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Abstract

Lynch syndrome is a hereditary cancer predisposition syndrome caused by
germline alterations in the mismatch repair genes and is the most common
etiology of hereditary colorectal cancer.While Lynch syndrome was initially
defined by the clinical Amsterdam criteria, these criteria lack the sensitiv-
ity needed for clinical utility. This review covers the evolution of screening
for Lynch syndrome from the use of tumor microsatellite instability and/or
somatic alterations in mismatch repair protein expression by immunohis-
tochemistry to the newest methods using next-generation sequencing. Ad-
ditionally, it discusses the clinical implications of the diagnosis of Lynch
syndrome as it affects cancer therapeutics and the role of screening in non-
colorectal Lynch-associated cancers. As molecular oncology continues to
evolve, it is crucial to remain current on the increasing complexity of Lynch
syndrome diagnostics and treatment options.
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INTRODUCTION

Up to one-third of colorectal cancer (CRC) is familial, with approximately 5–10% attributed to a
germline gene alteration (21, 49, 51). There are a variety of hereditary CRC syndromes, roughly
grouped into polyposis and nonpolyposis syndromes. This review focuses on the most common
cause of hereditary CRC: Lynch syndrome, formerly referred to as hereditary nonpolyposis col-
orectal cancer, which accounts for up to 5% of CRCs (51). Lynch syndrome is caused by one or
more germline pathogenic variants in one of the mismatch repair (MMR) genes (MLH1,MSH2,
MSH6, and PMS2) and/or EPCAM. In-depth understanding of the detection, diagnosis, and clin-
ical management of Lynch-associated malignancies is crucial to delivering optimal care in the
increasingly complex field of modern molecular oncology.

CLINICAL FEATURES OF LYNCH SYNDROME

The hallmark malignancies of Lynch syndrome are CRC and endometrial cancers, with lifetime
risks of up to 90% and 40%, respectively (51, 82). In addition, there is an increased risk of geni-
tourinary (renal pelvis, ureter, bladder, or prostate), pancreatic, ovarian, stomach, small bowel, and
biliary tract cancers (3, 35, 82). These risks may vary by gene; for example, individuals withMSH2
pathogenic variants have more genitourinary cancers (103). In addition to the malignancies, there
may be other benign findings, such as sebaceous lesions and keratoacanthomas (the presence of
which is indicative of the variant Muir–Torre syndrome) (53, 89).

While it is commonly accepted that breast cancer is not part of Lynch syndrome, a growing
number of studies have suggested an epidemiologic association (15, 36, 74, 91, 102). There have
been limited molecular studies to test this hypothesis. In the international Colon Cancer Family
Registry, of 35 cases of breast cancer in individuals with Lynch syndrome, 18 (51%) had immuno-
histochemistry (IHC) consistent with loss of MMR gene function in the breast tumor tissue (100).
Only one case had a germline MSH6 pathogenic variant, which has been suggested to have the
highest breast cancer risk association (18, 74). Thus, further molecular studies are needed to eval-
uate breast cancer as a Lynch-associated malignancy.

CRC associated with Lynch syndrome has clinical features that are distinct from those of
sporadic CRC. Lynch-associated CRC usually presents at an earlier age of diagnosis, prompting
colonoscopic screening to begin at age 20–25 (95). Additionally, the tumors in Lynch-associated
CRC occur more often in the proximal/right-sided colon than they do in sporadic CRC. Histo-
logically, poor differentiation with mucinous features,Crohn’s-like lymphoid reaction, and tumor-
infiltrating lymphocytes are all suggestive of a Lynch-associated CRC (6, 40) and are referred to
as microsatellite instability high (MSI-H) histology features.

CLINICAL CRITERIA

The Amsterdam Criteria

Consensus clinical criteria for the diagnosis of Lynch syndrome were first described in 1991 by
Vasen et al. (96) as the Amsterdam criteria. These so-called 3–2–1 criteria require a minimum
of three members of a family diagnosed with CRC across two successive generations (with one
case being a first-degree relative of the other two), at least one case diagnosed before age 50, and
the exclusion of familial adenomatous polyposis. In recognition of the spectrum of cancers within
Lynch syndrome, the Amsterdam criteria were revised in 1999 (referred to as the Amsterdam II
criteria) to include other noncolorectal cancers (endometrial, small bowel, ureter, and renal pelvis)
now known to be associated with Lynch syndrome (97).
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The Bethesda Guidelines

Once the etiology of Lynch syndrome was understood to be due to germline MMR gene al-
terations, the question became how to approach patient screening. The consensus Bethesda
guidelines were first published in 1997 and were designed to provide recommendations on who
should undergo further tumor testing for Lynch syndrome (76, 92). The consensus from this
group was that individuals are at sufficiently high risk to warrant genetic testing if they have
(a) CRC when less than 50 years old, (b) synchronous or metachronous Lynch-associated tumors,
(c) CRC when less than 60 years old along with MSI-H-like histologic features, (d) at least one
first-degree relative with a Lynch-related tumor (including colorectal, endometrial, genitourinary,
stomach, small bowel, biliary, ovarian, or brain cancer) diagnosed when the relative is less than
50 years old, and/or (e) CRC and two or more first- or second-degree relatives with Lynch-related
tumors.

Clinical Guidelines in Modern Practice

We now understand that the Amsterdam criteria and Bethesda guidelines fail to serve as good
screening tests for Lynch syndrome (2). Notably, half of germline-confirmed Lynch syndrome
patients fail to meet the Amsterdam II criteria (51). The Bethesda guidelines are highly sensi-
tive but have too low a specificity to make them clinically useful. Even computer-based mod-
els [such as MMRpro (12), PREMM (43, 44), and MMRpredict (28)] have failed to make a
clinically meaningful impact on current practice, likely because these models aim to detect the
highest-risk individuals rather than the full spectrum of Lynch syndrome patients (42). Thus,
based on the suboptimal utility of these clinical strategies and improvements in our molecular
understanding of Lynch syndrome, the detection of Lynch syndrome has evolved from a clini-
cal diagnosis using the Amsterdam criteria to tumor-based screening with germline confirmation
(Figure 1).

TUMOR SCREENING FOR LYNCH SYNDROME

Two standard laboratory tests are available for Lynch syndrome screening of tumor tissue: DNA
MSI and MMR protein IHC. These tests can be used independently or together (84, 105); how-
ever, the combination of MSI and IHC maximizes the specificity and sensitivity for Lynch syn-
drome screening, albeit at higher individual cost. If either test is positive, germline DNA testing
is recommended to make the diagnosis of Lynch syndrome.

Amsterdam
criteria MSI Bethesda

guidelines
Amsterdam

II criteria
Mismatch

repair protein
IHC

MSI by NGS

Figure 1

Evolution of Lynch syndrome screening over time. Abbreviations: IHC, immunohistochemistry; MSI, microsatellite instability; NGS,
next-generation sequencing.
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Microsatellite Instability

MSI is a PCR-based assay that compares variations in short repeated sequences at multiple loci.
The most commonly used test interrogates five loci recommended by the National Cancer Insti-
tute. At least 30% instability (e.g., two or more of the five loci) is the generally accepted threshold
for determining the presence of MSI, also referred to as MSI-H cancer (38). Less than 30% (e.g.,
one of the five loci) is MSI low (MSI-L), and no detected instability means microsatellite stability
(MSS), although clinically MSI-L andMSS behave similarly and are often grouped together.MSI
testing has a sensitivity of 55–91% for Lynch syndrome (19).

While 15% of colorectal tumors are MSI-H (29), the vast majority of these MSI-H CRCs
are actually sporadic. This is often due to somatic hypermethylation of theMLH1 promoter and
associated with the BRAFV600Emutation (7, 52).Thus,whenMSI-H alone is detected in a CRC,
follow-up testing for a BRAF pathogenic mutation and/orMLH1 promoter hypermethylation is
often pursued to determine whether a heritable cause is likely (56). If neither is found, germline
testing is recommended for confirmation.

Immunohistochemistry

IHC for the loss of expression of the MMR proteins can also be performed on CRC tumor tissue
to screen for Lynch syndrome. The specific MMR IHC assays that are run vary among institu-
tions. At a minimum, MLH1 and MSH2 expression is evaluated, as pathogenic variants in the
MLH1 andMSH2 genes account for approximately 70% of identified Lynch syndrome cases (68).
Recognizing that MLH1/PMS2 and MSH2/MSH6 make heterodimers, some centers addition-
ally test for MSH6 and PMS2 expression, either initially as a set of four stains or secondarily if
MLH1 and MSH2 are intact. To reduce costs, some centers take advantage of predictable cellular
interactions with a two-stain IHC approach of testing initially for MSH6 and PMS2 expression
and then testing for either MLH1 or MSH2 expression only if one of the initial proteins is ab-
sent (31, 70). For completeness of screening, if IHC is used, we recommend testing for all four
MMR proteins. IHC has a sensitivity of 83% and specificity of 89% for detecting MSI CRC
(19).

Due to cellular interactions, a single germline gene alteration may lead to the loss of one more
of the proteins. For example, inactivation ofMSH6 leads to loss of MSH6 with or without loss of
MSH2.PMS2 loss can secondarily result from either a germlineMLH1 pathogenic variant or spo-
radicMLH1 hypermethylation (45). As with MSI, if MLH1 alone is absent, BRAF V600E and/or
MLH1 promoter hypermethylation testing may be recommended to rule out sporadic CRC prior
to germline testing. Algorithms are available for interpreting different MMR deficiency patterns
with or without MSI testing (62). One purported advantage of MMR IHC was that it may pro-
vide a clue for how to narrow confirmatory germline testing. However, in the era of falling costs
for high-quality next-generation sequencing (NGS), this is less relevant. In contrast to the poor
performance of the clinical Amsterdam criteria, MSI and/or MMR IHC detect more than 90%
of Lynch syndrome patients (51).

Discordant Results

There is a common misconception that discordance between MSI and MMR IHC represents a
false positive result. Discordance is often a correct result representing the differences in cellular
functions detected by the two testing strategies. As abnormal IHC reflects loss of protein, and
one reason that a patient with true Lynch syndrome would have a normal IHC is that the protein
is expressed but is not functioning normally due to a missense pathogenic variant. This tumor
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Figure 2

Relative sensitivity of Lynch syndrome screening methods. Abbreviations: MSI/IHC, microsatellite
instability by PCR and/or mismatch repair protein immunohistochemistry; NGS, next-generation
sequencing.

would demonstrateMSI-H and normal IHC.Conversely, some pathogenic variants, particularly in
MSH6 and PMS2, can result in protein loss by IHC without causing MSI-H (25). In this scenario,
there will often be some evidence of MSI even if fewer than 30% of loci are unstable (i.e., MSI-L)
(99, 104).

NEXT-GENERATION SEQUENCING PANEL TESTING

Next-Generation Sequencing for Tumor Screening

WhileMSI andMMR IHC are an improvement over the clinical criteria for Lynch syndrome, true
Lynch syndrome cases can still be missed, and themultistep nature of testing canmake this process
quite cumbersome and sometimes incomplete. This is especially true if follow-up BRAF orMLH1
testing is required.MSI byNGS [e.g.,mSINGS (78) andMSIsensor (62)] is a further improvement
on prior tumor screening methods with high validity and a comprehensive methodology and may
become a clinical standard in the coming years (Figure 2). Furthermore, NGS results highlight
not only deficiency in MMR but also specific pathogenic variants, which is helpful for targeted
germline confirmatory sequencing.

Methods to performMSI byNGS are well established and improve Lynch syndrome detection
beyond standard MSI/IHC (64, 78). This may be because these methods use a greater number
of loci in a quantifiable manner, which also allows for a lower threshold of 20% unstable loci
to determine MSI-H status. The sensitivity of mSINGS for Lynch syndrome screening is 96–
100%, and the specificity is 97–100% (78). In clinical practice, somatic tumor NGS panel testing
has a higher Lynch syndrome detection rate than either MSI or MMR IHC, even when these
are combined with BRAF testing (33). In addition, the single-panel test provides the ability to
simultaneously evaluate other genetic biomarkers of interest (e.g., KRAS, NRAS, and BRAF) and
potentially clinically meaningful genes of interest (e.g.,DPYD andTS for predicted chemotherapy
toxicity) in an efficient and cost-effective approach (22).

Next-Generation Sequencing for Germline Confirmation

Originally, germline genetic sequencing was performed on candidate genes individually, which
meant that for a person with suspected Lynch syndrome, up to five genes would need to be tested.
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Now that sequencing costs have come down and technologies have improved, most patients with
a suspicion of hereditary CRC are evaluated with a germline genetic panel. Cost-effectiveness
studies have addressed optimal panel sizes, although these findings must be reassessed as costs
continue to drop (22). Use of germline panels may be recommended as follow-up to a positive
MSI/IHC or MSI by NGS tumor screening or as part of a larger testing strategy for an individual
with a suspicious clinical or family history. Additionally, NGS germline testing has the ability to
evaluate other known CRC predisposition genes (such as APC,MUTYH, STK11, BMPR1A, and
SMAD4) in a comprehensive fashion, again eliminating the need for stepwise testing.

In an example of the utility of NGS panel testing, 450 CRC cases from an Ohio population
series diagnosed at less than 50 years old were evaluated with a 20-gene germline panel (69).
Of these 450 cases, 48 (10.7%) were MMR deficient; 37 of these had Lynch syndrome, and 9
had double somatic MSI CRC. An additional 32 patients had a pathogenic germline variant in a
CRC-associated gene, and 13 had a variant in a gene that is not typically associated with CRC but
is associated with other cancers, such as BRCA1 or PALB2. Given the not-insignificant proportion
of patients overall who had a germline variant (16%) and the spectrum of these variants, germline
panel testingmay be appropriate for all younger individuals at diagnosis.These variants are further
enriched in clinic-based and younger (<35 years) populations (60).

UNIVERSAL SCREENING

Colorectal Cancer

Several large studies have demonstrated that universal tumor screening for Lynch syndrome is
both feasible and beneficial, due to an increase in the detection rate of people with Lynch syn-
drome (1, 32, 37, 46). For example, Hampel et al. (32) performed MSI and IHC testing for the
fourMMRproteins on 500 unselected CRC patients, and 18 of them (3.6%) had Lynch syndrome.
Notably, only 8 of those 18 (44%) were diagnosed at less than 50 years old. For each proband di-
agnosed with Lynch syndrome, an average of three additional unaffected family members were
found to also have Lynch syndrome, highlighting the ability to use incident cases to help prevent
future cancers in family members through increased surveillance. The plethora of data support-
ing universal CRC screening has resulted in recommendations for universal tumor screening by
several major groups, including the National Comprehensive Cancer Network (62), Evaluation
of Genomic Applications in Practice and Prevention Working Group (19), and National Society
of Genetic Counselors (101).

A universal tumor screening approach has been shown to be cost-effective, given the possibility
of preventing additional cancers in affected individuals as well as primary cancers in unaffected
at-risk relatives (11, 46, 61). However, universal Lynch syndrome screening has not been widely
integrated into standard clinical practice (4, 39). One study published in 2012 noted that while
70% of academic centers had a universal screening program, only 15% of community hospitals
included it as part of their standard practice (4). A more recent analysis of more than 150,000
individuals in the National Cancer Database noted that only 28% of CRC patients underwent
MMR deficiency testing and only 43% of patients were diagnosed at less than 50 years old (83).
Thus, continued education and dissemination of the supportive data, in the form of both guide-
line recommendations and implementation guides (13), will be helpful for improving screening
compliance.

Endometrial Cancer

Universal Lynch syndrome screening has also been studied and is recommended for endome-
trial cancer (63) but is less well implemented than it is for CRC. Multiple studies have evaluated
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universal tumor screening in endometrial cancer (1, 17, 26, 73). For example, among 1,002 en-
dometrial cancers from the GOG210 clinical trial screened with MSI, 11.8% were MSI-H (26).
Of the 51 MSI-H cases that were tested, 21 (41%) had Lynch syndrome, which would be ap-
proximately 5% of cases overall. Similar series have detected Lynch syndrome in approximately
2% of women with endometrial cancer (1, 17). The age of diagnosis is often earlier, but there are
cases of Lynch-associated endometrial cancer diagnosed in patients over 60 years old, highlighting
the need for universal screening (26). Thus, while there are similar data in endometrial cancer as
there are for CRC to support universal tumor screening, and universal screening is recommended,
implementation has been less common in endometrial cancer.

Other Cancers Associated with Lynch Syndrome

The Memorial Sloan Kettering–Integrated Mutation Profiling of Actionable Cancer Targets
(MSK-IMPACT) study was a single-center prospective tumor-normal DNA sequencing study in
more than 15,000 individuals with advanced cancer (54). In this series, 2.2% of cases wereMSI-H,
but only 16.3% of those cases were due to germline alterations consistent with Lynch syndrome
(81). Notably, of the 1,025 tumors that were either MSI-H or MSI indeterminate, only 25% were
either CRC or endometrial cancer. In the era of immunotherapy (as described in the next section),
universal testing for MSI now has a role in all advanced cancers. This will also allow for greater
screening, and therefore diagnosis, of Lynch syndrome.

CLINICAL IMPLICATIONS OF MICROSATELLITE INSTABILITY
AND LYNCH SYNDROME

Even when adjusting for stage, MSI is recognized to be a marker of better prognosis (29, 47, 80).
This is especially true for proximally locatedMSICRCs (47). In stage II colon cancer, retrospective
analysis notes that individuals withMSI-H tumors do not benefit from adjuvant 5-fluorouracil (71,
79, 87). This effect may be stronger in sporadic rather than germline (Lynch-associated) MSI-H
CRC (86). These older chemotherapy retrospective analyses often did not account for modern
CRC biomarkers, such as BRAF and KRAS, preventing greater generalization of MSI as a predic-
tive biomarker, but its prognostic role is well established.

The role of MSI as a predictive marker with modern combination chemotherapy regimens,
such as FOLFOX and FOLFIRI, is uncertain (16, 98). This uncertainty is a consequence of dif-
ferences in the studies’ chemotherapy regimens and assays for MSI, which make it difficult to
compare studies and develop a robust and generalizable conclusion about the role of MSI as a pre-
dictive marker for modern cytotoxic chemotherapy. A retrospective analysis of the benefit from
adjuvant oxaliplatin in stage II and stage III colon cancer noted no difference by MSI status (23).
Thus, all stage III patients receive oxaliplatin-based chemotherapy regardless of whether the CRC
is MSI-H. One trial noted that MSI may be predictive of response to adjuvant irinotecan, but this
finding has not been reliable, and the current opinion based on the trials overall is that irinotecan
is indicated only for metastatic CRC (5, 20, 93).

On the cellular level, this deficiency in MMR is associated with a higher tumor somatic muta-
tion burden, which has important therapeutic implications for response to immunotherapy (94).
Studies with pembrolizumab and nivolumab have demonstrated benefit from anti–programmed
death 1 (PD-1) receptor therapy in patients with MSI cancers, including both CRC and non-
CRC MSI-H tumors (48, 66). Both drugs have now received US Food and Drug Administra-
tion approval for use in metastatic MSI-H CRC. Additionally, combination immunotherapy with
nivolumab and ipilimumab (a CTLA-4 inhibitor) is on track for accelerated Food and Drug
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Administration approval (66). Ongoing trials are evaluating combinations of chemotherapy and
immunotherapy, combinations of immunotherapy and targeted therapy, and the utility of im-
munotherapy in the adjuvant setting.

ADDITIONAL CLINICAL CATEGORIES DETERMINED
BY MICROSATELLITE INSTABILITY STATUS

Familial Colorectal Cancer Type X

While the Amsterdam criteria can miss individuals with Lynch syndrome, there are also patients
who meet the Amsterdam criteria but have negative Lynch syndrome tumor testing (i.e., MSS).
Familial colorectal cancer type X (FCCTX) is the catch-all term to describe these cases (50).
This first large description of FCCTX,which included 71 FCCTX families with 1,567 unaffected
relatives, found an increased incidence of CRC in the cohort of FCCTX families [standardized
incidence ratio (SIR) = 2.3] but to a lesser degree than in the cohort who met the Amsterdam
criteria and had MSI (likely Lynch syndrome) (SIR = 6.1, p < 0.001) (50). The FCCTX co-
hort also had an increased incidence of gastric cancer (SIR = 1.4) but no increase in endome-
trial cancer (SIR = 0.8) or other Lynch-related cancers. Subsequent analysis demonstrated that,
compared with Lynch-related CRCs, FCCTX CRCs either were less likely to be proximal or
demonstrated the classic poor differentiation, mucinous features, and tumor-infiltrating lympho-
cytes (85). Thus, while there may be overlap in clinical history between Lynch syndrome and
FCCTX, they appear to have distinct etiologies that have yet to be elucidated. Many cases with
FCCTX likely result from oligogenic effects, preventing the identification of a single causative
gene or pathway, as was found with Lynch syndrome and other high-penetrance CRC-associated
genes, such as APC. Future high-quality genetic and molecular analysis is needed to explain
FCCTX.

Double Somatic Microsatellite Instability Colorectal and Endometrial Cancers

Most somatic MSI CRC is due to MLH1 hypermethylation (Table 1). However, some MSI
CRCs remain unexplained by eitherMLH1 hypermethylation or germlineMMR pathogenic vari-
ants, which have historically been referred to as Lynch-like syndrome (8, 41, 55, 59, 77). Using
high-quality paired tumor and germline NGS testing, Haraldsdottir et al. (34) evaluated 32 of
these unexplained CRC and endometrial cancer cases and found that 22 (69%) had two or more
somatic alterations in the MMR genes, which led to the hypermutated phenotype seen with MSI
tumors. This report of double somatic MSI CRC solidified what has been previously observed but

Table 1 Approximate frequency of microsatellite instability (MSI) and MSI subsets, by cancer
type

Cancer type MSI
Lynch

syndrome
MLH1

hypermethylated
Double

somatic MSI References
Colorectal 15% 3–5% 10% ∼2% 14, 34
Endometrial 12–25% 2–4% 10–20% Unknown 1, 9, 17, 26, 57
Ovarian ∼1% 0.5% 0.5% Unknown 10, 27, 65, 67
Prostatea ∼2% <1% Not reported ∼1–2% 30, 72, 75

aThe prevalence of MSI in prostate cancer is low overall but has been reported in up to 8% of very-high-grade localized
cancers and up to 12% of metastatic disease.
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found that it occurred at a higher frequency, likely due to more sensitive sequencing methods (24,
58, 88).

Clinically, these double somatic cases had a median age of diagnosis similar to those of MSS
cancers but were more often right-sided with mucinous features, as would be expected for MSI or
Lynch syndrome (34). Unlike Lynch syndrome, a family history of cancer was uncommon, with
only 5 of 21 cases reporting a family history of CRC and 1 of 21 reporting a history of endometrial
cancer. Molecular characterization of these double somatic MSI tumors revealed an increase in
PIK3CA somatic pathogenic mutations in the double somatic MSI tumors compared with Lynch
syndrome andMLH1 hypermethylated MSI tumors (14). Similar to Lynch syndrome, BRAF so-
maticmutations were not seen in the double somaticMSI tumors.Further clinical characterization
will be needed, including treatment responses and second cancer risks.

FUTURE DIRECTIONS

The ideal screening technology for Lynch syndrome will continue to evolve; however, both
germline and tumor NGS are increasingly utilized. While we have focused on Lynch screen-
ing, non-MMR CRC-associated genes continue to be identified, and the detection of these may
need to be considered. Germline gene panel testing for all CRCs diagnosed before the age of
50 years has been recommended due to the prevalence of positive results overall, including in
those who did not meet testing criteria and those with non-Lynch germline pathogenic variants
who would not be identified by tumor screening (69). Of 48 early-onset CRC cases with positive
results in a gene associated with high-penetrance CRC risk, 11 (23%) were non-Lynch (69). Even
in a community-based cohort of CRCs at any age without prior genetic testing, of 529 cases, 3 of
the 20 positive results were in non-Lynch CRC-associated genes (A.S. Gordon, E.A. Rosenthal,
D.S. Carrell, L.M. Amendola, M.O. Dorschner, et al., manuscript in review).

Lynch syndrome screening is an emerging concept in cancers outside of CRC and endometrial
cancer.While there is increased uptake of MSI testing in advanced cancer where immunotherapy
is a potential therapeutic option, screening in other clinical scenarios and in noncolorectal Lynch-
associated cancers has made little progress (30). However, this is slowly changing in ovarian (10,
27, 65, 67) and prostate cancers (30, 72, 75). For example, emerging data show that universal
screening of ovarian cancer identifies cases of Lynch-associated ovarian cancer that would not be
identified by clinical criteria alone (90). Prospective evaluations to evaluate risk modification and
cost-effectiveness are ongoing (ClinicalTrials.gov identifier NCT02494791).

CONCLUSIONS

The historical Amsterdam criteria have largely been replaced by tumor-based screening forMMR
gene mutations using MSI, IHC, and most recently NGS-based testing. The clinical implications
of the emerging double somatic MSI subgroup defined by NGS remain to be defined. This is
clinically relevant given the potential for therapeutic intervention with immunotherapy and other
cancer-directed therapies. Additionally, screening strategies for Lynch syndrome, which are well
validated in CRC, need to be further expanded to endometrial, ovarian, prostate, and other Lynch-
associated cancers.
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