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The introduction of immune checkpoint blockade into the 
clinical practice has marked a milestone for treating patients 
with advanced microsatellite-unstable (MSI) cancer (1,2). 
MSI tumors are evolving with a deficiency of the DNA 
mismatch repair (MMR) system and therefore accumulate 
numerous somatic mutations during every cell division, 
resulting in a very high mutational load in the manifest 
tumors (3,4). The majority of these mutations seem to 
affect short repetitive sequence stretches (microsatellites) 
as insertion or, mostly, deletion of single nucleotides. 
When microsatellites located in gene-encoding regions are 
affected by indel mutations, translational frame shifts occur, 
a process that can give rise to the generation of mutational 
neoantigens (5,6). 

The high frameshift peptide neoantigen load apparently 
allows efficient recognition of MSI tumor cells by the 
immune system (7). T cells specific for MSI-related 
neoantigens have been detected in the peripheral blood 
drawn from MSI cancer patients (8), and the cytotoxic 
potential of such T cells has been demonstrated (9). 
Immune surveillance is most likely responsible for the 
rather favorable prognosis and lower stage of MSI 
compared to microsatellite-stable cancers (5). In spite of 
immune surveillance typically observed in MSI tumors 
(10,11), a subset of MSI cancers acquire a phenotype that 
enables formation of distant metastasis. In patients with 

metastasized MSI cancer, immune checkpoint blockade can 
help to reactivate an exhausted immune system and unleash 
a more forceful anti-tumor immune attack, often resulting 
in reduction of the tumor burden and, in a substantial 
proportion of patients, even in complete responses, i.e., 
elimination of any detectable tumor lesions (2).

Al though immune checkpoint  b lockade shows 
remarkable success in the treatment of patients with 
metastasized MSI cancer, therapy success is not universal, 
as some patients develop progressive disease under therapy 
and do not have any benefit from treatment. Importantly, 
accurate and reliable prediction of therapy response for 
individual MSI cancer patients is still not possible. 

Possible mechanisms of resistance 

Several factors may contribute to resistance towards 
immune checkpoint blockade. Resistance to checkpoint 
blockade in patients with malignant melanoma has been 
related to a breakdown of the cellular antigen presentation 
machinery in tumor cells (12), mainly mediated by Beta-2-
microglobulin (B2M) mutations or loss of heterozygosity. The 
human B2M gene codes for a small protein of 119 amino 
acids in length, which is essential for the correct assembly 
of HLA class I antigen complexes on the cell surface (13). 
If B2M is mutant in tumor cells, most likely as the result of 
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immunoselection, tumor cells cannot present intracellular 
antigens via HLA class I antigens to T cells with cytotoxic 
potential (14). Consequently, immune checkpoint blockade 
may fail, because treatment-activated T cells will not 
recognize the intended target cells (15). MSI colorectal 
cancers harbor B2M mutations in about 30% of the lesions, 
albeit at a significantly lower frequency in MSI cancers with 
distant metastases (16,17). Recently, favorable outcomes of 
B2M-mutant cancer patients receiving immune checkpoint 
blockade have been reported (18); the mechanisms 
underlying this observation need further investigation. 

In addition to B2M mutations, breakdown of the antigen 
presentation machinery potentially abrogating the success 
of immune checkpoint blockade can be mediated by other 
mutations affecting essential components of the antigen 
processing and presentation machinery, and many of them 
have been reported in MSI cancer cells (19). 

In tumors with the antigen presentation machinery 
intact, lack of activated immune cells or an insufficient 
amount of neoantigens may confer resistance. This is most 
likely the reason for the inefficiency of immune checkpoint 
blockade in MSS colorectal cancers and other tumor types 
with a low neoantigen load (1). A recent study also suggests 
that among MSI tumors those with a relatively limited 
number of neoantigens may have a lower likelihood of 
clinical response (20).

The paper published by Cohen et al. (21) now provides 
a different and notable explanation for non-responsiveness 
towards immune checkpoint blockade: Among five patients 
with primary resistance towards immune checkpoint 
blockade, re-evaluation revealed misdiagnosis of MSI in 
three tumors that were actually microsatellite-stable and 
MMR-proficient. Although the number of tumors analyzed 
in this study was limited, the results clearly demonstrate the 
need for quality-controlled test settings to ensure proper 
classification of tumors as MSI.

Significance of MSI testing

Reliability and validity of MSI testing have been a matter of 
debate virtually since the discovery of the MSI phenotype 
related to MMR deficiency in 1993 (22,23). However, the 
consequences of false MSI testing results have reached 
an entirely different level of immediacy with the clinical 
introduction of immune checkpoint inhibitors for treating 
metastasized MSI tumors irrespective of the anatomic 
location and origin of the tumor. 

Now, false classification of a tumor as MSI can expose 

patients to a therapy with potentially significant side  
effects (24) while at the same time not providing a relevant 
benefit. The consequences of false classification of an MSI 
tumor as MSS are no less severe: a patient may not be 
offered a potentially life-saving treatment, robbing her or 
him of the improved chance of survival otherwise provided 
by the newly developed immune checkpoint inhibitors.

The study by Cohen et al. indicates that error rates 
of MSI testing potentially tolerable in a purely scientific 
setting have to be reconsidered for the clinical setting. 
Moreover, errors resulting from false-positive classification 
of a tumor as MSI even more dramatically reduces the 
positive predictive value in the scenario of metastasized 
MSI cancer, because the prevalence of the MSI phenotype 
is lower in metastasized than in unselected cancers.

Pitfalls of MSI testing

In principle, two approaches are available to evaluate MSI. 
First, the expression of MMR proteins can be assessed by 
immunohistochemistry; second, the functionality of the 
MMR system can be evaluated by PCR-based evaluation of 
microsatellite lengths, which are expected to deviate from 
their normal length if the MMR system is inactive. While 
immunohistochemistry can indicate the presence or absence 
of MMR proteins in tumor cell nuclei, PCR-based MSI 
testing more directly examines whether MMR functionality 
was present or absent during tumor evolution. Both 
methods have advantages and disadvantages, some of which 
are exemplarily illustrated in the publication by Cohen et al.

Due to high inter-laboratory variation regarding 
methods used and interpretation of the results, consensus 
conferences have suggested standard procedures to be 
followed for proper classification of MSI, mainly in order 
to identify patients affected by inherited pathogenic MMR 
gene variants (Lynch syndrome) (25,26). 

Studying the scientific literature clearly shows that 
non-adherence to these recommendations leads to wrong 
estimations of the MSI prevalence in different tumor types, 
sometimes with unrealistically high percentages. To avoid 
pitfalls related to PCR-based MSI testing, mononucleotide 
markers should be used, which are clearly more sensitive 
and specific indicators of MMR deficiency than di- or 
tetranucleotide markers (27,28). Moreover, mononucleotide 
markers, including the “classical” MSI markers BAT25 or 
BAT26 or subsequently published markers (29,30), are quasi-
monomorphic in Caucasian and Asian populations. This 
advantage allows their use also when no normal tissue is 
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available as a reference. Interestingly, in the study by Cohen 
et al. (21), false positive classification of a tumor as MSI 
occurred in a patient of African origin who harbored variant 
alleles of three of the tested markers. This observation 
clearly suggests that PCR-based MSI testing should include 
a normal tissue reference whenever discrepant results are 
observed between PCR and immunohistochemistry, or when 
only part of the analyzed PCR markers display variant alleles 
potentially indicating MSI. 

The risk of false classification of a tumor as MSS is 
particularly high if immunohistochemistry staining of 
the MMR proteins MLH1 and MSH2 is used as a single 
method for MSI classification (31). When tumors are 
stained for all four MMR proteins including MSH6 and 
PMS2, as should inevitably be done, the likelihood of 
missing MSI can be reduced; however, equivocal situations 
can still occur, related either to (mainly extracolonic) 
tumors with a low proliferation rate, tissue fixation 
artifacts or other technical limitations that interfere with 
the interpretability of immunohistochemistry (32,33). 
Interpretation of MMR protein immunohistochemistry 
requires experience and training, including the necessity 
of correctly identifying nuclear staining status of tumor 
cells, correct cross-evaluation of MMR proteins that are 
organized in heterodimers, and only calling MMR loss in a 
tumor if normal reference cells show positive staining. 

At present, using both, immunohistochemistry staining 
of MMR proteins and PCR-based evaluation of MSI using 
mononucleotide markers as recommended by Cohen et al. (21)  
represents the most solid and robust approach to ensure 
proper MSI diagnostics in the clinical setting. 

Perspectives

For sure, it is difficult to derive definitive recommendations 
on concrete standard procedures for MSI evaluation from 
the study. Although it may seem natural to postulate more 
studies comparatively applying different test methods in the 
clinical routine, designing a reasonable scenario for their 
realization is difficult. What about new tests for determining 
MSI, either using more sensitive markers or applying next 
generation-based testing methods? What are the reliability 
and the validity of these methods? Even if hypothetically a 
higher sensitivity may be achieved, would this be desirable? 
Would patients who are reclassified as MSI with novel, 
potentially more sensitive tools still respond to immune 
checkpoint blockade, or is a certain level of instability, 

possibly corresponding to the general mutational burden, 
required for recognition of tumor cells by the immune 
system? These questions require careful assessment (28), as 
the medical need for accurate classification is evident. 

The study by Cohen et al., in line with other publications 
(2,34), also indicates that resistance to immune checkpoint 
blockade can also occur in “true” MSI, MMR-deficient 
cancer patients. This highlights the need for further 
translational research on factors responsible for therapy 
resistance or responsiveness. All available tools from basic 
immunology, in vitro and in vivo should be used to provide 
reasonable hypotheses and evaluate them in order to guide 
the focus of research accompanying future clinical studies. 
Most importantly, the identification of reliable biomarkers 
for prediction of response to immune checkpoint blockade 
in MSI cancer patients, but also beyond, clearly requires 
multicenter efforts, ensuring that all available information 
is gathered and not lost due to differing protocols between 
separate studies of different designs.

In summary, the instructive publication by Cohen et al.  
highlights the need for quality control and appropriate 
diagnostics procedures for MSI classification of tumors. 
Highest possible quality standards and expertise are 
required to ensure optimal guidance for patients potentially 
eligible for immune checkpoint blockade. In addition, 
comprehensive documentation of clinical and molecular 
data is warranted and required to obtain more profound 
information about potential predictors of response or 
resistance, across centers and across trials. Information 
about molecular phenotypes of the tumor, its antigen 
presentation capacity as well as the local and systemic 
immune environment should be recorded for all patients 
receiving immune checkpoint blockade whenever possible.
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