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Background: The emerging dual imperatives of personalized medicine and technologic advances 

make population screening for preventable conditions resulting from genetic alterations a realistic 

possibility. Lynch syndrome is a potential screening target due to its prevalence, penetrance, and 

the availability of well-established, preventive interventions. However, while population screen-

ing may lower incidence of preventable conditions, implementation without evidence may lead 

to unintentional harms. We examined the literature to determine whether evidence exists that 

screening for Lynch-associated mismatch repair (MMR) gene mutations leads to improved overall 

survival, cancer-specific survival, or quality of life. Documenting evidence and gaps is critical to 

implementing genomic approaches in public health and guiding future research.

Materials and methods: Our 2014–2015 systematic review identified studies comparing 

screening with no screening in the general population, and controlled studies assessing ana-

lytic validity of targeted next-generation sequencing, and benefits or harms of interventions 

or screening. We conducted meta-analyses for the association between early or more frequent 

colonoscopies and health outcomes.

Results: Twelve studies met our eligibility criteria. No adequate evidence directly addressed 

the main question or the harms of screening in the general population. Meta-analyses found 

relative reductions of 68% for colorectal cancer incidence (relative risk: 0.32, 95% confidence 

interval: 0.23–0.43, three cohort studies, 590 participants) and 78% for all-cause mortality 

(relative risk: 0.22, 95% confidence interval: 0.09–0.56, three cohort studies, 590 participants) 

for early or more frequent colonoscopies among family members of people with cancer who 

also had an associated MMR gene mutation.

Conclusion: Inadequate evidence exists examining harms and benefits of population-based 

screening for Lynch syndrome. Lack of evidence highlights the need for data that directly 

compare benefits and harms.

Keywords: Lynch syndrome, systematic review, targeted next-generation sequencing, genetic 

screening, general population

Introduction
Advances in DNA sequencing and the gradual emergence of preventive interven-

tions for certain genetic diseases have spurred growing interest in population-based 

genomic screening as a possible public health intervention.1,2 Recent calls to screen 

women in the general US population for BRCA1/2 mutations are an example.3 It is 

presumed that such screening could minimize morbidity and mortality related to 

preventable conditions by identifying individuals who harbor unidentified genetic 

mutations that lead to a high risk for these conditions. Indeed, despite the absence of 
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systematic investigation of the harms and benefits associated 

with genetic screening in asymptomatic populations, several 

groups and commercial efforts are already beginning to 

screen the general adult population for genetic mutations.4–7 

Lynch syndrome is often included in such screening programs 

because of its nontrivial prevalence and high penetrance 

(50%–80% of family members of those diagnosed with 

cancer who carry such mutations will develop colorectal 

cancer [CRC] without preventive measures), and because 

interventions with  well-documented efficacy are available. 

Lynch syndrome, also called hereditary nonpolyposis CRC, 

is associated with an increased risk of multiple cancers, 

including colorectal, endometrial, ovarian, stomach, small 

intestine, and skin.8 Mutations in the MMR genes (MLH1, 

MSH2, MSH6, and PMS2) associated with Lynch syndrome 

occur in an estimated one out of every 440 people and are 

associated with a range of penetrance estimates (generated 

from studying family members of MMR mutation carriers 

diagnosed with cancer): 50%–80% risk of colon cancer and 

40%–60% risk of endometrial cancer.8–10 Clinical modalities, 

such as frequent screening colonoscopies to remove polyps, 

gynecological screenings, and prophylactic surgery, are cur-

rently used and considered effective preventive measures for 

people with a personal or family history of Lynch-associated 

cancers and MMR gene mutations.10–12

To date, relevant systematic reviews have focused on 

screening individuals at high risk due to a family or personal 

medical history of cancer, but have not examined the evidence 

for net benefits of screening asymptomatic adults.12,13 For 

example, in 2009, the Center for Disease Control’s Evalu-

ation of Genomic Applications in Practice and Prevention 

(EGAPP) Working Group completed a systematic review 

of the net benefits of performing molecular screening of 

tumors for evidence of Lynch syndrome in individuals 

newly diagnosed with CRC. They found sufficient evidence 

to recommend tumor screening, given the potential benefits 

for identifying at-risk relatives through cascade germline 

testing, but the focus on newly diagnosed cancer patients 

leaves unanswered questions for the larger asymptomatic 

adult population.12 While there is robust literature and evi-

dence about the benefits of screening symptomatic popula-

tions, an asymptomatic population may experience different 

harms or benefits and may have different penetrance rates 

than those with a personal or family history of cancer. Before 

implementing population screening efforts, it is important 

to understand the evidence of harms and benefits specific to 

the target population.

Therefore, we conducted a systematic review to evaluate 

the evidence on benefits and harms associated with screen-

ing for Lynch syndrome in the general adult population 

using targeted next-generation sequencing. We included 

evidence related to any of the four MMR genes associated 

with Lynch syndrome. Although specific genes vary in their 

precise impact on risk (eg, variations exist with regard to 

the penetrance of CRC and uterine cancer in those with 

different Lynch-associated gene mutations), we included 

all four genes in our analyses to increase the breadth and 

likelihood of identifying relevant studies. Our review is par-

ticularly timely due to recent advances in DNA sequencing 

technology that have driven interest in such screening in the 

absence of data about benefits and harms. Our overarching 

question was whether there is direct evidence that screening 

asymptomatic adults for MMR gene mutations with modern 

sequencing modalities (ie, massively parallel, also known as 

“next-generation”, sequencing) leads to improved overall 

survival, cancer-specific survival, or quality of life.

Materials and methods
We developed an analytic framework and five accompanying 

questions (Supplementary material 1) to guide the system-

atic review following procedures used by the US Preventive 

Services Task Force.14 The analytic framework included five 

questions. First, our overarching question: Is there direct 

evidence that screening asymptomatic adults with genetic 

testing for MMR gene mutations (MLH1, MSH2, PMS2, and 

MSH6) leads to improved overall survival, cancer-specific 

survival, or quality of life? Second, what is the accuracy and 

reliability of targeted next-generation sequencing compared 

with Sanger sequencing and deletion/duplication testing for 

detecting mutations in MMR genes in asymptomatic adults? 

Third, for asymptomatic adults with an MMR gene mutation, 

and their family members who elect to be tested, does genetic 

counseling and early introduction of cancer-specific preven-

tive measures reduce the incidence of cancers compared 

with routine cancer screening? Fourth, do counseling and 

early detection/preventive measures/interventions improve 

overall survival, cancer-specific survival, or quality of life 

for individuals and their family members who test positive 

for an MMR gene mutation? Fifth, are harms associated 

with genetic screening for MMR gene mutations using 

targeted next-generation sequencing or with subsequent 

interventions?

We present findings from each of these five questions in 

our results. Anticipating that we were unlikely to find any 
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primary studies directly addressing our overarching ques-

tion (ie, randomized controlled trials [RCTs] comparing 

screening with no screening and enrolling adults from the 

general population), our analytic framework constructed an 

indirect pathway potentially linking evidence on screening 

to health outcomes.

Data sources and searches
In May 2014, an experienced evidence-based practice center 

librarian searched PubMed, EMBASE, CINAHL, and the 

Cochrane Library for English-language papers published from 

June 2006 through May 2014 (Table S1, in  Supplementary 

material 2). The 2006 date corresponds to the timing of last 

searches conducted by other reviews and technology assess-

ments, especially the 2009 EGAPP review.14,15 To identify 

relevant papers published prior to June 2006, we manually 

searched reference lists of pertinent reviews and studies.

Study selection
All abstracts and full-text articles were independently 

reviewed by at least two investigators using prespecified 

eligibility criteria (Table S2, in Supplementary material 2), 

with disagreements resolved by group discussion. For our 

overarching question, we searched for RCTs comparing 

screening with no screening in asymptomatic adults without 

previous or current diagnosis of Lynch-associated cancers; 

however, non-RCTs, cohort studies, and modeling studies 

were also eligible. Given our anticipation of a limited number 

of studies of asymptomatic adults without a personal or fam-

ily history of Lynch syndrome or associated cancers, studies 

of asymptomatic individuals with a family history were also 

eligible for inclusion.

Data extraction and risk of bias 
assessment
For each paper, one investigator identified and extracted 

relevant data using structured data extraction forms, while a 

second reviewed for completeness and accuracy. To assess 

studies’ risk of bias, two independent reviewers used pre-

defined criteria based on established guidance.16–18 We rated 

the studies as low, medium, high, or unclear risk of bias.17 

For studies addressing analytic validity, we assessed risk of 

bias using the QUADAS-2.19 Disagreements were resolved 

through group discussion. Tables S3–S14 (in Supplementary 

material 2) provide details of risk of bias assessment criteria 

and outcomes. Data extraction and assessment occurred 

between May 2014 and November 2015.

Data synthesis and analysis
We qualitatively synthesized findings for each question 

by summarizing the characteristics and results of included 

studies in tabular and narrative format. Meta-analyses were 

conducted using Stata® version 11 (Stata Press, College 

Station, TX, USA) when we identified three or more studies 

making the same comparison and reporting similar outcomes. 

We used random effects models with the inverse-variance 

weighted method (DerSimonian and Laird) to estimate rela-

tive risks (RRs).20 For all quantitative syntheses, the χ2 and I2 

statistics were calculated to assess statistical heterogeneity 

in effects between studies.21,22

We graded the strength of evidence as high, moder-

ate, low, or insufficient based on an established approach 

that incorporates four key domains: risk of bias, consis-

tency, directness, and precision.23,24 Tables S15–S23 (in 

 Supplementary material 2) detail our strength of evidence 

assessments, which were determined by group consensus.

Results
Of 2,147 abstracts and 120 full papers reviewed, 12 studies 

met our eligibility criteria (Figure 1) – one modeling study 

addressed our overarching question;25 two studies addressed 

analytic validity;26,27 six studies addressed the impact of 

early or more frequent colonoscopies28–30 or gynecological 

screenings or prophylactic surgery31–33 on cancer incidence or 

survival; and five studies addressed harms of screening and 

interventions.30,31,34–36  Table 1 describes the characteristics 

and outcomes of each of our included studies.

Included studies, other than those examining analytic valid-

ity, used prospective cohort,29,30 retrospective cohort,28,31–33 and 

modeling designs.25,34–36 No included studies were controlled 

trials. Both analytic validity studies were cross-sectional 

comparisons between next-generation and Sanger sequenc-

ing.26,27 We found no eligible studies reporting on quality of 

life, overdiagnosis, false-positive test results, disease-specific 

distress or anxiety, burden of responsibility associated with 

communicating positive test results with family, false-negative 

test results, or loss of insurance or inability to be insured.

Question 1: overarching question
The only included study for our overarching question was 

a cost-effectiveness analysis with a simulation framework 

integrating models of colorectal and endometrial cancers 

with a five-generation family history model to predict health 

and economic outcomes.25 The study modeled 20 primary 

screening strategies for a simulated population of 100,000 
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people representative of the US population. The 20 screen-

ing strategies started at different ages (20, 25, 30, 35, or 40 

years) and different thresholds for risk of carrying one of 

the four MMR mutations (based on PREMM
126

 model: 0%, 

2.5%, 5%, or 10%).37

The 20 hypothetical screening strategies yielded any-

where from 0.41 to 4.07 life-years saved per carrier exposed 

to screening; a strategy of universal screening starting at age 

20 resulted in the greatest gain. However, universal screen-

ing (using no risk threshold) was not cost-effective. As the 

model increased the risk threshold for genetic testing, fewer 

people received primary genetic screening, and quality-

adjusted life-years (QALYs) gained per 100,000 simulated 

individuals decreased while cost-effectiveness steadily 

improved (Table 1).

Some study strengths included using the validated Archi-

medes model and some inputs from a systematic review 

conducted for EGAPP.15 Key limitations of the study included 

the lack of available inputs from the general asymptomatic 

population, using a risk prediction model developed from 

and validated for people referred for genetic testing and 

individuals with CRC (rather than the general population), 

limited use of sensitivity analyses to explore the potential 

impact of variation in uncertain inputs, not including other 

cancers for the probands (besides colorectal or endometrial) 

that occur more frequently in people with Lynch syndrome, 

and omission of indirect costs. In light of these limitations, 

many of which bias the results in favor of the interven-

tion, we rated the study as high risk of bias for the clinical 

effectiveness assessment of universal screening and for all 

of the models using the PREMM risk prediction (Table S3, 

in Supplementary material 2). However, we rated the risk of 

bias as medium for the universal screening cost-effectiveness 

assessment (noting that the intervention was not found to be 

cost-effective). We graded the strength of evidence as insuf-

ficient (Table S15, in Supplementary material 2).

Question 2: analytic validity
Two studies met eligibility criteria for our analytic valid-

ity question.26,27 Both compared the performance of 

Records found through database searching
n=2,875

MEDLINE

Duplicate records removed
n=882

Number of records screened
n=2,147

Full-text articles assessed for eligibility
n=120 Number of full-text articles excluded,

with reasons
n=108

Systematic review n=1
n=7

n=21
n=31
n=44
n=4

Not original research
Ineligible population

Ineligible intervention/test
Ineligible comparator

Ineligible outcome

Studies included in qualitative
synthesis of systematic review

n=12

Studies included in quantitative
synthesis of systematic review

n=3

Additional records identified through
manual searches of reference lists

n=156

Duplicate records removed
n=2

Number of records excluded
n=2,027

n=2,696
n=158

n=7
n=14

EMBASE
CINAHL

Cochrane Library

Figure 1 Summary of searches and study selection.
Notes: This figure is a flowchart that presents the yield of the review’s literature retrieval process and the results of each stage of literature review, including title and 
abstract review, and full-text article review. A total of 2,875 records were retrieved through electronic database searches, including MEDLINE, EMBASE, CINAHL, and the 
Cochrane Library, and 156 records from additional records identified through manual searches of reference lists. After removal of 884 duplicate records, a total of 2,147 
titles and abstracts were screened, and 2,027 of these were excluded. Next, 120 full-text articles were reviewed for eligibility. Of these, 108 articles were excluded because of 
using a systematic review design with incompatible eligibility criteria, not being original research, ineligible population, ineligible interventions/tests, ineligible comparators, and 
ineligible outcomes. The final yield included in the systematic review was 12 studies reported in 12 papers. Of these, three studies provided data that could be quantitatively 
synthesized in meta-analyses.
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Lynch syndrome testing in the asymptomatic population
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 next-generation sequencing technologies with traditional 

Sanger sequencing (the reference standard). Hansen et al26 

tested 55 DNA samples for deleterious variants in the four 

MMR mutations, 39 of which were previously known to 

carry a deleterious mutation. Sixteen of the samples were 

previously uncharacterized, only evaluated as a test of the 

workflow, and did not contribute to characterization of the 

sensitivity/specificity of next-generation sequencing as a 

diagnostic test. Pritchard et al27 tested 82 samples for muta-

tions in genes classically implicated in Lynch syndrome. 

We extracted data on samples relevant to our review to cal-

culate sensitivity and thus included the following: 23 from 

patients with known mutations in Lynch-associated genes 

or other familial colon cancers, and six public samples from 

a sequencing consortium. Nineteen samples from patients 

without any family history of cancer were evaluated for 

purposes of addressing specificity (Table 1).

Both studies reported high sensitivity and specificity 

for next-generation sequencing of Lynch-associated genes. 

The included studies reported sensitivities and specificities 

of 95%–100% and 89%–99.4%, respectively (Table 1). We 

rated both studies as low risk of bias (Tables S4 and S5, in 

Supplementary material 2) and graded the strength of evi-

dence as high for both sensitivity and specificity (Tables S16 

and S17, in Supplementary material 2).

Questions 3 and 4: cancer incidence 
and survival
Early or more frequent colonoscopy
Three studies examined the potential benefits of early or more 

frequent colonoscopies (with polypectomy, as needed) for 

adult family members with an MMR gene mutation (Table 1). 

Participants were identified either through testing subsequent 

to a first-degree relative’s cancer diagnosis29,30 or through 

confirmation mutation testing, being in the line of descent and 

having offspring with a proven mutation, or being in the line 

of descent and presenting clinically with a Lynch-associated 

tumor before age 50.28 The included controls were individuals 

who had an identified MMR gene mutation,29,30 or who were 

identified or presumed to have a mutation based on familial 

and clinical indications28 and failed to undergo recommended 

colonoscopy screening. Two studies tested for both MLH1 and 

MSH2;29,30 one included only MSH2.28 Two were prospective 

cohort studies,29,30 and one was a retrospective cohort.28 All 

three reported CRC incidence and overall survival, and one 

reported cancer-specific survival.29

Overall, the three studies reported lower rates of CRC for 

those undergoing colonoscopy and polypectomy than for the 

control group. Our meta-analysis found a relative reduction 

of almost 70% in CRC incidence (RR: 0.32, 95% confidence 

interval [CI]: 0.23–0.43, I2: 7.7%) ( Supplementary material 3). 

Additionally, Stupart et al29 reported that cancers diagnosed 

in individuals who underwent colonoscopies were more 

likely to be early stage (Duke’s A/B) than late stage (Duke’s 

C/D), and late-stage cancers were more likely in unscreened 

individuals (Table 1).

Our meta-analysis showed that early or more frequent 

colonoscopies were associated with a significant reduction in 

all-cause mortality (RR: 0.22, 95% CI: 0.09–0.56; I2: 77.0%) 

(Supplementary material 4). Although each study found a 

statistically significant reduction in all-cause mortality, the 

analysis revealed considerable statistical heterogeneity. Our 

analysis, stratified by study design, identified differences in 

design as the possible cause of the heterogeneity, with the 

retrospective cohort study28 finding a greater effect size than 

the prospective studies. One study reported cancer-specific 

survival and found CRC to be the cause of death for 2% of 

those undergoing colonoscopies as compared with 12% of 

controls (RR: 0.19, 95% CI: 0.026–0.61) (Table 1).29 We 

rated the risk of bias as low,29 medium,30 and high (due to 

risk of selection and survivor biases)28 (Tables S7, S10, and 

S12, in Supplementary material 2). We graded the strength 

of evidence of the effects of colonoscopy on both CRC 

incidence and overall survival as moderate and the strength 

of evidence for cancer-specific survival as low (Tables S18, 

S21, and S22, respectively, in Supplementary material 2).

Gynecological screening and/or prophylactic surgery
We included three retrospective cohort studies. Two studies 

examined incidence of and survival from gynecological 

cancers in adult family members with an MMR gene muta-

tion who had undergone gynecological screening.32,33 A third 

study examined the effect of prophylactic gynecological 

surgery in women with an MMR mutation identified from 

hereditary-cancer registries.31 Specific screening and surgi-

cal interventions examined varied for each study (Table 1). 

Controls were individuals with identified MMR mutations31,33 

or who were known or presumed to have a mutation based on 

familial and clinical indications32 and who did not undergo 

gynecological screening32,33 or surgery.31 Two studies exam-

ined MLHI, MSH2, and MSH6 carriers;31,33 one included only 

MSH2 carriers.32 All three studies examined cancer survival 

and incidence of endometrial cancer; two also examined 

incidence of ovarian cancer.31,32

Two studies found that gynecological screening had 

little effect on cancer incidence or survival, while the third 
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study found prophylactic surgery to be effective31 (Table 1). 

Schmeler et al31 found that no woman who had undergone 

prophylactic hysterectomy subsequently had endometrial 

cancer, compared with 33% of the control group’s women 

(prevented fraction of potential new cancers: 100%, 95% CI: 

90%–100%). Similarly, no one who had undergone bilateral 

salpingo-oophorectomy at the time of their hysterectomy 

was subsequently diagnosed with ovarian cancer, whereas 

5% of the control group’s women developed ovarian cancer 

(prevented fraction of potential new cancers: 100%, 95% 

CI: –62%–100%). Three participants in the surgery group 

died (from colon, brain, and bladder cancer, respectively), 

while 22 died in the control group. Of these 22, 17 died from 

various cancers, one from cardiac disease, and four from 

causes unknown.

We rated the study of prophylactic surgery31 as having a 

medium risk of bias, and the two papers on gynecological 

screening as having high risk of bias32,33 (due to selection bias 

and risk of confounding). The strength of evidence ratings 

for endometrial cancer and ovarian cancer incidence were 

low and insufficient, respectively, for both gynecological 

screening and surgery (Tables S19 and S20, in Supplemen-

tary material 2). Additionally, we graded the strength of evi-

dence of both cancer-specific and overall survival following 

screenings or surgery as insufficient (Tables S21 and S22, 

in Supplementary material 2).

Question 5: harms of screening and 
interventions
Complications due to surgery
One study reported the death of a control group patient due 

to a pulmonary embolism after a successful colectomy.30 

Another study reported complications of ureteral injury, 

ureterovaginal fistula, and ureteroenteral fistula in a woman 

who had prophylactic abdominal hysterectomy with salpingo-

oophorectomy and a prior history of rectal carcinoma treated 

by rectosigmoid resection with colostomy and creation of a 

Hartmann’s pouch.31

Costs
Three modeling studies presented somewhat relevant data 

on costs of preventive interventions for people with Lynch 

syndrome or testing relatives of people known to have Lynch 

syndrome (Table 1). Yang et al35 modeled cost-effectiveness 

for a theoretical population of women with Lynch syndrome 

at age 30, comparing prophylactic surgery (hysterectomy 

and bilateral salpingo-oophorectomy) with two forms of 

surveillance (annual gynecological screening and annual 

gynecological exam), to predict endometrial or ovarian 

cancer outcomes.35 The authors found that risk-reducing 

surgery led to the lowest costs and highest number of QALYs 

($23,224 per patient for 25.71 QALYs for surgery, compared 

with $68,392 for 25.17 QALYs for annual screening, and 

$100,484 for 24.60 QALYs for annual exam). A second 

study by Breheny et al34 presented a decision analysis for 

asymptomatic first-degree relatives of known Lynch muta-

tion carriers.34 Using life expectancy and costs of surveil-

lance and surgery in Western Australia for individuals aged 

25–70 years, they found a net savings and one CRC-free 

year gained when comparing relatives who are tested to 

relatives who are not tested but have increased colonoscopy 

and gynecological surveillance. However, when compar-

ing testing to a control group with population surveillance 

only, they found eight CRC-free years gained at an overall 

net cost.34 In the final study, Vasen et al36 modeled the cost-

effectiveness of increased colonoscopy surveillance for male 

Lynch syndrome mutation carriers.36 They found cost savings 

and a 7-year increased life expectancy for those receiving 

surveillance versus no surveillance. We graded the strength 

of evidence of these studies as insufficient given the medium 

risk of bias, the reliance on various evidence sources and 

assumptions, and the lack of reporting on precision estimates 

(Table S23, in Supplementary material 2).

Discussion
Overall, we found little evidence to inform an assessment 

of the harms and benefits of screening asymptomatic adults 

without a personal or family history of Lynch-associated 

cancers for Lynch syndrome with targeted next-generation 

sequencing. The vast majority of papers exploring the 

effectiveness of interventions studied individuals already 

diagnosed with cancer or their family members. Of the 

12 included studies, three were modeling studies and two 

examined analytic validity. The remaining seven examined 

the effects of early or more frequent colonoscopies or gyne-

cological screenings and surgeries on cancer incidence and 

mortality among individuals already diagnosed with cancer 

or their family members. The 12 studies focused on Lynch-

associated colorectal and gynecological cancers. In spite of 

the fact that Lynch syndrome, like many genetic conditions, is 

pleiotropic, which raises unique concerns regarding returning 

results and explaining implications and medical interven-

tions,38 we found no evidence about screening measures 

for other Lynch-associated cancers, such as skin cancers, 

hepatobiliary cancer or transitional cell carcinomas of the 

renal pelvis or ureter.
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In population-based screening programs, asymptomatic 

individuals face potential harms that are distinct from those 

faced by individuals with symptoms and their relatives, such 

as overdiagnosis (identifying mutations that would never 

have caused a problem) leading to anxiety and unneces-

sary treatment, or misinterpreting the meaning of nega-

tive results for Lynch-associated mutations (giving false 

reassurance that routine CRC screening is unnecessary for 

them).39 Further complicating population-based interven-

tions, current penetrance estimates for Lynch-associated 

mutations (and other Mendelian conditions) are based on 

families with a high incidence of the disorder in question; 

penetrance of mutations found in the general population is 

likely lower than that estimated in published studies. Despite 

these potential differences in harms for asymptomatic 

individuals, we found an absence of evidence on harms of 

screening the general population for Lynch syndrome. Our 

initial inclusion/exclusion criteria comprised a broad range 

of potential harms, from overdiagnosis and overtreatment 

to misinterpretation of negative or uncertain results and 

increased cost (Table S2, in Supplementary material 2). 

Despite the breadth of our search, we found only three 

modeling studies examining cost and two studies that briefly 

described complications postintervention.

Misinterpretation of results and subsequent overtreatment 

is a major potential harm of genomic screening of an asymp-

tomatic population. Any time individuals undergo genetic 

sequencing, numerous variants of uncertain significance 

are generated. In screening asymptomatic populations, the 

probability that any given variant of uncertain significance 

represents an actual deleterious Lynch variant is very low. 

This reality necessitates an extremely rigorous variant clas-

sification and reporting scheme to avoid reporting a large 

number of false positives that would commit a vast number 

of individuals to unnecessary surveillance.40

Limitations
We did not include uncontrolled studies that evaluated the 

benefits or harms of relevant interventions. To be eligible, 

studies were required to have a comparator group. The stud-

ies included in our review were not designed or adequately 

powered to assess complications of colonoscopy or other 

interventions. Although we found limited evidence that 

met our inclusion criteria, other bodies of literature have 

described harms from the preventive interventions in our 

review. For example, serious harms including perforations, 

hemorrhage, diverticulitis, cardiovascular events, severe 

abdominal pain, and death are estimated to occur in 2.8 per 

1,000 screening colonoscopies (95% CI: 1.5–5.2 per 1,000 

procedures).41 Furthermore, we identified a number of non-

comparative studies addressing psychosocial harms and the 

short- and long-term impacts of predictive testing that did 

not meet our eligibility criteria.42–44 Most authors, however, 

acknowledge methodological limitations in these studies as 

well as selection biases inherent in self-referred, motivated 

study populations.

Conclusion
In summary, there are increasing calls to implement genomic 

screening at the population level, and Lynch syndrome is an 

appealing candidate for such programs. Overall, however, our 

systematic review shows that there is inadequate evidence 

examining the potential harms and benefits of such popula-

tion-based screening. The need for rigorous investigation is 

especially compelling at present given the large uncontrolled 

experiment that is currently being conducted by multiple 

groups, including commercial efforts, which are embarking 

upon such screening without a sufficient underlying evidence 

base. Some research projects are beginning to explore the 

impact of genomic testing in asymptomatic populations 

without a personal or family history of cancer, but clearly 

more research is needed before we can begin to understand 

the implications of how genomic screening may differ from 

testing in symptomatic patients and their relatives, and what 

benefits and harms it may entail when broadly applied to 

asymptomatic populations.
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