Universal testing of colorectal cancer for deficient mismatch repair - a new era has arrived
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Earlier this year, a turning point in our approach to colorectal cancer was reached: for the first time NICE recommended that all colorectal cancers be tested for a marker of their underlying biology, mismatch repair (MMR) deficiency (1). 

It has been recognised for over 20 years that around 4% of colorectal cancers arise in patients with Lynch syndrome (LS), a dominantly inherited condition caused by mutation in one of the DNA MMR genes. Individuals who inherit such a mutation have cells that are vulnerable to loss of function of the remaining normal copy of the gene; the large bowel, endometrium and urothelium seem particularly prone to such loss. The resulting failure of DNA MMR causes the accumulation of mutations, promoting carcinogenesis. The cancers that develop have a characteristic 'mutator' phenotype with loss of MMR protein on immunohistochemistry and accumulation of characteristic microsatellite instability (MSI) in tumour DNA. 

Loss of DNA MMR is rare in rectal cancers and mostly due to LS (2), but approximately 12% of sporadic colon cancers loose DNA MMR due to silencing of the MLH1 MMR gene by acquired methylation, rather than by genetic mutation. The colon cancers in which this occurs develop along a different biological route (the 'serrated' pathway) from the majority, which follow the well-described adenoma-carcinoma sequence and 'Vogelstein' molecular pathway. Indeed, there is an expanding body of evidence that colorectal cancer can arise by a number of distinct pathways (3), and that these differ in prognosis and response to standard chemotherapy and more novel agents including immunotherapy.

Universal examination of tumours for MMR deficiency allows almost all patients with colorectal cancer due to LS to be identified. Family history criteria have poor sensitivity and specificity, and there are no features other than the anatomical spectrum of cancers within an individual or family and early age at cancer diagnosis to raise suspicion of underlying LS. 

There are undoubted benefits in identifying people with LS, including good evidence that colonoscopic surveillance reduces mortality and that aspirin can lower colorectal cancer risk. However, the existing literature must be interpreted with some caution. Most publications are subject to considerable ascertainment bias: use of family history of cancer as the diagnostic criterion or as the trigger for genetic testing has led to an underestimation of prevalence and overestimation of cancer risk. This is underlined by the recent report (4) from a database of nearly 2000 LS patients showing that MLH1 mutation was associated with a 46% risk of colorectal cancer by age 70, with lower levels of risk in those with mutation in the other MMR genes.

A meta-analysis of metachronous colorectal cancer in Lynch syndrome patients following segmental or extended colectomy recently published in this journal (5) is subject to the same bias, with overrepresentation of patients with MLH1 mutation, as well as lack of evidence of adequate colonoscopic surveillance in patients following segmental resection. All of the studies included pre-date identification of the protective effect of aspirin. It is likely that rates of metachronous colorectal cancer are actually lower in the LS population overall, particularly if appropriate colonosocopic surveillance and aspirin chemoprevention are used. 

What is the clinical team looking after a patient with colorectal cancer to do with the results of MMR testing? The NICE recommendation makes clear that treatment of colorectal cancer should not be delayed to await results of MMR testing. Currently most testing is performed on the surgical resection specimen, although it is often possible to use preoperative biopsies with reasonable accuracy. Even if this is done, and proved to be abnormal, loss of MLH1 is the commonest finding and does not differentiate LS and serrated pathway cancers. Distinguishing these reliably currently requires further testing, such as for BRAF V600E which can be included with MSI testing or for MLH1 promoter methylation, but definitive genetic testing for an inherited MMR mutation may take several weeks. Early knowledge of MMR status is likely to be of increasing relevance to oncologists in decision making with regard to benefits and choice of chemotherapy, but its role in surgical decision-making is much less well defined. Even in patients with LS due to MLH1 mutation and colorectal cancer (who will have the highest risk of metachronous tumours) the benefit of extended surgery over segmental colectomy when aspirin and colonoscopy are available is not clear.

[bookmark: _GoBack]The challenge to clinicians dealing with colorectal cancer is to incorporate this guidance from NICE into day-to-day practice. Not only must the testing be done, and results appropriately acted upon, but robust referral pathways to clinical genetics departments  need to be developed. In many ways, universal introduction of 'biological' testing of colorectal tumours leading to identification of serrated pathway cancers may prove a more important 'spin-off' than diagnosing patients with LS, which has provided the health-economic justification for the NICE guideline. 
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