling strategy limited the participation in the study to 
those genetic counselors and pathologists who were members 
of national professional organizations. It is unknown how many 
of these providers are not members of such groups, nor it is 
known how their opinions and experiences might differ from 
members. While there is no reason to believe their perceptions 
of tumor screening for LS would be significantly different than 
current respondents, this cannot be known with certainty. Thus, 
the study's sample is not representative of the Canadian popu-
lation of genetic counselors and pathologists. Survey response 
rates were low, and the online survey platform did not allow an 
accurate calculation of response rate. We could not adequately 
describe our sample as there was high non‐response to demo-
graphic items. In fact, responses to demographic items revealed 
limited geographic scope of participation of providers; all prov-
inces were not equally represented. This could suggest that 
study respondents were from areas more aware of tumor testing 
for LS or more interested in screening programs compared to 
the larger population of providers in Canada, thus limiting the 
generalizability of results. The research team made many ef-
forts to advertise the survey through national organizations and 
professional networks. Online survey methods may have lim-
ited acceptability or the topic was perceived as not relevant to 
these professional groups. Different recruitment methods will 
be needed in future research if study findings are to be reflective 
of national practice.

Despite these limitations, results add to the literature on 
barriers and facilitators of implementing a tumor screening 
program for LS. Findings are consistent with the growing 
body of lessons learned and should inform the planning of 
tumor screening programs. Identifying the right stakeholders, 
finding champions of tumor screening, building an interdis-
ciplinary and coordinated approach to screening, ensuring 
adequate education of all stakeholders, and finding initial and 
sustained funding were all identified as important factors to 
consider. Variability in the existence of tumor screening pro-
grams across Canada also suggests the need for national stan-
dards and guidance on tumor screening for LS.22,30

ACKNOWLEDGMENTS

We thank the pathologists and genetic counselors who com-
pleted surveys.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Dicks and Etchegary conceived of the study, with specific 
input from all authors on the final protocol. Kao, Pullman, 

MacMillan, and Simmonds helped with recruitment. Dicks, 
Etchegary, and Logan analyzed the data and wrote the arti-
cle. All authors reviewed the article and approved the final 
submission.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

ORCID

Holly Etchegary  https://orcid.org/0000-0001-9673-0726 

REFERENCES

 1. Canadian Cancer Statistics: A 2018 special report on cancer in-
cidence by stage. Canadian Cancer Society. http://www.cancer.
ca/~/media/cancer.ca/CW/cancer%20information/cancer%20101/
Canadian%20cancer%20statistics/Canadian-Cancer-Statistics-
2018-EN.pdf?la=en. Accessed November 23, 2018.

 2. Lynch HT, Lynch PM, Lanspa SJ, Snyder CL, Lynch JF, Boland 
CR. Review of the Lynch syndrome: history, molecular genetics, 
screening, differential diagnosis, and medicolegal ramifications. 
Clin Genet. 2009;76(1):1‐18.

 3. Hampel H, Frankel WL, Martin E, et al. Feasibility of screening 
for Lynch syndrome among patients with colorectal cancer. J Clin 
Oncol. 2008;26(35):5783‐5788.

 4. Bonadona V, Bonaïti B, Olschwang S, et al. Cancer risks associ-
ated with germline mutations in MLH1, MSH2, and MSH6 genes 
in Lynch Syndrome. JAMA. 2011;305(22):2304‐2310. https://doi.
org/10.1001/jama.2011.743.

 5. Engel C, Vasen HF, Seppälä T, et al. No difference in colorectal 
cancer incidence or stage at detection by colonoscopy among 3 
countries with different Lynch Syndrome surveillance policies. 
Gastroenterology. 2018;155:1400‐1409.e2.

 6. Møller P, Seppälä T, Bernstein I, et al. Cancer incidence and sur-
vival in Lynch syndrome patients receiving colonoscopic and gy-
naecological surveillance: first report from the prospective Lynch 
syndrome database. Gut. 2015;66(3):464‐472.

 7. Rodriguez‐Bigas MA, Boland CR, Hamilton SR, et al. A National 
Cancer Institute Workshop on Hereditary Nonpolyposis Colorectal 
Cancer Syndrome: meeting highlights and Bethesda guidelines. J 
Natl Cancer Inst. 1997;89:1758‐1762.

 8. Umar A, Boland CR, Terdiman JP, et al. Revised Bethesda 
Guidelines for hereditary nonpolyposis colorectal cancer (Lynch 
syndrome) and microsatellite instability. J Natl Cancer Inst. 
2004;96(4):261‐268.

 9. Vasen H, Mecklin J, Khan P, Lynch H. The International 
Collaborative Group on Hereditary Non‐Polyposis Colorectal 
Cancer (ICG‐HNPCC). Dis Colon Rectum. 1991;34:424‐425.

 10. Vasen H, Watson P, Mecklin J, Lynch H. New clinical criteria for 
hereditary nonpolyposis colorectal cancer (HNCC, Lynch syn-
drome) proposed by the International Collaborative Group on 
HNPCC. Gastroenterology. 1999;116:1453‐1456.

 11. Giardiello FM, Allen JI, Axilbund JE, et al. Guidelines on genetic 
evaluation and management of Lynch syndrome: a consensus 

https://orcid.org/0000-0001-9673-0726
https://orcid.org/0000-0001-9673-0726
http://www.cancer.ca/~/media/cancer.ca/CW/cancer information/cancer 101/Canadian cancer statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
http://www.cancer.ca/~/media/cancer.ca/CW/cancer information/cancer 101/Canadian cancer statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
http://www.cancer.ca/~/media/cancer.ca/CW/cancer information/cancer 101/Canadian cancer statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
http://www.cancer.ca/~/media/cancer.ca/CW/cancer information/cancer 101/Canadian cancer statistics/Canadian-Cancer-Statistics-2018-EN.pdf?la=en
https://doi.org/10.1001/jama.2011.743
https://doi.org/10.1001/jama.2011.743


3622 |   DICKS et al.

statement by the US Multi‐Society Task Force on Colorectal Cancer. 
Gastroenterology. 2014;147(2):502‐526.

 12. Cross DS, Rahm AK, Kauffman TL, et al. Underutilization of 
Lynch syndrome screening in a multisite study of patients with col-
orectal cancer. Genet Med. 2013;15:933‐940.

 13. Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch 
syndrome (hereditary nonpolyposis colorectal cancer). N Eng J 
Med. 2005;352:1851‐1860.

 14. Hunter JE, Zepp JM, Gilmore MJ, et al. Universal tumor screen-
ing for Lynch syndrome: assessment of the perspectives of patients 
with colorectal cancer regarding benefits and barriers. Cancer. 
2015;121:3281‐3290.

 15. Berg AO, Armstrong K, Botkin J, et al. Recommendations from 
the EGAPP Working Group: genetic testing strategies in newly di-
agnosed individuals with colorectal cancer aimed at reducing mor-
bidity and mortality from Lynch syndrome in relatives. Genet Med. 
2009;11:35‐41.

 16. Tomiak E, Samson A, Spector N, et al. Reflex testing for Lynch 
syndrome: if we build it, will they come? lessons learned from the 
uptake of clinical genetic services by individuals with newly diag-
nosed colorectal cancer. Fam Cancer. 2014;13:75‐82.

 17. Lynch HT, Lynch JF, Shaw TG, Lubiński J. HNPCC (Lynch 
Syndrome): differential diagnosis, molecular genetics and manage-
ment—a review. Hered Cancer Clin Pract. 2003;1(1):7‐18.

 18. Palomaki G, McClain M, Melillo S, Hampel H, Thibodeau S. 
EGAPP supplementary evidence review: DNA testing strategies 
aimed at reducing morbidity and mortality from Lynch syndrome. 
Genet Med. 2009;11:42‐65.

 19. Rahm AK, Cragun D, Hunter JE, et al. Implementing universal 
Lynch syndrome screening (IMPULSS): protocol for a multi‐site 
study to identify strategies to implement, adapt, and sustain ge-
nomic medicine programs in different organizational contexts. 
BMC Health Serv Res. 2018;18(1):824.

 20. Beamer LC, Grant ML, Espenschied CR, et al. Reflex im-
munohistochemistry and microsatellite instability testing 
of colorectal tumors for Lynch syndrome among US cancer 
programs and follow‐up of abnormal results. J Clin Oncol. 
2012;30(10):1058‐1063.

 21. Cohen S. Current Lynch syndrome tumor screening practices: A 
survey of genetic counselors. J Genet Counsl. 2014;23:38‐47.

 22. Kalloger SE, Allo G, Mulligan AM, et al. Use of mismatch repair 
immunohistochemistry and microsatellite instability testing: ex-
ploring Canadian practices. Am J Surg Pathol. 2012;36:560‐569.

 23. Palter VN, Baker NA, Rabeneck L, et al. A framework to build 
capacity for a reflex‐testing program for Lynch syndrome. Genet 
Med. 2018. https://doi.org/10.1038/s41436-018-0342-8

 24. Mange S, Bellcross C, Cragun D, et al. Creation of a network 
to promote universal screening for Lynch syndrome: the Lynch 
Syndrome Screening Network. J Genet Counsel. 2015;24:421‐427.

 25. Colling R, Church DN, Carmichael J, et al. Screening for Lynch 
syndrome and referral to clinical genetics by selective mismatch 
repair protein immunohistochemistry testing: an audit and cost 
analysis. J Clin Pathol. 2015;1‐4.

 26. Bellcross CA, Bedrosian SR, Daniels E, et al. Implementing 
screening for Lynch syndrome among patients with newly diag-
nosed colorectal cancer: summary of a public health/clinical col-
laborative meeting. Genet Med. 2012;14:152‐162.

 27. Cragun D, DeBate RD, Vadaparampil ST, Baldwin J, 
Hampel H, Pal T. Comparing universal lynch syndrome 

tumor‐screening programs to evaluate associations between im-
plementation strategies and patient follow‐through. Genet Med. 
2014;16(10):773‐782.

 28. Tognetto A, Michelazzo MB, Calabró GE, et al. A systematic re-
view on the existing screening pathways for Lynch syndrome iden-
tification. Front Pub Health. 2017;5:243.

 29. Bombard Y, Rozmovits L, Sorvari A, et al. Universal tumor screen-
ing for Lynch syndrome: healthcare providers’ perspectives. Genet 
Med. 2017;19(5):568‐574.

 30. Dicks E, Pullman D, Kao K, MacMillan A, Simmonds C, Etchegary 
H. Universal tumor screening for Lynch syndrome: perspectives 
of Canadian pathologists and genetic counselors. J Comm Genet. 
2018;. https://doi.org/10.1007/s12687-018-0398-9.

 31. Marquez E, Geng Z, Pass S, et al. Implementation of rou-
tine screening for Lynch syndrome in university and safety‐net 
health system settings: successes and challenges. Genet Med. 
2013;15(12):925‐932.

 32. Schneider J, Davis J, Kauffman T, et al. Stakeholder perspectives 
on implementing a university Lynch syndrome screening program: 
a qualitative study of early barriers and facilitators. Genet Med. 
2016;18(2):152‐161.

 33. Parfrey PS, Dicks E, Parfrey O, et al. Evaluation of a popula-
tion‐based approach to familial colorectal cancer. Clin Genet. 
2017;91:672‐682.

 34. Sandelowski M. Whatever happened to qualitative description? Res 
Nurs Health. 2000;23:334‐340.

 35. Sandelowski M. What’s in a name? qualitative description revis-
ited. Res Nurs Health. 2010;33:77‐84.

 36. Ladabaum U, Wang G, Terdiman J, et al. Strategies to identify the 
Lynch syndrome among patients with colorectal cancer: a cost‐ef-
fectiveness analysis. Ann Intern Med. 2011;155(2):69‐79.

 37. Mvundura M, Grosse SD, Hampel H, Palomaki GE. The cost‐ef-
fectiveness of genetic testing strategies for lynch syndrome among 
newly diagnosed patients with colorectal cancer. Genet Med. 
2010;12(2):93‐104.

 38. Khoury MJ, Feero WG, Valdez R. Family history and personal ge-
nomics as tools for improving health in an era of evidence‐based 
medicine. Am J Prev Med. 2010;39(2):184‐188.

 39. Canadian Agency for Drugs and Technology in Health. Mismatch 
repair deficiency testing for colorectal cancer patients, 2015. 
https://www.cadth.ca/mismatch-repair-deficiency-testing-colorec-
tal-cancer-patients. Accessed Oct 4, 2018.

 40. Di Marco M, DAndrea E, Panic N, et al. Which Lynch syn-
drome screening programs could be implemented in the “real 
world”? a systematic review of economic evaluations. Genet Med. 
2018;20(10):1131‐1144.

 41. Ward R, Hicks S, Hawkins N. Population‐based molecular screen-
ing for Lynch syndrome: implications for personalized medicine. J 
Clin Oncol. 2013;31:2554‐2562.

How to cite this article: Dicks E, Pullman D, Kao K, et 
al. Universal tumor screening for Lynch syndrome: 
Perceptions of Canadian pathologists and genetic 
counselors of barriers and facilitators. Cancer Med. 
2019;8:3614–3622. https://doi.org/10.1002/cam4.2182

https://doi.org/10.1038/s41436-018-0342-8
https://doi.org/10.1007/s12687-018-0398-9
https://www.cadth.ca/mismatch-repair-deficiency-testing-colorectal-cancer-patients
https://www.cadth.ca/mismatch-repair-deficiency-testing-colorectal-cancer-patients
https://doi.org/10.1002/cam4.2182

