DOI: 10.14744/ejma.2023.74946
EJMA 2024,4(1):22-27

The Association of Mismatch-Repair (MMR) Deficiency with
Tumor Infiltrating Lymphocytes and Survival in Patients with
Ovarian Cancer

Burcu Yapar Taskoylii,' ©© Ferda Bir,2 © Atike Gok¢en Demiray," (2 Serkan Degirmencioglu,’
Gamze Gokéz Dogu," ©© Arzu Yaren,' ©© Ahmet Ergin,* © Canan Karan," ©© Burgin Cakan Demirel,’
Tolga Dogan,’ © Melek Ozdemir,’ ©© Taliha Gii¢lii Kantar'

'Department of Medical Oncology, Pamukkale University Faculty of Medicine, Denizli, Tiirkiye
2Department of Pathology, Pamukkale University Faculty of Medicine, Denizli, Tiirkiye
3Department of Social Pediatrics, Pamukkale University Faculty of Medicine, Denizli, Turkiye

Abstract

Objectives: The role of DNA mismatch repair (MMR) deficiency in the pathogenesis and prognosis of ovarian cancer
has been a subject of considerable research. Deficiency in MMR genes result in accumulation of thousands of muta-
tions in the genome, leading to a high mutation burden and subsequent activation of the immune system due to an
increase in the number of “mutation-derived neoantigens”. It has been increasingly reported that this process results
in the number of tumors infiltrating lymphocytes with a favorable impact on prognosis. The aim here is to examine the
association of mismatch repair (MMR) deficiency with tumor-infiltrating lymphocytes and other clinical and pathologi-
cal characteristics in patients with ovarian cancer.

Methods: In a total of 81 patients with ovarian cancer, the microsatellite instability and presence of tumor infiltrating
lymphocytes (CD3, CD8, CD4) were examined immunohistochemically. Negative test result in any of the markers MLH-
1, MSH-2, MSH-6, or PMS-2 was considered to microsatellite instability (MSI). Also, with regard to tumor infiltrating
lymphocytes, a proportion level of greater than 10% was considered positive.

Results: Fifty-one patient (53%) had locally advanced and metastatic disease, and 54 patients (66.7%) had high-grade
tumors. Fifty-nine patients (72 %) had serous carcinoma. There was a loss of MMR protein expression in 28 patients
(35%), and 53 (65%) were microsatellite stable. There were no significant associations between microsatellite status and
age, grade, stage, lymphovascular invasion, CD3, and CD8. Among microsatellite stable patients, CD4 was statistically
significantly higher (p=0.03). A reduction in CD3, CD8, and CD4 was found in 53 (64%), 57 (70%), and 54 (66 %) patients,
respectively. A significant association between CD3 and lymphovascular invasion was found (p=0.011). CD3 levels are
higher in patients with lymphovascular invasion. Survival analysis did not show any relationship between microsatellite
instability, progression-free survival, and overall survival. Stage, grade, lymphovascular invasion, Ki-67, and CD8 were
significant predictors of progression-free survival (p<0.001, p=0.011, p=0.022, and p=0.02, respectively). Also, there
was a significant association between CD4 and overall survival (p=0.007).

Conclusion: We believe that assessment of tumor infiltrating lymphocytes holds the potential to provide valuable
prognostic information as well as guidance for management strategies in the clinical practice.
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Surgery, chemotherapy, and radiotherapy form the basis
of cancer treatment. However, advanced stage and re-
current ovarian cancer are associated with poor prognosis,
which is dependent on the grade, stage, histological type,
and patient age.

The interactions between cancer cells and the immune sys-
tem are among the determinants of tumor progression. In
recent years, significant number of studies have been pub-
lished that examine the tumor-infiltrating lymphocytes.? In
some epithelial ovarian tumors, better prognosis has been
observed as a result of immune activation.®!

As opposed to inflammation, tumor infiltrating lympho-
cytes are generally associated with better prognosis and
survival in malignant diseases. CD8+ lymphocytes are
cytotoxic cells that are able to kill the “target cells” via
enzymes such as granzyme-B and perforin. On the other
hand, CD4 + cells generally do not have cytotoxic proper-
ties. Macrophages are able to recruit and activate other
cells such as B cells, dendritic cells, inflammatory cells,
and other T cells.”®! In addition to functional classification
systems, TILs may also be subcategorized based on their
localization within the tumor. They are referred to as stro-
mal TILs when they are present in the peritumoral space,
while the term intraepithelial TIL is used when they invade
the tumor islets. In a meta-analysis of 10 studies and 1815
patients with ovarian cancer, lower number of tumor infil-
trating lymphocytes has been found to be associated with
worse prognosis.”! MMR system, on the other hand, plays
a major role in the achievement of genomic stability, iden-
tifying and correcting biosynthetic errors occurring dur-
ing DNA replication.® Loss of any of these MMRs (MLH1,
MSH2, MSH6, and PMS2) genes leads to micro-satellite
instability (MSI) and increased burden of tumor muta-
tion.”? The reported percentage of MSI in ovarian cancer
is between 2% and 20%.%'? In solid tumors with MSI-H
and MMR deficiency, immune checkpoint inhibitors have
been reported to be effective. The first reported evidence
regarding this was from metastatic colon cancer patients
with high microsatellite instability and multiple lines of
previous therapy who responded well to anti-PD-1 ther-
apy. The objective response rate to pembrolizumab treat-
ment in patients with microsatellite instability was 40%,
while no benefit was observed in microsatellite stable pa-
tients.'® The efficacy of immunotherapy in other cancer
types with MMR deficiency was also explored and favor-
able results have been obtained.

In MMR deficient tumors, elevated TIL levels and increased
stimulation of the immune system has been observed, due
to the high mutation burden and expression of neoanti-
gens.'™ In our study we also investigated the association of
MMR system, tumor infiltrating cells, and prognosis.
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Methods

Patient Characteristics

A total of 81 patients diagnosed with ovarian cancer who
were treated at our department between 2011 and 2019
were included in this study. Demographic data, tumor
types, and chemotherapeutic regimens administered were
retrieved from patients’ medical records. Survival analyses
were performed at the end of study.

Immunhistochemistry

Immunohistochemistry was performed on 3-micron sec-
tions cut from routinely processed formalin-fixed, paraffin-
embedded tissue blocks. The tissue sections were depa-
raffinized and rehydrated, pretreated with 0.01 M citrate
buffer (pH 6), and then stained for MLH-1 (MutL Protein Ho-
molog 1) (Dako, clone ES05,Ready to use, Human Monoclo-
nal Mouse Primary Antibody), MSH-2 (MutS Protein Homo-
log 2) (Dako, clone FE11, Ready to use, Human Monoclonal
MousePrimary Antibody), MSH-6 (MutS Protein Homolog
6) (Dako, clone EP49, Ready to use, Human Monoclonal
Rabbit Primary Antibody), PMS-2 (Postmeiotic Segregation
increased 2) (Dako, clone EP51, Ready to use, Human Mono-
clonal Rabbit Primary Antibody),CD 3 (Dako, Ready to use,
Human PoliclonalRabbit Primary Antibody),CD 4 (Dako,
clone 4B12, Ready to use, Human Monoclonal Mouse Pri-
mary Antibody), CD 8 (Dako, clone C8/144B, Ready to use,
Human Monoclonal Mouse Primary Antibody), antibodies
by Ventana Benchmark ULTRA™ automatedimmunostainer.
In addition, the ultraView Universal DAB detection kit was
used for all staining. Positive and negative controls were
used for each antibody, based on the manufacturer’s pre-
requisites. The slides were evaluated by the pathologist (FB)
with a Nikon eclipse €200 microscope. Tumor histotype was
verified by light microscopic examination of H&E stained
slides. Staining patterns were analyzed for each antibody;
the percentage of positive staining and intensity (graded
0-3+) were determined at 40x magnification. MLH-1, MSH-
2,MSH-6, PMS-2 were considered “positive”nuclear staining
andCD3, CD4, CD8were considered “positive” for cytoplas-
mic staining. Negative test result in any of the markers MLH-
1, MSH-2, MSH-6, or PMS-2 was considered to microsatel-
lite instability (MSI). Also, with regard to tumor-infiltrating
lymphocytes, a proportion level of greater than 10% was
considered positive.

Statistical Analysis

SPSS v.23 software pack was used for statistical analyses.
Descriptive statistics were expressed as mean, standard
deviation, and percentages. The significance of the dif-
ferences between groups was tested with Mann-Whitney
U test. The associations between quantitative data were
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determined with Spearman’s correlation test. Progres-
sion-free and overall survival were estimated with Ka-
plan-Meier method. Statistical significance was set ata p
level of <0.05.

Results

Microsatellite instability and tumor infiltrating lympho-
cytes (CD3, CD8, and CD4) were immunohistochemically
examined among 81 ovarian cancer patients. Thirty pa-
tients (47%) had Stage 1-2,51 (53%) had Stage 3-4 disease.
High-grade tumors were observed in 54 patients (66.7%),
and 59 patients (72.6%) had serous carcinoma histopath-
ologically. CD3 levels were low in 53 patients (64.2%), and
highin 29 (35.8%). CD8 was low in 57 patients (70.4%) and
high in 24 (29.6%). CD4 was low in 54 cases (66.4%), and
high in 27 (33.3%) (Table 1). Micro-satellite status had no
statistically significant association with age, stage, grade,
lymphovascular invasion, CD3, and CD8. However, mi-
crosatellite instable patients had significantly reduced
CD4 (p=0.03) (Table 2). Also, there was a significant asso-
ciation between CD3 level and lymphovascular invasion
(p=0.011) (Table 3). Survival analysis did not show any

Table 1. Patient and tumor characteristics

Characteristics n %
Histology

Serous 59 72

Borderline 7 8

Granulosa 6 7

Musinous 2 2

Endometrioid 3 3

Clearcell 4 4
FIGO stage

1-2 30 47

3-4 51 53
Histologicalgrade

Low grade (G1-G2) 27 33

High grade (G3) 54 66
MSI

Stabile 53 65

Instabile 28 35
CD3

Low 53 64

High 29 35
CD8

Low 57 70

High 24 29
CD4

Low 54 66

High 27 33

relationship between microsatellite instability and pro-
gression-free and overall survival. Stage, grade, lympho-
vascular invasion, Ki-67, and CD8 had significant impact
on progression-free survival (p=0.007) (Fig. 1). CD 3 and
CD4 levels have no impact on overall survival.Univariate
(Table 4) and multivariate analyses (Table 5) showed sta-
tistically significant associations between CD8 level and
progression-free survival (Fig. 2).

Discussion

Advanced ovarian cancer is associated with most unfavor-
able prognosis among all gynecological cancers and the
search for treatments to improve the survival continues.
051 Immune system plays a major role in the pathogen-
esis and progression of ovarian cancer.'® In our study,
we found an association between CD4 levels and overall
survival (p=0.007). Also, in both univariate and multivari-
ate analyses, CD8 levels were also significantly associated
with progression-free survival (p=0.02). Previous stud-
ies also showed that intraepithelial TIL is associated with
survival. For instance, in a study by Pinto et al., the CD4
and CD3 within the tumor tissue were associated with
progression free survival (PFS) and overall survival (OS),
while CD8 was associated with PFS.'”! James et al. found

Table 2. Associations between histopathological characteristics of
patients and MSI

Characteristic MSS MsI p
n n

Age
<65 41 22 0.90
>65 12 6

Stage
1-2 18 12 0.43
3-4 35 16

Grade
Low 16 11 0.40
High 37 17

Lymphovascular invasion
Absent 17 13 0.20
Present 36 15

CD3
Low 34 18 0.99
High 19 10

CD8
Low 39 18 0.38
High 14 10

CD4
Low 31 23 0.03

High 22 5



Table 3. Associations between histopathological characteristics of patients and CD3, CD8, CD4
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CcD3 CD8 CcD4
n Mean+SD P Mean+SD Mean+SD P
Stage
1-2 30 13116 0.052 10+8 0.227 26127 0.661
3-4 51 16+13 12411 24+23
Grade
Low 27 11+12 0.104 816 0.050 17+15 0.176
High 54 17415 13+12 28+27
Lymphovascular invasion
Absent 30 10+12 0.011 9+8 0.149 18+20 0.166
Present 51 18x15 1312 28+26
Ki-67
Negative 28 11£12 0.068 8+6 0.094 175 0.149
Positive 53 17+15 13+12 29+27

*Univariate analysis is obtained and analysed by using Mann Whitney U and Kruskal-Walles tests.
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Figure 1. Kaplan Meier curves for progression free survival of ovarian
cancer patients according to CD8.

that more marked lymphocyte infiltration in the ovar-
ian cancer tissue was associated with better prognosis.
08l In Goode et al's study, higher CD8 levels were associ-
ated with better survival in high-grade ovarian cancer."
In a 2017 meta-analysis by Li et al., involving 21 studies
and 2903 patients, a link between tumor infiltrating lym-
phocytes and survival was reported.?! Again, in another
study, the 5-year survival rate in patients with high TIL
countin the tumor was 73.9% vs. 11.9% among those with
less marked TIL.2" In the current study, a statistically sig-
nificant association between CD3 levels and lymphovas-
cular invasion was found (p=0.01). Presence of elevated
CD3 was associated with higher lymphovascular invasion.
Also, the association between CD3 and disease stage was

Table 4. Prognostic factors related to progression free survival and

overall survival

Characteristics n
pfs os

Stage
Early 30 <0.001 0.148
Late 51

Grade
Low 27 0.011 0.372
High 54

Lymphovascularinvasion
Negative 30 0.022 0.964
Positive 51

Ki 67
Low<%50 28 0.022 0.362
High=%50 53

CD3
Low 52 0.247 0.055
High 29

CD8
Low 57 0.020 0.427
High 24

CD4
Low 54 0.646 0.007
High 27

MSI
Stabile 53 0.204 0.545
Instabile 28

*p values are obtained by Kaplan Meier analysis. p<0.05 is accepted to be

statistically significant.
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Table 5. Prognostic factors for progression free survival and overall
survival of ovarian cancer in multivariate analysis

Hazard ratio 95%Cl p
Progression free survival
Grade 0.645 0.184-2.261  0.493
Lymphovascularinvasion 0.745 0.216-2.571  0.641
MSI 1.569 0.856-2.877 0.145
Cb3 1.360 0.631-2.931 0433
Cb8 0.388 0.173-0.869  0.021
CD4 1.270 0.650-2.483  0.485
Overall survival
Grade 0.180 0.032-1.001  0.050
Lymphovascularinvasion 3.074 0.573-16.482 0.190
MSI 1.785 0.616-5.170  0.286
Cb3 3.465 0.616-19.492 0.158
CD8 0.852 0.153-4.742  0.855
CDh4 7.059 0.903-55.209 0.063

*p values are obtained by Cox multivariate analysis.p<0.05 is
accepted to be statistically significant.
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Figure 2. Kaplan Meier curves for overall survival of ovarian cancer
patients according to CD4.

close to statistical significance (p=0.052). Again, the asso-
ciation between CD8 and histological grade reached near
statistical significance (p=0.05). Our literature search did
not reveal any studies that examined the link between tu-
mor infiltrating lymphocytes and histopathological char-
acteristics of ovarian cancer.

In 28 of our patients (34.6%), there was a loss of MMR protein
expression. MSI was detected in 19 of the 59 patients with
serous carcinoma, 3 of the 4 patients with clear cell carcino-
ma (75%), 2 of the 3 patients with endometroid carcinoma
(66%), 2 of the 6 patients with granulosa carcinoma (33%),
1 of the 2 patients (50%) with mucinous carcinoma, and 1
of the 7 patients with borderline tumor (14%). In the meta-
analysis by X. Xiao et al., micro-satellite instability was found
in 7%, 17%, 13%, and 21% of the patients with serous, clear
cell, endometrioid, and mucinous carcinoma, respectively. In
that study, high MSI among those with mucinous carcinoma
is remarkable.?? In a study by Yamashita et al., 6 of the 136
patients (4.4%) had MSI, which was present in 2.6%, 57.7%,
8.7%, and 4.2% of their patients with serous, mucinous, en-
dometrioid, and clear cell carcinoma, respectively.”® Also, in
other previous studies, MSI was mostly reported in non-se-
rous carcinomas, although the samples were generally small.
2425 |n our study, CD4 was statistically lower in patients with
microsatellite instability (p=0.03). To the best of our knowl-
edge, no previous studies investigated the association be-
tween microsatellite instability and tumor infiltrating CD4
lymphocytes. In Yamashita et al’s study, no statistically signif-
icant associations between MSI and tumor infiltrating CD8
lymphocytes were reported. Xiao et al., found MSl in 18 of
their 419 patients (4.3%), with elevated numbers of tumor
infiltrating CD3 and CD3 lymphocytes. These patients with
MSI also had better PFS.22 However, in our survival analyses,
no associations between microsatellite instability, progres-
sion-free survival, and overall survival were observed.

Conclusion

When one considers the complexity of the immune sys-
tem, it is very likely that a single biomarker will not be fully
predictive of the response to immunotherapy. Therefore,
search for biomarkers that can accurately guide the choice
of immunotherapy and examination of the associations
between these markers have prognostic and therapeutic
implications in patients with ovarian cancer.
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