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Abstract

Testing to detect mismatch repair deficiency (dMMR) and high-grade microsatellite
instability (MSI-H) has become an integral part of the routine diagnostic workup for
colorectal cancer (CRC). While MSI was initially considered to be a possible indicator
of a hereditary disposition to cancer (Lynch syndrome, LS), today the prediction of
the therapy response to immune checkpoint inhibitors (ICI) is in the foreground.
Corresponding recommendations and testing algorithms are available for use in
primary diagnosis (reviewed in: Rüschoff et al. 2021).
Given the increasing importance for routine use and the expanding indication
spectrum of ICI therapies for non-CRCs, such as endometrial, small intestinal, gastric,
and biliary tract cancers, an updated review of dMMR/MSI testing is presented. The
focus is on the challenges in the assessment of immunohistochemical stains and the
value of PCR-based procedures, considering the expanded ICI indication spectrum.
A practice-oriented flowchart for everyday diagnostic decision-making is provided that
considers new data on the frequency and type of discordances between MMR-IHC and
MSI-PCR findings, and the possible role of Next Generation Sequencing in clarifying
them. Reference is made to the significance of systematic quality assurance measures
(e.g., QuIP MSI portal and multicenter proficiency testing), including regular continued
training and education.

Keywords
Hereditary nonpolyposis colorectal neoplasms · High-throughput nucleotide sequencing ·
MMR immunohistochemistry · Immune checkpoint inhibitors · Lynch syndrome
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Fig. 18 Comparison between deficientmismatch repair (dMMR) by immunohistochemistry (IHC)
andmicrosatellite instability (MSI) status by polymerase chain reaction (PCR) analysis in 3800 cancers
(accordingtoJaffrelotetal. [10],morestudydata: Tab. S1,online). IHCclassic:Concordantfindingsbe-
tweendMMR(complete lossofMLH1/PMS2orMSH2/MSH6)andMSI-PCR(evidenceofMSI-H). IHCab-
normal: Unusual findings, e.g., isolated loss ofMMRprotein or contradictory findings betweenMMR-
IHC andMSI-PCR analysis.PCR-FN (false negative):MSS/MSI-L PCRfinding despite classic dMMRde-
terminedby IHC. [values in columns:%of the respective tumor group]CRC colorectal cancer, EC en-
dometrial cancer, otherGI non-colorectal gastrointestinal tumors (9×stomach, 5× small intestine,
4× duodenum, 3× bile duct, 2×pancreas, 1× hepatocellular); other: 12× sebaceous skin tumors,
6× ovarian and 4×urothelial cancer, and 1×each of glioblastoma, sarcoma,melanoma, and neuro-
endocrine tumor

The loss of a cell’s ability to repair repli-
cation errors (“mismatches”) in single
repetitive (microsatellite) DNA sections
is primarily caused by the biallelic in-
activation of the DNA mismatch repair
proteins MLH1, MSH2, MSH6, and PMS2.
Inmost cases (70–80%),MLH1 is affected

The German version of this article can be
found under https://doi.org/10.1007/s00292-
023-01209-1.
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by hypermethylation of its cytidine-
rich promoter regions due to increas-
ing patient age (acquired form). Alter-
natively, pathogenic MMR gene muta-
tions occur that are mainly inherited via
the germline (hereditary/constitutional
form), and are rarely somatically ac-
quired (review in [25]).

Testing for deficient mismatch repair
(dMMR) with consecutive high-grade mi-
crosatellite instability (MSI-H) used to be
primarily recommended for patients with
conspicuous family histories suggestive
of a possible hereditary tumor disposi-
tion syndrome such as Lynch syndrome
(LS) and related syndromes, especially
in colorectal cancer (CRC) and endome-
trial cancer (EC). With the evidence that
tumors of the dMMR/MSI-H type demon-
strate a high response rate to immune

checkpoint inhibitors (ICI; [14]), the rec-
ommendation for universal testing of all
CRC and EC already at the stage of the pri-
mary diagnosis has recently made its way
into the corresponding therapy guidelines
on a national and international level ([2],
overview in [22]). In 2021, the European
Medicines Agency (EMA) approved two
PD-1 targeted ICIs with pembrolizumab
as first line for metastasized CRC [1], and
dostarlimab as second line for recurrence
or therapy failure for EC [21]. In early
2022, the indication for pembrolizumab
was expanded to include unresectable or
metastasized endometrial, gastric, small-
intestinal or biliary cancers with MSI-H
or dMMR status [19]. The question is
therefore to what extent the many years’
experience with dMMR and MSI testing
for CRC (overview: [5]) can be extrapo-
lated to the new indications, and which
differences, if any, should be taken into
consideration.

Immunohistochemical testing for
dMMR has recently become part of
the standard repertoire of any pathol-
ogy laboratory, not least because of the
availability of the method. This has also
become increasingly true for MSI testing
by polymerase chain reaction (PCR) due
to simplified technology platforms [24,
30]. Several recent guidelines recom-
mend both MMR-immunohistochemistry
(IHC) and MSI-PCR as the preferred test
with the European Society for Medical
Oncology guidelines suggesting to use
IHC first [16, 34]. Due to the now signif-
icantly expanded indication spectrum of
ICI therapies, experiences with MMR-IHC
and MSI-PCR testing originally coming
from CRC are herein critically reviewed
and reassessed.

Significance of MMR-IHC and MSI-
PCR in different organ systems

The current American Society of Clinical
Oncology (ASCO)/College of American
Pathologists (CAP) guideline [4] makes six
recommendations, four of which address
the differences in the performance of
the testing methods depending on the
primary tumor. Both the MMR-IHC and
MSI-PCR are of equal value in the case
of CRC, and next-generation sequencing
(NGS) can be used if it has been vali-
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Fig. 28 Staininggradient. Resectionspecimenof (a) colorectalcancerwithdecreasingstaining inten-
sity from luminal (top) to deep (bottom) areas.Only areaswith proper nuclear staining of the internal
controls (e.g., stroma) should be evaluated (b). Decreasing staining intensity in tumor and stroma in-
dicates a fixation-related artifact; areas like the one in (c)must be excluded from the assessment (a–c,
MLH1 antibody)

dated against either of these methods
(recommendation 1). In adenocarcinoma
of the esophagogastric junction and the
small intestine, MMR-IHC and MSI-PCR
are superior to NGS (recommendation 2).
Immunohistochemistry is preferred over
both MSI-PCR and NGS for endometrial
cancer (recommendation 3). For all other
tumor entities, there were insufficient
data available at the time of the litera-
ture research for the guidelines (up to
February 2020). Therefore, IHC should be
performed preferably until more evidence
becomes available (recommendation 4).

A Frenchgroup recently published their
experience with a total of 3800 tumors,
each tested in parallel by MMR-IHC and
MSI-PCR over 10 years [10], and presented
a practical approach: 15.4% (n= 585) of

cases were diagnosed as dMMR and/or
MSI-H. Possible constellations of findings
from the MMR-IHC and MSI-PCR analysis
were divided into classic findings (84.7%,
n= 496) with MSI-H and loss of the
respective heterodimerization proteins
MLH1/PMS2 or MSH2/MSH6, and into
other deviating unusual findings (15.2%,
n= 89). The latter were subdivided into
four groups with different constellations:
1. Isolated loss of PMS2 or MSH6
2. Loss of both heterodimer partners

determined by IHC, but no MSI-H by
PCR

3. Retained MMR protein expression but
MSI-H/MSI-L determined by PCR

4. Complex immunohistochemical find-
ingswith, for example, focal (subclonal)
loss of expression of an MMR protein,

loss of multiple MMR proteins, or loss
of MSH2 together with PMS2

It was shown that these unusual constel-
lations of findings are more common in
non-colorectal neoplasias and are associ-
ated with a higher probability of a false-
negative PCR result (. Fig. 1).

Remarkably, cases with an unusual
constellation of findings had underly-
ing LS twice as frequently as cases with
classic findings (42.7% vs. 21.4%). The
majority of the 26 tumors with an un-
usual constellation of findings analyzed
by NGS (FoundationOne® Test, Roche,
Basel, Switzerland) were MSI-H (85%)
and demonstrated an increased tumor
mutational burden (TMB; 21× TMB-high,
4× TMB-intermediate). The authors con-
clude that tumors with an unusual con-
stellation of findings by MMR-IHC should
not be excluded a priori from ICI therapy,
and that ultimately dMMR analysis only
misses a few patients potentially suitable
for this therapy (<1%).

Our previous recommendation of
a step-by-step MMR/MSI diagnosis [22],
starting with two MMR antibodies (PMS2,
MSH6), is updated below, taking new data
and recommendations into account [4,
10, 20, 31]. The focus will be on the chal-
lenges of MMR/MSI testing in everyday
diagnostics, resulting from the expanded
ICI therapy indication spectrum, culmi-
nating in the proposal of an optimized
testing algorithm.

Classic dMMR findings

The typical case of dMMR is characterized
by a complete loss of the immunostain-
ing for one of the two MMR protein het-
erodimers (MLH1/PMS2 or MSH2/MSH6)
and represents the largest group by far
in the French data set [10] accounting for
approx. 85% of the MSI-H/dMMR find-
ings. This finding correlates strongly with
an MSI-H status (96.9%, 496/512). The
concordance between dMMR and MSI-H
was largest for CRC at 98.8% (485/491),
followed by non-colorectal GI (92.9%) and
endometrial cancers (91.4%). In other tu-
mor entities the percentage of concordant
dMMR and MSI-H findings was only 79%.
Accordingly, outside the colon, PCR is less
sensitive and a stepwise approach starting
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Fig. 38 Discordance betweenmismatch repair–immunohistochemistry (MMR-IHC) andmicrosatellite instability–PCR(MSI-PCR): deficientMMR(dMMR)/
microsatellite stability (MSS). Group 2, according to Jaffrelot et al. [10]. a Lymphnodemetastasis of ECwith isolated loss ofMSH6 in cancer cells, positive
reaction in follicle centers (see inset); negative finding (MSS) using the IdyllaMSItest (overall tumor cell percentage in the lymphnode approx.20%). bCon-
firmationof isolated loss ofMSH6 expressiondeterminedby IHCin the primary tumorwith evidence ofMSI-Hby PCR (2 out of 5 unstable lociwith IdyllaMSI
test in a specimenwith>50% tumor cell percentage).cMucinous colorectal cancerwith small clusters and isolated glands of adenocarcinomaand (d) im-
munohistochemical “classic” loss ofMSH2/MSH6 (MSH6, not shown) breakdown, but negative PCRfindings (MSS). Evidence ofMSI-H only after targeted
microdissection of tumor epithelium

withMMR-IHC is recommended in practice
([4, 31], review in: [22]).

Unusual dMMR findings

All findings that deviate from the previ-
ously described classic IHC findings with
complete loss of the MMR protein binding
partners will be discussed here.

Isolated loss of PMS2 or MSH6

The majority of all non-typical findings
consisted of isolated loss of PMS2 or
MSH6 without loss of their respective het-
erodimerization partners MLH1 or MSH2
(53/89). These have a prevalence of ap-
prox. 8% in dMMR CRC, 10% in EC, and
19% each in the remaining GI and other
tumors. In total, 81.1% (43/53) of these

cases turned out to be MSI-H by MSI-PCR.
Subsequent germline genetic testing was
performed in 36 cases. In almost half
of these patients a genetic background
was found (45.3%): ten cases of PMS2
and 12 cases of MSH6-associated LS, and
one case each of POLE-associated and
constitutional MMR deficiency (CMMRD).
Remarkably, 20% (5/24) of the patients
with proven hereditary tumor syndrome
and isolated loss of PMS2 or MSH6 were
microsatellite stable (MSS) by PCR.

Molecular background. Isolated loss of
PMS2 or MSH6 is typically due to germline
mutations of the respective gene, and is
therefore associated with LS [20].

It is known that germline mutations of
MSH6andPMS2demonstratesignificantly
lower penetrance as compared to MLH1

and MSH2 and confer a lower lifetime
risk of cancer. Germline mutations in the
MSH6 gene in women increase the risk
specifically for EC [6, 20, 32].

Accordingly, there is a trend toward
a more subtle manifestation of MSI in tu-
mors with isolated loss of MSH6 or PMS2
with onlyminor and discrete shifts byMSI-
PCR that can easily be overlooked. In the
study by Stelloo et al. [29] with 696 cases
of EC, only half of the cases with iso-
lated loss of MSH6 (n= 10) demonstrated
an MSI-H phenotype (Promega® System,
Promega, Fitchburg, WI, USA). In another
comparison study of EC, IHC proved to be
superior to PCR methods including NGS.
The tumor cell percentage turned out to
be particularly critical for PCR techniques.
It should be at least 40% in the Idylla®
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Fig. 48Discordance betweenmismatch repair–immunohistochemistry (MMR-IHC) andmicrosatellite instability–PCR(MSI-
PCR). Group 3 according to Jaffrelot et al. [10]. a,b Biopsy of descending colon tumor (31-year-old-man), pMMRon immuno-
histochemistry. Strong immune reaction for PMS2 (a) andMSH6 (b) (alsoMLH1,MSH2, not shown). MSI-PCRperformeddue
to the young age showedMSI-H (Bethesda panel 3/5microsatellite loci, Promega 3/3microsatellite loci).OnNGS analysis,
a pathogenic truncatingmutationclose to theC-terminusof theMSH6geneaffecting theMMRprotein fromaminoacid1321
on. In total MSH6 comprises 1360 amino acids and commercial antibodies typically bind to amino acid 225–450upstreamof
the truncation,whichmost likely explainswhyMSH6 expression is retained (“false-positive”MMR-IHC) as those amino acids
were still present. Pitfall: Incorrect interpretation ofMMR-IHC as pMMR. c Punctate staining reactions using theMLH1 anti-
body (CRC shown),mustnotbe interpretedas retainedexpressionofMLH1proteinand is always associatedwith lossofPMS2
[35]. dWeakMSH2 staining in a CRCwith complete loss ofMSH6 (not shown) should not be falsely interpreted as retained
MSH2 protein (intact) as the staining of the adjacent benign crypt epithelium is significantly stronger. This finding should be
reported as “abnormal” according to the current recommendation [31].The primarymutation is assumed tobe in theMSH2
gene and there is no isolated loss ofMSH6

System (Biocartis NV, Mechelen, Belgium)
instead of 20% (for CRC; [27]).

Recommendation. First of all, a misin-
terpretation of the immunohistochemical
finding should be ruled out in cases of
isolated loss of PMS2, e.g., due to a stain-
ing gradient and, in particular, a punctate
staining pattern for MLH1 that should be
interpreted as loss of the protein (. Figs. 2
and 4). To further rule out MLH1 involve-
ment, additional BRAF (for CRC) and/or
MLH1 promoter methylation analysis for
other tumor entities should be considered
if necessary [20, 33]. Isolated loss of MSH6
has also been described for rectal can-
cer after chemoradiation [3, 8], although
this is typically not associated with MSI-H.
However, the pre-treated rectal carcinoma

in a patient with MSH6-related LS of the
French collective was MSI-H [10].

In principle, in cases with isolated loss
of PMS2 or MSH6 confirmation of dMMR
by PCR is recommended. However, a find-
ing of MSS or MSI-L does not rule out an
underlying germline mutation. The pa-
tients should also be examined carefully
for a personal and family history of cancer
and should be referred to medical genet-
ics if clinically indicated. If the PCR result
is also positive (MSI-H), suitability for ICI
therapy can be assumed. Most likely this
is also true for patients with an MMR-defi-
ciency syndromeandevidenceofgermline
mutation in anMMRgene. However, there
is no definitive evidence that ICI therapy
will be effective in cases of isolated loss of
one MMR protein and lack of MSI-H. This

constellation of findings may be a cause of
therapy resistance [31]. In the cohort re-
ported by Jaffrelot et al. [10], this affected
18.8% (10/53) of cases. An NGS analysis
could be considered in which the MMR
gene mutation status can be determined
at thesametimeas theMSI andTMBstatus.
Three of the ten patients in the study by
Jaffrelot were tested further. One patient
had a germline mutation in PMS2, one in
MSH6, and one in POLE with secondary
(somatic) loss of MSH6. The latter could
be interpreted as eligible for ICI therapy
[17]. Another case with isolated loss of
PMS2 expression demonstrated a consti-
tutional biallelic PMS2 germline mutation
(CMMRD). Cases of CMMRDarenotable for
the loss of MMR protein expression both
in tumor and normal tissue [13] and can
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Fig. 58 Immunohistochemical complex findings (group 4 according to Jaffrelot et al. [10]). Uteruswithwell-differentiated endometrial cancer and sub-
clonal loss ofMLH1 (a) and PMS2 (b) in the same tumor area and focal loss ofMSH6 in different areas (d) whileMSH2 is retained throughout the tumor (c).
Explanation: Focal geographic loss of theMLH1/PMS2heterodimer (affecting approx. 60%of the tumor). MSI-PCR is positive forMSI-H andMLH1promotor
methylation is detectedas thecause for the subclonal lossofMLH1/PMS2. Therefore, there is no furthergermlinegeneticswork-up (see algorithm.Fig. 6).
Due toa secondary frame shiftmutation inan intragenicC8microsatellite in theMSH6gene, a focal lossofMSH6proteinoccurs inparts of the tumor (clearly
demarcated unlike the staining gradients due to fixation variations, see inset). This cancerwas classified as dMMRand is potentially suitable for ICItherapy
in the event ofmetastasis or relapse (recommendation: re-biopsy and re-testing)

be missed by PCR [30]. However, these
patients are also suitable for ICI therapy.
In any case, this finding needs to be de-
scribed in the pathology report [10].

Discordance between MMR-IHC and
MSI-PCR

Contradictory findings between IHC and
PCR are described as discordant in the
literaturewheneither theMSI-PCRdisplays
a stable phenotype (MSS/MSI-L) despite
the loss of expression of an MMR protein
on IHC, or there is no loss of MMR proteins
on IHC despite MSI-H findings by PCR.

The combination of dMMR determined
by IHC without evidence of MSI-H by PCR
was least common in CRC at 1.2% (6/491),
was more frequently observed in non-
colorectal GI tumors at 7.1% and EC at
8.6% (4/46), but was most frequent in
the other tumor entities at 21% (4/19;
[10]). This finding was also confirmed by

data from a recent analysis of four patients
with LS (two patients with MSH2 and two
with MSH6 germline mutation) with mul-
tiple tumors and/or metastases [15]. Im-
munohistochemistry revealed the classic
dMMR finding with loss of MSH2/MSH6
in MSH2 mutation carriers and isolated
loss of MSH6 in MSH6 mutation carriers
throughout all respective primary cancers
(2× colon, 2× rectum) and in the seven
other tumors (clearcell typeECwithmetas-
tasis, urothelial cancer, adrenal cancerwith
metastasis, 2× sarcoma). The MSI analysis
by PCR using the Bethesda and Promega®
mononucleotide panel revealed an MSI-H
status in all four CRCs but in only one of the
other seven tumors, which corresponds to
a discordance rate of 86% in the extra-
colonic tumors for these patients with LS.

Recommendation. In the case of dMMR
determined by IHC and MSS by PCR,
sample-related aspects, such as tumor

cell content in the PCR sample, should
be inspected first (. Fig. 3). In addition,
tumor biological aspects should be con-
sidered as well. The degree of instability
over the course of the tumor progression
increases [12] and can lead to false-nega-
tive PCR findings in early pT1 tumors. As
discussed previously, depending onwhich
MMR protein is deficient, MSI can be more
or less pronounced with less prominent
instability by MSI-PCR in tumors of pa-
tients harboring mutations in PMS2 and
MSH6. Less prominent instability might
also be missed when matching normal
tissue is not analyzed by PCR (e.g., when
using Idylla® system; [27].) In some cases
harboring secondary mutations in the
MSH3 gene, mononucleotide repeats are
less affected by instability than the longer
dinucleotide and trinucleotide repeats,
meaning that this MSI phenotype can
be missed by test procedures that focus
on mononucleotide repeats (Promega,
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Fig. 68Updateof step-by-stepMMRandMSIstatus assessmentof colorectal andextra-colonic tumors (pan-tumor) (accord-
ing to Jaffrelot et al. [10, 31]). *) Participation inmulticenterproficiency testing, e.g.,QuIP (https://www.quip.eu/de), is recom-
mended. **Two-antibodyapproachsufficient forclassicdMMRandnormalfindings [22]. ***In theeventofa lossofMLH1, the
lack of promotermethylation (or the lack ofBRAFmutation in case of CRC) indicates possible LS. ICI immune checkpoint in-
hibitor, LSLynchsyndrome,NGSnext-generation sequencing,MSI-PCRmicrosatellite instability–polymerasechain reaction,
MSI-Hhigh-gradeMSI,MSI-L low-gradeMSI,MSSmicrosatellite stability,MMR-IHCmismatch repair–immunohistochem-
istry,dMMRmismatch repair deficiency,pMMRmismatch repair proficiency, TMB tumormutational burden

Idylla); the Bethesda panel should be
added here to increase sensitivity [5].

Given the fact that immunohistochem-
istry is often used as the initial screening
method, cases with retained MMR pro-
tein expression but unequivocal MSI-H by
PCR (pMMR and MSI-H) are of particular
concern.

However, only three cases of the 585
with evidence of pMMR and/or MSI-H
(0.5%) fulfilled this kind of discordance in
the large French cohort, all of which were
CRC. Two patients had LS with germline
mutations, one inMSH2 and one in PMS2
gene. In the third patient NGS discov-
ered a somatic double mutation in the
MLH1 and PMS2 gene. An early study
by Shia et al. reported the frequency of
discordance as approx. 6% of CRC cases
[9]. However, in that study, the abnormal
IHC findings were included in the group

with retained MMR protein expression. In
a more recent study by this group [31],
any deviation from the complete classic
expression (pMMR) is now interpreted as
abnormal, which explains the significantly
lower discordance rate compared with the
French data [10].

Recommendation. To minimize the risk
of false-negative MMR-IHC finding, the
Bethesda criteria—especially the patient’s
age—should always be considered in ev-
ery casewith completelymaintainedMMR
protein expression. In younger patients
(<60 years), additional MSI-PCR analysis
and human genetics consultation and/or
NGS analysis to clarify the MMR gene mu-
tationstatus, if necessary, is recommended
(. Fig. 4).

Complex findings on IHC

Cases where more than just the two
typical MMR protein partners forming
the heterodimer are lost (in the French
study: three cases with loss of three MMR
proteins and four cases with loss of all
four MMR proteins) represent a challenge
in daily diagnostic routine. Another chal-
lenge is faint nuclear staining, which has
to be interpreted with consideration of
the staining intensity of internal controls
such as stromal, lymphoid, and normal
epithelial cells. High-quality standards
and well-fixed tissue samples are required
(. Fig. 4d). This also applies to the in-
terpretation of subclonal loss of MMR
protein expression, which is usually re-
ported when it affects at least 10% of
the tumor (. Fig. 5). These findings—still
designated as not pathologic and without
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Table 1 Assessment of unusual (complex or atypical)mismatch repair (MMR)–immunohisto-
chemical findings (according to Shia [26] andWang et al. [31]). Staining intensity ofMMRproteins
in tumor (TU) in comparison to internal normal tissue control (IC):n negative/lost, <weakened/
reduced, ~ comparable
Weak staining TU: IC Interpretation

MLH1/PMS2 < / ~ Normal

MLH1/PMS2 < / n Both abnormal

MLH1/PMS2 ~ / < PMS2 questionable

MLH1/PMS2 n / < Both abnormal

MSH2/MSH6 < or n / ~ MSH2 questionable; probably secondary
(somatic) due to POLEmutation

MSH2/MSH6 < / n Both abnormal

MSH2/MSH6 ~ / < MSH6 abnormal

MSH2/MSH6 n / < Both abnormal

Subclonal loss Abrupt loss of
expression

Interpretation

MLH1/PMS2 Both Clonal MLH1methylation or germlinemuta-
tion

MSH6 with MLH1/PMS2
dMMR

MSH6 only Secondary mutation in coding region of
MSH6 (C8 repeat)

MLH1/PMS2, MSH2/MSH6,
PMS2 alone or MSH6 alone

Both or alone May be genetic (germline genetics work-up)

Multiple complete loss of ex-
pression

Eachwith pos. IC Interpretation

MLH1/PMS2 and MSH6 3 proteins Secondary mutation in coding region of
MSH6 (C8 repeat)

MLH1/PMS2 and MSH2/MSH6 4 proteins Secondary mutation in intronicMSH2 repeat
(BAT25)

a link to LS in the ASCO/CAP guideline
[4] and the World Health Organization
classification for CRC [8]—should now be
interpreted as abnormal [31]. The French
data show a link to LS in more than half
of cases exhibiting such complex stains
(53.3%). In most of these cases (13/15), an
MSI-H status could be shown, suggesting
possible response to ICI therapy.

Recommendation. It is essential that all
technical aspects of MMR-IHC are opti-
mized and validated carefully in order to
recognize such unusual complex findings
determined by IHC and interpret them cor-
rectly. Areas with loss or faint staining
of the internal controls must be excluded
fromevaluation. For tumor areaswith sub-
clonal loss of an MMR protein it is recom-
mended to perform MSI-PCR on that area
after microdissection (. Fig. 3). The report
should describe the findings as proposed
in . Table 1, including recommendation
to perform further somatic mutation test-
ing by NGS or germline testing if clinically
indicated, in order to clarify the mutation
status [20, 23, 31].

Update on step-by-step
assessment of MMR-IHC

The indication for ICI therapies being ex-
panded to include non-CRC requires a re-
assessment and adaptation of the testing
algorithms. New study data support the
superiority of MMR-IHC compared to MSI-
PCR in these indications. Supplementary
molecular testing should be performed for
further clarification of MMR-IHC findings
that are ambiguous or unusual. MLH1 pro-
moter methylation testing (or BRAFmuta-
tion testing for CRC; [33]) and NGS analysis
of the tumor may be useful in clarifying
the MMR gene mutation status. However,
microsatellite analysis by NGS should be
validated for each organ system against
MMR-IHC and MSI-PCR as the reference
method [10, 11, 28].

Participation in multicenter proficiency
testing for quality assurance (e.g., QuIP,
QuIP portal, CAP proficiency surveys) and
continuing education is required to en-
sure high-quality performance of these
important IHC biomarkers. The MMR anal-
ysis process begins with optimum fixation

of the tissue to be investigated and the
considerationof pre-analytical factors [18].
Optimally fixed samples are essential for
detecting diagnostically relevant loss of
staining, which is why biopsies should be
favoredoverresectedtissuewheneverpos-
sible [7, 22]. Internal staining controlswith
evidence of a good-to-strong immunohis-
tochemical reaction in the normal tissue
are required for confident interpretation.
If in doubt, staining of samples with only
weakstainingofgerminal centersof lymph
follicles or epithelial cells in the crypt base
should be repeated or the staining proto-
col should be adjusted. Certain antibody
clones proved to be particularly robust in
multicenter ring trials (see list in [31] sup-
plement). Ventana obtained FDA approval
for MMR antibody panel.

Traditionally, only the complete loss of
expression of a given MMR protein has
been interpreted as dMMR [4, 8]. More
recently, Wang et al. [31] suggested that
only tumors with universal and complete
expression of all four MMR proteins (“all
present”) should be viewed as normal and
all others as abnormal. This would in-
clude the typical findings of loss of the
MLH1/PMS2 or MSH2/MSH6 heterodimer
as well as tumors with partial, subclonal
loss, or decrease in staining intensity. This
approach is alignedwith that of the French
working group [10], which also classifies
all tumors that were not completely pos-
itive or negative by MMR-IHC as “abnor-
mal.” Hereditary syndromes (usually LS,
rarely POLE or CMMRD) occurred particu-
larly frequently (up to 50%) in this group
[10]. Tumors with complete loss of an
MMR protein and/or MSI-H are potentially
suitable for ICI therapy. Further studies
will be needed to determine whether tu-
mors with, for example, subclonal loss of
an MMR protein without corresponding
MSI-H respond to ICI therapy.

Practical conclusion

4 DNA mismatch repair deficiency (dMMR)
determined by immunohistochemistry
(MMR-IHC) is closely correlated (>98%)
with the microsatellite instability (MSI)
detection using PCR (MSI-PCR) in cases of
colorectal cancer (CRC). Discordances be-
tween the two methods occur in approx.
5–10% of other gastrointestinal tumors
and in endometrial cancer, as well as in up
to 40% of other tumors.
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4 For cancers other than CRC, MMR-IHC
shows better performance than MSI-PCR
as long as stringent quality criteria (choice
of antibodies, staining protocol and eval-
uation) are observed. Optimal fixation is
essential for all methods.

4 Traditionally, dMMR was defined as the
complete loss of expression of an MMR
protein. Today, it is recommended to view
the retention of staining in the entire tu-
mor asmismatch repair proficient (pMMR)
and to classify any deviation (complete or
partial loss) as dMMR (abnormal).

4 Inpractice, IHCfindingsshouldbegrouped
into normal (all MMR proteins positive)
and abnormal with either classic dMMR
(complete loss of expression of the two
correspondingproteins in theheterodimer)
or abnormal findings that deviate from
this. Lynch syndrome is frequently associ-
ated with the latter and can be confirmed
by germline genetic testing.

4 Tumors with classic dMMR and/or high-
grade microsatellite instability (MSI-H)
are suitable for immune checkpoint in-
hibitor therapy. There is uncertainty in
the case of reduced/heterogeneous MMR
protein expression withoutMSI-H. Careful
review of all findings including match-
ing of samples, and, if necessary, further
molecular investigation (e.g., next-gener-
ation sequencing) are required.
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Zusammenfassung

Testung auf Mismatch-Reparatur-Defizienz und
Mikrosatelliteninstabilität. Eine fokussierte Aktualisierung. Englische
Version

Der Nachweis der Mismatch-Reparatur-Defizienz (dMMR) mit konsekutiver
hochgradiger Mikrosatelliteninstabilität (MSI-H) ist inzwischen fester Bestandteil
der Diagnostik des kolorektalen Karzinoms (KRK). Galt MSI anfänglich als möglicher
Indikator einer erblichen Krebsdisposition (Lynch-Syndrom, LS) steht heute die
Vorhersage des Therapieansprechens auf Immuncheckpoint-Inhibitoren (ICI) im
Vordergrund. Entsprechende Empfehlungen und Testalgorithmen liegen für den
Einsatz in der Primärdiagnostik vor (Übersicht in: Rüschoff et al. 2021).
Aufgrund des damit verbundenen routinemäßigen Einsatzes und des sich erweiternden
Indikationsspektrums von ICI-Therapien für Nicht-KRK wie Endometrium-, Dünndarm-,
Magen- und Gallenwegskarzinome wird eine aktualisierte Übersicht zur dMMR/MSI-
Testung vorgelegt. Fokus sind die Herausforderungen bei der Beurteilung
immunhistochemischer Färbungen und die Wertigkeit PCR-basierter Verfahren
unter Berücksichtigung des erweiterten ICI-Indikationsspektrums. Anhand neuer
Daten zur Häufigkeit und Art von Diskordanzen zwischen dMMR- und MSI-
Befund und der möglichen Rolle von Next Generation Sequencing zu deren
Aufklärung wird ein praxisorientiertes Diagramm zur Entscheidungsfindung im
diagnostischen Alltag vorgestellt. Wir weisen zudem auf die Bedeutung systematischer
Qualitätssicherungsmaßnahmen (z. B. QuIPMSI-Portal undRingversuche) einschließlich
einer regelmäßigen Fortbildung hin.

Schlüsselwörter
Hereditäre nonpolypöse kolorektale Neoplasien · Hochdurchsatz-Nukleotidsequenzierung ·
MMR Immunhistochemie · Immuncheckpoint-Inhibitoren · Lynch-Syndrom
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