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Summary
Lynch syndrome is the most common hereditary form of
colorectal carcinoma caused by a constitutional patho-
genic mutation in a DNA mismatch repair gene. Identifying
Lynch syndrome is essential to initiate intensive surveil-
lance program for the patient and affected relatives. On
behalf of the Australasian Gastrointestinal Pathology So-
ciety (AGPS), we present in this manuscript consensus
guidelines for Lynch syndrome screening in patients with
colorectal carcinoma. The goal of this consensus docu-
ment is to provide recommendations to pathologists for
diagnosis of Lynch syndrome with discussion of the ben-
efits and limitations of each test. Universal screening for
defective mismatch repair is recommended, in agreement
with the recent endorsement of universal testing by the
National Health and Medical Research Council in Australia
and the New Zealand Ministry of Health. The value of
evaluating defective mismatch repair is acknowledged not
only for Lynch syndrome screening but also for therapeutic
decision information in patient management. AGPS ad-
vocates appropriate government funding for the molecular
tests necessary for Lynch syndrome screening (BRAF
mutation, MLH1 methylation testing).
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INTRODUCTION
Lynch syndrome is an autosomal dominant disorder caused by
constitutional pathogenic mutations in one of the DNA
mismatch repair (MMR) genesMLH1,MSH2,MSH6,PMS2 or
mutations involving adjacent genes which affect the function or
expression of these genes, for example EPCAM (TACSTD1)
3025/Online ISSN 1465-3931 © 2019 Royal College of Pat
rg/10.1016/j.pathol.2018.11.014
and MSH2, and LRRFIP2 and MLH1.1–3 Lynch syndrome is
the most common form of hereditary colorectal carcinoma
(CRC), accounting for 3% of all incident cases.4 Two to six
percent of all endometrial carcinomas are caused by Lynch
syndrome.5,6 The risk of cancer for affected individuals de-
pends on age, gender, organs and which MMR gene is altered.
The cumulative incidence of CRC at age 75 years is 46% in
MLH1-mutation carriers, 43% in MSH2-mutation carriers,
15% in MSH6-mutation carriers, and 13% in PMS2-mutation
carriers.7,8 Lynch syndrome individuals with a mutation in
MLH1,MSH2 andMSH6 also have an increased risk of cancer
of the urinary tract, pancreas, hepatobiliary tract, stomach,
small intestine, ovaries, and possibly breast and prostate.
The diagnosis of Lynch syndrome is currently a multistep

process which requires close cooperation across multiple spe-
cialists. Pathologists play a crucial role by screening tumours for
defective MMR using either immunohistochemistry (IHC) for
MMR proteins and/or microsatellite instability (MSI) testing.
Patients diagnosedwith a defectiveMMR (dMMR) tumour that
is not caused by sporadic alteration in MMR genes will be
offered genetic counselling and germlinemutation testing. Clear
communication between pathologists, clinicians and genetic
counsellors is important to ensure appropriate management of
patients with a suspected diagnosis of Lynch syndrome. In this
consensus document, we provide a list of guidelines onbehalf of
the Australasian Gastrointestinal Pathology Society (AGPS) to
endorse universal testing in CRC. We also highlight urge for
public funding of necessary molecular tests by the government.
The consensus statements have been previously presented
during two AGPS annual meetings, in 2015 and 2017.

TERMINOLOGY
1. Hereditary non-polyposis colorectal cancer
(HNPCC) and Lynch syndrome

HNPCC is a clinical term, initially coined to separate familial
predisposition to CRC (patients fulfilling Amsterdam criteria)
hologists of Australasia. Published by Elsevier B.V. All rights reserved.
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from the polyposis syndromes (familial adenomatous polyp-
osis and hamartomatous polyposis syndromes) before MMR
genes were discovered.9 HNPCC should not be used as a
synonym of Lynch syndrome, which is genetically defined by
the identification of a constitutional pathogenic mutation in a
gene affecting the DNA MMR function. Not all HNPCC in-
dividuals have Lynch syndrome and not all Lynch syndrome
individuals have HNPCC. Another confusing issue with the
term HNPCC is that colorectal polyps can occur in Lynch
syndrome individuals. The term HNPCC should no longer be
used.

2. Defective mismatch repair (dMMR) and
microsatellite instability (MSI)

dMMRwithin a tumour cell results in the loss of proofreading
and repairing the nucleotide sequence from insertions and
deletions that normally occur during DNA replication. Highly
repetitive sequences (microsatellites) are particularly suscep-
tible to DNA replication errors, which result in differing
numbers of mononucleotide and dinucleotide repeats within
microsatellites, referred to as MSI. Another consequence of
dMMR is the loss of expression of MMR protein(s) by IHC.
MSI testing and MMR protein IHC are two different methods
to evaluate tumour for dMMR; these two terms should not be
used as synonyms.

3. Lynch-like syndrome

Patients with a dMMR CRC suggestive of Lynch syndrome,
with no constitutional pathogenic mutation detected in MMR
genes, are referred to as Lynch-like syndrome. Defective
MMR suggestive of Lynch syndrome include CRCs with loss
of MLH1 and PMS2 by IHC that demonstrate absence of the
somatic BRAF V600E mutation and absence of somatic
MLH1 promoter methylation, CRC with loss of MSH2 and
MSH6, isolated loss of PMS2 and isolated loss of MSH6.
These patients and their first-degree relatives are usually
managed clinically as if they had Lynch syndrome until
further somatic or germline testing might confirm or exclude
Lynch syndrome.

CONSENSUS RECOMMENDATIONS AND
SUMMARY OF SUPPORTING EVIDENCE
Statement 1. All newly diagnosed colorectal carcinomas
should be tested for defective MMR

Regardless of patient age, clinical presentation, family history
or tumour histological features, all new CRC should be tested
for dMMR using MMR protein IHC and/or MSI analysis.
This approach is commonly named universal testing.

Summary of supporting evidence and discussion

DefectiveMMR is usually the first step in screening for Lynch
syndrome. A diagnosis of Lynch syndrome is important as it
may impact clinical management, including more extensive
surgical resection and intensive long term surveillance. Once
the diagnosis of Lynch syndrome is made in a proband,
cascade testing is offered to relatives, followed by intensive
surveillance for mutation carriers. This approach has been
shown to reduce the incidence and mortality of Lynch
syndrome-associated cancers.10,11 Testing CRC for dMMR
also provides important therapeutic-decision information.
Defective MMR is associated with better overall and disease-
free survival in early stage CRC.12 In addition, dMMR pro-
vides predictive information for non-response to 5-
fluorouracil-based adjuvant chemotherapy in stage II/III
CRC,13 although this is still a subject of controversy.14 Finally,
dMMR predicts the clinical benefit of immune checkpoint
blockade (PD-1 and PD-L1 inhibitors) in patients with meta-
static CRC who have failed conventional therapy.15

Until recently, revised Bethesda Guidelines have been used
in many centres as criteria for dMMR testing in CRC.
However, selected approaches such as the revised Bethesda
Guidelines have lower sensitivity of identifying Lynch syn-
drome compared with universal testing.16 This is due to using
age as one of the main criteria that excludes routine screening
for patients >60 years. The clinical presentation of Lynch
syndrome patients is variable and depends on sex and the
gene involved.4 The prevalence of CRC is higher in males,
and higher in patients with MLH1 or MSH2 constitutional
pathogenic mutation, compared to those with PMS2 orMSH6
mutation. Also, the average age at diagnosis is older for pa-
tients with PMS2 orMSH6 mutation, compared to those with
MLH1 or MSH2 mutation. For better sensitivity and speci-
ficity of identifying Lynch syndrome, several computational
prediction models have been developed to calculate the risk
of individuals having Lynch syndrome.17,18 However, these
models are difficult to implement in routine clinical practice
due to frequent lack of complete clinical information for
pathologists at the time of pathology reporting.
A number of international jurisdictions have recommended

the testing for dMMR to screen for Lynch syndrome in all
CRC patients or in patients diagnosed with CRC <70 years.
This includes the Evaluation of Genomic Applications in
Practice and Prevention Working Group in 2009,19 a group of
European experts in 2013,1 the United States Multi-Society
Task Force on colorectal cancer in 2014,4 the European So-
ciety for Medical Oncology endorsed by the American So-
ciety of Clinical Oncology in 201520 and the American
College of Gastroenterology in 2015.21 A growing number of
institutions have also started to implement universal testing
for endometrial cancer,22 with emerging evidence for cost-
effectiveness of this approach.23 In Australia, there is no
national policy on screening for Lynch syndrome. However,
the National Health and Medical Research Council24 and the
New Zealand Ministry of Health25 recently recommended
universal testing for dMMR in all CRCs.
Both IHC for MMR protein expression and MSI analysis

can be used for dMMR testing of CRC. A recent compre-
hensive review in adults with CRC showed the pooled sensi-
tivity (95% confidence interval) for finding cases of Lynch
syndrome by IHC, MSI analysis and both methods were 0.91
(0.85–0.95), 0.93 (0.87–0.96) and 0.97 (0.90–0.99), respec-
tively.26 There is no preference for one approach over another,
but because of cost, availability and ability to direct further
mutation testing, MMR protein IHC is preferred by most
centres.
Cost effectiveness analysis of strategies for Lynch syn-

drome screening has been assessed in the health care system
of various countries, including the USA, the Netherlands and
Australia.27–32 Most studies reported a reasonable trade-off
between cost and yield of Lynch syndrome diagnosis for
screening strategies testing CRC patients <70 years. The
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study from Australia used empirical data from two large
population-based studies, one with a 5.2% prevalence of
Lynch syndrome from a population aged <60 years and one
with a 0.8% of Lynch syndrome from a population aged
41–86 years.33 The authors concluded that screening CRC
cases diagnosed <70 years will identify Lynch syndrome at a
reasonable cost.28 With the used cost assumptions for the
analysis (AU$175 for MMR IHC, AU$231 for BRAF V600E
testing and AU$314 for MLH1 methylation testing), testing
CRC cases with loss of MLH1/PMS2 expression by MLH1
methylation was more cost-effective than by BRAF V600E
mutation, partially due to the decreased efficiency of BRAF
V600E mutation testing to exclude sporadic MLH1-deficient
cancers. The data from this study could not accurately eval-
uate the cost effectiveness of universal testing for Lynch
syndrome as patients >70 years were under-represented in
the studied population and none of them had been diagnosed
with Lynch syndrome. However, Lynch syndrome diagnosed
in CRC patients >70 years is well documented.34,35

Furthermore, subsequent costs and cost savings from
cascade screening and surveillance of at-risk relatives, as well
as the benefit in identifying Lynch syndrome to gains of life,
have not been taken into account in this analysis. Finally,
none of the published cost effectiveness studies considered
the clinical benefit of dMMR for prognostic stratification and
predictive information for response to 5-fluorouracil and PD1
blockade therapy.
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Fig. 1 Screening algorithm for Lynch syndrome in colorectal carcinoma using MMR
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or loss of MLH1, PMS2 and MSH6, reflex BRAF mutation testing is recommended. If th
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described above. A diagnosis of Lynch syndrome is established if a constitutional path
mutation is identified, the patient has Lynch-like syndrome.
Statement 2. Colorectal carcinoma with loss of MLH1
and PMS2 immunohistochemical expression should be
tested for the somatic BRAF V600E mutation and/or
MLH1 promoter methylation

The majority of dMMR CRCs demonstrate loss of expression
of MLH1 and PMS2 and are not caused by constitutional
pathogenic mutation but by somatic epigenetic silencing of
MLH1. To reduce the number of patients unnecessarily
referred to genetic counselling, a follow-up test is required to
identify sporadic MLH1-deficient patients. An algorithm for
Lynch syndrome screening in CRC is presented in Fig. 1.

Summary of supporting evidence and discussion

About 15–20% of all CRCs are dMMR secondary to somatic
methylation of the promoter of MLH1 (sporadic MLH1-
deficient CRC).36,37 Sporadic MLH1-deficient CRC
develop from serrated polyps via the serrated neoplasia
pathway. Most of the precursor serrated polyps harbour the
BRAF V600E mutation and acquire MLH1 methylation as
they progress to dysplasia and cancer.38 On the other hand,
CRC in Lynch syndrome patients usually arise from con-
ventional adenomas, which are not associated with BRAF
mutation. BRAF V600E mutation testing plays no role in
further triaging genetic testing in tumours other than CRC
(endometrial cancers, small bowel cancers and gastric can-
cers) with IHC loss of MLH1 and PMS2. Contrary to CRC,
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sporadic MLH1-deficient tumours from other organs do not
develop through a BRAF-mutated pathway. MLH1 promoter
methylation is the only test for the triaging of these cases.
BRAF V600E somatic mutation analysis therefore can be

used as a surrogate marker forMLH1 promoter methylation in
CRC only. If the BRAF V600E mutation is detected, Lynch
syndrome is very unlikely and no further testing is required in
low or average risk patients. The absence of BRAF V600E
mutation (wild-type BRAF) indicates that Lynch syndrome is a
possible diagnosis. Genetic counselling with germline testing
for MMR genes is recommended for these patients. Another
option is to test BRAF-wildtype CRC for MLH1 promoter
methylation before giving recommendation for genetic coun-
selling. The reason for this is that BRAFmutation testing is not
as efficient as MLH1 methylation testing to identify sporadic
MLH1-deficient CRC. Only 65–75% of CRC with MLH1
promoter methylation harbour the BRAF V600E mutation.
Depending on the environment and available resources,MLH1
promoter methylation can be performed as an additional step
to reduce the referral rate for genetic testing.39 If MLH1
methylation is detected, no further testing is required in low to
average risk patients. If MLH1 methylation is not detected,
genetic counselling with germline testing is recommended.
BRAF V600E mutation analysis and MLH1 promoter
methylation analysis should be performed using appropriately
validated assays subject to ongoing quality assurance.
In rare patients with strong family history and/or young age

at CRC diagnosis, Lynch syndrome may not be excluded
even if all tests suggest sporadic CRC. Some Lynch syn-
drome patients with a constitutional pathogenic MSH6 mu-
tation can be missed as the tumour may not show MSI and
MSH6 IHC expression may be normal or weak.40 In rare
Lynch syndrome patients, MLH1 methylation can be present
in the tumour due to constitutional MLH1 methylation.41

Finally, up to 1% of CRCs arising in Lynch syndrome may
harbour the BRAF V600E mutation.41

BRAF V600E mutation specific IHC (VE1 clone) has been
proposed as an alternative method to detect BRAF V600E
mutation. While some groups have reported high sensitivity
and specificity for BRAF V600E specific IHC, others have
found IHC to be unreliable.42–47 Tumours that are wild-type for
BRAF can rarely demonstrate weak staining with VE1 IHC,
resulting in false positive results. Some pathology departments
have used VE1 IHC in routine clinical care for triaging of CRC
with loss of MLH1 and PMS2 expression. However, patholo-
gists need enough experience to be aware of the specific issues
related to the use of BRAF V600E IHC (poor performance due
differences in fixation, antibody concentration, antibody
retrieval solution, type of IHC platform used).47 Using the VE1
IHC to determine BRAF mutation status requires solid valida-
tion of the antibody performance and ongoing quality assur-
ance. If these conditions are not met, the VE1 IHC is not
recommended for triaging Lynch syndrome CRC.

Statement 3. Defective MMR testing should
preferentially be performed on the initial biopsy
specimen

Summary of supporting evidence and discussion

Defective MMR testing can be performed either on the initial
diagnostic biopsy specimen or on the surgical resection
specimen. Studies comparing MMR protein IHC results from
both types of specimen demonstrated complete agreement in
the final MMR status.48,49 Advantages of testing biopsy
specimens are the possible change in patient management
(more extensive surgery) if Lynch syndrome is suspected and
better tissue fixation with less staining artefacts. Most of the
difficulties in interpreting MMR IHC (see below) are seen in
surgical resection specimens and result from fixation issues.
In addition, further tissue specimens may not be available for
patients who will not have surgery and for rectal cancer
patients with complete response to pre-operative chemo-
radiation therapy.
Testing the surgical resection specimen for MMR IHC is

an acceptable alternative option if the biopsy is not available,
if it does not include sufficient tumour for assessment or if the
result of MMR IHC is equivocal in the biopsy. For MSI
analysis, a biopsy specimen may not be adequate if normal
tissue is required.

Statement 4. Immunohistochemistry should be
performed for all four MMR proteins MLH1, PMS2,
MSH2 and MSH6

Summary of supporting evidence and discussion

MMR protein immunohistochemistry can be performed
using either a two-antibody (PMS2 and MSH6) or a four-
antibody (MLH1, PMS2, MSH2, MSH6) approach. MMR
proteins bind to DNA as heterodimer complexes. Each
heterodimer has a dominant protein, MLH1 for the MLH1/
PMS2 pair and MSH2 for the MSH2/MSH6 pair. When the
dominant MMR protein is altered by a pathogenic mutation
or methylation, the corresponding non-dominant partner is
degraded: PMS2 expression is lost if MLH1 is altered, and
MSH6 expression is lost if MSH2 is altered. However, the
opposite is not true due to the compensatory effects of other
MMR proteins. MLH1 expression is retained if PMS2 is
altered, and MSH2 expression is retained if MSH6 is altered.
These binding properties would therefore justify the use of

PMS2 and MSH6 as a first antibody panel to test for dMMR.
Using PMS2 and MSH6 as a two MMR protein panel has
been reported to be as effective and cheaper than using an
upfront four MMR protein panel for dMMR IHC testing.50,51

If one of the two MMR proteins shows loss of expression, the
corresponding partner is tested. However, using an upfront
four-panel approach provides significant advantages. The
workflow is improved by avoiding a second run of IHC for
15–20% of tested CRC demonstrating loss of PMS2
expression. For the prognostic and predictive information of
dMMR, a comprehensive report listing all MMR protein
expression results is preferred by treating clinicians, with
clear mention of MLH1 expression. Furthermore, the two-
panel protocol may fail to detect some cases with weak or
patchy loss of MSH6 expression interpreted as normal
expression in CRC from Lynch syndrome patients with a
germline mutation in MSH2.52

Statement 5. The reporting of MMR protein
immunohistochemistry result should use clear
terminology

Effective communication between pathologists, treating cli-
nicians and genetic counsellors is essential for the success of
universal testing for Lynch syndrome. Pathologists need to
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provide clear reports of MMR protein IHC results and explain
the significance of abnormal results.

Summary of supporting evidence and discussion

MMR proteins are normally expressed in the nuclei of most
human cells, including lymphocytes and stromal cells that are
used as internal positive controls. When reporting results for
each tested MMR protein by IHC, the descriptors ‘positive’
and ‘negative’ should be avoided due to the potential
confusion of a ‘negative’ stain being abnormal. The preferred
terminology is to use ‘normal’, ‘retained’ or ‘preserved’
expression, and loss of expression. A comment should be
added to the results of MMR protein staining, including the
potential utility of additional testing and a recommendation
for genetic counselling if necessary.

Examples of report

Results of MMR protein immunohistochemical staining in
colorectal cancer cells:

� Normal staining for all four MMR proteins (MLH1, PMS2,
MSH2, MSH6). This is the normal pattern; no deficient
MMR is identified. Lynch syndrome is very unlikely.

� Loss of staining for MLH1 and PMS2; normal staining for
MSH2 and MSH6. This is an abnormal pattern indicative
of defective MMR. BRAF V600E somatic mutation testing
(or MLH1 methylation analysis) is recommended to help
distinguish sporadic CRC from possible Lynch syndrome-
associated CRC.
o BRAF V600E somatic mutation is present (or MLH1
promoter methylation is present). Lynch syndrome is
very unlikely.

o BRAF V600E somatic mutation is absent. This result can
be caused by Lynch syndrome. Either cascade referral
for MLH1 promoter methylation analysis or direct
referral to Genetic Service is recommended.

o BRAF V600E somatic mutation is absent and MLH1
promoter methylation is absent. This result can be caused
by Lynch syndrome. Referral to Genetic Service is
recommended.

� Loss of staining for MSH2 and MSH6; normal staining for
MLH1 and PMS2. This is an abnormal pattern indicative of
defective MMR that can be caused by Lynch syndrome.
Referral to Genetic Service is recommended.
COMMON PITFALLS IN MMR PROTEIN IHC
INTERPRETATION
Staining heterogeneity

Variability in the proportion of stained cells and in the in-
tensity of the immunostaining can occur in surgical resection
specimens, more rarely in biopsy specimens. In most cases,
this is due to tissue hypoxia and fixation issues (intra-
tumoural heterogeneity). A cut-off of 5% or 10% of un-
equivocal nuclear staining in tumour cells is commonly
used.40,53 If this is not achieved, using another representative
tumour tissue block for IHC should be considered. Weak or
extensive loss of staining of MSH6 can be seen in rectal
carcinoma after pre-operative chemoradiation therapy.54

Decreased expression of PMS2, MLH1 and MSH2 has also
been reported in these specimens.55 Zonal heterogeneity in
MLH1/PMS2 expression may also reflect differences in
MLH1 methylation within a tumour.56 Zonal MSH6 hetero-
geneity staining can be seen in tumours with loss of MLH1
and PMS2 expression as clones with somaticMSH6mutation
secondary to dMMR (the coding sequence of theMSH6 gene
contains a mononucleotide microsatellite).57

Unusual patterns

Loss of expression of all four MMR proteins (with positive
internal control) can rarely occur and may be secondary to a
combination of constitutional pathogenic mutation and spo-
radic alteration (methylation or mutation), or to sporadic
alterations affecting both dominant MMR genes.58 Loss of
expression of MMR protein(s) in tumour cells and normal
cells may be attritutable to technical difficultlies but can also
be indicative of constitutional MMR deficiency syndrome in
the appropriate clinical context.
Punctuate nuclear staining has been reported for MLH1 in

endometrial and colorectal carcinomas.59,60 In these two
recent studies, the authors reviewed cases initially reported as
isolated loss of PMS2. In 6 of 7 endometrial carcinomas and 9
of 12 colorectal carcinomas, a punctate pattern of nuclear
staining for MLH1 was observed and incorrectly reported as
normal MLH1 expression. The artefactual punctate staining
was present in the carcinoma cells but not in the normal cells.
Most endometrial carcinoma cases with this pattern were
associated with MLH1 promoter methylation. Pathologists
need to be aware of this pitfall in misinterpreting normal
MLH1 immunostaining, resulting in false reporting of isola-
ted loss of PMS2 and unnecessary referral to genetic services.

CURRENT AND FUTURE MANAGEMENT OF
LYNCH-LIKE SYNDROME
When no MMR gene germline mutation is identified in a pa-
tient with dMMR CRC suggestive of Lynch syndrome, a
provisional diagnosis of Lynch-like syndrome is made. The
first step in this situation is to re-evaluate the initial MMR IHC
stains to exclude incorrect interpretation. Repeating the stains
may be necessary. Up to 20% of discrepancy between germ-
line mutation results andMMR IHC is attributable to incorrect
IHC interpretation.61 A proportion of Lynch-like cases are
caused by bi-allelic somatic mutations in a MMR gene.62 For
other patients, a germline mutation in a MMR gene is possibly
responsible for dMMR but the current DNA testing method
failed to identify the mutation. Most Lynch-like syndrome
patients and their first-degree relatives are currently followed
up as if they had Lynch syndrome. To further stratify these
patients, testing the tumour for somatic mutation in MMR
genes may provide useful information and be more frequently
requested to pathology departments. Constitutional patho-
genic mutations in POLE and POLD1 have been implicated in
the aetiology of bi-allelic MMR gene somatic mutations.63

CONCLUSION
In this article, we provide consensus guidelines on behalf of
the Australasian Gastrointestinal Pathology Society to sup-
port universal dMMR testing in CRC. Testing all newly
diagnosed CRC is the only strategy with 100% sensitivity to
detect Lynch syndrome, the most common hereditary cancer
condition in the gastrointestinal tract.16 Universal testing is
now recommended by the National Health and Medical
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Research Council in Australia and the New Zealand Ministry
of Health. Moreover, dMMR provides useful clinical infor-
mation for CRC patient management. Pathologists need to be
familiar with the different steps in the triaging of patients for
Lynch syndrome diagnosis. They need to understand the
benefits and limitations of MMR protein IHC, MSI testing,
BRAF mutation testing, MLH1 methylation analysis and
BRAF V600E IHC. Currently, BRAF V600E somatic muta-
tion and MLH1 promoter methylation tests are not funded by
the Australian government. The Australasian Gastrointestinal
Pathology Society strongly advocates public funding for
these molecular tests by the government.
With advances in molecular diagnostics, the multistep

approach for Lynch syndrome diagnosis is likely to be soon
replaced by next generation sequencing (NGS)-based meth-
odologies. MSI testing, BRAF/RAS mutation status, germline
and somatic MMR gene testing can potentially be all deter-
mined by NGS with a more efficient allocation of resources.64

Conflicts of interest and sources of funding: The authors
state that there are no conflicts of interest to disclose.

Address for correspondence: Christophe Rosty, Envoi Specialist Patholo-
gists, 5/38 Bishop street, Kelvin Grove, Qld, 4059, Australia. E-mail: c.
rosty@uq.edu.au

References
1. Vasen HF, Blanco I, Aktan-Collan K, et al. Revised guidelines for the

clinical management of Lynch syndrome (HNPCC): recommendations
by a group of European experts. Gut 2013; 62: 812–23.

2. Ligtenberg MJ, Kuiper RP, Chan TL, et al. Heritable somatic methyl-
ation and inactivation of MSH2 in families with Lynch syndrome due to
deletion of the 3’ exons of TACSTD1. Nat Genet 2009; 41: 112–7.

3. Morak M, Koehler U, Schackert HK, et al. Biallelic MLH1 SNP cDNA
expression or constitutional promoter methylation can hide genomic
rearrangements causing Lynch syndrome. J Med Genet 2011; 48: 513–9.

4. Giardiello FM, Allen JI, Axilbund JE, et al. Guidelines on genetic
evaluation and management of Lynch syndrome: a consensus statement
by the US Multi-society Task Force on colorectal cancer. Am J
Gastroenterol 2014; 109: 1159–79.

5. Ferguson SE, Aronson M, Pollett A, et al. Performance characteristics
of screening strategies for Lynch syndrome in unselected women with
newly diagnosed endometrial cancer who have undergone universal
germline mutation testing. Cancer 2014; 120: 3932–9.

6. Goodfellow PJ, Billingsley CC, Lankes HA, et al. Combined micro-
satellite instability, MLH1 methylation analysis, and immunohisto-
chemistry for Lynch syndrome screening in endometrial cancers from
GOG210: an NRG Oncology and Gynecologic Oncology Group Study.
J Clin Oncol 2015; 33: 4301–8.

7. Ten Broeke SW, van der Klift HM, Tops CMJ, et al. Cancer risks for
PMS2-associated Lynch syndrome. J Clin Oncol 2018; 36: 2961–8.

8. Moller P, Seppala TT, Bernstein I, et al. Cancer risk and survival in path_
MMR carriers by gene and gender up to 75 years of age: a report from
the Prospective Lynch Syndrome Database. Gut 2018; 67: 1306–16.

9. Vasen HF, Mecklin JP, Khan PM, et al. The international collaborative
group on hereditary non-polyposis colorectal cancer (ICG-HNPCC). Dis
Colon Rectum 1991; 34: 424–5.

10. Jarvinen HJ, Renkonen-Sinisalo L, Aktan-Collan K, et al. Ten years
after mutation testing for Lynch syndrome: cancer incidence and
outcome in mutation-positive and mutation-negative family members.
J Clin Oncol 2009; 27: 4793–7.

11. Moller P, Seppala T, Bernstein I, et al. Cancer incidence and survival in
Lynch syndrome patients receiving colonoscopic and gynaecological
surveillance: first report from the prospective Lynch syndrome database.
Gut 2017; 66: 464–72.

12. Popat S, Hubner R, Houlston RS. Systematic review of microsatellite
instability and colorectal cancer prognosis. J Clin Oncol 2005; 23: 609–18.

13. Sargent DJ, Marsoni S, Monges G, et al. Defective mismatch repair as a
predictive marker for lack of efficacy of fluorouracil-based adjuvant
therapy in colon cancer. J Clin Oncol 2010; 28: 3219–26.

14. Saridaki Z, Souglakos J, Georgoulias V. Prognostic and predictive
significance of MSI in stages II/III colon cancer. World J Gastroenterol
2014; 20: 6809–14.
15. Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency pre-
dicts response of solid tumors to PD-1 blockade. Science 2017; 357:
409–13.

16. Moreira L, Balaguer F, Lindor N, et al. Identification of Lynch syndrome
among patients with colorectal cancer. JAMA 2012; 308: 1555–65.

17. Chen S, Wang W, Lee S, et al. Prediction of germline mutations and
cancer risk in the Lynch syndrome. JAMA 2006; 296: 1479–87.

18. Kastrinos F, Steyerberg EW, Mercado R, et al. The PREMM(1,2,6)
model predicts risk of MLH1, MSH2, and MSH6 germline mutations
based on cancer history. Gastroenterology 2011; 140: 73–81.

19. Evaluation of Genomic Applications in Practice and Prevention
(EGAPP) Working GroupRecommendations from the EGAPP Working
Group. Genetic testing strategies in newly diagnosed individuals with
colorectal cancer aimed at reducing morbidity and mortality from Lynch
syndrome in relatives. Genet Med 2009; 11: 35–41.

20. Stoffel EM, Mangu PB, Gruber SB, et al. Hereditary colorectal cancer
syndromes: American society of clinical Oncology clinical practice
guideline endorsement of the familial risk-colorectal cancer: European
society for medical Oncology clinical practice guidelines. J Clin Oncol
2015; 33: 209–17.

21. Syngal S, Brand RE, Church JM, et al. ACG clinical guideline: genetic
testing and management of hereditary gastrointestinal cancer syndromes.
Am J Gastroenterol 2015; 110: 223–62.

22. Frolova AI, Babb SA, Zantow E, et al. Impact of an
immunohistochemistry-based universal screening protocol for Lynch
syndrome in endometrial cancer on genetic counseling and testing.
Gynecol Oncol 2015; 137: 7–13.

23. Goverde A, Spaander MC, van Doorn HC, et al. Cost-effectiveness of
routine screening for Lynch syndrome in endometrial cancer patients up
to 70 years of age. Gynecol Oncol 2016; 143: 453–9.

24. Leggett B, Poplawski N, Pachter N, et al. Lynch syndrome. Clinical
practice guidelines for the prevention, early detection and management
of colorectal cancer. 11 Dec 2017; cited Aug 2018. https://wiki.cancer.
org.au/australia/Guidelines:Colorectal_cancer/Lynch_syndrome

25. New Zealand Government Ministry of Health. Molecular testing of colo-
rectal cancers in New Zealand: minimum standards for molecular testing of
newly diagnosed colorectal cancers. 20 Jun 2018; cited Aug 2018. https://
www.health.govt.nz/publication/molecular-testing-colorectal-cancers-new-
zealand-minimum-standards-molecular-testing-newly-diagnosed

26. Ladabaum U, Ford JM, Martel M, et al. American Gastroenterological
Association technical review on the diagnosis and management of
Lynch syndrome. Gastroenterology 2015; 149: 783–813e720.

27. Barzi A, Sadeghi S, Kattan MW, et al. Comparative effectiveness of
screening strategies for Lynch syndrome. J Natl Cancer Inst 2015; 107.

28. Cenin DR, Naber SK, Lansdorp-Vogelaar I, et al. Costs and outcomes of
Lynch syndrome screening in the Australian colorectal cancer popula-
tion. J Gastroenterol Hepatol 2018; 33: 1737–44.

29. Gudgeon JM, Williams JL, Burt RW, et al. Lynch syndrome screening
implementation: business analysis by a healthcare system. Am J Manag
Care 2011; 17: e288–300.

30. Ladabaum U, Wang G, Terdiman J, et al. Strategies to identify the
Lynch syndrome among patients with colorectal cancer: a cost-
effectiveness analysis. Ann Intern Med 2011; 155: 69–79.

31. Leenen CH, Goverde A, de Bekker-Grob EW, et al. Cost-effectiveness
of routine screening for Lynch syndrome in colorectal cancer patients up
to 70 years of age. Genet Med 2016; 18: 966–73.

32. Mvundura M, Grosse SD, Hampel H, et al. The cost-effectiveness of
genetic testing strategies for Lynch syndrome among newly diagnosed
patients with colorectal cancer. Genet Med 2010; 12: 93–104.

33. Buchanan DD, Clendenning M, Rosty C, et al. Tumor testing to identify
lynch syndrome in two Australian colorectal cancer cohorts.
J Gastroenterol Hepatol 2017; 32: 427–38.

34. Hampel H, Frankel WL, Martin E, et al. Feasibility of screening for
Lynch syndrome among patients with colorectal cancer. J Clin Oncol
2008; 26: 5783–8.

35. Ward RL, Hicks S, Hawkins NJ. Population-based molecular screening
for Lynch syndrome: implications for personalized medicine. J Clin
Oncol 2013; 31: 2554–62.

36. Miller GC, Bettington ML, Brown IS, et al. Yield of universal testing for
DNA mismatch repair protein deficiency in colorectal carcinoma from
an Australian community-based practice. bioRxiv 23 Feb 2018. https://
www.biorxiv.org/content/10.1101/270322v1

37. Toon CW, Chou A, DeSilva K, et al. BRAFV600E immunohisto-
chemistry in conjunction with mismatch repair status predicts survival in
patients with colorectal cancer. Mod Pathol 2014; 27: 644–50.

38. Bettington M, Walker N, Rosty C, et al. Clinicopathological and mo-
lecular features of sessile serrated adenomas with dysplasia or carci-
noma. Gut 2017; 66: 97–106.

39. Adar T, Rodgers LH, Shannon KM, et al. A tailored approach to BRAF
and MLH1 methylation testing in a universal screening program for
Lynch syndrome. Mod Pathol 2017; 30: 440–7.

mailto:c.rosty@uq.edu.au
mailto:c.rosty@uq.edu.au
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref1
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref1
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref1
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref2
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref2
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref2
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref3
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref3
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref3
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref4
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref4
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref4
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref4
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref5
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref5
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref5
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref5
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref6
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref6
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref6
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref6
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref6
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref7
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref7
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref8
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref8
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref8
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref9
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref9
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref9
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref10
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref10
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref10
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref10
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref11
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref11
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref11
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref11
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref12
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref12
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref13
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref13
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref13
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref14
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref14
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref14
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref15
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref15
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref15
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref16
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref16
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref17
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref17
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref18
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref18
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref18
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref19
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref19
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref19
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref19
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref19
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref20
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref20
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref20
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref20
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref20
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref21
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref21
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref21
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref22
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref22
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref22
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref22
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref23
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref23
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref23
https://wiki.cancer.org.au/australia/Guidelines:Colorectal_cancer/Lynch_syndrome
https://wiki.cancer.org.au/australia/Guidelines:Colorectal_cancer/Lynch_syndrome
https://www.health.govt.nz/publication/molecular-testing-colorectal-cancers-new-zealand-minimum-standards-molecular-testing-newly-diagnosed
https://www.health.govt.nz/publication/molecular-testing-colorectal-cancers-new-zealand-minimum-standards-molecular-testing-newly-diagnosed
https://www.health.govt.nz/publication/molecular-testing-colorectal-cancers-new-zealand-minimum-standards-molecular-testing-newly-diagnosed
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref26
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref26
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref26
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref27
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref27
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref28
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref28
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref28
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref29
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref29
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref29
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref30
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref30
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref30
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref31
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref31
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref31
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref32
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref32
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref32
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref33
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref33
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref33
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref34
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref34
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref34
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref35
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref35
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref35
https://www.biorxiv.org/content/10.1101/270322v1
https://www.biorxiv.org/content/10.1101/270322v1
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref37
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref37
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref37
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref38
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref38
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref38
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref39
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref39
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref39


EDITORIAL 239
40. Chen W, Swanson BJ, Frankel WL. Molecular genetics of
microsatellite-unstable colorectal cancer for pathologists. Diagn Pathol
2017; 12: 24.

41. Parsons MT, Buchanan DD, Thompson B, et al. Correlation of tumour
BRAF mutations and MLH1 methylation with germline mismatch repair
(MMR) gene mutation status: a literature review assessing utility of
tumour features for MMR variant classification. J Med Genet 2012; 49:
151–7.

42. Capper D, Preusser M, Habel A, et al. Assessment of BRAF V600E
mutation status by immunohistochemistry with a mutation-specific
monoclonal antibody. Acta Neuropathol 2011; 122: 11–9.

43. Toon CW, Walsh MD, Chou A, et al. BRAFV600E immunohisto-
chemistry facilitates universal screening of colorectal cancers for Lynch
syndrome. Am J Surg Pathol 2013; 37: 1592–602.

44. Lasota J, Kowalik A, Wasag B, et al. Detection of the BRAF V600E
mutation in colon carcinoma: critical evaluation of the imunohis-
tochemical approach. Am J Surg Pathol 2014; 38: 1235–41.

45. Estrella JS, Tetzlaff MT, Bassett Jr RL, et al. Assessment of BRAF
V600E status in colorectal carcinoma: tissue-specific discordances be-
tween immunohistochemistry and sequencing. Mol Cancer Ther 2015;
14: 2887–95.

46. Adackapara CA, Sholl LM, Barletta JA, et al. Immunohistochemistry
using the BRAF V600E mutation-specific monoclonal antibody VE1 is
not a useful surrogate for genotyping in colorectal adenocarcinoma.
Histopathology 2013; 63: 187–93.

47. Reagh J, Clarkson A, Bullock M, et al. Real world experience of
BRAFV600E mutation specific immunohistochemistry in colorectal
carcinoma. Pathology 2018; 50: 342–4.

48. Shia J, Stadler Z, Weiser MR, et al. Immunohistochemical staining
for DNA mismatch repair proteins in intestinal tract carcinoma:
how reliable are biopsy samples? Am J Surg Pathol 2011; 35:
447–54.

49. Kumarasinghe AP, de Boer B, Bateman AC, et al. DNA mismatch repair
enzyme immunohistochemistry in colorectal cancer: a comparison of
biopsy and resection material. Pathology 2010; 42: 414–20.

50. Hall G, Clarkson A, Shi A, et al. Immunohistochemistry for PMS2 and
MSH6 alone can replace a four antibody panel for mismatch repair
deficiency screening in colorectal adenocarcinoma. Pathology 2010; 42:
409–13.

51. Shia J, Tang LH, Vakiani E, et al. Immunohistochemistry as first-line
screening for detecting colorectal cancer patients at risk for hereditary
nonpolyposis colorectal cancer syndrome: a 2-antibody panel may be
as predictive as a 4-antibody panel. Am J Surg Pathol 2009; 33:
1639–45.

52. Pearlman R, Markow M, Knight D, et al. Two-stain immunohisto-
chemical screening for Lynch syndrome in colorectal cancer may fail to
detect mismatch repair deficiency. Mod Pathol 2018; 31: 1891–900.

53. Pai RK, Pai RK. A practical approach to the evaluation of gastrointestinal
tract carcinomas for Lynch syndrome. Am J Surg Pathol 2016; 40: e17–34.

54. Bao F, Panarelli NC, Rennert H, et al. Neoadjuvant therapy induces loss
of MSH6 expression in colorectal carcinoma. Am J Surg Pathol 2010;
34: 1798–804.

55. Vilkin A, Halpern M, Morgenstern S, et al. How reliable is immuno-
histochemical staining for DNA mismatch repair proteins performed
after neoadjuvant chemoradiation? Hum Pathol 2014; 45: 2029–36.

56. Joost P, Veurink N, Holck S, et al. Heterogenous mismatch-repair status
in colorectal cancer. Diagn Pathol 2014; 9: 126.

57. Shia J, Zhang L, Shike M, et al. Secondary mutation in a coding
mononucleotide tract in MSH6 causes loss of immunoexpression of
MSH6 in colorectal carcinomas with MLH1/PMS2 deficiency. Mod
Pathol 2013; 26: 131–8.

58. Wang T, Stadler ZK, Zhang L, et al. Immunohistochemical null-
phenotype for mismatch repair proteins in colonic carcinoma associ-
ated with concurrent MLH1 hypermethylation and MSH2 somatic mu-
tations. Fam Cancer 2018; 17: 225–8.

59. Niu BT, Hammond RFL, Leen SLS, et al. Artefactual punctate MLH1
staining can lead to erroneous reporting of isolated PMS2 loss. Histo-
pathology 2018; 73: 703–5.

60. Loughrey MB, Dunne PD, Coleman HG, et al. Punctate MLH1
mismatch repair immunostaining in colorectal cancer. Histopathology
2018; Oct 31: (Epub ahead of print).

61. Boland CR, Shike M. Report from the Jerusalem workshop on Lynch
syndrome-hereditary nonpolyposis colorectal cancer. Gastroenterology
2010; 138: 2197. e1–7.

62. Haraldsdottir S, Hampel H, Tomsic J, et al. Colon and endometrial
cancers with mismatch repair deficiency can arise from somatic, rather
than germline, mutations. Gastroenterology 2014; 147: 1308–1316.e1.

63. Jansen AM, van Wezel T, van den Akker BE, et al. Combined mismatch
repair and POLE/POLD1 defects explain unresolved suspected Lynch
syndrome cancers. Eur J Hum Genet 2016; 24: 1089–92.

64. Hechtman JF, Middha S, Stadler ZK, et al. Universal screening for
microsatellite instability in colorectal cancer in the clinical genomics era:
new recommendations, methods, and considerations. Fam Cancer 2017;
16: 525–9.

http://refhub.elsevier.com/S0031-3025(18)30368-4/sref40
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref40
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref40
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref41
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref41
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref41
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref41
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref41
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref42
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref42
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref42
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref43
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref43
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref43
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref44
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref44
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref44
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref45
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref45
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref45
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref45
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref46
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref46
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref46
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref46
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref47
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref47
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref47
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref48
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref48
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref48
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref48
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref49
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref49
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref49
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref50
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref50
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref50
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref50
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref51
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref51
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref51
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref51
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref51
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref52
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref52
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref52
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref53
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref53
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref54
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref54
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref54
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref55
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref55
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref55
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref56
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref56
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref57
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref57
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref57
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref57
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref58
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref58
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref58
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref58
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref59
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref59
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref59
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref60
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref60
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref60
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref61
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref61
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref61
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref62
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref62
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref62
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref63
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref63
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref63
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref64
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref64
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref64
http://refhub.elsevier.com/S0031-3025(18)30368-4/sref64

	Australasian Gastrointestinal Pathology Society (AGPS) consensus guidelines for universal defective mismatch repair testing ...
	Introduction
	Terminology
	1. Hereditary non-polyposis colorectal cancer (HNPCC) and Lynch syndrome
	2. Defective mismatch repair (dMMR) and microsatellite instability (MSI)
	3. Lynch-like syndrome

	Consensus recommendations and summary of supporting evidence
	Statement 1. All newly diagnosed colorectal carcinomas should be tested for defective MMR
	Summary of supporting evidence and discussion

	Statement 2. Colorectal carcinoma with loss of MLH1 and PMS2 immunohistochemical expression should be tested for the somati ...
	Summary of supporting evidence and discussion

	Statement 3. Defective MMR testing should preferentially be performed on the initial biopsy specimen
	Summary of supporting evidence and discussion

	Statement 4. Immunohistochemistry should be performed for all four MMR proteins MLH1, PMS2, MSH2 and MSH6
	Summary of supporting evidence and discussion

	Statement 5. The reporting of MMR protein immunohistochemistry result should use clear terminology
	Summary of supporting evidence and discussion
	Examples of report


	Common pitfalls in MMR protein IHC interpretation
	Staining heterogeneity
	Unusual patterns

	Current and future management of lynch-like syndrome
	Conclusion
	Conflicts of interest and sources of funding

	References


