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Abstract
Microsatellite instability (MSI) defines one of the four molecular groups of endometrial carcinoma identified by The Cancer
Genome Atlas (TCGA). Immunohistochemistry for mismatch repair (MMR) proteins (MLH1, MSH2, MSH6, PMS2) has been
proposed as a widely applicable technique to identify this group in the common practice. However, the diagnostic accuracy of
such approach has never been calculated. We aimed to assess: 1) the diagnostic accuracy of MMR proteins immunohistochem-
istry as surrogate of MSI molecular testing in endometrial carcinoma; 2) whether a combination of only two MMR proteins may
be used as a still cheaper test. A systematic review and meta-analysis of was performed by searching electronic databases from
their inception to September 2019. All studies assessing endometrial carcinoma with bothMMR proteins immunohistochemistry
and MSI molecular testing were included. Diagnostic accuracy was assessed as sensitivity, specificity, positive and negative
likelihood ratios (LR+, LR-), diagnostic odds ratio (DOR) and area under the curve (AUC) on SROC curves. A subgroup analysis
was performed for a combination of only two MMR proteins (MLH1-MSH2 vs MSH6-PMS2). Ten studies with 3097 patients
were included. Out of these, 1110 were suitable for the meta-analysis. Immunohistochemistry for all the four MMR proteins
showed sensitivity = 0.96, specificity = 0.95, LR + =17.7, LR- = 0.05, DOR = 429.77, and high diagnostic accuracy (AUC=
0.988). The combination of MLH1 and MSH2 showed sensitivity = 0.88, specificity = 0.96, LR + =22.36, LR- = 0.15, DOR =
200.69, and high diagnostic accuracy (AUC= 0.9838). The combination of MSH6 and PMS2 showed the same results as the
complete panel of four MMR proteins. In conclusion, MMR proteins immunohistochemistry is a highly accurate surrogate of
MSI molecular testing in endometrial carcinoma. A combination of MSH6 and PMS2 may allow reducing the cost without
decrease in the diagnostic accuracy.
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Introduction

Endometrial carcinoma is the most common cancer in women
in the Western countries, and the fourth most prevalent gyne-
cologic tumor worldwide [1–3]. The current risk assessment
of patients with endometrial carcinoma is inaccurate and still
based on poorly reproducible histological examination [2,
4–6]. It has been considered at the basis of the increase of
incidence and mortality of endometrial carcinoma in the last
decades [2, 7–9]. In fact, the poor reproducibility may lead to
overtreatment and undertreatment of patients, and mistakes in
patients’ selection in clinical trials [2, 7–9].

In 2013, The Cancer Genome Atlas (TCGA) Research
Network proposed a novel classification of endometrial carci-
noma in t o f ou r mo l e cu l a r p r ogno s t i c g roup s :
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POLE/ultramutated, microsatellite instability (MSI)/
hypermutated, copy-number high, and copy-number low.
[10, 11]. The prognostic value of such classification has re-
peatedly been confirmed, offering the possibility of drastically
improving the patient management [2, 7–9, 12, 13]. However,
this classification appeared little applicable in the common
practice, mainly due to high costs and technical difficulties
of sequencing analysis [2, 7–9]. For this reason, great interest
has been given to the search for more applicable immunohis-
tochemical surrogates of molecular markers [2, 3]. In fact,
immunohistochemistry has long since been used to predict
genetic alterations in endometrial neoplastic lesions [14–19].

A novel classifier, the Proactive Molecular Risk Classifier
for Endometrial Cancer (ProMisE), has proposed immunohis-
tochemistry for p53 and mismatch repair (MMR) proteins as
surrogates of molecular testing for copy-number status and
MSI, respectively [7–9]. TheMMR panel that is usually tested
includes four proteins: MLH1, MSH2, MSH6 and PMS2
[20–27]. However, a combination of only MLH1 and MSH2
has been previously adopted [28], while a combination of only
MSH6 and PMS2 has more recently been proposed [29].

Nevertheless, the accuracy of MMR proteins immunohis-
tochemistry as surrogate of MSI molecular testing has never
been calculated, as well as the accuracy of a combination of
only twoMMR proteins rather than the completeMMR panel.

This study aimed to define 1) the diagnostic accuracy of
MMR proteins immunohistochemistry as surrogate of MSI
molecular assay in endometrial carcinoma and 2) whether a
combination of only two MMR proteins may be used instead
of all the four MMR proteins to reduce the costs, through a
systematic-review and meta-analysis.

Materials and Methods

Study Protocol

Protocol for all stages of the study (search strategy, study
selection, risk of bias within studies assessment, data extrac-
tion and analysis) was a priori established. The study followed
the Synthesizing Evidence from Diagnostic Accuracy Tests
(SEDATE) guidelines [30] and the Preferred Reporting Item
for Systematic Reviews and Meta-analyses (PRISMA) state-
ment [31]. All review steps were independently completed by
3 reviewers (AR, AT, MC) and disagreements were discussed
with other authors.

Search Strategy

Web of Sciences, Scopus, MEDLINE, Google Scholar,
EMBASE, ClinicalTrial.gov and Cochrane Library were
searched from their inception to September 2019, with a
combination of the following text words: “MMR”;

“mismatch repair”; “MSI”; “microsatellite instability”,
“MLH1”; “MSH2”; “MSH6”; “PMS2”; “Lynch Syndrome”;
“surrogate” ; “endometrium” ; “ tumor” ; “ tumour” ;
“carcinoma”; “endometrial cancer”; “endometrioid
adenocarcinoma”; “serous”; “undifferentiated”; “clear cell”;
“ e n d om e t r i u m ” ; “ i mm u n o h i s t o c h e m i s t r y ” ;
“immunohistochemical”; “marker”; “prognosis”; “Atlas”;
“cancer”; “genome”; “PCR”; “sequencing”; “testing”;
“assay” ; “TCGA” ; “PORTEC” ; “TransPORTEC” ;
“Proactive Molecular Risk Classifier”; “ProMisE”. Relevant
references from each selected study were also evaluated.

Study Selection

We included all peer-reviewed studies assessing the associa-
tion between MMR proteins immunohistochemistry and MSI
molecular assay in endometrial carcinoma. Exclusion criteria
were: reviews; case reports; studies not allowing comparisons
between immunohistochemistry and molecular analysis; sam-
ple size <5 patients; study assessing the above-mentioned as-
sociation in other cancers. In the case of overlapping data
between studies (i.e. same institution, study period, and/or
results), we only included the study with the higher study
population. No language or country restriction was planned.

Risk of Bias within Studies Assessment

The risk of bias within studies assessment was performed
following the revised Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) [32]. Four domains related
to the risk of bias were evaluated for each included study: 1)
Patient selection (i.e. if the patient selection included consec-
utive or randomly selected women); 2) Index test (i.e. if the
MMR proteins assessed and the results of immunohistochem-
istry were clearly and completely reported); 3) Reference stan-
dard (i.e. if the microsatellite markers assessed and the results
of MSI molecular testing were clearly and completely report-
ed); 4) Flow and Timing (i.e. if all women were evaluated with
both index test and reference standard; if all women were
evaluated with the same tests, if the results were not affected
by the latency time between index test and reference stan-
dard). Authors judged every domain as “low risk,” “unclear
risk” or “high risk” of bias based on data were “reported and
adequate”, “reported but inadequate” or “not reported”, re-
spectively. For the domains 1, 2 and 3, concerns about appli-
cability (i.e. if study methods were not applicable to our re-
view, regardless of their correctness) were also assessed.

Data Extraction

Original data were extracted without modification. Two-by-
two contingency tables were built for each included study
based on two qualitative variables:
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& immunohistochemical expression of MMR proteins (in-
dex test), dichotomized as “MMR-proficient” vs “MMR-
deficient”;

& microsatellite status assessed by molecular analysis (refer-
ence standard), dichotomized as “microsatellite-stable”
(MSS) vs “microsatellite-instable” (MSI).

MMR-proficient was defined as positive nuclear staining
of all MMR proteins, while MMR-deficient was defined as
complete loss of staining of any of the MMR proteins, in the
presence of positive internal control (lymphocytes and
stroma).

MSS was defined as absence of instability in any mononu-
cleotide or dinucleotide markers in the microsatellite panel
assessed, while MSI was defined as instability in at least
30% of mononucleotide or dinucleotide markers in the micro-
satellite panel assessed; the presence of instability in less than
30% of mononucleotide or dinucleotide markers in the micro-
satellite panel assessed (usually defined as “MSI-low”) was
lumped together with MSS, as consistently done in the litera-
ture [20–29, 33].

Data Analysis

Cases of endometrial carcinomas with MMR-deficient and
MSI were considered as true positive; cases with MMR-
proficient and MSS were considered as true negative; cases
with MMR-proficient and MSI were considered as false neg-
ative; cases withMMR-deficient andMSS were considered as
false positive.

We calculated sensitivity, specificity, positive and negative
likelihood ratios (LR+ and LR-) and diagnostic odds ratio
(DOR) of MMR proteins immunohistochemistry as a surro-
gate of MSI molecular testing, in each included study and as
pooled estimate. Results were graphically shown on forest
plots with 95% confidence interval (CI).

We also calculated area under the curve (AUC) on summa-
ry receiver operating characteristic (SROC) curves. The accu-
racy of MMR proteins immunohistochemistry as a surrogate
of MSI molecular testing was judged as absent for AUC ≤ 0.5,
low for 0.5 < AUC ≤ 0.75, moderate for 0.75 < AUC ≤ 0.9,
high for 0.9 < AUC < 0.97, very high for AUC ≥ 0.97.

Lastly, we calculated post-test probabilities of MSI in the
case of MMR-proficient of MMR-deficient. Results were
graphically shown on a Fagan’s nomogram with 95% CI.
The pre-test probability (i.e. prevalence ofMSI in endometrial
carcinoma) of 28% derived from TGCA findings [8].

Statistical heterogeneity amongst the included studies was
evaluated by using the Higgins I2 index, and judged as null for
I2 = 0%, minimal for 0% < I2 ≤ 25%, low for 25 < I2 ≤ 50%,
moderate for 50 < I2 ≤ 75% and high for I2 > 75%.

We adopted the random effect model of DerSimonian and
Laird for all analyses regardless of the heterogeneity, accord-
ing to the SEDATE guidelines [30].

Additional analysis was performed by separating data
about index test into two subgroups based on the use of only
two MMR proteins (MLH1 and MSH2, or MSH6 and PMS2)
rather than all the four MMR proteins. We calculated sensitiv-
ity, specificity, LR+, LR-, DOR, AUC on SROC curves, and
post-test probabilities for each subgroup.

The data analysis was performed by using Meta-DiSc ver-
sion 1.4 (Clinical Biostatistics Unit, Ramon y Cajal Hospital,
Madrid, Spain) and Review Manager 5.3 (Copenhagen: The
Nordic Cochrane Centre, Cochrane Collaboration, 2014).

Results

Study Selection

303 articles were identified through database search. 238 arti-
cles remained after duplicate removal. 171 articles remained
after titles screening. 111 articles were evaluated for eligibility
after abstracts screening. Finally, 10 observational studies
were included in the systematic review [20–29], and five stud-
ies with 1110 patients were included in the meta-analysis [21,
22, 25, 27, 29]. The whole process of study selection is report-
ed in detail in Supplementary Fig. 1.

Study and Patient Characteristics

Among the included studies, 2 [20, 22] were prospective and 8
were retrospective (Table 1). Mean age and body mass index
(BMI) were 63 years and 30.5 kg/m2. Characteristics of the
included studies are shown in Table 1. Most endometrial car-
cinomas (92.35%) were endometrioid adenocarcinoma, while
other histotypes were: serous (2.92%), mixed (1.86%), carci-
nosarcoma (1.24%), clear cell (0.93%), undifferentiated
(0.13%), mucinous (0.09%), unknown (0.49%). Grading
was G1-G2 (low grade) in 80.5%, G3 (high grade) in 17.6%
and unknown in 1.9% of cases. FIGO stage was I-II (limited to
the uterus) in 88%, III in 9.4%, IV in 2.1% and unknown in
0.5% of cases. Pathological features of endometrial carcino-
mas are shown in Table 2.

Histological specimens were obtained by hysterectomy in
all the included studies. On immunohistochemistry, eight
studies assessed the complete MMR proteins panel (MLH1,
MSH2, MSH6, PMS2), while one study only assessed MLH1
and MSH2 [28], and the remaining study assessed MLH1,
MSH2 and MSH6 [26]. DNA was extracted from paraffin-
embedded tissue in 8 studies, form fresh tissue in 1 study
[25] and from both types of tissue in the remaining one [27].
MSI testing was performed by polymerase chain reaction
(PCR) in all studies. Details regarding immunohistochemical
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and molecular procedures are reported in detail in Table 3 and
Supplementary Table 1.

Overall, there were 32 endometrial carcinomas who result-
ed MSI-low at molecular testing; out of these, 19 cases
showed intact MMR, 9 cases showed a loss of MLH1 and
PMS2, 2 cases showed a loss of PMS2 alone and 2 cases
showed a loss of MSH6 alone [21, 22, 25, 29].

Risk of Bias within Studies Assessment

In the “patient selection” domain, three studies were judged at
unclear risk of bias because they did not report if the patients
were consecutive or randomly selected [24, 27, 28], while the
remaining studies were considered at low risk. High concerns
about applicability were raised for two studies (only patients
with presumed Lynch syndrome were included) [24, 26].

In the “index test” domain, two studies were considered at
high risk of bias because results of MMR proteins immuno-
histochemistry were incompletely reported [20, 23], while the
remaining studies were considered at low risk. High concerns
about applicability were raised for two studies (not all MMR
proteins were assessed) [26, 28].

In the “reference standard” domain, all studies were con-
sidered at low risk of bias, since results of MSI testing and the
microsatellite markers assessed were clearly reported. No con-
cerns about applicability were raised.

In the “flow and timing” domain, 3 studies were considered
at unclear risk of bias, because it was unclear if all eligible
patients were assessed with both index and reference standard
[22, 23, 29]; all the remaining studies were considered at low
risk.

Results of risk of bias within studies assessment are shown
in Supplementary Fig. 2.

Diagnostic Accuracy Assessment

By using all the four MMR proteins, immunohistochemistry
showed a pooled sensitivity of 0.96 (95% CI, 0.93–0.98) in
detecting MSI, with moderate heterogeneity among studies
(I2 = 74.7%). Pooled specificity was 0.95 (95% CI, 0.93–
0.96) with minimal heterogeneity (I2 = 22.7%). Pooled posi-
tive and negative likelihood ratios were 17.7 (95% CI, 11.9–
26.33) and 0.05 (95% CI, 0.01–0.2) respectively, with mini-
mal heterogeneity (I2 = 17.9%) and high heterogeneity (I2 =

Table 1 Characteristics of the included studies

Study Country Setting Study design Period of
enrolment
(Years)

Sample
size

Patients
selection

BMI
Mean

Meaan
age
(range)

Chao et al.
[20]

China Peking Union Medical College
Hospital

Prospective 2017–2018
(1)

102 Consecutive 23
(19–31)

56
(32–82)

Libera et al.
[21]

Italy IRCCS Institute for Pharmacological
Researches Mario Negri

Retrospective 2017–2018
(1)

35 Consecutive 25,6 51.60
(31–67)

Bruegl et al.
[22]

Texas University of Texas MD Anderson
Cancer Center

Prospective 2012–2014
(2)

192 Consecutive 33,8
(15,5—74,7)

61.3
(23–86)

Stelloo et al.
[29]

Netherlands Leiden University Medical Centre Retrospective 1990–1997
(7)
2002–2006
(4)

696 Consecutive not reported 69
(41–88)

McConechy
et al.

[25]

Canada Medicine, University of British
Columbia and BC Cancer Agency

Retrospective not reported 89 Consecutive not reported 62.6

Goodfellow
et al.

[23]

Ohio State University Comprehensive
Cancer Center

Retrospective 2003–2007
(4)

360 Consecutive 35
(16.6–82.8)

62
(25–100)

Haraldsdottir
et al.

[24]

Ohio The Ohio State University
Comprehensive Cancer Center

Retrospective 2012–2014
(3)

15 not reported not reported 59.5
(47–65)

Peterson et al.
[27]

Minnesota Mayo Clinic, Rochester,. Retrospective not reported 93 not reported not reported 66
(42–92)

Choi et al.
[28]

Republic of
Korea

Chonnam National University
Medical School

Retrospective 1998–2002
(5)

39 not reported not reported 53.4
(30–68)

Ollikainen
et al.

[26]

Finland University of Helsinki, Departments
of Medical

Genetics

Retrospective 1986–1997
(12)

33 Consecutive 35 62
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80.7%) respectively. Pooled DOR was 429.77 (95% CI,
145.82–1266.68), with low heterogeneity (I2 = 36.4%). The
overall accuracy was very high, with an AUC of 0.988 (Fig.
1).

In the case of a positive test (negative immunohistochem-
ical nuclear staining of any of the four MMR proteins), the
post-test probability of MSI was 88% (95% CI, 83–90%),
while in the case of a negative test (normal immunohisto-
chemical nuclear staining of all the four MMR), the post-test
probability was 2% (95% CI, 2–3%) (Fig. 3a).

Subgroup Analysis

By using only MLH1 and MSH2, immunohistochemistry
showed a pooled sensitivity of 0.88 (95% CI, 0.84–0.91) in
detecting MSI, with moderate heterogeneity among studies
(I2 = 64.1%). Pooled specificity was 0.96 (95% CI, 0.95–
0.97) with no heterogeneity (I2 = 0%). Pooled positive and
negative likelihood ratios were 22.36 (95% CI, 15.84–31.56)
and 0.15 (95% CI, 0.09–0.27) respectively, with no heteroge-
neity (I2 = 0%) and moderate heterogeneity (I2 = 67.9%), re-
spectively. Pooled DOR was 200.69 (95% CI, 117.82–

341.83), with no heterogeneity (I2 = 0%). The overall diag-
nostic accuracy was very high, with an AUC of 0.9838 (Fig.
2). In the case of a positive test (negative immunohistochem-
ical nuclear staining of MLH1 and/or MSH2), the post-test
probability of MSI was 90% (95% CI, 86–93%), while in
the case of a negative test (normal immunohistochemical nu-
clear staining of both MLH1 and PMS2), the post-test proba-
bility was 6% (95% CI, 4–7%) (Fig. 3b).

By using only MSH6 and PMS2, there were no differences
compared to the assessment of all the four MMR proteins;
therefore, the results of diagnostic accuracy were the same
as the main analysis (Fig. 1, Fig. 3a).

Discussion

Main Findings and Interpretation

Our study showed that immunohistochemistry for MMR pro-
teins was a highly accurate immunohistochemical surrogate of
MSI molecular testing in endometrial carcinoma, with an
AUC of 0.988. The combination of MLH1 and MSH2 led to

Table 2 Characteristics of endometrial carcinomas

Tumor stage (%) Tumor grade (%) Histotype (%)

Study I II III IV n.r. G1 G2 G3 n.r. END CC SER MUC CAS MIX UND n.r.

Chao et al.
[20]

87 0 19 4 1 0 0 0 0 87 3 9 0 4 7 1

(78,4) (0) (17,1) (3,6) (0) (0) (0) (0) (0) (78,4) (2,7) (8,1) (0) (3,6) (6,3) (0,9) (0)

Libera et al.
[21]

26 1 1 7 12 14 9 0 32 1 1 1 0 0

(74,3) (2,9) (2,9) (0) (20) (34,3) (40) (25,7) (0) (91,4) (2,9) (2,9) (2,9) (0) (0) (0) (0)

Bruegl et al.
[22]

151 13 29 20 19 139 55 0 158 4 15 0 3 31 2

(70,9) (6,1) (13,6) (9,4) (0) (8,9) (65,3) (25,8) (0) (74,2) (1,9) (7) (0) (1,4) (14,6) (0,9) (0)

Stelloo et al.
[29]

696 0 0 0 587 109 0 679 0 17 0 0 0

(100) (0) (0) (0) (84,3) (0) (15,7) (0) (97,6) (0) (2,4) (0) (0) (0) (0) (0)

McConechy et al.
[25]

61 6 17 3 2 30 27 30 2 71 0 12 0 0 0 6

(68,5) (6,7) (19,1) (3,4) (2,2) (33,7) (30,3) (33,7) (2,2) (79,8) (0) (13,5) (0) (0) (0) (0) (7,7)

Goodfellow et al.
[23]

702 88 129 19 383 408 147 0 938 0 0 0 0 0

(74,8) (9,4) (13,8) (2) (0) (40,8) (43,5) (15,7) (0) (100) (0) (0) (0) (0) (0) (0) (0)

Haraldsdottir
et al.

[24]

13 1 0 0 6 3 5 0 11 1 0 0 1 1

(92,9) (7,1) (0) (0) (42,9) (21,4) (35,7) (0) (78,6) (7,1) (0) (0) (7,1) (7,1) (0) (0)

Peterson et al.
[27]

0 0 0 0 0 33 16 12 35 61 2 10 0 20 3

(0) (0) (0) (0) (0) (34,4) (16,7) (12,5) (36,5) (63,5) (2,1) (10,4) (0) (20,8) (3,1) (0) (0)

Choi et al.
[28]

33 6 0 0 20 11 8 0 30 0 0 0 0 0 9

(84,6) (15,4) (0) (0) (51,3) (28,2) (20,5) (0) (76,9) (0) (0) (0) (0) (0) (0) (23,1)

Ollikainen et al.
[26]

23 1 1 0 0 10 9 3 3 22 0 2 1 0 0

(92) (4) (4) (0) (0) (40) (36) (12) (12) (88) (0) (8) (4) (0) (0) (0) (0)

TOTAL (cases) 1902 203 46 10 1837 378 40 2089 21 66 2 28 42 3 11

TOTAL % (88,0) (9,4) (2,1) (0,5) (80,5) (17,6) (1,9) (92,35) (0,93) (2,92) (0,09) (1,24) (1,86) (0,13) (0,49)

END: endometrioid; CC: clear cell; SER: serous;MUC: mucinous; CAS: carcinosarcoma; MIX: mixed; n.r.: not reported
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a slight decrease in the accuracy (AUC = 0.9838), while the
combination of MSH6 and PMS2 showed the same accuracy
as all the four MMR proteins.

A microsatellite is a tract of DNA in which a short
sequence of one or more base pairs is repeated (usually
5–50 times). The human genome contains hundreds of
thousands of microsatellite loci [34, 35]. MSI indicates
a condition in which the length of microsatellites is al-
tered due to deletion or insertion of repeating units, and
represents a common condition in several human neo-
plasms, in particular colorectal, endometrial and gastric
carcinoma [33]. MSI is typically associated with high
mutational load and leads to the exposition of numerous
neo-antigens, generating a strong immune response; this
offers the possibility of using immunotherapy for treating

MSI carcinomas [36]. On this account, the Food and
Drug Administration has approved the use of immune
checkpoint inhibitors in any solid tumor with MSI [37].

In endometrial carcinoma, MSI is the hallmark of one
of the four prognostic subgroups identified by TCGA
[10]. The MSI subgroup is mainly constituted by
endometrioid carcinomas of variable grade, and typically
have an intermediate prognosis [2, 7–9, 11, 12]. In fact, in
early stage endometrioid carcinomas (which usually have
a good prognosis), MSI appears as an unfavorable prog-
nostic factor, while in high-risk carcinomas (which usual-
ly have a poor prognosis), MSI appears as a favorable
prognostic factor [38, 39].

Given the outstanding prognostic value of the TCGA clas-
sification, it has become mandatory to introduce such

Table 3 Details about mismatch repair (MMR) proteins immunohistochemistry and microsatellite instability (MSI) molecular testing

STUDY MMR PROTEINS
IMMUNOHISTOCHEMISTRY

MSI MOLECULAR TESTING

MMR PROTEINS
TESTED

NUMBER DNA
EXTRACTED
FROM

MOLECULAR
TECHNIQUE

MICROSATELLITE
MARKERS TESTED

NUMBER
OF
MARKERS

POSITIVE
MSI
TRESHOLD

Chao et al.
[20]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

Multiplex
fluorescent
PCR

BAT-25, BAT-26, NR-21,
NR-24, NR-27, MONO-27

6 ≥2 loci

Libera et al.
[21]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

Multiplex
fluorescent
PCR

BAT-25, BAT-26, NR-21,
NR-22, NR-24

5 ≥2 loci

Bruegl et al.
[22]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

Multiplex
fluorescent
PCR

BAT-25, BAT-26, D5S346,
D2S123, D17S250,
TGFBR2, NR-21,

7 ≥3 loci

Stelloo et al.
[29]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

Multiplex
fluorescent
PCR

BAT-25, BAT-26, NR-21,
NR-24, MONO-27

5 ≥2 loci

McConechy
et al.

[25]

MLH1, MSH2,
MSH6, PMS2

4 Fresh-frozen tissue Polymerase
chain
reaction
(PCR)

BAT-25, BAT-26, D17S250,
D5S346, D2S123

5 ≥2 loci

Goodfellow
et al.

[23]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

Polymerase
chain
reaction
(PCR)

BAT-25, BAT-26, DSS346,
D2S123, D17S250

5 ≥2 loci

Haraldsdottir
et al. [24]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

Multiplex
fluorescent
PCR

BAT-25, BAT-26, NR-21,
NR-24, MONO-27

5 ≥2 loci

Peterson et al.
[27]

MLH1, MSH2,
MSH6, PMS2

4 Paraffin-embedded
tumor sample

and
Fresh-frozen tissue

Polymerase
chain
reaction
(PCR)

BAT-25, BAT-26, D17S250,
D5S346, ACTC, D18S55,
BAT-40, D10S197,
BAT34c4, MYCL

10 ≥3 loci

Choi et al.
[28]

MLH1, MSH2 2 Paraffin-embedded
tumor sample

Polymerase
chain
reaction
(PCR)

BAT-25, BAT-26, BAT-40,
D2S123, D17S250,
D8S554

6 ≥2 loci

Ollikainen
et al.

[26]

MLH1, MSH2,
MSH6

3 Paraffin-embedded
tumor sample

Multiplex
Fluorescent
PCR

BAT-25, BAT-26, D5S346,
D2S123, D17S250

5 ≥2 loci
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classification in the common practice, overcoming the issues
related to the complexity and costs of molecular analysis;
immunohistochemistry has played a crucial role in this field
[2, 3, 7–9].

MMR proteins immunohistochemistry has appeared as the
obvious candidate surrogate of MSI molecular testing [7–9].
Indeed, MSI is usually caused by an inefficient activity of any
of the main four MMR proteins: MLH1, MSH2, MSH6 and
PMS2 [33]. In this field, the most used MMR proteins have
beenMLH1 andMSH2, whose defect accounts for most cases
of MSI. [28, 40, 41]. More recently, a combination of PMS2
and MSH6 has been proposed as a possible alternative to the
complete panel of four MMR proteins [29].

However, the diagnostic accuracy of MMR proteins ex-
pression for identifying MSI in endometrial carcinoma has

never been calculated. Such information may be crucial for a
definitive validation of MMR immunohistochemistry as an
easy, cheap and widely available testing for the MSI prognos-
tic group. Furthermore, if substantiated by a diagnostic accu-
racy analysis, the use of only two MMR may further reduce
the costs for the introduction of the TCGA classification in the
clinical practice.

Our results showed that the immunohistochemical as-
sessment of all the four MMR proteins was a very highly
accurate surrogate of MMR testing in endometrial carci-
noma, with high sensitivity (0.96) and specificity (0.95),
and an AUC of about 0.99. This finding strongly con-
firms the usefulness of MMR proteins immunohisto-
chemistry, supporting its practical use for identifying
the MSI TCGA group.

Fig. 1 Forest plots reporting sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with SROC curves
(f) of immunohistochemistry for mismatch repair proteins (complete panel) as surrogate of microsatellite instability molecular testing
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The subgroup analysis showed that a combination of
only 2 MMR proteins was accurate enough to be used as
a furtherly cheaper surrogate of MSI testing. Indeed, the
accuracy remained very high for both MLH1/MSH2 and
MSH6/PMS2 combinations. However, while the MLH1/
MSH2 combination showed a decrease in sensitivity
(0.88) with a slight decrease in the AUC (0.98), the
MSH6/PMS2 combination showed the same results as
the combination of all the four MMR proteins. This sup-
ports that the use of MSH6 and PMS2 alone may allow
reducing the costs for immunohistochemistry while main-
taining the same accuracy as the complete panel of
MMR proteins.

The explanation for these findings appears to lie in the
fact that MLH1 and MSH2 form heterodimers with PMS2

and MSH6, respectively: in this regard, it seems that a loss
of MLH1 consistently leads to a concomitant loss of
PMS2, as well as a loss of MSH2 consistently leads to a
concomitant loss of MSH6; on the other hand, the loss of
PMS2 or MSH6 does not imply the concomitant loss of
MLH1 or MSH2 [42]. In the light of this evidence, reduc-
ing the immunohistochemical markers from four to two
should not lead to an increased number of false negatives
(i.e. patients with MSI but with normal MMR proteins
expression).

Taking into account its accuracy and costs, immuno-
histochemistry for MSH6 and PMS2 may be introduced
in the common practice as the routine test for the iden-
tifying the MSI prognostic group in endometrial
carcinoma.

Fig. 2 Forest plots reporting sensitivity (a), specificity (b), positive and negative likelihood ratios (c and d), diagnostic odds ratio (e) with SROC curves
(f) of immunohistochemistry for MLH1 and MSH2 as surrogate of microsatellite instability molecular testing

A. Raffone et al.



Strengths and Limitations

To the best of our knowledge, this may be the first systematic
review and meta-analysis focused on this topic. We calculated
the diagnostic accuracy of immunohistochemistry of MMR
proteins as a surrogate of MSI molecular testing in endome-
trial carcinoma, confirming the reliability of such approach.
Furthermore, we found that the use of only MSH6 and PMS2
may ensure the same accuracy with a further reduction in the
costs, strengthening the evidence about the applicability of the
TCGA classification.

Limitations of our results may lie in the subjectivity of
the pathological assessment of MMR proteins expression
and in the possibility of doubtful immunohistochemical
patterns [43, 44]. Furthermore, Stelloo et al. showed that
the MMR pattern may be heterogeneous across the tumor.
In fact, the MSI status and the complete loss of MMR
expression may be limited to some areas of the tumor
(“subclonal loss”). Stelloo et al. suggested to label the
tumor as “MSI” if the subclonal loss involves at least
10% of the tumor area [29]. Unfortunately, the other in-
cluded studies did not specify the area required for a di-
agnosis of MSI.

Another limitation might be the lack of a univocal mi-
crosatellite panel for the assessment of MSI. In fact, sev-
eral combinations of microsatellite marker have been

proposed over time [20–29]. However, high concordance
has been shown between different microsatellite panels
[33].

Conclusion

Immunohistochemistry for MMR proteins (MLH1, MSH2,
MSH6, PMS2) is a very highly accurate surrogate of MSI
molecular testing in endometrial carcinoma. A combination
of MSH6 and PMS2 may allow reducing the costs without a
decrease in diagnostic accuracy. These findings support the
feasibility of the introduction of the TCGA classification into
the common practice.
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Fig. 3 Fagan’s nomogram
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stability, in case of positive test
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line) at immunohistochemistry for
mismatch repair proteins (a:
complete mismatch repair pro-
teins panel; b:MLH1 andMSH2)
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