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Editorial Commentary

Testing microsatellite instability in solid tumors: the ideal versus 
what is real
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The mismatch repair (MMR) genes MLH1, MSH2, MSH6, 
and PMS2 are responsible for correcting the nucleotide 
base mispairings and small insertions or deletions that occur 
during DNA replication. Defects of the MMR system, 
resulting from mutations in any of the MMR genes, lead 
to microsatellite instability (MSI) (1), which is observed 
in approximately 2% to 3% of solid tumors, particularly 
in metastatic colorectal cancer (mCRC) and other Lynch 
Syndrome related tumors, such as endometrial carcinoma 
(2,3). The deficient MMR system results in tumors with a 
large number of mutations, and consequently the surge of 
neoantigens and the so-called “immune phenotype”. MMR 
deficiency is one of the strongest predictive biomarkers of 
response to treatment with immune checkpoint inhibitors 
(ICI) (4,5).

The hypothesis that MSI in mCRC are responsive to 
ICI treatment has been addressed in recent studies that 
demonstrated high response rates and durable clinical 
benefit (6). This provides the rationale for routine testing 
of MSI and/or deficient (d) MMR in mCRC. Thus, the 
accuracy of the MSI and/or dMMR assessment is critical 
to avoid misdiagnosis and inappropriate indications of 
treatment with immunotherapy.

In JAMA Oncology, Cohen et al. (7) described the results 
of a retrospective analysis of 38 patients with MSI and/
or dMMR mCRC treated with ICI. They showed that 
primary resistance to ICI was observed in 5 individuals 
(13%), where 3 (60%) were misdiagnosed as having MSI or 
dMMR tumors but actually had microsatellite stable (MSS) 

mCRC. In the same study, a retrospective multicentric 
cohort of 93 patients with mCRC validated the previous 
findings: a misdiagnosis rate by local assessment of 10%  
(9 of the 93 mCRC tumors showing both proficient MMR 
and MSS). The authors concluded that primary resistance 
to ICI in patients with mCRC displaying MSI or dMMR 
mostly reflects incorrect assessment of the MSI/dMMR 
status. Based on their findings, the authors recommended 
routine testing with both immunohistochemistry (IHC) and 
polymerase chain reaction (PCR) to confirm the MSI status 
prior to ICI treatment. The European Society of Medical 
Oncology (ESMO) guideline also recommends the use of 
both MMR-IHC and MSI-PCR to assess the eligibility 
to ICI (8). While the evidence points to the use of both 
tests, some issues have to be addressed before the scientific 
community decides to endorse this strategy. 

As a molecular indicator of the defective DNA MMR 
system, MSI can be determined by loss of expression of any 
of the MMR proteins by IHC or by molecular assays such 
as MSI-PCR (9). IHC is easier to perform, has broader 
availability, is less expensive (10), performed rapidly, points 
to the defective MMR gene and is considerably reliable (11),  
gaining strength as a standard method to diagnose dMMR. 
Lindor et al. (12) reported that IHC with MLH1/MSH2 
antibodies had 100% specificity and 92% sensitivity for 
MMR proficiency in colorectal cancer. Results of other 
studies showed that the inclusion of PMS2 and MSH6 to 
the panel of antibodies further increased the sensitivity of 
IHC to predict MSI and germ-line mutations in colorectal 
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cancer equivalent to that of MSI testing (13,14). 
Yet, there are some limitations of IHC to determine 

MMR status. These include variations in staining patterns 
that could impair the pathologist interpretation of dMMR. 
Therefore, improvement in the IHC testing process 
could lead to its greater accuracy as a first screening test 
for dMMR. Better tissue acquirement and processing are 
crucial steps in this process, and results of MMR testing are 
directly linked to the quality of tissue. While tissue obtained 
after cytotoxic and/or radiation therapy tends to be of lower 
quality, treatment-naïve tumor is ideal for IHC. Also, tumor 
tissues have to be obtained in large chunks and preserved 
in buffered formaldehyde for a definite amount of time so 
it can be properly fixed while not losing its immunogenic 
properties for the IHC reaction (15). Additionally, the role 
of the pathologist here is pivotal. First the pre-analytic part 
needs to be supervised, to assure sufficient quality prior to 
the IHC reactions; training is fundamental to adequately 
interpret IHC results as truly positive or negative, since 
some patters of staining can be misleading (16). In this 
setting, a false-negative result would prevent a patient to 
derive benefit from ICI and a false-positive, could lead 
adverse events without efficacy but with significant financial 
toxicity (17). 

Despite IHC sufficiency as a biomarker for ICI usage, 
molecular testing remains a gold standard for a final 
definition of MMR status. The MSI-PCR molecular test 
is a amplification-based test evaluated by a panel of five 
microsatellite markers with poly-A mononucleotide repeats 
(MTD-25, MTD-26, NR-21, NR-24, NR-27) (18,19). The 
advantages of the PCR-MSI test are its ability to detect 
MSI caused by MMR genes not tested by IHC, such as  
EPCAM (20), and to identify the rare cases of MSI 
secondary to non-truncating missense mutations that 
present with intact IHC staining for MMR proteins (21). 
Although more expensive, MSI molecular testing requires 
one tumor section, while IHC needs at least four (22). On 
the other hand, MSI-PCR cannot detect cases of MSS 
hypermutated tumors, such as in POLE mutations or in 
tumors with high tumor mutational burden by unknown 
mechanisms (23). The addition of IHC and MSI-PCR 
surely adds in accuracy, but even when combined, they have 
some intrinsic limitations on predicting response to ICI. 

While we agree with Cohen et al. and the ESMO 
guideline that using both IHC and MSI-PCR is adequate 
for the great majority of cases, we also realize that it is not 
feasible globally to depend on both methods, especially due 
to lack of access to MSI-PCR. On the other hand, when 

resources are available, genetic panels are the preferred 
method to evaluate not only the molecular profiles of 
mCRC but also to look for MSI/MMR gene mutations and 
mutation load. 

In real-life situations diagnosis of MSI/dMMR mCRC 
has to be carefully deliberated with the available tools in 
order to maximize benefit to patients. It is expected that 
the usage of isolated IHC to screen for dMMR would be 
enough for indicating ICI treatment, with the MSI-PCR 
molecular test being indicated in cases of undetermined 
IHC results. Efforts should definitely be made to maximize 
the quality of available testing, improving the quality of 
tumor tissue acquirement and preservation, minimizing pre-
analytical issues, and, finally proper selection of treatment-
naïve tumor materials to maximize the accuracy of the IHC 
test. With all efforts directed to upgrade the MSI/dMMR 
testing accuracy in all possible means, the benefit from ICI 
treatment will undoubtedly be pumped up.
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