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Abstract
Lynch syndrome is the commonest inherited cause of colorectal cancer, and carriers are enrolled in colonoscopic surveillance on the assumption that removing adenomas prevents cancer. Prospective data show cancers continuing to occur at high rates despite that surveillance, and no advantage from shortening the interval. Objectives: To review the published evidence on germline mismatch repair variant detection and surveillance outcomes in Lynch syndrome: how carriers are identified, what cancer risk each gene confers, what colonoscopic surveillance achieves, and why shorter intervals have not delivered what was expected. Material and Methods: Narrative review of prospective cohort reports, registry analyses, comparative surveillance studies and society guidelines indexed
in PubMed and the major gastroenterology and genetics journals. Studies were eligible if they reported gene-specific cancer risk in variant carriers, the yield or performance of detection strategies, or outcomes of colonoscopic surveillance. No new patient data were generated; every estimate quoted is one published by the original investigators. Results: Among 8,500 carriers under colonoscopic surveillance, cumulative colon cancer risk by age 65 was 48.4, 41.5, 12.7 and 9.5 per cent in men and 36.3, 29.8, 10.1 and 2.8 per cent in women for path_MLH1, path_MSH2, path_MSH6 and path_PMS2 respectively. Rectal cancer followed a different ordering, highest in path_MSH2 at 12.6 per cent in men. In 6,350 carriers, no significantly increased cancer risk was demonstrated for path_PMS2, and
path_MSH6 behaved as a sex-limited trait with high endometrial but only modestly raised colorectal risk. Among 218 cancers diagnosed during surveillance, the proportion presenting at stage III or IV did not differ by time since the previous colonoscopy, at 16.7, 19.4, 9.9 and 15.1 per cent across intervals of under 1.5, 1.5 to 2.5, 2.5 to 3.5 and over 3.5 years (p = 0.34). Conclusion: Gene-specific risk differs enough that a single surveillance protocol for all carriers is not defensible, and current guidelines have moved
accordingly. The absence of any stage or incidence benefit from shorter intervals suggests that colorectal cancer in this syndrome does not always arise through a slow adenoma sequence, which is the premise surveillance was built on. Abbreviations: LS – Lynch Syndrome, MMR – Mismatch Repair, path_MMR – Pathogenic Mismatch Repair Variant, CRC – Colorectal Cancer, MSI – Microsatellite Instability, dMMR – Deficient Mismatch Repair, IHC – Immunohistochemistry, EPCAM – Epithelial Cell Adhesion Molecule, PLSD –
Prospective Lynch Syndrome Database, EHTG – European Hereditary Tumour Group, ESCP – European Society of Coloproctology, AJCC – American Joint Committee on Cancer.
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Introduction

Lynch syndrome is an autosomal dominant cancer predisposition caused by a pathogenic germline variant in one of the mismatch repair genes MLH1, MSH2, MSH6 or PMS2, or by epigenetic silencing of MSH2 through deletion in EPCAM [1,2]. It affects roughly one person in 300 in Western populations [3] and accounts for a few per cent of all colorectal cancer, though most carriers The syndrome was described from family clustering [5,6,7], and detection now rests on tumour features rather than family history. Cancers arising in carriers show mismatch repair deficiency and microsatellite instability, so universal tumour testing by immunohistochemistry or instability analysis, with reflex testing to exclude sporadic MLH1 silencing, is recommended for newly of consecutive colorectal cancers identified carriers who would have been missed by family-history criteria, which is the finding that moved practice toward testing everyone [25].

Once identified, carriers enter colonoscopic surveillance. The rationale is the adenoma-carcinoma sequence [9]: if precursor lesions are removed before they progress, cancer should be prevented. Early family studies supported this, with three-yearly colonoscopy reported to reduce incidence and mortality substantially [10], and guidelines subsequently shortened the interval to one or two years on the assumption that more frequent examination would do better [2,11].

Prospective data have not borne that out. This review sets out what gene-specific risk actually is under surveillance, what shortening the interval has achieved, and what the discrepancy implies about how these cancers arise.

Material and Methods

Search strategy: PubMed and the archives of the major gastroenterology, genetics and surgical journals were searched for studies of variant detection and surveillance in Lynch syndrome. Search terms combined Lynch syndrome and hereditary non-polyposis colorectal cancer with mismatch repair, MLH1, MSH2, MSH6, PMS2, EPCAM, universal tumour screening, colonoscopy interval, surveillance and cancer risk. Reference lists of retrieved registry reports and guidelines were screened by hand.

Eligibility: Studies were included if they reported gene-specific cancer risk in defined carrier populations, the yield or accuracy of detection strategies, or clinical outcomes of colonoscopic surveillance. Prospective registry reports were preferred over retrospective series where both addressed the same question, and the design is identified in every case.

Data extraction and handling: Design, cohort size, follow-up duration, variant classification criteria and reported risk or outcome estimates were extracted as published. Gene and sex are reported alongside every risk figure, because pooled estimates across genes conceal differences large enough to change management. No pooling or re-analysis was performed and no patient-level data were obtained. Figures 1 to 4 and Tables 1 to 3 reproduce published values only. This is a narrative synthesis and was not registered as a systematic review.

Results

The four genes are four different diseases: Prospective follow-up of 8,500 carriers across 25 countries, providing 76,289 observation years, produced gene-specific and sex-specific risk estimates under active surveillance. Cumulative colon cancer risk by age 65 was 48.4 per cent in men and 36.3 per cent in women for path_MLH1, 41.5 and 29.8 per cent for path_MSH2, 12.7 and 10.1 per cent for path_MSH6, and 9.5 and 2.8 per cent for path_PMS2 (Figure 1) [12].

Rectal cancer followed a different ordering, with path_MSH2
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shared similar colorectal, endometrial and ovarian risks, but older path_MSH2 carriers had higher risks of upper urinary tract, upper gastrointestinal, brain and particularly prostate cancer. Pathogenic MSH6 variants behaved as a sex-limited trait, with high endometrial cancer risk but only modestly raised colorectal risk, and no significantly increased cancer risk was demonstrated for path_PMS2 That last finding matters for how variants are classified. Criteria for identifying Lynch syndrome were developed assuming uniformly high penetrance, which holds for neither MSH6 in men nor PMS2 in either sex [13,14]. Carriers are ascertained unevenly as a result: path_MLH1 and path_MSH2 together accounted for 80.4 per cent of the 6,350-carrier cohort and path_PMS2 for 6.4 per cent (Figure 3)
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Figure 3: Distribution of pathogenic variants among 6,350 ascertained carriers [13]

Study n Design Principal reported finding

Three-yearly colonoscopy Järvinen et al. [10] — Controlled reduces incidence and mortality Incidence similar across Seppälä et al. 2017 [15] — Registry follow-up protocols in MLH1 Three No difference in incidence Engel et al. 2018 [16] — countries or stage by national policy ten Broeke et al. 2018 PMS2-associated risks lower — Registry [14] than assumed Stage independent of Seppälä et al. 2019 [17] 218 Registry interval since last colonoscopy Shorter intervals have not helped: The expectation that more frequent colonoscopy would reduce cancer has been tested repeatedly and not confirmed. A comparison across three countries operating different national surveillance policies found no difference single registry, path_MLH1 carriers followed under different protocols showed similar incidence [15].

The stage analysis is the most pointed. Among 218 cancers diagnosed during prospective surveillance in 209 patients, the numbers detected within under 1.5, 1.5 to 2.5, 2.5 to 3.5 and more than 3.5 years of the previous colonoscopy were 36, 93, 56 and 33. The proportions presenting at stage III or IV were 16.7, 19.4, 9.9 and 15.1 per cent respectively, with no significant difference across intervals (p = 0.34), and cancers found more than 2.5 years after the last examination were not more advanced than those found earlier (p = 0.14) (Figure 2) [17].

If a longer gap does not produce later-stage disease, the cancers being found are not straightforwardly the product of missed or slowly progressing precursor lesions. The investigators raised the possibility of over-diagnosis, drawing an explicit parallel with mammographic screening [17,18], and suggested that some lesions in carriers may regress under host immune pressure [17].
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An alternative model of tumour development: The conventional adenoma-carcinoma sequence [9] predicts that surveillance frequency should determine outcome, and it does not. Analysis of adenoma and cancer incidences under surveillance has been interpreted as indicating an accelerated pathway in three of the four Lynch syndromes, in which cancers arise without passing through a durable, detectable adenoma stage [19]. Work relating variants in MLH1, MSH2 and MSH6 to adenoma and tumour risk and to somatic mutation supports gene-dependent differences in that pathway [20].

Colonoscopy quality is a competing explanation and has been examined directly. Interval cancer risk in this population has been against which practice can be measured [22]. But quality alone does not account for findings reproduced across expert centres in multiple countries [15,16].

Gene Colon cancer risk to 65 Surveillance implication

48.4% men, 36.3% women Earliest start, shortest interval path_MLH1 [12] [2,12] 41.5% men, 29.8% women As MLH1; highest rectal and path_MSH2 [12] extracolonic risk [12,13] 12.7% men, 10.1% women Sex-limited; endometrial risk path_MSH6 [12] dominates [13] 9.5% men, 2.8% women No excess risk demonstrated; later path_PMS2 [12] start [13,14] Table 2: Gene-specific colon cancer risk under surveillance and what follows for management How guidelines have responded: European guidance from the hereditary tumour and coloproctology societies now stratifies by gene and sex rather than treating all carriers alike [2]. The practical yield of surveillance in variant carriers has been quantified directly [23], and the wider management of hereditary colorectal cancer syndromes has been reviewed against the same evidence [24]. Where cancer occurs, the extent of resection is itself gene-dependent, since metachronous risk differs between carriers [1,2].

Discussion

Two conclusions follow, and the second is uncomfortable. The first is that gene-specific risk differs by a factor of five between path_MLH1 and path_PMS2 in men, and by more than tenfold in women [12]. A protocol applied uniformly to all carriers necessarily over-treats one group and under-treats another, and current guidance has moved to stratify accordingly [2,13].

The second is that colonoscopic surveillance is not delivering what its rationale predicts. Cumulative colon cancer risk approaching 50 per cent by age 65 in path_MLH1 men occurs in a population under active surveillance [12], shorter intervals do not reduce incidence [15,16], and stage at diagnosis is independent of the gap since the last examination [17]. Each finding individually could be explained away; together they point at the model rather than the execution.

What the stage data imply

The absence of a stage gradient across intervals is the observation that most constrains interpretation. If cancers arose from adenomas that took years to progress, lengthening the interval would allow more time for progression and produce later-stage disease at diagnosis. It does not [17]. Either these cancers progress too fast for any feasible interval to catch them as adenomas, consistent with the accelerated pathway proposed for three of the four syndromes [19], or some detected lesions would never have progressed, which is the over-diagnosis reading the investigators themselves raised [17,18].

Neither interpretation argues for abandoning surveillance, which reduces mortality against no surveillance [10,23]. Both argue against the assumption that further shortening the interval will help, and that assumption has driven a decade of guideline change [11].

Study limitations

The limitations belong to the underlying literature. Registry cohorts are ascertained through families identified because cancer occurred, which inflates apparent penetrance, and the effect is largest for the lower-penetrance genes where few carriers are identified at all before standardised criteria were applied, and inclusion restricted to clinically actionable variants may itself select higher-penetrance MSH6 and PMS2 alleles [13]. Colonoscopy quality varies between centres and is inconsistently reported [21,22]. The comparisons of surveillance interval are observational rather than randomised, so interval was not assigned independently of patient characteristics [15,16,17]. And follow-up in the prospective database, while substantial, remains short relative to a lifetime risk [12].

Two gaps deserve naming. No randomised comparison of surveillance intervals has been conducted in this population, so the observational finding of no benefit from shorter intervals cannot exclude confounding [16,17]. And no study reviewed here reports outcomes for carriers of variants of uncertain significance, who are numerous and currently managed without an evidence base [13].

Conclusion

Lynch syndrome is better understood as four related conditions than as one. Cumulative colon cancer risk by age 65 under surveillance ranges from 48.4 per cent in path_MLH1 men to 2.8 per cent in path_PMS2 women, rectal cancer risk follows a different gene ordering, and no significant excess cancer risk has been demonstrated for path_PMS2 at all. Surveillance reduces mortality but has not prevented cancer to the degree its rationale predicts: incidence is not lower with shorter intervals, and stage at diagnosis is unrelated to the gap since the last colonoscopy. That pattern is difficult to reconcile with a slow adenoma-carcinoma sequence, and points either to accelerated tumour development or to over-diagnosis of lesions that would not have progressed. Stratifying by gene and sex is the change the evidence supports; shortening intervals further is not.
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