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Introduction 
Mismatch repair (MMR) immunohistochemistry (IHC) is now used as a diagnostic, hereditary cancer 

screening, molecular classification and predictive biomarker in a range of tumour types. Within 

gynaecological pathology, its current routine role is most clearly established in endometrial carcinoma, 

where MMR status is required for Lynch syndrome (LS) screening, contributes to molecular 

classification and risk stratification, and may inform eligibility for some immune checkpoint inhibitor 

(ICI) therapies. This document provides guidance on MMR IHC in gynaecological cancers, with the 

detailed practical recommendations focused on endometrial cancer (EC). 

MMR IHC is supported by national and international guidance for specific clinical purposes, including 

Lynch syndrome screening in endometrial carcinoma, molecular classification of endometrial 

carcinoma, and assessment of MMR/MSI status in the context of ICI therapy. Those sources should 

be regarded as the primary reference for their specific clinical, genetic or treatment recommendations. 

The present document is not intended to replace NICE, FIGO, ESGO/ESTRO/ESP, CAP or local 

laboratory guidance. Instead, it is intended to supplement these sources by addressing practical 

issues that arise in UK diagnostic practice but are not always covered in detail elsewhere. 

The recommendations that follow are pragmatic and consensus-based and are intended to bring 

together multiple sets of BAGP guidance into a single document. For several of the scenarios 

discussed, including unusual staining patterns, subclonal loss, discordance with microsatellite 

instability (MSI) or germline testing, testing of non-endometrial gynaecological tumours and the 

wording of reporting comments, published evidence is limited. The guidance therefore reflects the 

collective experience of pathologists involved in MMR testing for gynaecological malignancy and is 

intended to support consistent, safe and clinically useful practice rather than to impose a prescriptive 

standard. 

This document is aimed primarily at pathologists and laboratory teams undertaking, reporting or 

referring MMR IHC, but may also be useful to oncologists, clinical geneticists, genetic counsellors, 

multidisciplinary teams (MDTs), molecular pathology laboratories and service leads. Because 

treatment indications, national funding arrangements and genomic testing pathways may change, 

clinical eligibility for treatment and referral pathways for genetic assessment should always be 

confirmed against current local and national guidance at the time of testing. 

Background 

Biology of mismatch repair 

Before a cell divides, it must replicate its DNA accurately so that each daughter cell receives an 

appropriate copy of the genome. The fidelity of eukaryotic DNA replication is maintained by three 

linked processes (1): 



• Nucleotide selectivity by the replicative DNA polymerases, principally polymerases ε and δ; 

• Exonucleolytic proofreading of newly synthesised DNA by the 3’-5’ exonuclease activity of 

these polymerases; 

• Replication-coupled/post-replicative correction of residual mispairs by the MMR system. 

The main replication errors corrected by MMR are base-base mismatches and insertion/deletion 

loops, the latter occurring particularly in repetitive DNA sequences such as short tandem repeats 

(STRs) or microsatellites. These repetitive regions are prone to polymerase slippage and can escape 

proofreading, making them particularly dependent on the MMR system. 

The MMR pathway involves mismatch-recognition complexes including MSH2-MSH6 and MSH2-

MSH3, and downstream repair complexes including MLH1-PMS2, which coordinate excision of the 

error-containing strand, resynthesis and ligation (2). Loss of MMR function leads to accumulation of 

genomic alterations, including indels within microsatellites, producing MSI and a heavily mutated 

genome which can result in a cancer (3). MMR deficiency (MMRd) and high microsatellite instability 

(MSI-H) are therefore closely related and are often considered together in clinical pathways, although 

MMR immunohistochemistry and molecular MSI testing assess different biological readouts and are 

not completely interchangeable (4, 5). 

Lynch syndrome 

LS is an autosomal dominant cancer predisposition syndrome caused by a constitutional pathogenic 

variant in an MMR gene (MLH1, MSH2, MSH6 or PMS2) or an EPCAM deletion leading to MSH2 

silencing. Tumours typically become MMRd after somatic inactivation of the remaining functional 

allele. Alongside colorectal cancer, EC is one of the core LS-associated cancers and is often the 

sentinel malignancy in affected women; pooled data suggest that LS accounts for approximately 3% 

of unselected ECs (6-9). 

The molecular classification of endometrial carcinoma 

The Cancer Genome Atlas (TCGA) reframed EC as four molecular groups: 

• POLE ultramutated/POLEmut; 

• MSI hypermutated/MMRd; 

• Copy-number high/p53-abnormal; 

• Copy-number low/no specific molecular profile (NSMP). 

Clinically applicable classifiers such as ProMisE use MMR IHC, p53 IHC and targeted POLE 

sequencing to approximate these TCGA groups in routine practice, with reproducible prognostic 

information that complements histotype and grade. In this framework, MMRd is not simply an LS-

screening result but one of the defining molecular classes of endometrial carcinoma, relevant to risk 

stratification, trial stratification and treatment selection (10-13). 

Mismatch repair deficiency and response to immune checkpoint 

inhibitors 

MMRd tumours have impaired repair of DNA replication errors and therefore tend to accumulate a 

high burden of somatic genomic variants, including frameshift variants in microsatellite regions. Some 

of these mutations generate abnormal proteins (neoantigens), which can increase tumour 

immunogenicity and provide a biological rationale for sensitivity to immune checkpoint inhibition. 

Immune checkpoint inhibitors, particularly anti-PD-1/PD-L1 monoclonal antibodies, block inhibitory 

immune pathways and can restore or enhance anti-tumour T-cell responses. Early tissue-agnostic 

studies of PD-1 blockade showed that MMRd/MSI-H status enriched for clinical benefit, and this has 

subsequently been supported by EC-specific studies of agents such as pembrolizumab and 



dostarlimab. MMR/MSI status is therefore useful both as a molecular diagnostic marker – including for 

LS screening – and as a predictive biomarker for benefit from immune checkpoint inhibition. 

However, response is not universal. MMR/MSI results should be interpreted alongside tumour 

histotype, stage, prior treatment, clinical context and the intended treatment regimen (14-19). 

Mismatch repair deficiency in endometrial carcinoma 

Approximately one quarter to one third of ECs are characterised by MMRd, although the frequency 

varies substantially by histological subtype (6, 7, 20-22). MMRd is most common in endometrioid 

carcinomas, particularly high-grade endometrioid carcinomas, and in undifferentiated or 

dedifferentiated carcinomas, while it is less common in clear cell carcinoma and carcinosarcoma and 

rare in serous carcinoma (23). 

In most cases, MMRd EC is sporadic/somatic, most commonly caused by MLH1 promoter 

hypermethylation with epigenetic silencing of MLH1 (21); other sporadic mechanisms include double-

somatic inactivation of MMR genes (24). 

A minority of cases of MMRd EC are caused by LS, which accounts for approximately 3% of all ECs 

(6, 7). In LS, the patient usually carries a constitutional pathogenic variant in an MMR gene, most 

commonly MLH1, MSH2, MSH6 or PMS2, or an EPCAM deletion causing MSH2 silencing (21); 

tumour development follows somatic inactivation of the remaining functional allele, leading to MMRd, 

MSI and increased cancer risk, especially in the colorectum and endometrium. 

Mismatch repair deficiency in cervical carcinoma 

MMRd is uncommon in cervical carcinoma. In a recent cohort of 508 cervical cancers, only 1% were 

MMRd by IHC, although 3 of the 5 MMRd tumours were neuroendocrine carcinomas, suggesting 

possible enrichment in this rare subtype (25). In adenocarcinoma, MMRd has been reported in 

approximately 3% of cases overall; in a 617-case series, MMRd was identified in 3.0% of HPV-

associated and 5.5% of HPV-independent adenocarcinomas, with enrichment in clear cell 

adenocarcinoma, although numbers were small (26). The mechanisms of MMRd in cervical 

carcinoma are less well characterised than in EC and OC, but reported patterns include MSH2/MSH6 

loss, MLH1/PMS2 loss, isolated MSH6 loss and isolated PMS2 loss. Cervical carcinoma is not 

generally regarded as a core LS-associated tumour, although rare LS-associated cervical 

adenocarcinomas, including clear cell carcinoma, have been reported; LS therefore appears to 

account for only a very small proportion of cervical carcinomas overall (27). 

Mismatch repair deficiency in vulval and vaginal carcinoma 

Data on MMRd in vulval and vaginal carcinoma are limited. In usual vulval squamous cell carcinoma, 

MMRd appears to be rare; a recent whole-exome sequencing study of 60 vulval squamous cell 

carcinomas, with MMR IHC performed, found all tumours to be MMR-proficient (MMRp) (28). Older 

small studies of vulval carcinoma also do not support MMRd as a major pathway in vulval 

carcinogenesis (29). Robust data for vaginal carcinoma are lacking, and reported rates from very 

small mixed gynaecological cancer cohorts should be interpreted cautiously. The mechanisms and LS 

contribution are therefore not well defined, but LS is not currently considered a common cause of 

vulval or vaginal carcinoma. Rare vulval sebaceous-type neoplasms may occur in the setting of Muir-

Torre syndrome, but this is distinct from usual vulval squamous carcinoma. 

Mismatch repair deficiency in uterine mesenchymal tumours 

MMRd is uncommon in true uterine mesenchymal tumours but can occur in a small subset of 

leiomyosarcomas. In one IHC survey, abnormal MMR protein expression was identified in 2/20 

leiomyosarcomas (10%), while adenosarcomas, low-grade endometrial stromal sarcomas, high-grade 



endometrial stromal sarcomas/undifferentiated endometrial sarcomas and rhabdomyosarcomas in 

that series showed intact MMR expression; the same study also reported abnormal MMR protein 

expression in 4/67 uterine carcinosarcomas (6.0%) (30). Broader sarcoma sequencing studies 

similarly suggest that MMRd is rare overall, around 1-2% of sarcomas, but may be enriched in 

unclassified or undifferentiated sarcomas (31). Mechanistically, MMRd in mesenchymal tumours may 

be sporadic/somatic or hereditary; sarcoma is a rare manifestation of LS, particularly in MSH2 

carriers, but the proportion of gynaecological sarcomas attributable to LS is not well established (32). 

Mismatch repair deficiency in ovarian carcinoma 

MMRd is less common in ovarian carcinoma (OC) than in EC but is present in a clinically important 

minority of cases. Across epithelial ovarian carcinoma overall, MMRd is reported in approximately 6-

7% of cases by IHC, while MSI-H is reported in approximately 10-13%, with variation according to 

histological subtype, cohort selection and testing method. MMRd is most strongly associated with 

ovarian endometrioid carcinoma, occurring in approximately 12-14% of cases in pooled and large 

histotype-specific series, and is less common in clear cell carcinoma, generally around 2-7%; it is 

uncommon in serous and mucinous carcinomas, while mixed endometrioid/clear cell and rare 

undifferentiated and dedifferentiated ovarian carcinomas may also show MMRd, although data for 

these subtypes are limited (33-38). 

The mechanisms of MMRd in OC include both hereditary and sporadic/somatic causes: LS-

associated OC arises in patients with a constitutional pathogenic variant in an MMR gene, followed by 

somatic inactivation of the remaining allele, while sporadic mechanisms include MLH1 promoter 

hypermethylation and double-somatic MMR gene inactivation. 

LS accounts for only a small proportion of ovarian carcinomas overall, approximately 1-2%, but is 

enriched in endometrioid and clear cell ovarian carcinomas; in unselected complete germline-testing 

series, germline pathogenic MMR variants are reported in approximately 2% of endometrioid, 1% of 

clear cell and less than 1% of high-grade serous ovarian carcinomas. Among ovarian carcinomas 

already shown to be MMRd, however, the proportion attributable to LS is much higher, with germline 

pathogenic MMR variants identified in approximately 47-50% of MMRd cases in systematic review 

and molecular series (33-36, 39-41). 

Testing for mismatch repair deficiency 
Detection of MMRd is usually undertaken by IHC for MMR proteins or by MSI testing. 

MMR IHC assesses whether nuclear expression of MLH1, PMS2, MSH2 and MSH6 is retained in 

tumour cells. IHC has advantages: 

• It is generally cheaper and more widely accessible for pathologists than MSI testing; 

• It allows correlation with morphology and recognition of heterogeneous or subclonal MMRd; 

• It is, in principle, not affected by the purity of the tumour sample, and so does not present the 

risk of false negative results in low-purity samples that is seen with MSI testing; 

• Indicates the likely affected MMR gene/protein pair, helping triage MLH1 promoter 

methylation testing and germline/somatic testing. 

A two-antibody screen (PMS2 and MSH6) may be used with reflex staining as required. 

MSI testing detects length changes in selected microsatellites, usually by polymerase chain reaction 

(PCR) which assesses a defined set of microsatellites. It is performed on tumour DNA, ideally with 

tumour enrichment and, for some assays, matched normal DNA. 



In colorectal cancer, IHC and PCR-based MSI are largely interchangeable for detecting MMRd. In EC, 

however, IHC should be the routine first-line test: studies report high but imperfect IHC/MSI 

concordance (94% [655/696] in EC in Stelloo et al. (42); 98.2% [322/328] in a predominantly EC 

gynaecologic cohort in Smithgall et al. (43)), and contemporary CAP guidance recommends MMR 

IHC over MSI-PCR/NGS in EC (5). PCR-MSI may be falsely negative or reported as MSI-low/MSS in 

EC because shifts can be subtle; Wu et al found minimal microsatellite shift in 52% (26/50) of MSI-

high ECs, and MSH6-deficient tumours are a particular risk: germline MSH6 carriers can have 

discordant IHC/MSI results, and seven of eight LS tumours classified MSS by either MSI assay in one 

recent study had isolated MSH6 loss (44-46). MSI testing should therefore be reserved for selected 

situations, e.g. equivocal or heterogeneous IHC or resolution of discordant and results and requires 

appropriate validation and expertise. 

Next-generation sequencing (NGS)-based MSI assays are increasingly used in place of PCR-based 

approaches. They assess instability across multiple microsatellite loci within targeted or 

comprehensive genomic panels and may provide MSI status alongside other genomic information 

from the same tumour DNA extract. Reported concordance with MMR IHC is generally high but 

assay-, threshold- and tumour-type-dependent: Ali-Fehmi et al. reported a final discordance rate of 

0.31% (590/191,767) across a very large solid-tumour cohort after pathology review (47), and Kang et 

al. reported substantial concordance between NGS-based MSI/MMR assessment and IHC in EC 

(κ=0.91) (48). However, a recent TSO500-based study found lower NGS-MSI/IHC concordance in EC 

than in CRC (85% vs 99%), with most discordant cases being IHC-MMRd/NGS-MSS (49), supporting 

the view that NGS-MSI in EC requires tumour-type-specific validation, careful cut-off selection and 

review/confirmation of borderline or discordant results, particularly in isolated MSH6 loss or 

atypical/subclonal IHC patterns. 

Indications for mismatch repair testing in 

gynaecological cancers 

Endometrial carcinoma 

MMR IHC testing is well established in EC. The principal indications are Lynch syndrome screening, 

molecular classification and risk stratification, and prediction of response to immune checkpoint 

inhibition. 

• Screening for LS 

LS is present in approximately 3% of unselected ECs and EC is often the sentinel malignancy 

in affected women. Identification of LS has implications for the patient, including colorectal 

surveillance, aspirin chemoprevention where appropriate, risk-reducing surgery and 

management of future cancer risk, and also enables cascade testing of relatives. 

Universal tumour testing is preferred to selection by age, family history or histological 

subtype, since clinical criteria miss a substantial proportion of LS-associated ECs. NICE 

recommends testing for LS in all patients diagnosed with EC using MMR IHC. Cases showing 

MLH1 loss or combined MLH1/PMS2 loss should undergo reflex MLH1 promoter methylation 

testing; if MLH1 promoter hypermethylation is not detected, germline testing should be 

offered. Cases showing MSH2 loss, MSH6 loss or isolated PMS2 loss should be referred for 

germline testing. The risk of LS is substantial in MMRd tumours not explained by MLH1 

promoter hypermethylation; in the PETALS study, LS was identified in 16/49 patients with 

MMRd EC after exclusion of MLH1-hypermethylated tumours (6, 50, 51). 

• Molecular classification 

MMR status is one of the four clinically applicable molecular classes of EC, alongside POLE-

mutated, p53-abnormal and no specific molecular profile (NSMP) tumours. MMR IHC is 



therefore not only a Lynch syndrome screening test but also part of the molecular 

classification of EC. Current FIGO and ESGO/ESTRO/ESP guidance recommends integration 

of molecular class with stage, histotype, grade, lymphovascular space invasion (LVSI) and 

other clinicopathological factors for risk stratification and treatment planning. 

MMRd ECs are generally regarded as an intermediate-prognosis molecular subgroup, 

although outcomes are heterogeneous and depend on the full clinicopathological context. The 

molecular class may influence MDT management decisions and should therefore be available 

where possible before definitive management decisions are made. In selected settings, trial 

data suggest that: 

o MMRd tumours do not derive the same clear benefit from added chemotherapy as 

p53-abnormal tumours; 

o Benefit from adjuvant radiotherapy may vary by molecular class; 

o MMRd tumours have a higher rate of LVSI which is, itself, associated with nodal 

metastatic disease. 

Known or suspected LS may influence management where ovarian preservation, fertility-

sparing treatment or risk-reducing surgery is being considered. The main surgical implication 

is that ovarian preservation is not recommended in patients with germline MLH1, MSH2, 

MSH6 or PMS2 pathogenic variants, and LS carriers should be counselled regarding risk-

reducing hysterectomy and bilateral salpingo-oophorectomy after completion of childbearing. 

From a medical perspective, there is evidence that MMRd status is associated with lower 

responses to hormone-based fertility-sparing treatment. 

The TCGA classification requires assessment of the MMR status of all cases for identification 

of the MMRd molecular subtype of EC, with important management implications; such 

tumours are less likely to respond to conservative treatment with progesterone, show a high 

likelihood of lymphovascular space invasion justifying a sentinel or other nodal procedure, 

and more likely to respond well to radiotherapy, whereas chemotherapy may not have 

significant survival benefit in these tumours (52-58).  

• Predictive testing for patients with advanced or recurrent EC 

Across many cancer types, MMR status is associated with sensitivity to immune checkpoint 

inhibition. In EC, MMR status is now an important predictive biomarker and may affect access 

to specific systemic therapies, although some currently recommended regimens apply 

irrespective of MMR status. In the UK, NICE-recommended immune checkpoint inhibitor 

therapies for EC are detailed in Table 1. 

NICE guidance MMR status Treatment Treatment setting 

TA1064 (59) MMRd/MSI-H Dostarlimab with 
platinum-based 
chemotherapy 

First line for primary 
advanced or recurrent 
disease 

TA779 (60)1 MMRd/MSI-H Dostarlimab 
monotherapy 

Advanced or recurrent 
disease that has 
progressed during or 
after platinum-based 
therapy 

TA914 (61) MMRd/MSI-H Pembrolizumab 
monotherapy 

Advanced or recurrent 
disease that has 
progressed during or 
after platinum-based 
therapy  

TA1117 (62) MMRp/microsatellite 
stable (MSS) 

Dostarlimab with 
platinum-containing 
chemotherapy 

First line for primary 
advanced or recurrent 
disease 

 
1 NICE states that further evidence is being collected and that dostarlimab is available through the 
Cancer Drugs Fund until NICE reviews the guidance. 



NICE guidance MMR status Treatment Treatment setting 

TA1092 (63) Any Pembrolizumab with 
carboplatin and 
paclitaxel 

First line for primary 
advanced or recurrent 
disease 

TA904 (64) Any Pembrolizumab with 
lenvatinib 

Advanced or recurrent 
disease that has 
progressed during or 
after platinum-based 
therapy 

 

 

 

 

 

 

Table 1: NICE recommendations for immune checkpoint inhibitor therapy in EC, stratified by MMR and MSI 

status, correct as of May 2026 

Ovarian carcinoma 

The role of routine MMR IHC testing in OC is less well established than in EC, and there is currently 

no NICE recommendation for universal MMR IHC screening for LS in all OC. Nevertheless, MMRd 

occurs in a clinically important minority of OC, particularly endometrioid carcinoma, and a substantial 

proportion of MMRd OC are associated with LS. 

To align with the RCPath dataset for histopathological reporting of carcinomas and borderline tumours 

of the ovaries, fallopian tubes and peritoneum (65), MMR IHC should be performed at diagnosis in 

ovarian endometrioid and clear cell carcinomas, as well as mixed, dedifferentiated and 

undifferentiated OC. MMR IHC should also be performed when the patient’s personal or family history 

raises the possibility of LS. 

Routine MMR IHC is not currently recommended for other ovarian carcinoma subtypes in the absence 

of these features, but it may be requested on a case-by-case basis, particularly where the result may 

affect genetic referral, clinical trial eligibility or systemic treatment options. 

Other gynaecological cancers 

Routine MMR IHC testing is not currently recommended for all cervical, vulval, vaginal or uterine 

mesenchymal tumours, because MMRd is uncommon and the evidence base is limited. Testing may 

nevertheless be appropriate in selected cases, including unusual histological subtypes, tumours 

diagnosed at a young age, tumours arising in patients with a personal or family history suggestive of 

LS, synchronous or metachronous LS-associated cancers, sebaceous-type vulval neoplasms raising 

the possibility of Muir-Torre syndrome, and recurrent or metastatic disease where immune checkpoint 

inhibitor therapy or clinical trial entry is being considered. 

In all gynaecological cancers, MMR/MSI testing may be requested by oncologists to assess likely 

benefit from immune checkpoint inhibition, support clinical trial entry, or inform individualised systemic 

treatment decisions. In the UK, routine NICE-approved MMR-directed immunotherapy pathways in 

gynaecological cancer are currently centred on EC, but MMRd remains a biologically important and 

potentially actionable finding in other tumour types. 



Interpretation of mismatch repair 

immunohistochemistry 

Normal mismatch repair protein expression 

MMR protein expression in normal tissues is seen as nuclear staining (Figure 1 and Figure 2). The 

staining is generally uniform but may be of variable intensity, with more rapidly proliferating cells 

showing more intense staining. In cancer cells, generally characterised by higher proliferation rates 

relative to normal tissue, the staining intensity is typically strong, and generally stronger than that 

seen in the background stroma, normal glands or inflammatory cells that serve as an internal control 

(Figure 3 and Figure 4). 

 
Figure 1: MMR protein expression in normal inactive 
endometrium (PMS2). 

 
Figure 2: MMR protein expression in secretory 
endometrium (MSH2). 

 
Figure 3: MMR protein expression in EC (PMS2). 

 
Figure 4: Note the stronger intensity in tumour cells as 
compared to stromal cells (same area as Figure 3). 

Abnormal mismatch repair protein expression 

MMRd is usually detected by IHC as loss of nuclear expression of one or more MMR proteins in 

tumour cells, with retained staining in internal non-neoplastic control cells. The four main MMR 

proteins assessed in routine practice function as heterodimers: MLH1 pairs with PMS2, and MSH2 

pairs with MSH6. PMS2 is dependent on MLH1 for stable expression, and MSH6 is dependent on 

MSH2 for stable expression. In contrast, MLH1 and MSH2 may remain detectable when PMS2 or 

MSH6 is lost, respectively, because they can form alternative heterodimers with other MMR proteins. 

The four typical abnormal MMR IHC patterns are therefore: 



• Loss of MLH1 and PMS2, usually reflecting underlying MLH1 inactivation, most commonly 

through MLH1 promoter hypermethylation in EC, but also seen with MLH1 pathogenic 

variants or other MLH1 alterations; 

• Loss of MSH2 and MSH6, usually reflecting underlying MSH2 inactivation, including MSH2 

pathogenic variants or EPCAM deletion causing MSH2 silencing; 

• Isolated loss of MSH6, usually reflecting underlying MSH6 abnormality; 

• Isolated loss of PMS2, usually reflecting underlying PMS2 abnormality, although rare MLH1 

abnormalities can produce this pattern. 

Unusual, subclonal or discordant staining patterns may occur, however. 



 
Figure 5: Loss of MSH6 expression in an EC. The 
presence of nuclear staining in internal controls (as 
shown by stromal cells) is essential for the interpretation 

of abnormal MMR expression. 

 
Figure 6: Loss of MSH6 expression in another case of 
EC. While the stromal cells exhibit minimal staining in 
this area, the presence of weak nuclear staining in non-
neoplastic endometrial glands (upper left) allows this 
interpretation to be made. 

 
Figure 7: Loss of MSH6 expression in an EC (right), in 
contrast to the variable nuclear staining in the non-
neoplastic epithelium, stromal cells and lymphocytes 
(left). 

 
Figure 8: Histology of the EC from the same area as 
Figure 7. 

 
Figure 9: Loss of MSH2 expression in an EC. The 
presence of admixed lymphocytes with positive nuclear 
staining may sometimes obscure the tumour nuclei. 

 
Figure 10: Histology of the EC from the same area as 

Figure 9. 



 
Figure 11: Loss of MSH2 expression in a high-grade 
EC. At high power it can be appreciated that nuclear 
staining is limited to the lymphocytes whereas the 

tumour nuclei are negative. 

 
Figure 12: Histology of the EC from the same area as 
Figure 11. 

Challenges and pitfalls in mismatch repair 

immunohistochemistry interpretation 

Poor fixation 

MMR IHC is fixation-sensitive. Poor fixation is a common problem in pathological reporting of EC and 

frequently results in absent staining with one or more MMR IHC stains. It is vital that well-fixed areas 

are examined when reporting MMR IHC, to avoid erroneous interpretation of one or more stains as 

showing loss of expression. For this reason, MMR IHC should be preferentially carried out on 

biopsies, with the added advantage that this vital information is available at the time of diagnosis of 

EC. If a resection specimen needs to be used, a block showing minimal autolytic changes should be 

selected. 



 
Figure 13: Patchy expression of MSH6 in an EC. Note 
the lack of nuclear staining in stromal cells in this area, 
which would signify the possibility of suboptimal fixation. 
A gradation of staining intensity may be observed in 
such areas. 

 
Figure 14: Patchy expression of PMS2 in the same 
case of EC as Figure 13. While the appearance may 
resemble subclonal loss of expression, this area is not 
interpretable due to the lack of valid internal controls in 
the vicinity of tumour cells lacking expression. 

 
Figure 15: In this area (PMS2 for same case of EC as 
Figure 13), there is complete absence of staining for 
PMS2 in both tumour cells and stromal cells. This area 
is non-interpretable for the lack of valid internal controls, 
likely representing a poorly fixed area with antigen 
degradation. 

 
Figure 16: In another area (PMS2 for same case of EC 
as Figure 13), there is weak to moderate nuclear 
staining in the tumour cells, together with scanty faint 
staining in the stromal cells as internal controls. This is 
interpreted as retained expression. The patchy staining 
in this case probably represents an artefact related to 
suboptimal fixation instead of genuine subclonal 
expression. 

Weak or focal expression in the presence of MMRd 

Very weak or very focal MMR expression can occur in the presence of a defective MMR protein and 

similarly weak or focal MSH6 expression may be seen in the presence of an MSH2 variant. As the 

expression of MMR proteins is generally strong and diffuse relative to the internal controls, the 

presence of very weak or focal expression in tumour nuclei coupled with significantly stronger staining 

in the internal controls should be reported as MMRd. In cases where the internal control staining is 

weak and of similar intensity as the focal weak staining observed in tumour nuclei, MMR expression 

could be reported as equivocal. Repeating the staining on a different section or on a biopsy rather 

than the hysterectomy specimen may be able to solve some of these issues. 



 
Figure 17: Focal weak staining for MSH6 in tumour 
nuclei is observed in this EC. MSH2 is lost in this case 
(not shown). 

 
Figure 18: At low power magnification (same case as 
Figure 17), the majority of tumour nuclei are negative 
for MSH6, in contrast to the stronger nuclear staining in 
stromal cells and non-neoplastic epithelium. This case 
should be interpreted as abnormal/loss of MSH6 
expression despite focal weak staining in some tumour 
nuclei. 

 
Figure 19: Focal weak nuclear staining for MLH1 is 
observed in the tumour cells of this EC, with stronger 
staining present in the immediately adjacent stromal 

cells. 

 
Figure 20: Another area (same case as Figure 19) 
demonstrates that most tumour nuclei are negative 
while the positively stained, immediately adjacent 
stromal cells have an overall stronger intensity, 
supporting the interpretation of abnormal MMR 
expression. This case was confirmed as having a 
germline MLH1 variant. 

Subclonal mismatch repair deficiency 

Subclonal loss of MMR protein expression refers to complete nuclear loss of one or more MMR 

proteins in a discrete tumour cell population, adjacent to tumour areas with retained nuclear 

expression. This pattern usually shows an abrupt transition between retained and lost expression. It 

should be distinguished from weak, patchy or variable staining, and from fixation artefact. A diagnosis 

of true subclonal loss should only be made when appropriate non-neoplastic internal control cells, 

such as stromal cells, inflammatory cells or benign epithelium, show retained nuclear staining in the 

same area as the tumour cells showing loss. Fixation-related artefact typically affects tumour and 

internal control cells together and often shows a gradual reduction or ‘gradient’ of staining, whereas 

genuine subclonal loss usually shows an abrupt interface. 

The pattern and approximate extent of subclonal loss should be reported, for example: “subclonal loss 

of MLH1 and PMS2 involving approximately X% of tumour.” There is no universally accepted 

minimum threshold for reporting subclonal MMR loss. A pragmatic threshold of approximately 10% of 

tumour showing subclonal loss has been suggested for uniform classification of ECs as MMRd in 



molecular subtyping contexts, but this has not been explicitly endorsed as a consensus reporting 

threshold. Convincing smaller foci should not necessarily be ignored; where the focus is extremely 

small, a comment may be added to indicate that the clinical significance is uncertain. 

Most well-characterised examples of subclonal MLH1/PMS2 loss in EC appear to represent an 

acquired, sporadic event, usually heterogeneous MLH1 promoter hypermethylation occurring during 

tumour evolution or progression. In such cases, the tumour area showing MLH1/PMS2 loss may show 

greater MLH1 promoter methylation and/or MSI than adjacent tumour with retained MMR protein 

expression. However, subclonal MMR loss should not automatically be assumed to be sporadic or 

artefactual. Subclonal loss has also been described in POLE-mutated EC and in LS-associated EC, 

and a small proportion of cases may harbour an underlying germline MMR pathogenic variant. 

Acquired or secondary subclonal MSH6 loss is also recognised. This may occur in tumours that are 

already hypermutated or MMRd, including both sporadic and hereditary MMRd tumours, and has 

been linked in some cases to instability or frameshift alteration in a coding microsatellite/polycytosine 

tract within the MSH6 gene. Subclonal MSH6 loss may be seen in association with complete 

MLH1/PMS2 loss and may be accompanied by variable or subclonal MSH2 expression. Similar 

secondary MMR abnormalities may also occur in the presence of pathogenic POLE exonuclease 

domain variants. Where subclonal MSH6 loss accompanies an otherwise clear MMR abnormality, 

such as complete MLH1/PMS2 loss, the primary abnormal pattern should be reported, with the 

subclonal MSH6 loss described in a comment. Isolated subclonal MSH6 loss should be treated more 

cautiously, as LS may be identified in a minority of such cases. 

The diagnostic, prognostic and therapeutic implications of subclonal MMR loss remain incompletely 

understood. These cases should be reported as abnormal/subclonal rather than simply interpreted as 

MMR-proficient, because: 

• A minority of cases with subclonal loss harbour germline MMR pathogenic variants and may 

represent LS; 

• Binary reporting as ‘intact’ or ‘lost’ may miss clinically relevant MMR abnormalities; 

• The behaviour of these tumours with respect to molecular classification, prognosis and 

response to immune checkpoint inhibition remains uncertain. 

For EC molecular classification, subclonal MMR loss should be interpreted alongside POLE status, 

p53 status and the full clinicopathological context. 

Where MLH1 promoter methylation testing is undertaken to establish the aetiology of subclonal 

MLH1/PMS2 loss, the request should clearly state that the MMR loss is subclonal. The laboratory 

should be provided with the overall tumour cellularity and an estimate of the proportion of tumour 

showing subclonal loss. Where feasible, the area showing loss should be marked for 

macrodissection, so that testing is enriched for the MMR-deficient component. If enrichment of the 

subclonal area is not possible, MLH1 promoter methylation results should be interpreted cautiously, 

because testing a whole section may dilute a methylation signal confined to a small tumour subclone 

(42, 66-72). 



 
Figure 21: Subclonal expression of MLH1 in part of this 
EC (right) with loss of staining in other foci (left). Note 
that stromal cells show positive staining throughout the 
entire area. This pattern may occur in ECs with MLH1 
promoter hypermethylation. The percentage of cells 
showing loss of expression should be reported to the 
laboratory undertaking MLH1 promoter methylation 
testing; if macrodissection is possible, it should be 
undertaken to enrich for the cells showing loss of 

expression. 

 
Figure 22: High power view of subclonal MLH1 

expression from the same tumour area as Figure 21. 

 

 
Figure 23: Subclonal expression of PMS2 in the same 
case as Figure 21, demonstrating a similar pattern to 
that observed with MLH1. 

 
Figure 24: High power view of subclonal PMS2 

expression from the tumour area in Figure 23. 

 
Figure 25: Normal expression of MSH6 in the same 
case as Figure 21. 

 
Figure 26: Histology of the same tumour area as 
Figure 21. 



 
Figure 27: Subclonal expression of PMS2 in part of the 
tumour (upper) with absence of nuclear staining in other 
areas (lower). Note the positive staining of stromal cells 
in both areas which enables its distinction from 
artefactual weak staining. 

 
Figure 28: Histology of the same tumour area as 
Figure 27. 

 
Figure 29: Subclonal expression of MSH6 in part of this 
EC (left) coexisting with an area of negative staining 
(right). Note the positive staining of stromal cells among 
the negative tumour cells. 

 
Figure 30: Expression of MSH2 in the same tumour 

area as Figure 29. 

 
Figure 31: Loss of expression of MLH1 in the same 
tumour area as Figure 29. Note that even the area with 
retained MSH6 shows loss of MLH1. This may signify 
the loss of MSH6 as a secondary event arising from an 
underlying MLH1 defect. 

 
Figure 32: Histology of the same tumour area as 
Figure 29. 

Punctate nuclear staining 



A subset of MLH1-deficient tumours may show punctate or dot-like nuclear staining, particularly when 

stained with the VENTANA/Roche MLH1 M1 clone. This pattern can be mistaken for retained 

expression, but it should not be interpreted as intact MLH1 expression; in the presence of appropriate 

internal positive controls it should be reported as MLH1 loss/abnormal MMR expression. The pattern 

is a recognised clone-associated staining artefact/pitfall described in the literature (73-75). While this 

specific punctate nuclear pattern is best documented for MLH1 M1, other non-specific or non-nuclear 

artefactual staining patterns may occur with other MMR antibodies and should not be interpreted as 

retained nuclear expression. 

 
Figure 33: Punctate nuclear staining for MLH1 in an EC. 
This pattern of staining has been recognised as an 
artefact which may be specific to certain antibody 
clones. This case should be reported as abnormal MMR 
expression. 

 
Figure 34: Punctate nuclear staining for MLH1 (same 
case as Figure 33). 

 

 
Figure 35: Punctate nuclear staining for MLH1 may 
closely resemble intact expression at low power, as 

shown in this EC. 

 

 
Figure 36: At high power (same case as Figure 35), the 
dot-like staining in the tumour nuclei can be 
distinguished from the homogeneous nuclear staining in 
stromal cells. 

Cytoplasmic staining 

The MMR proteins are localised to the nucleus. In some cases, possibly related to technical reasons, 

there is relatively conspicuous cytoplasmic or membranous staining in the absence of nuclear 

staining. In such cases, it is the absence of nuclear staining which is key; they should be reported as 

abnormal. 

 



 
Figure 37: Cytoplasmic staining for PMS2 in an EC. 
Note the absence of nuclear staining in tumour cells in 
contrast to the positive staining of stromal cells. 

 
Figure 38: Membrane accentuation may sometimes be 
encountered in cytoplasmic staining (PMS2; same case 
as Figure 37). 

Complex patterns of loss 

Although the four patterns of MMRd described earlier (either completely or as a subclonal 

phenomenon) are the typical manifestations of MMRd, more complex patterns can occasionally be 

seen. 

A superadded somatic defect can be seen in any MMRd, resulting in unusual MMR IHC patterns. This 

is usually as a result of secondary MLH1 promoter hypermethylation, but more unusual phenomena 

can be observed. For example, cases with a germline MSH6 variant can show MSH2 loss on IHC, 

which may be due to concurrent MSH3 loss by other mechanisms (76). 

Discordance with microsatellite instability or germline testing 

No test for MMRd or LS is fully sensitive and specific. MMR IHC and MSI testing assess related but 

different consequences of MMR dysfunction: IHC assesses nuclear expression of the MMR proteins, 

whereas MSI testing detects instability at selected microsatellite loci. High but imperfect concordance 

is therefore expected. As described above, MMR IHC should remain the preferred first-line approach, 

with MSI testing reserved for selected situations such as equivocal, heterogeneous or otherwise 

discordant results. 

MMR IHC is also a valuable screen for LS, but it is not a definitive germline test. Abnormal MMR IHC 

may reflect sporadic MLH1 promoter hypermethylation or double-somatic MMR gene inactivation 

rather than LS; in the PETALS study, LS was identified in 16/132 IHC-MMRd ECs overall, and in 

16/49 after excluding MLH1-hypermethylated tumours. Conversely, retained MMR protein expression 

does not completely exclude LS. Clinical concern for a familial cancer syndrome, including young age, 

multiple LS-associated tumours or a suggestive personal or family history, should therefore prompt 

further investigation even when MMR IHC is reassuring (50, 51, 77). 

 

 



Recommended reporting terminology in endometrial carcinoma 
The following table contains recommended reporting terminology for various scenarios encountered when reporting MMR IHC. It also includes recommended 

actions which should be taken for each result. The BAGP now recommends that POLE variant testing be undertaken in all ECs. 

MMR IHC and MLH1 
promoter methylation result 

Recommended report text Recommended actions 

Normal 
MLH1, PMS2, MSH2 and 
MSH6 tested 

The tumour cells show normal nuclear staining for MLH1, PMS2, MSH2 and MSH6. 
 
There is no immunohistochemical evidence of mismatch repair deficiency. This is an MMR-proficient 
(MMRp) neoplasm which is expected to show microsatellite stability (MSS). 
 
Action required: None, but referral to clinical genetics services should still be considered if 
there is a strong family or personal history. 

No action, unless there is a 
strong family or personal history 
of cancer 

Normal 
Only MSH6 and PMS2 tested 

The tumour cells show normal nuclear staining for PMS2 and MSH6. 
 
There is no immunohistochemical evidence of mismatch repair deficiency. This is an MMR-proficient 
(MMRp) neoplasm which is expected to show microsatellite stability (MSS). 
 
Action required: None, but referral to clinical genetics services should still be considered if 
there is a strong family or personal history. 

No action, unless there is a 
strong family or personal history 
of cancer 

Abnormal 
MLH1 and PMS2 loss 
MLH1 promoter methylation 
pending 

The tumour cells show loss of expression of the mismatch repair proteins MLH1 and PMS2 (with 
normal nuclear staining for MSH2 and MSH6). 
 
There is immunohistochemical evidence of mismatch repair deficiency. This is an MMR-deficient 
(MMRd) neoplasm which is expected to show microsatellite instability (MSI). 
 
MLH1 promoter methylation and POLE variant testing are in progress. 
 
This pattern of mismatch repair deficiency may be either sporadic or due to Lynch or related 
syndromes – the result of testing for MLH1 promoter methylation will provide further information. 
 
Action required: Await the results of MLH1 promoter methylation testing. 

MLH1 promoter methylation 
testing 
Ensure POLE variant testing is 
underway 



MMR IHC and MLH1 
promoter methylation result 

Recommended report text Recommended actions 

Abnormal 
MSH2 and MSH6 loss 

The tumour cells show loss of expression of the mismatch repair proteins MSH2 and MSH6 (with 
normal nuclear staining for MLH1 and PMS2). 
 
There is immunohistochemical evidence of mismatch repair deficiency. This is an MMR-deficient 
(MMRd) neoplasm which is expected to show microsatellite instability (MSI). 
 
POLE variant testing is in progress. 
 
Although not diagnostic, this pattern of mismatch repair deficiency is associated with Lynch and 
related syndromes. 
 
Action required: This patient should be referred to clinical genetics services or undergo 
germline testing through mainstreaming. 

Germline testing for Lynch 
syndrome, either by referral to 
clinical genetics services or 
through mainstreaming 
Ensure POLE variant testing is 
underway 

Abnormal 
MSH6 loss 

The tumour cells show loss of expression of the mismatch repair protein MSH6 (with normal nuclear 
staining for MLH1, MSH2 and PMS2). 
 
There is immunohistochemical evidence of mismatch repair deficiency. This is an MMR-deficient 
(MMRd) neoplasm which is expected to show microsatellite instability (MSI). 
 
POLE variant testing is in progress. 
 
Although not diagnostic, this pattern of mismatch repair deficiency is associated with Lynch and 
related syndromes. 
 
Action required: This patient should be referred to clinical genetics services or undergo 
germline testing through mainstreaming. 

Germline testing for Lynch 
syndrome, either by referral to 
clinical genetics services or 
through mainstreaming 
Ensure POLE variant testing is 
underway 

Abnormal 
PMS2 loss 

The tumour cells show loss of expression of the mismatch repair protein PMS2 (with normal nuclear 
staining for MLH1, MSH2 and MSH6). 
 
There is immunohistochemical evidence of mismatch repair deficiency. This is an MMR-deficient 
(MMRd) neoplasm which is expected to show microsatellite instability (MSI). 
 
POLE variant testing is in progress. 
 
Although not diagnostic, this pattern of mismatch repair deficiency is associated with Lynch and 
related syndromes. 
 
Action required: This patient should be referred to clinical genetics services or undergo 
germline testing through mainstreaming. 

Germline testing for Lynch 
syndrome, either by referral to 
clinical genetics services or 
through mainstreaming 
Ensure POLE variant testing is 
underway 



MMR IHC and MLH1 
promoter methylation result 

Recommended report text Recommended actions 

MLH1 promoter 
hypermethylation absent 

MLH1 promoter hypermethylation has not been detected. 
 
While this mismatch repair deficiency could be sporadic, this finding raises the possibility that it is due 
to Lynch or related syndromes. 
 
Action required: This patient should be referred to clinical genetics services or undergo 
germline testing through mainstreaming. 

Germline testing for Lynch 
syndrome, either by referral to 
clinical genetics services or 
through mainstreaming 

MLH1 promoter 
hypermethylation present 

MLH1 promoter hypermethylation has been detected. 
 
This finding indicates that the mismatch repair deficiency is likely sporadic rather than due to Lynch or 
related syndromes. 
 
Action required: None, but referral to clinical genetics services should still be considered if 
there is a strong family or personal history. 

No action, unless there is a 
strong family or personal history 
of cancer 

Abnormal 
MLH1 and PMS2 loss 
MLH1 promoter methylation 
not tested 

The tumour cells show loss of expression of the mismatch repair proteins MLH1 and PMS2 (with 
normal nuclear staining for MSH2 and MSH6). 
 
There is immunohistochemical evidence of mismatch repair deficiency. This is an MMR-deficient 
(MMRd) neoplasm which is expected to show microsatellite instability (MSI). 
 
MLH1 promoter methylation has not been tested. 
 
This pattern of mismatch repair deficiency may be either sporadic or due to Lynch or related 
syndromes. 
 
Action required: Testing for MLH1 promoter methylation is recommended. If this is not 
performed, the patient should be referred to clinical genetics services or undergo germline 
testing through mainstreaming. 

MLH1 promoter methylation 
testing 
Ensure POLE variant testing is 
underway 



MMR IHC and MLH1 
promoter methylation result 

Recommended report text Recommended actions 

Abnormal 
Subclonal loss of MLH1 and 
PMS2 

The tumour cells show subclonal loss of expression of the mismatch repair proteins MLH1 and PMS2 
(with normal nuclear staining for MSH2 and MSH6). 
 
There is immunohistochemical evidence of mismatch repair deficiency, but it is subclonal rather than 
being present in the entire tumour. 
 
MLH1 promoter methylation and POLE variant testing are in progress. 
 
This pattern of mismatch repair deficiency is likely to be sporadic, but it is possible that it is due to 
Lynch or related syndromes. 
 
The significance of this finding in terms of eligibility for immune checkpoint inhibitor therapy is not fully 
established. 
 
Action required: Await the results of MLH1 promoter methylation testing. 

MLH1 promoter methylation 
testing 
Ensure POLE variant testing is 
underway 

Abnormal 
MLH1 and PMS2 loss with 
subclonal loss of MSH6 

The tumour cells show loss of expression of the mismatch repair proteins MLH1 and PMS2. There is 
also subclonal loss of expression of MSH6. There is normal nuclear staining for MSH2. 
 
There is immunohistochemical evidence of mismatch repair deficiency. This is an MMR-deficient 
(MMRd) neoplasm which is expected to show microsatellite instability (MSI). 
 
MLH1 promoter methylation and POLE variant testing are in progress. 
 
This pattern of mismatch repair deficiency is likely to be sporadic, but it is possible that it is due to 
Lynch or related syndromes. 
 
Action required: Await the results of MLH1 promoter methylation testing, but this patient 
should be referred to clinical genetics services or undergo germline testing through 
mainstreaming. 

Germline testing for Lynch 
syndrome, either by referral to 
clinical genetics services or 
through mainstreaming 
MLH1 promoter methylation 
testing 
Ensure POLE variant testing is 
underway 



MMR IHC and MLH1 
promoter methylation result 

Recommended report text Recommended actions 

Abnormal 
Subclonal loss of MSH6 

The tumour cells show subclonal loss of expression of the mismatch repair protein MSH6 (with normal 
nuclear staining for MLH1, MSH2 and PMS2). 
 
There is immunohistochemical evidence of mismatch repair deficiency, but it is subclonal rather than 
being present in the entire tumour. 
 
POLE variant testing is in progress. 
 
This finding raises the possibility of Lynch and related syndromes, although its significance is not fully 
established. 
 
The significance of this finding in terms of eligibility for immune checkpoint inhibitor therapy is not fully 
established. 
 
Action required: This patient should be referred to clinical genetics services or undergo 
germline testing through mainstreaming. 

Germline testing for Lynch 
syndrome, either by referral to 
clinical genetics services or 
through mainstreaming 
Ensure POLE variant testing is 
underway 



Broader issues in mismatch repair testing 

Which sample should I use for mismatch repair 

immunohistochemistry? 

MMR IHC should be performed on well-fixed tissue containing viable invasive tumour and same-

section internal positive controls. In EC, diagnostic biopsy or curettage material is generally preferred 

when adequate, because fixation is often better, interpretation is usually easier, and the result is 

available earlier for LS triage, molecular classification and clinical management. Paired-sample 

studies show high concordance between biopsy/curettage and hysterectomy specimens (78, 79). 

If the biopsy or curettage is scanty, poorly fixed, necrotic or lacks valid internal controls, a better-fixed 

hysterectomy or resection block should be used. 

MMR status is usually concordant between primary and recurrent/metastatic EC. Concordance has 

generally been reported at 92-93%, with most discordances showing subclonal MMRd patterns 

(especially involving MLH1) in the primary tumour. Routine repeat testing on the metastasis is not 

required when the primary tumour shows a clear, clonal result. Repeat testing of recurrent or 

metastatic disease should be considered when the primary tumour showed subclonal or 

heterogeneous MMR loss, since metastatic disease may have originated from either the MMRp or 

MMRd subclones in the primary. Repeat testing may also be considered when the tested block did not 

represent all relevant tumour components, when the primary result was equivocal or failed, or when 

the result will influence eligibility for immune checkpoint inhibitor therapy (72, 80-82). 

Can mismatch repair immunohistochemistry be performed on 

atypical hyperplasia/endometrial intraepithelial neoplasia? 

If EC is present, MMR IHC should be performed on the carcinoma rather than on atypical 

hyperplasia/endometrial intraepithelial neoplasia (AH/EIN). AH/EIN and associated carcinoma often 

show concordant MMR expression, particularly in LS-associated cases, but discordant results occur, 

especially in some tumours with MLH1 promoter hypermethylation or heterogeneous/subclonal MMRd 

(83, 84). 

Undertaking MMR IHC on samples containing only AH/EIN is not recommended. If testing is 

undertaken on such a sample, however, the result should be reported with caution. In particular, 

retained MMR expression in AH/EIN does not exclude the possibility of MMR deficiency in a 

subsequent or unsampled carcinoma. 

For AH/EIN without coexisting carcinoma, there is no established role for routine MMR IHC as LS 

screening, because reported detection rates for MMRd and LS are low. Testing may be considered in 

selected patients with strong clinical or family history, very young age, or in fertility-

sparing/conservative treatment contexts, where MMRd may have predictive significance (85-87). 

Should I use two- or four-stain mismatch repair 

immunohistochemistry? 

This approach is based on the heterodimer biology of the MMR proteins: MLH1 loss is usually 

accompanied by PMS2 loss, and MSH2 loss by MSH6 loss, while isolated PMS2 or MSH6 loss is also 

captured by the initial screen. Its advantages are reduced slide numbers, tissue use, cost and 

reporting time. 



A meta-analysis estimated that at least 98.9% of MMRd cases would be detected by a PMS2/MSH6-

first algorithm, but rare isolated MLH1 or MSH2 loss patterns have been reported (88, 89). 

Reflex MLH1 and/or MSH2 staining should be performed when PMS2 and/or MSH6 is lost, weak, 

subclonal, equivocal or uninterpretable. A full four-antibody panel should also be used for unusual 

staining patterns, poor internal controls, discordant clinical/molecular findings, or when there is strong 

clinical concern despite an apparently normal two-stain result. 

I have a case of MLH1 loss or combined MLH1 and PMS2 loss: 

do I need to do BRAF variant testing? 

No. BRAF variant testing does not have a role in the routine work-up of MLH1/PMS2-deficient EC. 

In colorectal carcinoma, BRAF V600E is strongly associated with sporadic MLH1 promoter 

hypermethylation and can be used in LS triage pathways. This association is tumour-type specific. 

BRAF variants are rare in EC and should not be used as a substitute for MLH1 promoter methylation 

testing. Cases with MLH1 loss or combined MLH1/PMS2 loss should undergo MLH1 promoter 

methylation testing (90). 

Does MLH1 promoter hypermethylation completely exclude 

Lynch syndrome? 

No, but it usually strongly supports a sporadic cause of MMR deficiency. In most ECs with 

MLH1/PMS2 loss, detection of tumour MLH1 promoter hypermethylation indicates sporadic epigenetic 

silencing of MLH1, and germline testing is not routinely required in the absence of additional clinical 

concern. 

However, MLH1 promoter hypermethylation does not absolutely exclude LS or related constitutional 

mechanisms. Rare patients with constitutional MLH1 promoter hypermethylation/epimutation, and 

rare LS-associated tumours with MLH1 promoter hypermethylation, have been described. Referral to 

clinical genetics should still be considered where there is young age at diagnosis, multiple LS-

spectrum tumours, a strong family history, unusual clinical features, or MMRd non-neoplastic glands 

(91, 92). 

What does loss of expression in non-neoplastic endometrial 

glands mean? 

MMR-deficient non-neoplastic endometrial glands are benign-appearing isolated or clustered glands 

showing loss of one or more MMR proteins, with appropriate retained staining in surrounding internal 

control cells. This finding has been reported in 47-70% of patients with LS, and the pattern of loss 

usually matches the germline MMR gene involved (93-96). 

This finding may be a useful clue to underlying LS, particularly when seen adjacent to an MMRd 

tumour. This phenomenon has not been described in endometrial samples from patients without LS, 

aside from a case of EC with double somatic variants in MLH1 (95). It should not, however, be treated 

as diagnostic in isolation. Technical artefact, poor fixation and tangential or scanty glandular staining 

should be excluded before reporting it. 

There is currently no consensus on reporting of the presence or absence of MMRd non-neoplastic 

glands in every case. If the finding is convincing, it is reasonable to mention it in the report, 

particularly if it supports referral to clinical genetics or explains concern despite otherwise equivocal 

findings. 



How should I report MMR IHC on cytology cell blocks without 

valid internal controls? Can I rely on external tissue control 

alone? 

MMR IHC can be attempted on cytology cell blocks, but interpretation is more challenging than in 

biopsy or resection material. Jacobi et al. (97) demonstrated high concordance of 85% in MMR status 

between cytology and surgical specimens for colorectal cancer and EC, but also highlighted 

interpretation challenges which might contribute to an inconclusive result: limited numbers of tumour 

cells, focal staining in cells which are indefinite for tumour, tumour staining heterogeneity, and lack of 

internal control staining (97). 

Same-section internal positive controls are essential for definitive interpretation. An external control 

confirms that the staining run has worked, but it does not confirm antigen preservation in the cell block 

being assessed. If tumour cells are negative and there are no valid internal positive controls, the 

result should be reported as uninterpretable or inconclusive rather than as loss of expression, even if 

the external control tissue has stained appropriately. Other scenarios that may warrant a diagnosis of 

inconclusive MMR status include cell block sections with very low tumour cell content, those with 

difficulty distinguishing between tumour and non-tumour cells, or those displaying focal and faint 

nuclear staining in few tumour cells. 

If tumour cells show convincing diffuse nuclear staining but there are no internal positive controls, the 

report may state that the staining pattern favours retained expression, but that definitive interpretation 

is limited by the absence of internal controls. Repeat testing on a biopsy or surgical specimen should 

be recommended if available. 

Should an endometrial carcinoma with subclonal MMR 

deficiency be considered MMRp or MMRd from the perspective 

of systemic therapy? 

An EC with convincing subclonal loss of one or more MMR proteins should not be classified simply as 

MMR-proficient. It should be reported as an abnormal result, using terminology such as ‘MMRd with 

subclonal loss’ or ‘subclonal MMR deficiency’, specifying the protein(s) lost and the approximate 

extent of the abnormal subclone (42, 69-72, 98). 

From the perspective of systemic therapy, this is best regarded as an abnormal/subclonal MMR result, 

rather than straightforward MMRp. However, the predictive significance of subclonal MMRd for 

immune checkpoint inhibitor therapy is not fully established, and these cases were not specifically 

addressed as a distinct predictive subgroup in the major clinical trials. The clinically relevant question 

is whether the tumour population requiring treatment, particularly recurrent or metastatic disease, is 

MMRd (5, 71, 72, 98). 

A recurrence or metastasis may arise from either the MMRd or MMRp component of a subclonal 

primary tumour. Therefore, if immune checkpoint inhibitor therapy is being considered and suitable 

recurrent or metastatic tissue is available, repeat MMR IHC on that tissue should be considered (80-

82). 

If additional molecular testing is undertaken, the area showing MMR protein loss should be 

macrodissected where feasible. This is particularly important for small subclones, because testing a 

whole section may dilute an MSI or MLH1 promoter hypermethylation signal arising from the MMRd 

component (5, 42, 69, 71, 72, 98). 

If the recurrent or metastatic tumour shows clonal MMR loss, it can be regarded as MMRd for 

systemic therapy purposes. If recurrent or metastatic disease is MMRp despite subclonal MMR loss in 



the primary tumour, the case should be discussed in an MDT setting, because treatment eligibility and 

expected benefit may depend on local criteria, trial protocol, treatment regimen and the full molecular 

context (5, 72). 

How should I report mismatch repair immunohistochemistry in 

mixed endometrial carcinomas? 

Most mixed ECs show concordant MMR expression between tumour components, but discordant 

patterns can occur. Care should be taken not to mistake fixation artefact, sampling differences or 

subclonal loss for true component-specific discordance (22, 69, 99). 

When different components show different MMR expression patterns, the report should describe the 

result for each component where possible. If any bona fide malignant component shows convincing 

loss of MMR protein expression with valid internal controls, the tumour should be regarded as MMRd 

overall for LS screening and molecular classification purposes, while the heterogeneity should be 

clearly stated. 

For immune checkpoint inhibitor eligibility, repeat testing on recurrent or metastatic disease may be 

helpful if the primary tumour is mixed, subclonal or heterogeneous and suitable metastatic tissue is 

available. 

How do POLE results affect interpretation of mismatch repair 

immunohistochemistry? 

POLE variant status does not change the interpretation or reporting of MMR IHC. A pathogenic POLE 

exonuclease domain variant can coexist with MMR deficiency, and has been reported in 4.7-9.2% of 

MMRd EC. Most such tumours appear to have sporadic MMR deficiency, although rare cases 

associated with LS have been reported (7, 100). 

MMR IHC should therefore be reported in the usual way, and LS triage should proceed according to 

the MMR IHC pattern and MLH1 promoter methylation result, irrespective of POLE status. For 

prognostic molecular classification, tumours with both pathogenic POLE variant and MMR deficiency 

should be handled according to the local multiple-classifier algorithm; in most EC classifiers, POLE-

mutated status has prognostic precedence, but this does not remove the genetic implications of 

abnormal MMR IHC. 

When should I suspect constitutional mismatch repair 

deficiency? 

Constitutional mismatch repair deficiency (CMMRD) is rare and is caused by biallelic pathogenic 

variants affecting an MMR gene. It usually presents with childhood or adolescent malignancies, 

particularly haematological, brain and gastrointestinal tumours, but rare adult presentations, including 

with EC, have been described (101, 102). 

A possible clue is apparent loss of an MMR protein in both tumour cells and normal cells, producing a 

pattern that may resemble a failed stain because there are no internal positive controls for that 

protein. Before suggesting CMMRD, technical failure, poor fixation and staining error must be 

excluded. Preserved internal control staining for the other MMR proteins and the clinical history may 

help. 

Preserved nuclear staining does not completely exclude CMMRD, particularly with some hypomorphic 

or missense variants. If CMMRD is suspected, the report should describe the staining pattern, state 

that the result is not conventionally interpretable for the affected protein, and recommend clinical 



genetics referral. MSI testing, tumour sequencing, tumour mutational burden assessment and 

germline testing may be useful depending on local pathways (101-103). 

Are isolated MSH2 loss or isolated MLH1 loss possible? Would 

a PMS2/MSH6 two-stain screen miss these cases? 

Yes, rare cases with isolated MSH2 loss, isolated MLH1 loss, combined loss of MSH2 and MLH1, and 

other unusual combinations have been reported. A meta-analysis estimated that such unexpected 

patterns account for approximately 1.1% of reported cases and are more common in gastrointestinal 

than gynaecological tumours (88, 104). 

The biological basis is not always clear. Some cases may reflect technical or interpretative issues, 

antibody clone or epitope effects, fixation problems, treatment effects, benign germline 

polymorphisms affecting antibody binding, or unusual somatic or germline events (104, 105). 

Despite this small risk, a validated PMS2/MSH6-first algorithm remains highly sensitive. If staining is 

weak, subclonal, unusual, discordant with morphology or molecular results, or if there is strong clinical 

concern, a full four-antibody panel and/or additional molecular/genetic investigation should be 

performed. 

What should I do if MLH1 promoter methylation, MSI testing or 

NGS fails because of low tumour content or limited tissue? 

MMR IHC can often be interpreted in small samples if there is viable tumour and valid same-section 

internal control staining. Molecular tests are more vulnerable to low tumour cellularity, low DNA 

quantity, necrosis, poor fixation and sampling of the wrong tumour component. 

For MLH1 promoter methylation, MSI or NGS testing, the request should identify a tumour-rich, well-

fixed block and, where possible, a marked area for macrodissection. For subclonal MLH1/PMS2 loss, 

the report or request should state that the loss is subclonal and estimate the percentage of tumour 

showing loss, because testing a whole section may dilute a methylation or MSI signal confined to a 

subclone. 

If MLH1/PMS2 loss is present but MLH1 promoter methylation testing fails or cannot be performed, 

the report should state that methylation status is unavailable rather than implying a sporadic cause. 

Repeat testing on another block or referral for germline/somatic testing should be considered 

according to local pathways and clinical context (24, 69, 71, 72). 

Does normal MMR IHC exclude Lynch syndrome? 

No. Normal MMR IHC is reassuring, but it is not a definitive germline test. MMR IHC is a tumour 

screening test and, like all screening tests, can produce false-negative and false-positive results. 

Clinical concern for LS or another familial cancer syndrome should therefore prompt clinical genetics 

referral or further investigation even when tumour MMR IHC is normal. Relevant factors include young 

age, multiple LS-associated tumours, a known familial pathogenic variant, or a strong personal/family 

history (50, 106). 
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