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Abstract

Background: Mismatch repair deficiency (AIMMR) is a well-established characteristic of endometrial adenocarcinoma
and is crucial in screening for Lynch syndrome, guiding adjuvant treatment decisions, and identifying candidates for
immune checkpoint inhibitors. The traditional approach to dMMR screening involves a four-antibody panel, but a
simplified two-antibody method utilizing PMS2 and MSH6 has shown promise. This study aims to compare the diagnostic
performance of the simplified two-antibody method with the traditional four-antibody panel in endometrial cancer
samples. Methods: We conducted a retrospective cohort study on endometrial carcinoma cases diagnosed between
2013 and 2022. We compared the diagnostic performance of the two-antibody panel with the traditional four-antibody
panel in detecting dIMMR. Clinical data and immunohistochemistry results were collected, and agreement between the
two methods was evaluated using Cohen’s kappa coefficient. Results: 304 endometrial cancer cases were included,
with 27% demonstrating loss of at least one MMR protein using the four-antibody panel. The two-antibody method
detected MMR deficiency in 26.6% of cases, with a high agreement rate of 98.8% between the two methods. Only
one case showed discordant results, prompting further investigation. Conclusion: The simplified two-antibody MMR
IHC screening approach using PMS2 and MSH6 showed high concordance with the traditional four-antibody panel.
This suggests its potential as an alternative method for reflex MMR status testing in endometrial adenocarcinoma. The
implementation of this approach could streamline the diagnostic process, reduce costs, and improve the detection of
Lynch syndrome in affected individuals and their families. Further studies with larger cohorts and long-term follow-up
are needed to validate these findings and assess the clinical implications of this approach in routine practice.
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Introduction

Mismatch repair deficiency (dMMR) is a
well-established characteristic of endometrial
adenocarcinoma that plays a crucial role in Lynch
syndrome screening, guiding adjuvant treatment
decisions, and identifying potential candidates for
immune checkpoint inhibitors [1, 2]. The MMR system
plays a crucial role in maintaining genomic stability by
rectifying DNA replication errors and preventing the
accumulation of mutations. Inherited or acquired defects
in MMR genes can lead to dIMMR, which is a hallmark
of Lynch syndrome, an autosomal dominant cancer
predisposition syndrome that increases the risk of various
cancers, including endometrial cancer [3]. Approximately
3% of all endometrial cancer cases are linked to Lynch
syndrome, and up to 60% of dIMMR endometrial cancers
are associated with this syndrome [4]. A recent study in

Thai endometrial cancer patients reported a detection rate
of dMMR in 34.9% of cases, suggesting the consideration
of MMR immunohistochemistry in all patients, regardless
of personal or family history of Lynch syndrome-related
cancers [5, 3].

The current guideline for dAMMR screening in
endometrial cancer involves utilizing a four-antibody
panel to assess the expression of MMR proteins (MLH1,
MSH2, MSH6, and PMS2) through immunohistochemistry
(IHC) [6]. This four-antibody panel is recommended by
several professional societies and widely recognized as
the standard approach for IMMR screening in endometrial
cancer [7, 6, 8]. Recent analyses have yielded compelling
evidence that substantiates the cost-effectiveness of
employing the MMR THC approach for germline testing
[9, 10]. Moreover, it is important to note that MMR testing
is not limited to endometrial cancer alone. It also holds
significant value for patients diagnosed with colorectal
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cancer and other types of carcinomas that are associated
with Lynch syndrome, including ovarian, stomach, and
urothelial carcinomas, along with their respective families
[11].

The accurate repair of DNA relies on the essential
role of mismatch repair (MMR) proteins, which function
as heterodimer complexes. Specifically, MLHI forms a
stable heterodimer with PMS2, while MSH?2 pairs with
MSHG6. In cases where there is a loss of protein function in
PMS2 or MSH6, MLH 1 and MSH?2 can form heterodimers
with alternative proteins. Consequently, when evaluating
MMR protein expression using IHC, negative staining
is expected for both MMR proteins within the affected
heterodimer [12]. Recent reports have suggested a
simplified strategy for dAMMR screening in endometrial
adenocarcinoma, which involves the use of only two
antibodies, PMS2 and MSH6 [13-15].

This study aims to compare the diagnostic performance
of a simplified dMMR screening strategy utilizing only
PMS2 and MSH6 THC, as opposed to the traditional four-
antibody panel, in a cohort of endometrial cancer samples.
We hypothesize that PMS2 and MSH6 THC can effectively
replace the four-antibody panel without compromising
the accuracy of dMMR detection. The results of this
study may have significant implications for the clinical
management of endometrial adenocarcinoma patients by
simplifying the screening process, reducing testing costs,
and improving the detection of Lynch syndrome in affected
individuals and their families.

Materials and Methods

This retrospective cohort study included endometrial
carcinoma patients diagnosed between 2013 and 2022
at King Chulalongkorn Memorial Hospital, Bangkok,
Thailand. Patients diagnosed with endometrial cancer
and treated during the specified period were identified
using the ICD10 code C54 for endometrial cancer from
electronic medical records. The inclusion criteria for
this study were patients with histologically confirmed
endometrial carcinoma who received treatment at the
hospital between 2013 and 2022 and underwent dAMMR
screening using the four-antibody panel. Patients with
prior chemotherapy and radiation therapy, incomplete
medical records, or unclear/inexplicable MMR staining
results were excluded from the study.

The data collection process involved retrieving clinical
data from medical records, including age at diagnosis,
menopausal status, histologic subtype, and cancer
staging according to the 2018 International Federation
of Gynecology and Obstetrics (FIGO) uterine cancer
staging system. Family history of cancers and Lynch-
related cancers were also collected. The Revised Bethesda
guidelines were evaluated in each patient.

Formalin-fixed, paraffin-embedded tissue sections
from hysterectomy specimens were utilized for IHC
analysis. Hematoxylin and eosin-stained slides from
each patient were reviewed to confirm the diagnosis
and select representative tumor areas for IHC analysis.
Specialized pathologists reviewed the IHC results for
MLH1, MSH2, MSH6, and PMS2 antibodies. In cases

3668 Asian Pacific Journal of Cancer Prevention, Vol 25

where discrepancies arose in the results, consensus review
was conducted to resolve them.

The assessment of normal expression of MMR proteins
entailed the examination of nuclear staining within tumor
cells as a reliable indicator. To establish a positive internal
control, nuclear staining within infiltrating lymphocytes
and/or normal stromal cells was employed. MMR
deficiency or the loss of expression signified the absence
of detectable levels in at least one of the four MMR
proteins. Specifically, in the context of the two-antibody
panel, IMMR precisely indicated the loss of expression in
either PMS2 or MSH6. Conversely, in the four-antibody
panel, dMMR corresponded to the loss of expression in
one or more of the four proteins.

Patients with dAMMR underwent genetic counseling
with a geneticist. Following genetic counseling, germline
testing was conducted by extracting DNA from saliva or
peripheral blood samples upon agreement. If a germline
mutation was detected, comprehensive cancer surveillance
was provided to the entire family.

Statistical analysis was performed using SPSS version
22.0 (IBM Corporation, Armonk, New York, USA).
Quantitative data were analyzed and presented as mean
+ standard deviation (SD), while qualitative data were
reported as frequencies and percentages. The agreement
between the two MMR staining methods was assessed
using Cohen’s kappa coefficient. The interpretation
of kappa values is as follows: values < 0 indicate no
agreement, 0.01-0.20 represent none to slight agreement,
0.21-0.40 indicate fair agreement, 0.41 — 0.60 suggest
moderate agreement, 0.61 — 0.80 imply substantial
agreement, and 0.81 — 1.00 indicate almost perfect
agreement [16].

Results

Between January 2013 and December 2022, a total of
304 endometrial cancer patients included in this study. The
participants had a mean age of 58.1 & 11.9 years (ranging
from 20 to 85 years). Among them, 24 patients (7.9%)
were below 40 years of age, and 61 patients (20.1%)
were between 40 and 50 years old. 214 patients (70.4%)
were menopause at the time of surgery. Additionally, 82
patients (27%) had a body mass index (BMI) exceeding
30 kg/m?, with a mean BMI of 27.2 kg/m? for the overall
study population. Regarding family history, 52 patients
(17.1%) had at least one family member with any type of
cancer, while 44 patients (14.5%) had at least one family
member affected by Lynch-related cancers. Based on the
Bethesda guidelines, 77 patients (25.3%) met the criteria
for further evaluation.

Of the total patients, 232 patients (76.3%) were
categorized as stage I, 14 patients (4.6%) as stage II, 48
patients (15.8%) as stage III, and 10 patients (3.3%) as
stage I'V. In terms of histology, 278 patients (91.4%) were
classified as endometrioid, 10 patients (3.3%) as mixed
adenocarcinoma, 9 patients (3%) as carcinosarcoma,
and 7 patients (2.3%) as papillary serous carcinoma.
Regarding tumor grade, 153 patients (50.3%) were grade
1, 72 patients (23.7%) were grade 2, and 79 patients (26%)
were grade 3 (Table 1).



Table 1. Demographic and Pathological Data

N=304
Age (years), mean = SD 58.1+11.9
Age <40 years, n (%) 24(7.9)
Age < 50 years, n (%) 61 (20.1)
Menopause, n (%) 214 (70.4)
BMI (kg/m?), mean + SD 272+6.6
(Range 16.4 - 58.4)

Obesity (BMI > 30kg/m?), n (%) 82 (27)
Family history of cancers, n (%) 52 (17.1)
Family history of Lynch-related 44 (14.5)
cancers, n (%)
Met the criteria in Bethesda 77 (25.3)
guidelines, n (%)
Stage, n (%)

I 232 (76.3)

I 14 (4.6)

I 48 (15.8)

v 10 (3.3)
Histology, n (%)

Endometrioid 278 (91.4)

Mixed adenocarcinoma 10 (3.3)

Carcinosarcoma 9(3)

Papillary serous carcinoma 7(2.3)
Tumor grade, n (%)

Grade 1 153 (50.3)

Grade 2 72 (23.7)

Grade 3 79 (26)

Among the patients, 82 (27%) demonstrated the loss
of expression in at least one MMR protein using the
four-antibody panel. Specifically, out of these 82 patients,
54 showed the loss of MLHI and PMS2 expression,
16 showed the loss of MSH2 and MSH6 expression, 6
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showed the loss of only MSH6 expression, 5 showed the
loss of only PMS2 expression, and one patient showed
the loss of only MSH2 expression. (Table 2) Notably, the
patient who showed the sole loss of MSH2 expression
underwent germline testing, and the results were intriguing
as they revealed no MMR gene mutation.

Using the two-antibody panel, AIMMR was detected in
81 patients (26.6%), with only one patient showing the loss
of any MMR protein using the four-antibody panel that
could not be detected using the two-antibody panel (Table
3). Overall, the results from the two-antibody panel agreed
with the four-antibody panel in 98.8% (81/82) of patients.
The agreement between the two-antibody panel and four-
antibody panel was measured using Kappa correlation,
yielding a value of 0.992 (SD = 0.008, p-value < 0.001).

Out of the 59 patients that had loss of PMS2
expression, 54 patients also showed loss of MLH1
expression. Similarly, all 54 patients with loss of MLH1
expression exhibited loss of PMS2 expression. In patients
who had loss of MSH6 expression (n = 22), 16 of them
also displayed loss of MSH2 expression.

Discussion

The importance of dMMR in endometrial
adenocarcinoma cannot be overstated. dMMR is a
well-established characteristic of this cancer type and is
associated with a favorable prognosis and responsiveness
to immune checkpoint inhibitors [17]. In our study, we
observed that approximately 27% of the endometrial
cancer patients demonstrated loss of expression in at least
one MMR protein using the four-antibody panel. This
finding is consistent with previous reports highlighting
the prevalence of AIMMR in endometrial cancer. Previous
study in the Thai endometrial cancer patients in 2021
reported that 34.9% of surgical specimens had one or
more MMR deficiencies [5]. In 2022, a study from Iran
found that 23% of patients were MMR-deficient identified
through THC screening [18]. Notably, the majority of

Table 2. MMR THC Staining Patterns Using Four-Antibody Panel and Two-Antibody Panel

MMR IHC staining patterns, N (%)

Four-antibody panel Two-antibody panel

Intact MMR immunohistochemistry staining, N (%)
Loss of any on of MMR THC staining, N (%)

Loss of MLH1 and PMS2

Loss of MSH2 and MSH6

Loss only MSH6

Loss only PMS2

Loss only MSH2

222 (73) 223 (73.4)
82 (27) 81 (26.6)
54 (17.8) -
16 (5.3) -
6(2) 22(7.2)
5(1.6) 59 (19.4)
1(0.3) -

Table 3. Comparison of IHC Staining Results between the Four-Antibody Panel and the Two-Antibody Panel.

Two-antibody panel

Loss IHC staining Intact IHC staining Total

Four-antibody panel ~ Loss IHC staining 81 1 82
Intact IHC staining 0 222 222

Total 81 223 304
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dMMR patients in our cohort showed loss of MLH1 and
PMS2 expression, underscoring the importance of these
proteins in the development of AMMR.

The traditional approach to dMMR screening in
endometrial cancer involves the use of a four-antibody
panel comprising MLH1, MSH2, MSH6, and PMS2.
This four-antibody panel has been widely adopted as the
standard approach for IMMR screening in endometrial
cancer based on recommendations from professional
societies. However, our study explores the potential of
a simplified screening strategy utilizing only PMS2 and
MSHG6 IHC. This approach is motivated by the frequent
co-expression of PMS2 and MSH6 in endometrial tumors
and the higher prevalence of MSH6 inactivation in
endometrial cancer [19]. By utilizing only two antibodies,
this simplified approach aims to streamline the screening
process, reduce testing costs, and improve the detection
of Lynch syndrome, a cancer predisposition syndrome
associated with AIMMR.

Our study demonstrates promising concordance
between the two-antibody panel and four-antibody panel.
By using the two-antibody panel, we detected dMMR
in 26.6% of patients, with only one patient showing the
loss of MSH2 expression using the four-antibody panel
that could not be detected using the two-antibody panel.
This patient performed germline testing. Interestingly,
the germline testing revealed no MMR gene mutation.

Furthermore, the implementation of the two-antibody
panel offers several advantages, including reduced testing
costs, streamlined workflow, and improved overall
efficiency. Specifically, by adopting the two-antibody
approach, we can save approximately 1,420 THB (41.26
USD) per test, significantly reducing the total cost from
2,940 THB (85.43 USD) for the four-antibody panel to
1,520 THB (44.17 USD) for the two-antibody panel. This
cost reduction is especially significant, considering the
large number of endometrial adenocarcinoma patients
that may require dIMMR screening.

The high agreement rate of 98.8% between the two
methods further supports the reliability and validity of the
simplified approach. By simplifying the IMMR screening
process in endometrial adenocarcinoma, our study has
potential clinical implications. The two-antibody panel not
only streamlines the diagnostic process but also enhances
accessibility to IMMR screening, particularly for patients
without a personal or family history of Lynch syndrome-
related cancers. Additionally, the simplified approach has
the potential to improve the detection of Lynch syndrome
in affected individuals and their families, enabling
appropriate genetic counseling and comprehensive cancer
surveillance.

Nevertheless, it is important to acknowledge the
limitations of our study. The retrospective nature of the
study design and the use of data from a single institution
may introduce selection bias. Further studies with larger
multicenter cohorts are warranted to validate the findings
and assess the generalizability of the simplified approach.
Additionally, long-term follow-up and evaluation of
patient outcomes are necessary to fully understand the
clinical impact of adopting the two-antibody panel in
dMMR screening.
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In conclusion, our study provides evidence supporting
the use of a simplified two-antibody panel utilizing PMS2
and MSH6 IHC in endometrial adenocarcinoma. This
approach demonstrates a high level of concordance with
the traditional four-antibody panel, indicating its potential
as an alternative method for reflex MMR status testing.
The implementation of this simplified approach has the
potential to streamline the diagnostic process, reduce
costs, and improve the detection of Lynch syndrome in
affected individuals and their families. Further research
with larger cohorts is warranted to validate our findings
and investigate the concordance of germline testing with
the two-antibody panel, thereby assessing the broader
clinical implications of this approach in routine practice.
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