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Over the last few years, mismatch repair deficiency 
(MMR-D)/microsatellite instability (MSI) has been 
recognized as an indicator of colon carcinomas potentially 
susceptible to immunotherapy (1,2). To date, two strategies 
of identifying mismatch repair defects in tumor tissue have 
been employed: lack of immunohistochemical staining for 
mismatch repair proteins, in which case the term “mismatch 
repair deficiency” (MMR-D) is used, and detection of 
instability of microsatellite DNA tandem repeats in the 
tumor tissue DNA as compared to germline host DNA, 
in which case the term “microsatellite instability” (MSI) 
is used. But do our methods of MMR-D/MSI assessment 
provide us with infallible results? A recent study (3) reveals 
that there is a considerable percentage of colon carcinomas 
falsely identified either as mismatch repair defective or as 
microsatellite instable, leading to ineffective treatment with 
immune checkpoint inhibitors.

Immunohistochemical detection of mismatch repair 
proteins MLH1, MSH2, MSH6, and PMS2 is based on 
the concept that their absence implies a deficient mismatch 
repair mechanism in the tumor cells (4). As for MSI, it 
reflects the accumulation of accidental mutations in the 
repetitive DNA sequences known as microsatellites, leading 
to variations of their base pair length that deviate from the 
cell’s germline DNA motif (5). Originally, MSI detection 
was based on a reference panel of two mononucleotide 
(BAT26 and BAT25) and three dinucleotide repeat 

markers (D2S123, D5S346 and D17S250), amplified by 
polymerase chain reaction (PCR). MSI is defined when 2 
or more of the five markers are found instable. This panel 
was introduced by the National Cancer Institute (NCI) 
workshop in 1997 (6) and it is still recommended for 
MSI testing by ESMO guidelines (4). The MSI pentaplex 
method (7) examines a panel of five poly-A mononucleotide 
repeat markers (BAT-25, BAT-26, NR-21, NR-24 and 
NR-27), and it has been shown to be more sensitive and 
specific compared to the former one, even eliminating the 
need for comparison to normal tissue DNA. It is currently 
considered as the gold standard option, due to a reported 
sensitivity of 95.6% and a positive predictive value (PPV) 
of 100% (8). The pentaplex panel has been suggested to be 
narrowed down to three of the five markers (BAT26, NR21 
and NR27), with a comparable sensitivity (97.4%) and PPV 
(96.5%) (8).

A recent retrospective analysis (3) attempts to challenge 
the diagnostic validity of immunohistochemistry (IHC) 
and the MSI pentaplex method. Among the 38 metastatic 
colorectal cancer (mCRC) patients, all originally identified 
as either MSI or MMR-D, 3 out of the 5 patients not 
responding to immune checkpoint inhibitors, were 
centrally assessed as both mismatch repair proficient and 
microsatellite stable. Similarly, in an historical cohort 
of 93 patients diagnosed with MSI or MMR-D mCRC, 
there were 9 MMR proficient cases, falsely diagnosed 
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as microsatellite instable. The above data imply that up 
to 10% of patients receiving immunotherapy, based on 
an MMR-D/MSI diagnosis, could be submitted to an 
ineffective and costly treatment. Interestingly, 7 of the 12 
falsely diagnosed cases in the two examined patient subsets 
of the trial had been examined only for MSI by PCR, 
without immunohistochemical verification, while 4 out of 
12 cases had been assessed as MSI by PCR, but as MMR 
proficient by immunohistochemistry. As highlighted by 
the authors, a notable reason for MSI overdiagnosis lies in 
rare microsatellite polymorphisms giving the misleading 
impression of genomic instability. It has also been implied 
by previous studies (7) that ethnicity related microsatellite 
variations can be misinterpreted as MSI.

IHC results proved to be false in one case among the 38 
examined patients of the study, eventually being classified 
as MMR proficient by the central review. Falsely negative 
staining for mismatch repair proteins in the tumor tissue 
can be due to inappropriate tissue handling and fixation (9). 
In addition, all four MMR proteins have to be examined, 
given that in the absence of one, its partner protein can still 
form a stable and functional heterodimer with a substitute 
repair protein unrecognized by the antibodies (10).

An alternative method of MSI detection, applied in the 
study, employs HT17, a highly conserved gene encoding 
the heat shock protein (HSP) 110, as a microsatellite  
marker (3). Specifically, a dominant-negative form of 
HSP110 (HSP110DE9) can be expressed due to large, 
biallelic deletions in the T[17] intron repeat of HSP110 
in tumor DNA, thus impairing the stress resistance 
mechanisms of cancer cells (11). Indeed, the HT17 
method has previously been found to have better sensitivity 
(98.4% vs. 95%) and similar specificity (99.7% for both) 
in detecting hypermutated tumors, compared with the 
pentaplex panel (12). Among four samples examined by 
Cohen et al., recognized as MMR-D by IHC but as MSS 
by PCR molecular testing, two were found to exhibit MSI 
when HT17 testing was applied (3). 

Next generation sequencing (NGS) is a high-throughput 
method enabling concurrent determination of the tumor 
mutational burden (TMB) and specific gene mutations 
considered of significant prognostic or predictive value 
in metastatic colon cancer (e.g., KRAS, BRAF). NGS-
based genomic instability detection may prove to be 
a more reliable method of determining eligibility for 
immunotherapy, as it can accurately recognize true 
deviations from DNA repeated motifs by actually decoding 
DNA sequences, rather than comparing microsatellites 
length. Reported sensitivity and specificity NGS rates are 
up to 92% and 100% respectively, among colon carcinomas 
immunohistochemically recognized as MMR deficient (13). 
Although currently employed only in specialized centers, 
it is regarded as a promising future option for assessing the 
mutational status of cancer cells with higher accuracy (4).  
Moreover, NGS holds potential for the detection of 
hypermutated tumors in the absence of MMR-D/MSI (such 
as POLE mutated tumors). 

In summary, recognizing tumors with impaired DNA 
repair mechanisms or accumulation of mutations has been 
used for selecting patients eligible for immunotherapy, due 
to their high antigenicity. Nonetheless, our methods of 
detecting MMR deficiency or MSI are not to be regarded 
as unquestionable; in fact, they have a considerable chance 
of providing us with misleading results. A combinatorial 
approach of the already available methods, IHC and 
MSI detection, could possibly improve the diagnostic 
accuracy. A recent position paper by ESMO recommends 
serial testing by immunohistochemical staining for the 
four mismatch repair proteins (MLH1, MSH2, MSH6, 
PMS2), and consecutively by MSI-PCR, preferentially 
by the five poly-A mononucleotide panel, in order to 
eliminate ambiguous results (see Table 1) (4). More modern 
approaches as HT17 gene examination and NGS may 
prove to serve as more efficient biomarkers, once they 
become more widely available among diagnostic centers 
and hospitals.
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Table 1 Summarizing the current ESMO recommendations for MMR-D/MSI assessment, as stated by Luchini et al. [see (4)]
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Recommendation C NGS Combines testing for MSI, 
TMB, specific mutations of 
interest

In specialized 
centers

Very strong (9.0/10)

IHC, immunohistochemistry; NGS, next generation sequencing; MMR-D/MSI, mismatch repair deficiency/microsatellite instability; PCR, 
polymerase chain reaction; TMB, tumor mutational burden. 
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