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ABSTRACT

Objective: To evaluate the clinicopathological characteristics of mismatch repair (MMR) deficiency and its clinical outcomes by
performing immunohistochemistry (IHC) for MMR genes in the serous ovarian cancer (SOC) tumour sections.

Study Design: A retrospective case-control study.

Place and Duration of the Study: Gynecology Department of Kanuni Sultan Stileyman Training and Research Hospital, and
Department of Medical Oncology of Medipol University, between March 2001 and January 2020.

Methodology: IHC was carried out for MLH1, MSH2, MSH6, and PMS2 on full-section slides from 127 SOCs to evaluate the MMR
status. MMR-negative and MMR-low groups together were defined as MMR deficient and called microsatellite instability-high (MSI-H).
The MSI status and expression of programmed cell death-1 (PD-1) were compared in SOCs with different MMR statuses.

Results: A significantly higher frequency of MMR-deficient SOCs was diagnosed at early stages compared with the patients in the
MSS group (38.6% and 20.6%, respectively, p=0.022). The frequency of cases with PD-1 expression was significantly higher in the
MSI-H group (76.2%) than in the MSS counterparts (58.8%, p=0.028). Patients in the MSI-H group had significantly longer DFS (25.6
months) and OS (not reached) than those in the MSS group (16 months and 48.9 months, p=0.039 and p=0.026, respectively).
Conclusion: MSI-H SOCs were diagnosed at an earlier stage as compared to MMR proficient cases. The presence of PD-1 expres-
sion was significantly higher in cases presenting MMR deficiency compared with MMR-proficient cases. MSI status was significantly

associated with DFS and OS.
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INTRODUCTION

Every year, 239,000 women (3.6% of all cancer patients) are
diagnosed with ovarian cancer globally and it is estimated to
causeover150,000deaths (4.3%).!

Correspondence to: Dr. Suleyman Cemil Oglak, Depart-
ment of Obstetrics and Gynecology, Health Sciences
University, Gazi Yasargil Training and Research Hospital,
Diyarbakir, Turkiye

E-mail: sampson 21@hotmail.com

Received: July 02, 2022; Revised: April 16, 2023;

Accepted: May 09, 2023

DOI: https://doi.org/10.29271/jcpsp.2023.06.666

Because of the absence of efficient screening methods and its
nonspecific early symptoms, about two-thirds of patients
presentin the advanced stages at the time of diagnosis, with a
five-year survival rate below 45%.”* About 90% of primary
ovarian cancers arise from the epithelial cells, and high-grade
serous ovarian cancer (SOC) comprise 70-80% of malignant
epithelial ovarian cancers.”® The classification of epithelial
ovarian cancer was mainly based on the clinical and patholog-
ical components that are inadequate to display the complex
cascade of cellular occurrences that leads to the clinical
behaviour of these cancers, and this classification is of limited
prognostic significance.” The histologic subtypes of this cancer
demonstrate differences regarding genetic and epidemiologic
risk factors, precursor lesions, morphological characteristics,
tumour spread pattern, and response to treatment.® Thus, an
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exact classification of these cancers both molecularly and
morphologically is crucial to choose the most suitable therapy
foreachpatient.’

Microsatellites are DNA motifs comprised of short nucleotide
fragments. Because of the significantamount of repeatsin DNA
segments, microsatellites are vulnerable to replication stress
during DNA replication, which may increase the possibility of
defects and result in a high mutation rate.” The DNA mismatch
repair (MMR) pathway identifies and repairs the mismatches
that develop throughout DNA replication, mainly by four essen-
tial enzymes coded for by the MMR genes, including PMS2,
MSH2, MLH1, and MSH6. Microsatellite instability (MSI) is the
exhibition of MMR pathway deficiency thatends in higher muta-
tion rates across the genome, causing oncogenesis.' The
deficiency ofthe MMR pathway canresult from either somatic or
germline mutations. Agermline mutation of one of the inherited
MMR genes causes Lynch syndrome. MMR deficiency mightalso
sporadically develop because of the MMR pathway’s somatic
mutations.'"*

MMR deficiency driving MSI and malignancy has been recog-
nised in different types of cancer. Colorectal and endometrial
cancers with MMR deficiency present significantly higher
tumour-infiltratinglymphocytes(TIL)and programmeddeath-Ii-
gand 1 (PD-L1) expression and are sensitive to immune check-
point blockade therapy with anti-programmed death-1 (anti-
PD-1) antibodies.” However, the function of the MMR pathway
and the presence of MSI in the pathogenesis of SOC remains
unclear. Moreover, the clinicopathologic characteristics of SOC
caseswithMMR deficiency haveyettobedefined withcontradic-
tory results on the concord of MMR deficiency with the presence
of MSL.**** Therefore, the current study sought to evaluate the
clinicopathological characteristics of MMR deficiency and its
clinical outcomes by performing immunohistochemistry (IHC)
for MMR genesinthe SOCtumoursections. The aim of this study
was to identify the programmed cell death-1 (PD-1) expression
and the MSI phenotype among SOC cases with varying MMR
status, and assesstheirrelationship with the deficiency of MMR.

METHODOLOGY

Aretrospective case-control study was conductedinaconsecu-
tive series of 268 patients with primary SOC, who were diag-
nosed between March 2001 and January 2020. Cases who had
sufficienttumoursamplesand clinical dataintheir medicalfiles
were included in this study. Patients with unavailable orincom-
plete medical records were excluded. A total of 127 patients
had adequate tumour samples and clinical data for analysis.
IHC was carried out on 3 um full-section slides from formal-
in-fixed paraffin-embedded (FFPE) tumour blocks stained with
hematoxylin and eosin (H&E). Then, a senior gynaecological
pathologist reviewed H&E-stained slides and initial pathology
records. Tumours were classified histologically based on the
WHO criteria and staged by the FIGO system. FFPE blocks from
cytoreductive surgery were retrieved from the Gynaecology
Department of Kanuni Sultan Stleyman Training and Research

Hospital, and partly from Department of Medical Oncology of
Medipol University following the approval fromthe institutional
review board of Medipol University (10840098-604.01.01-
E.17851).

After surgery, tumour relapse or progress was detected by
physical exam, serum CA-125 levels, and imaging. The follow-
up duration was defined as the period from surgical procedure
tophone contact/lastclinicvisit, ordeath.

FFPE tumour tissue sections of each high-grade SOC patient
were analysed for MSl and PD-1 by the IHC method. Concisely,
FFPE full-section slides were dewaxed, hydrated, and rinsed
with phosphate buffer saline (PBS) repeatedly. Endogenous
peroxidase activity was inhibited with 3% hydrogen peroxide.
Primary antibodies against MMR proteins (MSH6, MSH2, PMS2,
MLH1) and PD-1 proteins were added at 65°C over an hour,
respectively. Then, the sections were reacted with biotinylated
goatanti-mouselgGantibody and per-oxidase-labelled strepta-
vidinsuccessively. Thesesectionsweredetected by the strepto-
mycin-avidin-biotin-peroxidase complex technique, followed
by the colour rendering with diaminobenzidine (DAB) and coun-
terstaining with H&E. Finally, slide dehydration and sealing
were performed routinely. These antibodies were provided by
Medaysis Company, CA, USA. Normal colonic crypt epithelium
adjacent to the stromal cells, lymphoid cells, and tumour was
labelled as internal positive controls. MMR proteins were situ-
ated in the nucleus. For assessing MMR protein expression,
sections were scored by percentages of tumour cell nuclei
staining: complete loss of staining (0%), reduced expression
(1%-25%), and moderate to strong expression (26%-100%).
Nuclear staining of normal lymphocytes and/or stromal cells in
each slide was utilised as a positive internal control. Tumours
with moderate to strong expression of all four MMR proteins
were labelled as MMR proficiency. Tumours thatlost staining or
showed reduced expression of any MMR protein were labelled
as MMR-negative and MMR-low, respectively.'* MMR-negative
and MMR-low groups together were defined as MMR deficient
and called MSI-high (MSI-H). Patients were divided into two
groups as MMR-proficient group (n=68) and the MMR-deficient
group (n=59). Moreover, PD1 protein expression was consid-
ered positive if tumour cells and micro-environment positive
staining have morethan 1% staining were present.”’

Statistical analysis was made utilising IBM SPSS Statistics for
Windows, version 22.0. The authors utilised descriptive statis-
ticstosummarise baseline features. Descriptive statisticswere
expressed as counts and percentages for categorical variables
and mean * standard deviation for continuous variables. The
Mann-Whitney U test was used to compare continuous vari-
ables without normal distribution. The independent samples t-
test was used to compare continuous variables with normal
distribution. Kolmogorov-Smirnov and Shapiro-Wilk tests were
used to test the normality distribution. Pearson x’ test and Fish-
er's exact test were utilised to determine the relationship
between clinicopathological elements, PD1 and MSI status in
patients with SOC. The Kaplan-Meier method was utilised to
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create the survival curves of patients and the comparisons via
the Log-Rank test. Disease-free survival (DFS) was defined as
the period from curative surgery to the recurrence of tumour,
death, orloss in follow-up. Overall survival (OS) was described
as the period from diagnosis to the patient’s death date or loss
in follow-up. Univariate analysis was performed to assess the
significance of clinicopathological features as prognostic vari-
ables. Multivariate analysis with the Cox proportional hazards
model was used to identify the independent prognostic vari-
ablesfor OS and DFS. Multivariate analysis was used to identify
the independence of these variables. The p-values <0.05 were
deemed statistically significant.

RESULTS

Tumour samples of 127 women with SOC underwent IHC
staining for the status of MMR. A total of 59 patients (46.5%)
were classified as MMR-deficient, while 68 patients (53.5%)
demonstrated moderate to strong expression of four MMR
proteins and were labelled as MMR-proficient. Out of the 59
patients that had an abnormality in MMR protein expression,
53 patients (41.7%) showed reduced expression of atleastone
MMR protein (MMR-low), and 6 patients (4.8%) exhibited
entirely lostexpressionofatleastone MMR protein (MMR-nega-
tive). The frequency of patients with nuclear loss in MMR
proteins was 19.7% (n=25) for MLH1, 15.7% (n=20) for MSH6,
13.7%(n=17)forPMS2,and 11% (n=14)for MSH2.

Therelationship between clinicopathological factors and MSlin
patients with SOC was presented in Table . In the MSI-H group,
womenranged inage from 33 to 79 years, withamean of55.31
+ 12.38 years, while patients’ ages ranged between 26-83
years, with a mean of 56.09 + 10.68 years in the MSS group
(p=0.62). Twenty-one (35.6%) of patients were below the age
of 50 years at diagnosis in the MSI-H group, and 17 (25%) of
patients were diagnosed <50 yearsinthe MSS group (p=0.13).
The groups were similar concerning pre-operative CA125 level,
receiving neoadjuvantoradjuvant chemotherapy, and surgery
type. FIGO stage | or Il cancer was diagnosed in 38.6% of
patients (n=22) in the MSI-H group. In the MSS group, 20.6% of
the patients (n=14) had FIGO stage | or Il SOC at the diagnosis
time. Consequently, a significantly higher frequency of MMR-
deficient SOCs was diagnosed at early stages compared with
the patients in the MSS group (p=0.022). Figure 1 demons-
trates the PD-1 expression in intratumour al lymphocytes. The
proportion of patients with PD-1 expression was significantly
higherin the MSI-H group (n=45, 76.2%) than in the MSS coun-
terparts (n=40,58.8%, p=0.028).

The median follow-up duration was 33.5 months for the entire
study population. The median DFS was 19.9 months, and the
median OS was 37.5 months (ranging between 3.7-94.9
months) for the whole study cohort. Figures 2 and 3 demons-
trate the Kaplan-Meier curves of DFS and OS, respectively.
Cases in the MSI-H group had significantly longer DFS (25.6
months) and OS (not reached) than those in the MSS group (16

months and 48.9 months, p=0.039 and p=0.026, respec-
tively). Assummarisedin Tablel, the MSI status of the patients
was a significant positive prognostic factor for DFS (p=0.039)
in the univariate analysis. However, in the multivariate anal-
ysis, the MSI status of the women did not remain a significant
prognostic factor for DFS (p=0.42, Table Il). As demonstrated
in Table Ill, the MSI status of the individuals was significantly
relatedtoOS(p=0.026)intheunivariateanalysis, but, onmulti-
variate analysis MSI status did not remain a significant
predictor variable for OS (p=0.48).
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Figure 1: The PD-1 expression in intratumour allymphocytes.
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Figure2: Analysisof disease-freesurvivalregarding MMR status.
LogRanktestwasappliedwithp<0.05indicatingstatisticalsignificance.

DFS: disease-free survival; 0S: overall survival; MMR,: mismatch repair; MSS:
microsatellitestable; MSI-H: microsatelliteinstability high.
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Table I: Relationship between clinicopathological factors and MSI in patients with serous ovarian cancer.

Factors MSI-H MSS p-value
(n=59) (n=68)
Age, years 55.31 £ 12.38 (33-79) 56.09 + 10.68 (26-83) 0.62*
Age (years), n (%) 0.13
<50 21 (35.6) 17 (25.0)
>50 38 (64.4) 51 (75.0)
Pre-operative CA125 level, U/mL 765.47 = 1256.50 797.32 £ 1691.88 0.92*
Neoadjuvant chemotherapy, n (%) 0.56
Absence 44 (77.2) 52 (77.6)
Presence 13 (22.8) 15 (22.4)
Adjuvant chemotherapy, n (%) 0.41
Absence 2 (3.5) 4(6.1)
Presence 55 (96.5) 62 (93.9)
Surgery type, n (%) 0.40
Maximal debulking 45 (80.4) 48 (71.6)
Optimal debulking 7 (12.5) 13 (19.4)
Suboptimal debulking 4(7.1) 4 (6.0)
Inoperable - 2 (3.0)
Tumour grade, n (%) <0.001
1 6 (10.5) 4 (5.9)
2 24 (42.1) 5(7.4)
3 27 (47.4) 59 (86.8)
FIGO Stage, n (%) 0.022
-1l 22 (38.6) 14(20.6)
-1V 35(61.4) 54 (79.4)
PD-1 expression, n (%) 0.028
Negative 14 (23.8) 28 (41.9)
Positive 45(76.2) 40 (58.8)

*Student’s t-test or Mann-Whitney U-test and all others from Pearson x’ test.

Table II: Univariate and multivariate analysis of risk factors for DFS in patients with serous ovarian cancer.

Factors Median DFS time Univariate Multivariate HR
(months) p-value p-value (95% CI)
Age (year) 0.42
<50 23.0
>50 17.0
Neoadjuvant CT 0.08
Absence 16.0
Presence 21.0
Adjuvant CT 0.82
Absence 7.7
Presence 18.9
Surgery type <0.001 <0.001 2.0
Maximal debulking 28.3 (1.45-2.76)
Optimal debulking 15.7
Suboptimal debulking 11.5
Inoperable 6.9
Tumour grade 0.041 0.15 1.44
1 NR (0.86-2.39)
2 25.6
3 16.9
FIGO Stage 0.046 0.51 1.26
-l 52.4 (0.62-2.59)
-1V 16.9
MSI status 0.039 0.42 1.29
MSI-H 25.6 (0.68-2.43)
MSS 16.0
PD-1 expression 0.64 0.18 0.67
Negative 23.5 (0.38-1.21)
Positive 18.4
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Table IlI: Univariate and multivariate analysis of risk factors for OS in patients with serous ovarian cancer.

Factors Median OS time Univariate Multivariate HR
(months) p-value p-value (95% CI)
Age (year) 0.14
<50 NR
>50 63.0
Neoadjuvant CT 0.16
Absence 72.6
Presence 46.6
Adjuvant CT 0.42
Absence 24.4
Presence 63.0
Surgery type 0.027 0.033 1.44
Maximal debulking NR (0.96-2.16)
Optimal debulking 48.9
Suboptimal debulking 35.5
Inoperable 36.3
Tumour grade 0.044 0.32 1.40
1 NA (0.71-2.75)
2 NR
3 59.3
FIGO stage 0.14 0.73 1.19
-1l NR (0.44-3.21)
-1V 59.3
MSI status 0.026 0.48 1.36
MSI-H NR (0.56-3.28)
MSS 48.9
PD-1 expression 0.86 0.43 0.74
Negative 64.4 (0.35-1.56)
Positive 60.8
nosis in the MSI-H group was 55.31 + 12.38 years, and 35.6%
0.1 of these patients were below the age of 50 years when they
were diagnosed with ovarian cancer. However, no significant
difference was found regarding the age at diagnosis between
0.8+ the MSS group and the MSI-H group. In a study by Aktas et al.,
=~ MSI-H which analysed 667 unselected ovarian cancer cases from
= different regions in Turkey, the mean age at diagnosis among
$ 0.6+ cases with no mutation was found to be 53.3 years.”® The
g MSS mean age of onset of both of the ovarian cancer groups in this
® study population was similar to this study, suggesting the
'© 0.4 mean age at diagnosis of ovarian cancer in the Turkish popula-
g tion was earlier compared to the Western population and the
unique biology behind this cancer. It was also stated that most
0.2 — of the MMR-deficient ovarian cancers were sporadic as the
status of MMR germline mutation was unidentified.”
p =0.026
0.0 Approximately 80% of sporadic ovarian cancers are diagnosed
[ [ | | | : at stage Ill-IV with overall survival of 36.8 months.”* However,
0 20 40 60 80 100 ovarian cancer in patients with MMR deficiency tends to be
Time (months) diagnosed at an early stage with a range of 65-72%."*" Consis-

Figure 3: Nalysis of overall survival regarding MMR status.

DFS: disease-free survival; OS: overall survival; MMR,: mismatch repair; MSS:
microsatellite stable; MSI-H: microsatellite instability high.

Log Rank test was applied with p<0.05 indicating statistical significance.

DISCUSSION

Sporadic ovarian cancers presented with a median age of 63
years in the entire population.® Previous studies indicated that
the mean onset age of ovarian cancers in germline mutation
cases was between 45-51 years, which was 15-20 years earlier
than the mean age of sporadic ovarian cancers, with a broad
range of 19-82 years.”** In this study, the mean age at diag-

tent with the literature, in this study, patients in the MSI-H
group (38.6% of them had FIGO stage I-Il ovarian cancer) were
more frequently diagnosed at an earlier stage compared to the
patients in the MSS group (20.6% of them had FIGO stage I-lI
ovarian cancer). The lower frequency of patients with early-s-
tage cancer in this study group than in previous reports is
because this study group consisted of only SOCs, while other
reports consisted of all other subtypes of ovarian cancer.

Previous studies concluded that the most commonly
influenced MMR protein in Lynch syndrome-associated ovarian
cancer patients was MSH2 and followed by MLH1."***** In a
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recent study, Xiao et al. reported that the most commonly
influenced MMR proteins were MLH-1 and PMS-2, while the
frequency of MSH2 deficiency was the fewest in their study
cohort. They suggested that most cases of MLH-1 deficiency
are sporadic rather than inherited.'® In the present cohort,
MLH-1 was the most commonly affected protein and followed
by MSH-6. This finding also indicated the unique biology
behind this cancer in the Turkish population.

Xiao et al. indicated that ovarian cancer in patients with MMR
deficiency had better PFS than MSS cases and elucidate this
conclusion with three main reasons, including a higher
frequency of MMR-deficient ovarian cancers presented at
early stages, most of the MMR-deficient patients were
endometrioid subtype which has favourable prognosis than
SOCs, and MMR-negative ovarian cancers manifested a
higher number of CD8+ and CD3+ TILs which is correlated
with better survival.'® Likewise, in this study, DFS and 0S
were significantly longer in the MSI-H group than in the MSS
group. Univariate logistic regression analysis found that the
MSI status of ovarian cancer patients was significantly associ-
ated with the DFS (p=0.039) and OS (p=0.026). However, the
multivariate logistic regression analysis did not identify an
association between the MSI status of the patients and DFS
and OS. This finding can be explained mainly by the retrospec-
tive nature of the study, relatively low sample size, and rela-
tively short duration of follow-up.

The cell surface PD-1 receptor is expressed by activated T-
cells and has two ligands, of which PD-L1 can be expressed
by tumour cells and adjacent immune cells.”? The binding of
this ligand to PD-1 inhibits T-cell receptor signalling, ending in
reduced T-cell proliferation and increased vulnerability to
apoptosis.’*** Anti-PD-1 immunotherapy promotes persistent
T-cell activity to prevent these cells’ apoptosis and has been
found to be effective in a broad variety of malignancies. MMR-
deficient tumours are considered to evade the immune
system by the upregulation of PD-L1 expression and the pres-
ence of MSI has been shown to be a crucial biomarker to
predict which cancers might respond to anti-PD-1
immunotherapy.” Xiao et al. found that MMR-deficient
ovarian cancers displayed a higher PD-L1 expression in intra-
tumour al immune cells than the MSS ovarian cancers and
suggested that MMR-negative ovarian cancers could be more
immunogenic than MSS ovarian cancers and might exhibit a
better response to anti-PD-1 immunotherapy.'® Consistently,
the presence of PD-1 expression was significantly higher in
the patients with MSI-H than in the cases with MSS.
Compared to MSS SOCs, MSI-H SOCs exhibited increased
PD-1 expression in intratumour al immune cells. As a whole,
these outcomes agree with the theory that MMR-deficient
SOCs might be more immunogenic compared to MMR-profi-
cient SOCs, and might be responsive to PD-1/PD-L1
blockade."

The main limitations of this study are its retrospective nature
and relatively short duration of follow-up. The other limitation

is the absence of PCR amplification in confirming the pres-
ence of MMR deficiency. Also, this study did not investigate
the effects of TILs infiltration on survival in patients with
HGSOC, and the lack of this assessment could introduce
another limitation. The main strength of this study is that few
studies in the literature investigate the molecular and clinico-
pathologic features of MMR deficiency tumours in SOCs. To
the best of the authors’ knowledge, this is the first investiga-
tion to date that has evaluated the MMR deficiency and PD-1
expression in tumour cells in SOC in the Turkish population.

CONCLUSION

MSI-H SOCs were diagnosed at an earlier stage as
compared to MMR proficient cases. The presence of PD-L1
expression was significantly higher in patients presenting
MMR deficiency compared with MMR proficient cases. Thus,
these cases can be considered promising candidates for
anti-PD-1 immunotherapy. MMR deficiency can be consid-
ered a prognostic biomarker for SOC patients. According to
the univariate logistic regression analysis, MSI status was
significantly associated with DFS and OS.
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