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Abstract

Background & Aims—Multigene panels are commercially available tools for hereditary cancer 

risk assessment that allow for next-generation sequencing of numerous genes in parallel. 

However, it is not clear if these panels offer advantages over traditional genetic testing. We 

investigated the number of cancer predisposition gene mutations identified by parallel sequencing 

in individuals with suspected Lynch syndrome.

Methods—We performed germline analysis with a 25-gene next-generation sequencing panel 

using DNA from 1260 individuals who underwent clinical genetic testing for Lynch syndrome 

from 2012 through 2013. All subjects had a history of Lynch syndrome-associated cancer and/or 

polyps. We classified all identified germline alterations for pathogenicity and calculated the 
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frequencies of pathogenic mutations and variants of uncertain significance (VUS). We also 

analyzed data on patients’ personal and family history of cancer, including fulfillment of clinical 

guidelines for genetic testing.

Results—Of the 1260 subjects, 1112 met National Comprehensive Cancer Network (NCCN) 

criteria for Lynch syndrome testing (88%; 95% confidence interval [CI], 86%–90%). Multigene 

panel testing identified 114 probands with Lynch syndrome mutations (9.0%; 95% CI, 7.6%

−10.8%) and 71 with mutations in other cancer predisposition genes (5.6%; 95% CI, 4.4%−7.1%). 

Fifteen individuals had mutations in BRCA1 or BRCA2; 93% of these met the NCCN criteria for 

Lynch syndrome testing and 33% met NCCN criteria for BRCA1 and BRCA2 analysis (P=.0017). 

An additional 9 individuals carried mutations in other genes linked to high lifetime risks of cancer 

(5 had mutations in APC, 3 had bi-allelic mutations in MUTYH, and 1 had a mutation in STK11); 

all of these patients met NCCN criteria for Lynch syndrome testing. Four hundred seventy-nine 

individuals had ≥1 VUS (38%; 95% CI, 35%–41%).

Conclusions—In individuals with suspected Lynch syndrome, multigene panel testing 

identified high-penetrance mutations in cancer predisposition genes, many of which were 

unexpected based on patients’ histories. Parallel sequencing also detected a high number of 

potentially uninformative germline findings, including VUS.
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INTRODUCTION

Hereditary cancer syndromes are classically characterized by markedly increased lifetime 

risks of multiple cancers, typically at young ages. Identifying individuals with specific 

inherited predispositions to cancer thus greatly impacts risk counseling for affected patients 

and their families, including the type and timing of cancer surveillance and potential 

recommendations for prophylactic surgery. Timely implementation of appropriate, enhanced 

cancer prevention strategies can have a profound impact on decreasing cancer incidence and 

mortality in such patients.1–4 Two of the most common inherited cancer syndromes are 

Lynch syndrome (LS), caused by mutations in one of the DNA mismatch repair (MMR) 

genes, and hereditary breast/ovarian cancer (HBOC), caused by germline mutations in 

BRCA1 or BRCA2.1–3 LS is the most common inherited cause of colorectal cancer (CRC) 

and is also associated with markedly increased risks of endometrial, ovarian, gastric, 

pancreatic, small bowel, urinary tract, and other cancers.1, 2, 5, 6

The traditional model of hereditary cancer risk assessment involves identifying individuals 

whose histories fulfill clinical criteria for a specific syndrome, followed by targeted 

germline testing only on the gene(s) associated with that syndrome.7 Although clinical 

guidelines and prediction models can help direct the use of genetic testing for LS, 30–50% 

of families fulfilling stringent clinical criteria for LS will ultimately have normal germline 

testing for MMR gene mutations.1, 8–12 Furthermore, there is increasing recognition that the 

wide phenotypic spectrum of LS cancers can overlap with other hereditary cancer 
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syndromes.13–16 Thus, traditional, criteria-based genetic testing may not be the ideal 

hereditary cancer risk assessment strategy in individuals with suspected LS.

With recent advances in next-generation sequencing (NGS) technologies, multigene panel 

testing has emerged as an alternative strategy for hereditary cancer risk assessment, in which 

numerous cancer susceptibility genes are analyzed in parallel.7, 17 Whether panel testing 

offers meaningful advantages over targeted criteria-based genetic testing practices, however, 

is unknown. This study’s aim was to determine the frequency of non-LS gene mutations 

detected by a multigene hereditary cancer panel among individuals undergoing clinical 

genetic testing for LS.

METHODS

Study Population

3057 individuals with a history of LS-associated cancer and/or colorectal polyps whose 

clinicians submitted germline DNA to a CLIA-approved commercial laboratory (Myriad 

Genetic Laboratories, Inc., Salt Lake City, Utah, USA) for clinical genetic testing for all 5 

genes underlying LS (MLH1, MSH2, MSH6, PMS2, and EPCAM) between 2012–2013 were 

consecutively ascertained. Upon completion of clinical LS testing, samples were 

anonymized for research-based multigene panel testing. 1615 subjects were excluded since 

their testing originated from states with legislation mandating destruction of biospecimens 

after completion of clinical genetic testing. Another 182 subjects were excluded due to 

technical factors (insufficient remaining DNA after clinical testing; DNA extracted from a 

non-blood sample) to give an overall cohort of 1260 individuals for this cross-sectional 

analysis. The study was approved by the Dana-Farber Cancer Institute’s institutional review 

board.

Clinical Data

As part of routine clinical LS genetic testing, subjects’ clinicians completed a test request 

form for each individual describing basic demographics (gender, ancestry), cancer/polyp 

history, ages at diagnosis, and family history of cancer.

Consistent with prior studies, the following were considered LS-associated cancers: CRC, 

endometrial cancer (EC), ovarian cancer, gastric cancer, pancreatic cancer, small intestine 

cancer, urinary tract cancer, hepatobiliary cancer, sebaceous adenomas/carcinomas, and 

brain tumors.12 Based on their reported personal/family histories, subjects were assessed as 

to whether they fulfilled National Comprehensive Cancer Network (NCCN) guidelines for 

LS testing (Supplementary Methods).9 A numeric estimate of the likelihood of identifying a 

germline mutation in MLH1, MSH2, or MSH6 was calculated for each subject using the 

PREMM1,2,6 prediction model (http://premm.dfci.harvard.edu/).12 Each subject was 

assessed for whether their personal/family histories fulfilled NCCN criteria for HBOC 

testing for germline BRCA1/2 mutations (Supplementary Methods).18
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Germline Sequencing/Interpretation

After completion of clinical LS testing, anonymized genomic DNA samples were PCR-

amplified with a custom amplicon library on a Raindance ThunderStorm instrument 

(RainDance Technologies, Inc., Lexington, MA) for NGS (Supplemental Methods). DNA 

products were sequenced on an Illumina HiSeq 2500 (Illumina, Inc., San Diego, CA) to 

detect sequence variations and large rearrangements among twenty-five cancer susceptibility 

genes with at least 1000x average coverage.

All sequence variations and large rearrangements detected were classified for pathogenicity 

into the following categories, as previously described: deleterious mutation, suspected 

deleterious mutation, variant of uncertain clinical significance (VUS), favor polymorphism, 

and polymorphism (Supplemental Methods).19, 20 Individuals with deleterious or suspected 

deleterious genomic alterations were collectively defined as having “pathogenic” mutations. 

Alterations were classified as VUS if data were insufficient to support either a deleterious or 

benign interpretation.

Genes analyzed with the multigene panel were categorized as high- or moderate-penetrance 

based on expected lifetime risks of cancer (≥40% versus <40% or unknown) associated with 

the respective cancer predisposition syndrome (Table 1).21–26 The genes underlying LS, 

adenomatous polyposis (APC and MUTYH) and hamartomatous polyposis (BMPR1A, 

PTEN, SMAD4, and STK11) syndromes, BRCA1/2, familial atypical multiple mole 

melanoma syndrome (CDKN2A and CDK4), hereditary diffuse gastric cancer (CDH1), and 

Li-Fraumeni syndrome (TP53) were categorized as high-penetrance, whereas the remaining 

eight genes (ATM, BARD1, BRIP1, CHEK2, NBN, PALB2, RAD51C, and RAD51D) were 

considered moderate-penetrance. Biallelic MUTYH mutations were considered high-

penetrance whereas monoallelic MUTYH mutations were not.26–29

Statistical Methods

The primary outcome was detection of pathogenic mutations in ≥1 cancer susceptibility 

genes on the multigene panel. Subjects’ ages and PREMM1,2,6 scores were described as 

continuous variables, and mean PREMM1,2,6 scores were compared using the Student’s t-

test. All other clinical characteristics were described as categorical variables, and 

proportions were compared with Fisher’s exact test. All P-values were two-tailed, and P-

values <0.05 were considered statistically significant.

RESULTS

Clinical Characteristics

915/1260 (73%) participants were female (Table 2). All subjects had a personal history of 

≥1 LS-associated cancer and/or colorectal polyps with a median age at first cancer/polyp 

diagnosis of 47 years. 790 subjects (63%) had a history of CRC and 172 (14%) had a history 

of ≥2 primary cancers. 930 subjects (74%) had a family history of any LS-associated cancer, 

including 726 (58%) with a family history of CRC and 191 (15%) with a family history of 

EC. Based on reported personal/family histories, the cohort’s mean PREMM1,2,6 score was 
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11.2% (95% CI: 10.4%–12.0%), and 1112/1260 (88%; 95% CI: 86%–90%) fulfilled NCCN 

guidelines for LS testing.

Germline Findings

182/1260 (14.4%; 95% CI: 12.6–16.5%) subjects were found to carry ≥1 pathogenic 

mutation with the multigene panel (Supplemental Table 1), including 114 (9.0%; 95% CI: 

7.6–10.8%) with a LS mutation and 71 (5.6%; 95% CI: 4.4–7.1%) with a non-LS mutation 

(3 subjects carried both a LS and non-LS mutation; Figure 1A, Table 3). Of the 182 

mutation carriers identified, 137 (75%; 95% CI: 68–81%) had ≥1 high-penetrance gene 

mutations.

Of the 114 LS mutations identified, there were 31 (27%) MLH1 mutations, 40 (35%) MSH2 

mutations, 26 (23%) MSH6 mutations, 14 (12%) PMS2 mutations, and 3 (3%) EPCAM 

mutations (Figure 1B).

Of the 71 non-LS mutations, 24 (34%; 95% CI: 23–46%) were in high-penetrance genes 

(Figure 1C), including BRCA1/2 (N=15), APC (N=5), biallelic MUTYH mutations (N=3), 

and STK11 (N=1). There were 20/71 (28%; 95% CI: 18–40%) non-LS mutations in 

moderate-penetrance cancer susceptibility genes and another 27 (38%; 95% CI: 27–50%) 

individuals were monoallelic MUTYH mutation carriers. The three individuals with two 

germline mutations included one subject with pathogenic MSH2 and ATM mutations, one 

with MSH6 and STK11 mutations, and one with MSH2 and a monoallelic MUTYH mutation.

The clinical significance of monoallelic MUTYH mutation carriage is a matter of 

debate.27–34 If monoallelic MUTYH mutation carriers are excluded from the tally of 

pathogenic mutations in this study, then a total of 156 (12.4% of the overall 1260 patient 

cohort; 95% CI: 10.6–14.4%) mutation carriers were identified, including 44 (3.5% of the 

cohort; 95% CI: 2.6–4.7%) with a non-LS mutation, two of whom had both a LS and non-

LS mutation.

The 15 BRCA1/2 probands represented 8% of all mutation carriers identified with the 

multigene panel, and BRCA1/2 mutations were found in 1.2% (15/1260; 95% CI: 0.7–2.0%) 

of the entire cohort. Eight (53%) BRCA1/2 mutation carriers were female and 7 (47%) were 

male. Five (33%) of the BRCA1/2 mutations were Ashkenazi founder mutations (three 

BRCA1 5382insC and two BRCA2 6174delT), though only 1 of the 15 BRCA1/2 probands 

was identified on the test request form as being of Ashkenazi descent. 9/15 (60%) BRCA1/2 

probands had a history of CRC, including 6/7 (86%) male BRCA1/2 carriers. 4/15 (27%) 

BRCA1/2 probands had a history of EC, 1 (7%) had a history of ovarian cancer, and none 

had a history of breast or pancreatic cancer. Ten (67%) BRCA1/2 carriers had a family 

history of any LS cancer, including 7 (47%) with a family history of CRC. Seven (47%) 

BRCA1/2 carriers had a family history of breast cancer. BRCA1/2 carriers were significantly 

more likely to fulfill NCCN criteria for LS testing than for HBOC testing (93% vs 33%; 

P=0.0017).

Nine individuals were found to carry mutations in high-penetrance non-LS cancer 

susceptibility genes other than BRCA1/2. One had both pathogenic STK11 and MSH6 
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mutations, with a personal history of CRC, EC, and breast cancer. Of the remaining 8 who 

carried either germline APC mutations (N=5) or biallelic MUTYH mutations (N=3), all had a 

family history of CRC and fulfilled NCCN criteria for LS testing, and 6 (75%) had a 

personal history of CRC. Three (38%) reported prior colorectal polyps, although details on 

polyp number and histology were not available.

Of the 26 individuals found to carry a monoallelic MUTYH mutation (excluding the proband 

with both a MSH2 and monoallelic MUTYH mutation), 12 (46%; 95% CI: 27–66%) had a 

personal history of CRC and 11 (42%; 95% CI: 24–63%) had a family history of CRC.

682 VUS were detected in 479 individuals (38% of the cohort; 95% CI: 35–41%) 

(Supplemental Table 2). The most common genes in which VUS were discovered were ATM 

(N=128), APC (N=51), NBN (N=51), and BRIP1 (N=50) (Figure 2).

PREMM1,2,6 scores and NCCN criteria

The majority of mutation carriers had a PREMM1,2,6 score ≥5% (the cutoff recommended 

by NCCN guidelines for consideration of LS evaluation), regardless of whether they carried 

a LS or a non-LS mutation (Table 4).9 52% of LS carriers had a PREMM1,2,6 score ≥15%, 

versus 26% of non-LS probands (P=0.001). There was no significant difference between the 

proportion of LS carriers who fulfilled NCCN criteria for LS testing compared to BRCA1/2 

carriers (P=1.00) or other high-penetrance mutation carriers (P=1.00).

DISCUSSION

Multigene panel testing identified clinically unsuspected mutations in non-LS cancer 

susceptibility genes in 71/1260 (5.6%) individuals undergoing LS genetic testing, including 

3 with both LS and non-LS mutations. In total, 75% of pathogenic mutations identified by 

the multigene panel were in high-penetrance genes.25 The most common unexpected 

findings in our cohort were BRCA1/2, APC, and biallelic MUTYH mutations in individuals 

with clinical features of LS.

The growing availability of multigene panels provides clinicians with the option of broad-

based genetic analysis for hereditary cancer risk assessment, rather than traditional, 

phenotype-driven genetic testing. The benefits of such comprehensive testing strategies have 

been debated and are only beginning to be scientifically evaluated.7, 35 Clinical guidelines, 

such as NCCN criteria, and prediction models, such as PREMM1,2,6, have been developed 

to select individuals for LS evaluation, based on their personal/family histories.9, 12 Our 

study, where the vast majority of both LS and non-LS mutation carriers fulfilled NCCN 

criteria for LS and had a PREMM1,2,6 score ≥5%, demonstrates that such criteria, although 

very useful for identifying which individuals should be referred for genetic evaluation, 

ultimately may not be specific for underlying LS.

In the only prior study to specifically examine panel testing in patients with suspected 

hereditary gastrointestinal cancer, actionable mutations were detected in 42/586 (7.2%) 

patients, 23 of which were LS mutations.36 All patients in this study, however, were 

specifically selected by their clinicians to undergo testing with a panel of 13 CRC 
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susceptibility genes, rather than targeted, phenotype-directed testing, suggesting that this 

was a particularly high-risk cohort. Furthermore, the panel used did not include BRCA1/2 

testing, thereby precluding analysis regarding phenotypic overlap between LS and HBOC.

In other recent analyses studying panel testing in women with suspected HBOC, the 

identification of mutations in high-penetrance genes other than BRCA1/2 was 

uncommon.37–39 As such, a recent editorial cautioned that identifying unexpected, clinically 

useful, high-penetrance mutations with multigene panel testing is likely to be rare.35 Panel 

testing in our cohort, however, found >1 high-penetrance non-LS gene mutation for every 5 

LS mutations identified, demonstrating that unexpected actionable findings are not 

uncommon in patients with LS-like phenotypes.

The identification of pathogenic BRCA1/2 mutations in 8% of mutation carriers and 1.2% of 

our overall cohort is unexpected, and raises important clinical questions. The carrier rate of 

BRCA1/2 mutations is known to be particularly high (1.1–2.5%) in Ashkenazi Jewish 

individuals, but is considerably lower (0.22–0.33%) in the general population.40–43 Since 

only 2% of our cohort was identified as being of Ashkenazi descent and only 5 BRCA1/2 

mutations identified were Ashkenazi founder mutations, it seems unlikely that the 

unexpected identification of BRCA1/2 mutations in our study can be attributed to simply 

detecting their background population prevalence. Even if the 5 Ashkenazi founder 

mutations are excluded from the analysis, the 10 non-founder BRCA1/2 mutations identified 

in this study is substantially higher (0.8%; 10/1260) than the expected prevalence in the 

general population.

Prior studies have shown no increased CRC risk in BRCA1/2 probands, and the traditional 

thinking has thus been that LS and HBOC are phenotypically distinct syndromes, aside from 

both conferring increased risks of ovarian cancer.44 In this study, however, BRCA1/2 

probands had phenotypes that were markedly more “Lynch-like” than “HBOC-like,” 

suggesting that standard clinical evaluation would not have identified most of these 

individuals as needing BRCA1/2 testing. Such atypical phenotypes may be more common in 

men, since 86% of the male BRCA1/2 probands in our study had a history of CRC. Our 

findings thus raise the hypothesis that a subset of BRCA1/2 probands may have particularly 

atypical phenotypes that can mimic LS.

The identification of such patients with “unexpected” high-penetrance germline mutations 

that do not seem concordant with their clinical histories raises the question as to whether 

hereditary cancer syndromes should be defined based on genotypic data, phenotypic data, or 

both. Prior to the identification of specific genes linked to familial cancer risks, assessment 

of an individual’s clinical phenotype was the primary means of diagnosing a particular 

hereditary cancer syndrome (e.g. fulfillment of Amsterdam criteria for Lynch syndrome).45 

With the discovery of specific cancer susceptibility genes linked to particular syndromes and 

the availability of clinical genetic testing, it has become clear that such criteria are often too 

stringent and insensitive.1 As such, the current gold standard for diagnosing a hereditary 

cancer syndrome is now the identification of a germline mutation in the associated gene (e.g. 

Lynch syndrome is defined by the presence of a germline MMR mutation), and cancer 

surveillance recommendations are usually made based on genotype more so than family 
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history.9 If multigene panel testing routinely identifies a subset of patients with pathogenic 

mutations in the setting of highly atypical clinical histories, however, such patients’ 

management recommendations may need to take into account phenotype as well as 

genotype. For example, prophylactic total gastrectomy is the current recommendation for 

CDH1 mutation carriers from hereditary diffuse gastric cancer families, though this 

recommendation may be overly aggressive in the context of an “incidental” CDH1 mutation 

in an individual with no personal or family history of diffuse gastric cancer.46 Larger studies 

with more detailed clinical histories will be needed to address this more definitively.

In order to fully assess the potential benefits and downsides of multigene panel testing 

compared to traditional hereditary cancer risk assessment strategies, the cost of testing must 

be taken into consideration. Although rigorous cost-effectiveness analyses were beyond the 

scope of this study, multigene panel testing offers a lower cost of testing per gene and may 

also decrease some of the ancillary costs of genetic testing, such as additional physician and 

counselor visits, by analyzing genes in parallel, rather than sequentially.47 One recent 

analysis concluded that multigene panel testing was cost-effective as an initial diagnostic 

test for patients with suspected hereditary CRC syndromes, particularly for panels that 

include genes associated with high-penetrance CRC syndromes.48 Such potential cost 

savings, however, must be weighed carefully against the costs (both financial and non-

financial) that are likely to arise from the increased identification of VUSs and mutations in 

moderate-penetrance genes.

The discovery of uninformative and potentially anxiety-provoking results remains a primary 

limitation of multigene panel testing, and the identification of ≥1 VUS in 38% of our cohort 

validates such concerns.7, 35 Other results of debatable clinical utility include the detection 

of mutations in moderate-penetrance cancer susceptibility genes, which may not account for 

subjects’ clinical phenotypes, and the identification of monoallelic MUTYH mutations in 

2.1% of participants.35 The population prevalence of monoallelic MUTYH mutation carriage 

is estimated to be 1%,28 and prior studies have shown a roughly 2-fold increase in CRC risk 

among monoallelic carriers with an estimated 7.2% and 5.6% risk of CRC by age 70 for 

male and female carriers, respectively.27, 31, 32 Recent data have also suggested that 

monoallelic MUTYH mutation carriers with a first-degree relative with early-onset CRC are 

at particularly increased CRC risk (12.4% and 9.9% risk of CRC by age 70 for male and 

female carriers, respectively).27, 30 Other studies, however, have found no significant 

increase in the risk of CRC or other cancers among monoallelic MUTYH mutation carriers, 

thus leaving the clinical significance of such findings up for debate.29, 33, 34 While the 

clinical utility of detecting monoallelic MUTYH carrier status for the proband themselves is 

thus uncertain, such results at the very least may prompt family members with a history of 

CRC to be evaluated for biallelic carriage.

Our study’s main strength is its use of a large, consecutive cohort of individuals with clinical 

histories suggestive of LS, which makes its findings generalizable to other populations of 

patients with suspected LS. The use of a CLIA-certified laboratory with extensive 

experience in clinical genetic testing and interpretation of germline cancer susceptibility 

gene alterations allowed for rapid and comprehensive genetic analysis of a large panel of 

cancer susceptibility genes. The availability of linked personal/family cancer history data 

Yurgelun et al. Page 8

Gastroenterology. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



allowed for determination of whether mutation carriers fulfilled various clinical guidelines 

for hereditary cancer risk assessment.

We recognize that our study has limitations. Data regarding subjects’ personal/family 

histories of cancer were obtained via clinician report on a test request form, and we were 

thus unable to confirm its accuracy or completeness. Although this is a potential limitation, 

the same approach was used to develop the PREMM1,2,6 prediction model for LS risk 

assessment, and PREMM1,2,6 has been subsequently validated in clinic- and population-

based cohorts where clinical data were extensively verified.12 Furthermore, all subjects in 

this cohort were ascertained from a large commercial laboratory which receives genetic 

testing referrals from academic medical centers as well as community practices. Given that 

patients from academic cancer centers may have higher-risk clinical histories than those 

from smaller practices, we are unable to account for the possibility that the performance of 

multigene panel testing may vary across different healthcare settings.

The specific frequencies of mutation carriers detected by panel testing are also likely to vary 

depending on the genes included in a given multigene panel. Although there is a growing 

array of commercially available multigene panels for hereditary cancer risk assessment, 

almost all such panels include the same high-penetrance cancer susceptibility genes (i.e. 

MMR genes, BRCA1/2, APC, MUTYH, STK11, PTEN, CDH1, and TP53), and thus the key 

findings of our study are likely generalizable to testing performed with other multigene 

panels.47

Another limitation of our study is that we did not have data on tumor testing results that may 

have prompted referral for germline testing. NCCN guidelines9 recommend that all CRC 

specimens undergo MMR IHC or MSI testing as an initial screen for LS. Roughly 20% of 

the MSI-H/MMR-deficient CRCs identified with such testing will be due to LS, and 

additional tumor testing for BRAF V600E mutations or MLH1 promoter hypermethylation 

can help identify the 80% of MSI-H/MMR-deficient cases that are likely sporadic and thus 

do not need LS germline testing. Without such data, we are unable to extrapolate our study’s 

findings on multigene panel testing into contemporary LS diagnostic algorithms which rely 

heavily on MMR IHC and MSI screening of tumor specimens. Multiple studies, however, 

have found that the uptake and efficacy of universal tumor testing strategies are highly 

variable, even within large academic medical centers.49–51 Furthermore, most studies 

examining universal tumor testing have only performed germline LS testing on individuals 

with MSI-H/MMR-deficient CRC, and thus the mutation rate amongst patients with normal 

or absent tumor testing results is not well-studied.52–54

Within our cohort of patients with a history of LS-associated cancer/polyps, MSI and MMR 

IHC tumor testing likely would have identified individuals where targeted germline LS 

testing would have been indicated, rather than panel testing, although this would still miss 

the rare individual with both a LS and non-LS mutation. Future research is needed to 

determine the yield of multigene panel testing in patients for whom MSI, MMR IHC, and 

other tumor testing results are available. Universal tumor testing algorithms only screen for 

LS, however, and our results demonstrate that a substantial fraction of patients with Lynch-

like clinical histories will actually have other inherited cancer syndromes. Thus, the practice 
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of using tumor testing to distinguish between patients with “familial” and “sporadic” cancers 

will ultimately miss some individuals with actionable mutations in non-Lynch cancer 

susceptibility genes.

In spite of these limitations, our findings provide novel insight about the evaluation of 

patients with suspected LS in the era of multigene panel testing. Since clinical criteria for LS 

analysis appear to identify a substantial number of probands with unexpected actionable 

mutations in high-penetrance non-LS cancer susceptibility genes, panel testing may 

ultimately replace targeted genetic testing in patients with suspected LS, except when tumor 

testing suggests a specific underlying MMR mutation. Increased use of panel testing, 

however, will undoubtedly lead to more patients being diagnosed with VUS and other 

germline findings of uncertain clinical utility. Furthermore, with expanded use of panel 

testing, the question as to how patients with “unexpected,” high-penetrance germline 

mutations identified by panel testing (e.g. BRCA1/2 mutations in individuals with a clinical 

history suggestive of hereditary colorectal cancer) should be managed is likely to become an 

increasingly common dilemma for practicing clinicians.
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Figure 1. 
Pathogenic mutations identified with a multigene panel among 1260 individuals with 

suspected Lynch syndrome. (A) Proportion of mutation carriers with Lynch syndrome 

mutations (purple), non-Lynch syndrome mutations (blue), or both Lynch and non-Lynch 

syndrome mutations (dark purple). (B) Distribution of Lynch syndrome mutation carriers by 

specific gene. (C) Distribution of non-Lynch syndrome mutation carriers by gene type 

(BRCA1/2, monoallelic MUTYH, other high-penetrance genes, or moderate-penetrance 

genes).
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Figure 2. 
Number of variants of uncertain significance (VUS), per gene, detected with a multigene 

panel in 1260 individuals undergoing Lynch syndrome testing.
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Table 1

Genes analyzed by a multigene hereditary cancer panel

High-penetrance genes Moderate-penetrance genes

 Lynch syndrome ATM

  MLH1 BARD1

  MSH2 BRIP1

  MSH6 CHEK2

  PMS2 NBN

  EPCAM PALB2

 Adenomatous polyposis syndromes RAD51C

  APC RAD51D

  MUTYH (biallelic)

 Hamartomatous polyposis syndromes

  BMPR1A

  PTEN

  SMAD4

  STK11

 Hereditary breast/ovarian cancer (HBOC)

  BRCA1

  BRCA2

 Familial atypical multiple mole melanoma syndrome

  CDKN2A

  CDK4

 Hereditary diffuse gastric cancer syndrome

  CDH1

 Li-Fraumeni syndrome

  TP53
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Table 2

Characteristics of 1260 individuals undergoing clinical testing for Lynch syndrome

Total cohort (N=1260)
N (%)

Female 915 (73)

Median age (years) at first cancer diagnosis [IQR] 47 [39 – 55.5]†

Personal history*

 Colorectal cancer, any age 790 (63)

 Colorectal cancer, age <50 434 (34)

 Endometrial cancer 292 (23)

 Ovarian cancer 84 (7)

 Multiple primary cancers 172 (14)

 Colorectal polyps 280 (22)

Family history*

 Any Lynch cancer 930 (74)

  Colorectal cancer 726 (58)

  Endometrial cancer 191 (15)

  Ovarian cancer 142 (11)

 Breast cancer 294 (23)

 No/unknown family history 161 (13)

Met NCCN Lynch criteria 1112 (88)

†
Age data missing for 56 subjects

*
Personal and family history classifications are not mutually exclusive
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