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1. Introduction

In the medical and diagnostic daily routine, gynecologic diseases present many dif-
ferent scenarios. Benign lesions may mimic malignant ones, and vice versa; hormonal
effects (either menstrual, pregnancy, or therapy-related) may alter normal histology and
create artifacts; systemic diseases, such as diabetes and connective tissue diseases, may
influence the hormonal status and affect placentation and gestation; genetic imbalance
(BRCA, p53, mismatch repair protein deficiency—dMMR) can cause breast, endometrial,
and ovary cancer [1–4]. This female “cosmos,” in which so much is interconnected and
happens due to something else, is complex, and diagnostic challenges, tricky differential
diagnoses, and pitfalls are routinely encountered. For instance, in gynecologic pathology,
the correlation between benign and malignant diseases in gynecologic pathology is well-
described, with some overlap in ovarian endometrial cancer and endometriosis. Studies
have shown that different malignant degeneration pathways can lead to the development of
endometriosis-associated ovarian tumors of the endometrioid and clear cell histotypes [5,6].
In gynecologic pathology, benign diseases that can increase the risk of malignant disease
and a variety of synchronous and multiple cancers are often encountered [7,8].

Researchers are still searching for new biomarkers to accurately predict common
gynecologic tumors’ prognosis. For instance, there is a need for novel prognostic biomark-
ers to improve immunotherapy, such as ITGB2 in ovarian cancer. Despite significant
advancements in immunotherapy, patients with epithelial ovarian cancer still respond
poorly to it; this could be due to immunosuppression and the high heterogeneity of the
disease. Therefore, more research needs to be conducted to understand the molecular
mechanisms in the ovarian cancer tumor immune microenvironment and develop new
therapies that can effectively heat the “cold” ovarian cancer and enhance the clinical efficacy
of immunotherapy [9,10].

Female genital cancer can develop due to various factors, such as viruses, bacteria, and
hormonal and genetic imbalances. In recent years, research has shown that the microbiome
also plays a significant role in cancer development; additionally, HPV infection increases
the risk of developing squamous cell carcinoma in the skin and mucous membranes [11–14].

Gynecologic pathology encompasses neoplastic diseases and pregnancy-related pathol-
ogy, a peculiar field; this includes pre-implantation disease, which has gained significant
importance due to the wider use of in vitro fertilization [IVF] techniques [15–17]. But
also, during pregnancy, various diseases can endanger the health of both the fetus and
the mother. Some examples include gestational diabetes, which can disrupt normal pla-
cental function [18–20], and extremely rare but aggressive diseases, such as complete
hydatidiform mole [21,22].

Diagnostics 2023, 13, 3480. https://doi.org/10.3390/diagnostics13223480 https://www.mdpi.com/journal/diagnostics
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2. An Overview of Published Articles

Bergamini et al. (Contributor 1) compare data from patients affected by endometriosis-
associated ovarian tumors of the endometrioid and clear cell histotypes to investigate the
hypothesis of a dichotomy in the histogenesis of these tumors. The study analyzed clinical
data and tumor characteristics of 48 patients who were diagnosed with either pure, clear cell
ovarian cancer or mixed endometrioid-clear cell ovarian cancer arising from endometriosis
(or endometriosis-associated endometrioid ovarian cancer). The exact pathways that lead to
the development of cancer from endometriosis are not yet fully understood. However, it is
known that the development of ovarian cancer in women with endometriosis is a complex
process that involves multiple steps. It begins with forming a precursor lesion, such as
atypical endometriosis, which contains certain genetic and epigenetic mutations. Over time,
these changes accumulate and are further compounded by the inflammatory, hyperestro-
genic environment and oxidative stress in the endometriotic lesion, ultimately leading to
the development of cancer. A particular subtype of endometriosis-associated ovarian cancer
appears to develop slowly within an endometriotic cyst; this represents a subset of diseases
where ultrasound could be useful in the early detection of malignant degeneration.

Sohn et al. (Contributor 2) analyzed tumors coexisting with endocervical polyps
(ECPs) and studied the clinicopathological characteristics of ovarian and endometrial
ECs involving ECPs. The study identified 429 ECPs, most associated with premalig-
nant or malignant lesions in the uterine cervix, endometrium, and ovaries. No evidence
of benign endometriosis, endometrial hyperplasia without atypia, or atypical hyperpla-
sia/endometrial intraepithelial neoplasm within ECPs or the adjacent endocervical tissue
was noted. According to the results, the involvement of ECPs by EC may have been
due to an implantation metastasis from the ovarian or endometrial EC. The pathogenic
mechanism of ECP involvement may have been implantation metastasis via transtubal and
trans-endometrial cavity migration.

The article by Pongsuvareeyakul et al. (Contributor 3) reinforces the concept that
determining the type and source of metastatic tumors is a crucial and potentially difficult
task in pathology because it affects clinical decision-making and management of patients,
as it may occur during an intraoperative exam when the site of origin of a clear cell tumor
can pose an unpredictable diagnostic challenge. The authors presented a case of clear-cell
mesothelioma, which originated in the uterine serosa and was initially misdiagnosed as
clear-cell adenocarcinoma in the intraoperative frozen section. The tumor showed dif-
fuse tubulocystic spaces of variable size lined by clear cells with moderate nuclear atypia.
Immunohistochemical staining confirmed the diagnosis of clear-cell mesothelioma. This
variant of epithelioid mesothelioma is an extremely rare neoplasm of the peritoneum and
shares histomorphologic features overlapping with many other tumors, including carcino-
mas and non-epithelial neoplasms. Diagnosing peritoneal clear-cell mesothelioma is not
always straightforward, despite known immunohistochemistry (IHC) markers. Due to its
rarity, it may be easily confused with other clear-cell neoplasms, especially in intraoperative
frozen sections. However, recognizing this rare entity is essential as the diagnosis could
significantly affect the management considerations. The authors concluded that using an
IHC panel judiciously can help distinguish this tumor from other mimickers.

Li, C, and colleagues (Contributor 4) conducted an integrated bioinformatic analysis
to identify genes related to ovarian tumorigenesis and their immune characteristics in
the ovarian cancer microenvironment. They filtered 332 differentially expressed genes
from a database and identified 10 upregulated hub genes closely associated with ovar-
ian tumorigenesis. The team proceeded to perform a survival and immune infiltration
analysis that demonstrated that the upregulation of five candidate genes, ITGB2, VEGFA,
CLDN4, OCLN, and SPP1, were correlated with unfavorable clinical outcomes and in-
creased immune cell infiltration in ovarian cancer. Among these genes, ITGB2 correlated
most with various immune cell infiltrations and strongly correlated with significant M2
macrophage infiltration while having a moderate correlation with CD4+/CD8+ T cells and
B cells. This characteristic explains why ITGB2’s high expression was accompanied by
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immune activation but did not reverse carcinogenesis. Additionally, Western blotting and
immunohistochemistry confirmed that ITGB2 was over-expressed in ovarian cancer tissues,
primarily in the cytoplasm. In summary, ITGB2 may be a prognostic immunomarker for
ovarian cancer patients.

The study by Kinoshita et al. (Contributor 5) explores the predominant histological
subtype of breast mucinous carcinoma in older women, which is type B (hypercellular),
while in younger women, it is type A (hypocellular). The characteristics of mucinous carci-
nomas of the same histological subtype may differ between older and younger women. The
study aimed to systematically clarify mucinous carcinomas’ pathological and immunohisto-
chemical features. Gross cystic disease fluid protein-15 (GCDFP-15) and eight other markers
were used for immunostaining. The results showed that GCDFP-15 positivity was signif-
icantly higher in the older group compared to the younger group. Therefore, this study
suggests that GCDFP-15 expression characterizes mucinous carcinomas in older women.

In the review by Trifanescu et al. (Contributor 6), the authors highlighted how the
vagina harbors the highest number of bacteria, with a healthy profile dominated by Lacto-
bacillus spp. On the other hand, the upper reproductive tract of females (consisting of the
uterus, Fallopian tubes, and ovaries) has only a minimal number of bacteria. Although it
was previously believed to be sterile, recent research has revealed the presence of a small
microbiota in this region, with ongoing debates on whether it is a normal or pathological
occurrence. It is noteworthy that the composition of the female reproductive tract’s mi-
crobiota is significantly influenced by estrogen levels. Increasingly, research suggests a
correlation between the microbiome of the female reproductive tract and the development
of gynecological cancers.

Kosmidis and colleagues (Contributor 7) discuss a series of cases of neoplasia in the
anal and perianal region, highlighting the ongoing debate about whether young males and
adult males should be vaccinated against HPV. Currently, there are no official guidelines
regarding widespread vaccination for males or screening for anal SCC or HSIL (high-grade
squamous intraepithelial lesion).

In their article, Ekemen et al. (Contributor 8) demonstrate the range of diagnostic tools
available for predicting the outcome of IVF with the help of digital pathology. The authors
explained how, in unexplained infertility and recurrent IVF failure cases, plasmacellular
chronic endometritis and CD56 elevation (an increase in uterine NK cells) can be detected
through three immunohistochemical stains; this helps in providing a specific treatment.
This study also found that BCL-6 correlated well with CD56 positivity, even better than
CD56 immunopositivity alone. Additionally, as BCL-6 positivity is associated with pelvic
endometriosis, immunostaining of curettage material can allow for an easy diagnosis
and protect individuals from more invasive interventions. However, further studies are
required to evaluate BCL-6’s positivity in the endometrium.

Giacometti et al.’s (Contributor 9) research investigated the hypothesis that the absence
or low expression of hENT1 in endothelial cells of all GDMd placentas could indicate a
potential role in microvascular adaptive mechanisms. Due to the complex nature of the
placental microenvironment, various pathways and metabolic mechanisms are likely to be
affected by the alterations found at both cellular and phenotypic levels in GDM.

The article by Jung et al. (Contributor 10) reported an unusual case of placenta accreta,
which was later determined to be an invasive hydatidiform mole. Unfortunately, it was
not initially diagnosed as such. After radiologic examination, metastatic lung lesions were
discovered, and the patient underwent six cycles of methotrexate administered at two-week
intervals. The authors present this unexpected choriocarcinoma’s clinical and pathological
characteristics with pulmonary metastasis, compare it to existing literature, and highlight
the importance of thorough pathological examination.
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3. Conclusions

The compilation of articles in this Special Issue on gynecologic pathology covers a
wide range of research, reflecting the richness of this field. The studies adopted different
methodologies, including observational approaches, such as case studies, molecular biology,
and artificial intelligence. It is worth noting that the articles published in this Special Issue
are from around the world, highlighting the relevance and importance of this publication.
It offers readers a chance to discover research focused on extra-national contexts, which
allows for a more complete understanding of the research field of gynecologic pathology.

Author Contributions: Conceptualization, C.G.; writing—original draft preparation, C.G.; writing—
review and editing, C.G. and K.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Evidence indicates that different pathways of malignant degeneration underlie the devel-
opment of endometriosis-associated ovarian tumors of endometrioid and clear cell histotypes. The
aim of this study was to compare data from patients affected by these two histotypes to investigate
the hypothesis of a dichotomy in the histogenesis of these tumors. Clinical data and tumor char-
acteristics of 48 patients who were diagnosed with either pure clear cell ovarian cancer and mixed
endometrioid–clear cell ovarian cancer arising from endometriosis (ECC, n = 22) or endometriosis-
associated endometrioid ovarian cancer (EAEOC, n = 26) were compared. A previous diagnosis of
endometriosis was detected more frequently in the ECC group (32% vs. 4%, p = 0.01). The incidence
of bilaterality was significantly higher in the EAOEC group (35% vs. 5%, p = 0.01) as well as a
solid/cystic rate at gross pathology (57.7 ± 7.9% vs. 30.9 ± 7.5%, p = 0.02). Patients with ECC had a
more advanced disease stage (41% vs. 15%; p = 0.04). A synchronous endometrial carcinoma was
detected in 38% of EAEOC patients. A comparison of the International Federation of Gynecology
and Obstetrics (FIGO) stage at diagnosis showed a significantly decreasing trend for ECC compared
to EAEOC (p = 0.02). These findings support the hypothesis that the origin, clinical behavior and
relationship with endometriosis might be different for these histotypes. ECC, unlike EAEOC, seems to
develop within an endometriotic cyst, thus representing a window of possibility for ultrasound-based
early diagnosis.

Keywords: ovarian cancer; endometrioid ovarian cancer; clear cell ovarian cancer; endometriosis;
carcinogenesis

1. Introduction

Endometriosis is an estrogen-dependent chronic and progressive inflammatory dis-
ease, which affects 10% of all women of reproductive age in the world, equating to 190 mil-
lion women worldwide [1–3]. It is characterized by the presence of extra-uterine, func-
tionally active, endometrial tissue, represented by stroma and glands, which can be found
mostly in the pelvic cavity, ovaries, fallopian tubes, sigmoid colon, appendix, upper ab-
domen and in other sites such as the lungs [4,5]. In particular, in 44% of cases, the ovaries are
the site of endometriosis, with an endometriotic cyst defined as ovarian endometrioma [6].
The latter is evident in ultrasound examination as a unilocular cyst with homogeneous
low-level echogenicity defined ground glass and absent to moderate vascularization [7].
From a molecular point of view, endometriosis is characterized by molecular abnormal-
ities such as a loss of AT Rich Interactive Domain 1A (ARID1A) function, Phosphatase
and Tensin homolog (PTEN) inactivation, Phosphatidylinositol-4,5-Bisphosphate 3-Kinase
Catalytic Subunit Alpha (PIK3CA), Catenin Beta 1 (CTNNB1) and Kirsten Rat Sarcoma Viral
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oncogene homolog (KRAS) activation [6]. However, the etiology of this disease is still enig-
matic. Several hypotheses have been proposed since 1870 and the most likely explanation
is the retrograde menstruation theory. Additional postulated mechanisms include celomic
metaplasia, lymphatic and vascular metastasis, endometrial stem cell implantation and
abnormal residue of embryonic Mullerian tissue [8].

Endometriosis is a benign disease, but it shares some characteristics with cancer, such
as local and distant invasion, resistance to apoptosis, recurrence, angiogenesis, damage
to target organs and stimulation of the inflammatory system [9–14]. In particular, the
real precursor of ovarian cancer is represented by atypical endometriosis which is seen
in 60–80% of ovarian cancers that result from endometriosis [2,4].In addition, the most
common mutations in atypical endometriosis affect ARID1A, PIK3CA, genes coding for
estrogen and progestogen receptors, KRAS and PTEN [2].

The association between endometriosis and ovarian cancer was initially described
in 1925 by Sampson, and then, it was confirmed by Scott in 1953, who observed that
benign endometriosis may be present in proximity to ovarian cancer [2]. In particular,
many studies confirm that the histotypes of epithelial ovarian cancer that are most closely
related to endometriosis are endometrioid tumors and clear cell carcinoma [15,16]. In fact,
these have mutations in common with endometriosis, such as PTEN, PIK3CA, KRAS and
ARID1A [15–17].

Sarria-Santamera and colleagues highlighted that endometriosis is correlated with
a 2.66-fold greater risk of ovarian cancer, compared to the general population [18]. In
addition, it has been estimated that the lifetime risk of ovarian cancer in women with
endometriosis is 2.5% [1].

In a recent systematic review and meta-analysis by Kvaskoff and collaborators, it
was estimated that those with clear cell and endometrioid histotypes had a greater risk of
endometriosis, equal to 3.4-fold and 2.3-fold, respectively [9]. In particular, endometriosis
is observed in 21–51% of women with clear cell ovarian cancer (CC) (odds ratio OR = 3.05)
and in 23–43% of patients with endometrioid ovarian cancer (EOC) (OR = 2.04) [19].
Therefore, about one-third of all endometrioid and clear cell histotypes are estimated
to arise from endometriosis; however, the mechanisms underlying the cancerogenesis
of each subtype are not completely clear [19]. There is an increasing body of evidence
suggesting that clear cell histotypes may arise from pre-existing endometriosis derived
from retrograde menstruation, while endometrioid cancer derived from ovarian Mulle-
rian metaplasia [20], with different pathways of malignant degeneration and different
precursors, might be involved in the development of the two endometriosis-associated
histotypes. In a very interesting paper, Kajihara and coworkers hypothesized a poten-
tial dichotomy in their histogenesis, suggesting that clear cell ovarian cancers which are
associated with endometriosis may arise from pre-existing endometriosis derived from
retrograde menstruation, whereas ovarian Mullerian metaplasia might be the initial event
in the development of endometriosis-associated endometrioid cancers. Very few clinical
studies have provided evidence forthe theory that for these two histotypes, the clinical
behavior, prognosis and, most importantly, the origin and relation to endometriosis, might
be different [20]. To the best of our knowledge, there are no studies which have specifically
assessed this issue. The main reason is that, in several clinical series, these two histologies
are often considered as a single entity, which are referred to as “endometriosis-associated
ovarian tumors” [6]. This, together with the lack of adherence to the criteria for the patho-
logical diagnosis of endometriosis-associated endometrioid ovarian tumors, as originally
described by Sampson and Scott [21,22], might have prevented the correct identification
of the study population. Finally, clinical studies addressing this area have, in general,
compared characteristics of histotype-specific tumors which are associated, or are not asso-
ciated, with endometriosis and not between endometriosis-associated cancers of different
histotypes [9,23].

As a matter of fact, in two previous studies, our group separately analyzed these two
histotypes, comparing endometrioid and clear cell carcinomas which were associated, or
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were not associated, with endometriosis [24,25]. In the first study considering endometri-
oid histology, we showed that compared to patients without endometriosis, women with
endometriosis-associated endometrioid ovarian cancer were significantly younger at diag-
nosis, had a lower disease stage and had a less prevalent high-grade tumor. Interestingly,
the rate of synchronous endometrial cancer was significantly higher in this group [24].
In the second study considering clear cell histology, patients with tumors arising from
endometriosis were significantly younger, more frequently had a unilateral involvement
and had a lower prevalence of ascites as the presenting symptom. No difference between
the two groups was found for the International Federation of Gynecology and Obstetrics
(FIGO) stage, laterality or the presence of a synchronous endometrial malignancy [25].

The aim of the present study was to clinically compare clinical data and tumor charac-
teristics of patients affected by ovarian tumors of different histotypes which were associated
with endometriosis, in order to verify the hypothesis supporting a dichotomy in the histoge-
nesis of endometriosis-associated ovarian carcinomas, thus potentially offering interesting
and novel clinical insights regarding this issue.

2. Materials and Methods

This was a retrospective study of 48 cases of ovarian tumors strictly associated with
endometriosis, which were diagnosed and consecutively treated at the Obstetrics and
Gynecology Unit of the Scientific Institute San Raffaele in Milan, Italy, between 1995
and 2016. Ethical approval was obtained from the San Raffaele Institute Ethics Board.
All patients with a primary diagnosis of either pure clear cell ovarian cancer and mixed
endometrioid–clear cell ovarian cancer strictly arising from endometriosis (ECC), or with
endometriosis-associated endometrioid ovarian cancer (EAEOC), were included in the
study. Patients whose diagnosis was made elsewhere were excluded. The definition of
endometriosis arising from ovarian cancer was given according to Sampson’s [21] and
Scott’s criteria [22], which included: (1) the coexistence of carcinoma and endometriosis
in the same ovary; (2) the presence of tissue similar to endometrial stroma surrounding
characteristic epithelial glands; (3) the exclusion of a metastatic tumor to the ovary and
(4) the presence of benign endometriosis histologically contiguous with the malignant tissue.
Patients with clear cell carcinoma associated with, but not arising from, endometriosis were
excluded (Figure 1).

 
Figure 1. Clear cell carcinoma of the ovary arising in the lumen of an endometrioma, lined by
columnar endometrioid cells. Hematoxylin and eosin × 150.
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All patients underwent surgery, received chemotherapy and were followed up at our
institution. Surgical staging was performed according to FIGO guidelines for ovarian cancer,
including total abdominal hysterectomy, bilateral salpingo-oophorectomy, omentectomy
and the removal of all macroscopic diseases [26]. All pathological analysis was performed
by the same gynecologic pathologist.

The patients were divided into two groups according to histology (EAEOC or ECC).
Data including age at diagnosis, clinical presentation, history, disease status and patholog-
ical information, such as histology, stage, laterality, presence of concurrent endometrial
carcinoma and macroscopic appearance of the tumor at surgery, were collected from sur-
gical and pathology reports. The macroscopic appearance of the tumor was reported
as the rate between the solid and cystic components at gross histology, expressed as a
percentage. Stages higher than IIA were classified as advanced, while lower stages were
considered early. The history of endometriosis, accounting for either previous surgery for
endometriosis, or the ultrasound detection of an endometriotic cyst, was indicated. All
the above-mentioned variables were described for each of the two groups and statistically
compared. Statistical analyses were performed using Statistical Package for Social Science
(SPSS) version 28.0 (SPSS Inc., Chicago, IL, USA) and the R environment. The Pearson
chi-square test or the Student’s t-test were used to assess the significance of differences
in clinical and pathological variables between the two groups. We also investigated the
difference in FIGO stage across time points between ECC and EAEOC by means of the re-
gression model “stage = (α0 EAEOC + IECC α0) + (α1 EAEOC + IECC α1) time” where “α0 EAEOC”
and “α1 EAEOC” are the intercept and the slope of the model for EAEOC patients, respec-
tively; “IECC” is the dummy variable for ECC patients and “α0” and “α1” are the intercepts
difference and the slopes difference between EAEOC and ECC patients, respectively. In all
analyses, a p value of <0.05 was considered statistically significant.

3. Results

Medical records and pathologic specimens were available for n = 48 patients diagnosed
with endometriosis-associated ovarian cancer in the considered time interval. Of these,
n = 26 (54%) had EAEOC and n = 22 (46%) had ECC. The clinical and morphological
characteristics of the two groups are shown in Table 1. Age was not significantly different
between the two groups. Interestingly, seven patients in the ECC group (32%) were
previously diagnosed or operated on for endometriosis, while only one patient (4%) in
the EAEOC group reported a history of endometriosis (p = 0.01). Considering the clinical
presentation, the symptoms did not differ statistically between the two groups, except for
abdominal pain, which was significantly more frequent in the EAEOC group (46% vs. 14%,
p = 0.02) (Table 1).

As shown in Table 1, 85% of EAEOC subjects were diagnosed with early-stage disease,
in contrast to 59% of the ECC subjects, as the FIGO stages were significantly different
between the two groups (p = 0.04). The incidence of bilaterality was significantly higher
in the EAOEC group as compared to the ECC group (35% vs. 5%, p = 0.01). Additionally,
considering the macroscopic appearance of the tumor, the solid/cystic rate at histological
examination was significantly higher for the EAOEC group (57.7 ± 7.9% vs. 30.9 ± 7.5%,
p = 0.02). Interestingly, 10 patients in the EAEOC group (38%) had a diagnosis of syn-
chronous endometrial cancer while none of the patients in the ECC group did (p = 0.001).

Trends in FIGO stage at diagnosis, as a function of the year of detection, are reported
in Figure 2 in relation to the specific histotype. According to the multivariate regression
analysis, the year of diagnosis was a significant predictor of FIGO stage for the clear cell
histotype (p = 0.02) while it was not for the EAEOC histotype (p = 0.32; slopes difference:
p = 0.02).
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Table 1. Clinical and pathological characteristics of endometriosis-associated ovarian tumors.

Characteristics
EAEOC
(n = 26)

ECC
(n = 22)

p

Age (mean ± SD) 53.4 ± 9.1 53.1 ± 10.1 0.9
Symptoms

Abdominal pain 12 (46%) 3 (14%) 0.02
Abdominal distension 11 (42%) 5 (23%) 0.13

Vaginal bleeding 7 (27%) 2 (9%) 0.11
Fatigue 1 (4%) 1 (5%) 0.70

Incidental diagnosis 6 (23%) 4 (18%) 0.54
Ascites 3 (11%) 0 0.15

History of endometriosis 1 (4%) 7 (32%) 0.01
FIGO stage 0.04
Early stage 22 (85%) 13 (59%)

Advanced stage 4 (15%) 9 (41%)
Grading <0.001

1 10 (40%) 0
2 8 (30%) 0
3 8 (30%) 22 (100%)

Tumor side 0.01
Monolateral 17 (65%) 21 (95%)

Bilateral involvement 9 (35%) 1 (5%)
Solid/cystic tumor rate (%) 57.7 ± 7.9 30.9 ± 7.5 0.02

Synchronous endometrial cancer 10 0 0.001

Bold: Means statistically significant (p < 0.05).

Figure 2. Trends of FIGO stage at diagnosis according to the year of detection for EAEOC and ECC.

4. Discussion

The malignant transformation of endometriosis is, in general, a rare event that occurs
in between 0.7–1.6% of women [27].

In a recent systematic review and meta-analysis by Kvaskoff and collaborators, it
has been estimated that endometriosis is associated with a greater risk of clear cell and
endometrioid histotypes, equal to 3.4-fold and 2.3-fold, respectively [9]. In particular, these
authors pooled the results of 24 studies (case–control and cohort studies), published be-
tween January 1990 and January 2020, on the relationship between endometriosis and ovar-
ian cancer, and investigat the impact of endometriosis on the risk and prognosis of ovarian
cancer (summary relative risk—[SRR] = 1.93, 95% confidential interval—[CI] = 1.68–2.22).
A stronger association with endometriosis was found for the clear cell histotype (SRR = 3.44,
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95% CI = 2.82–4.20) while a still significant but weaker association was reported for the
endometrioid histotype (SRR = 2.33, 95% CI = 1.82–2.98) [9].

The carcinogenic pathways underlying the malignant transformation of endometriosis
are not completely clear. Endometriosis-associated ovarian carcinogenesis is a multistep
process, in which a precursor lesion, such as atypical endometriosis, harboring key muta-
tions, progressively accumulates genetic and epigenetic changes, which are promoted by
the inflammatory, hyperestrogenic environment and oxidative milieu of the endometriotic
lesion [2].

In particular, it has been proposed that the transition from endometrioma to atypical
endometriosis may be caused by oxidative stress, due to reactive oxygen species developing
within the blood, which are present in endometriomas. This causes genetic mutations,
initially affecting the oncosuppressor gene ARID1A and subsequently affecting PIK3CA. The
accumulation of these genetic alterations induces the transition from atypical endometriosis
to ovarian cancer [2].

There is, however, an increasing body of evidence from clinicopathological studies
suggesting that separate pathways of malignant degeneration of endometriosis might be
involved in clear cell and endometrioid tumors and that their relationship with endometrio-
sis might be different [19]. In particular, atypical endometriosis, meaning cytological and
histological atypia such as a hyperchromatic nucleus, an increased nucleus-cytoplasm ratio
and cell crowding, is considered to be a direct precursor of epithelial ovarian cancer. In fact,
it is present in 60–80% of tumors associated with endometriosis, but it is more frequently
associated with clear cells tumors (36%), compared with endometrioid cancer (23%) [4].
Furthermore, the trigger of carcinogenesis in clear cell carcinomas may be due to oxidative
stress generated by iron-related substances, due to the repeated hemorrhages that occur in
endometriosis, while for endometrioid cancer, Müllerian metaplasia has been considered
to be the main mechanism involved [4].

From a biological standpoint, support for this hypothesis derives from the investiga-
tion of the hepatocyte nuclear factor (HNF-1β) overexpression in clear cell carcinoma of
the ovary associated with endometriosis. In fact, from an immunohistochemical point of
view, this factor is only detected in eutopic and ectopic endometrium and in clear-cell-type
tumors. This supports the theory of endometriosis expressing HNF-1β as the precursor
of endometriosis-associated clear cell carcinoma [20]. Conversely, the absence of HNF-1β
expression in endometrioid histology and in ovarian cortical inclusion cysts would support
the metaplastic transformation of the inclusion cysts into a Müllerian epithelium as a
precursor of endometrioid tumor development [20]. In addition, ovarian cancer associated
with endometriosis is correlated with the same molecular features that are present in en-
dometriosis (particularly in the atypical variant) and type 1 ovarian cancer, such as PIK3CA
and KRAS activating mutations and ARID1A and PTEN inactivating mutations, although
there are differences in the frequency of these alterations between the two subtypes of
ovarian cancer. ARID1A mutations are found in 46% of ECC and 30% of EAEOC, PIK3CA
mutations are present in 41–57% of ECC and in 30–48% of EAEOC and finally, PTEN is
mutated in 25% of ECC and in 20% of EAEOC. Moreover, KRAS and CTNNB1 are mutated
in 29% and 40% of EAEOC, respectively, and in 7% and 3% of ECC, respectively [6,27].
From a clinical standpoint, very few studies have highlighted the different behavior of
these two histotypes with respect to endometriosis.

Indeed, we agree on the existence of a dichotomy in the etiology of the two different
ovarian tumors correlated with endometriosis. However, evidence from our previous
studies and the common molecular alterations found to be shared between endometriosis-
associated endometrioid ovarian cancer and type I endometrial carcinoma has led us to
postulate some different novel hypotheses, suggesting a parallelism between endometrial
and ovarian endometrioid tumors [24,25]. It is known that the association between en-
dometrial neoplasm and ovarian endometrioid cancer occurs in 3.1–10.0% of patients with
endometrial cancer and in 10% of those with ovarian cancer [28]. In fact, in a recent retro-
spective cohort study by Ishizaka and colleagues has demonstrated that endometrial cancer
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associated with endometriosis has a high probability of being simultaneous at ovarian
carcinoma, in particular, endometrioid histotype is the most common histological subtype
present [29]. Moreover, different types of gene-based biomarkers such as ARID1A, PIK3CA,
KRAS and CTNNB1 are recurrently mutated in endometrial cancer type I, endometriosis
and endometriosis-associated ovarian tumors [30]. According to this idea, which is sum-
marized in Figure 3, the original precursor of EAEOC might be found in the endometrium,
where an already mutated endometrial cell might lead, via retrograde menstruation, to the
development of ovarian endometriosis.

Figure 3. Dichotomy in the histogenesis of endometriosis-associated ovarian cancer histotypes.
In EAEOC, the original precursor might derive from the endometrium, while evidence would
support ECC carcinogenesis to occur within the endometrioma. EAEOC: endometriosis-associated
endometrioid ovarian carcinoma; ECC: endometriosis-associated clear cell ovarian carcinoma.

Interestingly, in the current series, we confirmed the detection of synchronous en-
dometrial carcinoma only in EAEOC and not in ECC. Conversely, the endometriotic cyst,
which is often detected several years before, might be the setting for the development of
clear cell carcinomas, but not for endometrioid ovarian cancer. In fact, the carcinogenesis
underlying the transformation of endometriosis to clear cell carcinoma would be different:
it might originate from and slowly progress within the endometriotic cyst, due to the
effect of oxidative stress and inflammation, which involves different pathways [2,3,6]. This
hypothesis for a dichotomy in the etiology of the two histotypes finds further support in the
current analysis. Firstly, a history of known endometriosis was reported more frequently in
the ECC group than the EAEOC group, with a statistically significant difference. Moreover,
the cystic nature of clear cell carcinoma might be explained by the significantly higher
detection of a unilateral lesion in the ECC group, considering that endometriomas are rarely
bilateral. In line with this observation, the solid/cystic rate in the ECC group at macroscopic
histology was significantly lower than the EAEOC group. Arguments against the theory
by Kajihara et al. include (i) the demonstration by various authors of the endometrioid
histology in synchronous ovarian and endometrial carcinomas associated with endometrio-
sis which is not consistent with the endometrioid tumor development from the Müllerian
epithelium [29,30]; (ii) evidence supporting different origins for the various forms of en-
dometriosis [8] does not tend to indicate two different histogeneses for the endometriotic
cyst, as the theory of Kajihara and coworkers would imply. Endometriosis in different
sites might indeed have a different histogenesis. On the other hand, the possibility that
clear cell carcinoma cancer might originate from pre-existing endometriosis, derived from
regurgitated endometrial cells on the ovarian surface, contrasts with the observation that
in 61% of ovarian carcinomas, which develop secondary to pre-existing, benign-appearing
endometriomas which have a long latency interval (mean 4.5 years) between the benign
and the malign entities, the histologic findings are clear cell carcinoma [27,31].

It is important to consider that if the theory of slow development of clear cell carcinoma
within an already known endometrioma is true, then we would expect ultrasound monitor-
ing to be effective only in the early detection of ECC, but not EAEOC. As a matter of fact, in
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our study population, between 1995 and 2016, a significantly decreasing trend in the FIGO
stage at diagnosis was identified for ECC, but not for EAEOC, and the difference between
the trends was statistically significant (p = 0.02). This could find a possible explanation
in the diffusion of ultrasound as a follow-up technology for ovarian endometriotic cysts
and in the effort of some authors to study and describe the peculiar and early sonographic
appearance of the malignant degeneration of endometriomas [7,32,33].

In particular, from an ultrasonographic standpoint, endometriosis-associated en-
dometrioid carcinomas are mainly unilateral, unilocular-solid and often contain papillary
projections. Conversely, the typical ultrasound pattern of endometrioid ovarian carcinomas
not developing from endometriosis is cockade-like, which refers to a cyst with a large
central solid component entrapped within locules [32]. Clear cell tumors do not show a
typical pattern, as this type of tumor more often shows a ground-glass echogenicity of cyst
fluid [33].

The clinical implications of this finding are important considering that clear cell
carcinoma is known for its low chemosensitivity and poor prognosis in advanced-stage
disease, while the survival rate of adequately staged IA disease is greater than 95% [34,35].
The stage at diagnosis of clear cell carcinomas arising from endometriosis is expected to
further decrease with the increasing use of ultrasound in the follow-up of endometriotic
cysts, thus allowing clinicians to identify a subset of patients with a better prognosis.
Moreover, a meta-analysis by Chen and colleagues highlighted better overall survival
(OS) and progression-free survival (PSF) in patients with endometriosis-associated ovarian
cancer compared to women with neoplasms not related to endometriosis [10]. More studies
are needed to understand if there is a difference in terms of OS and PSF between clear cell
carcinoma and endometrioid carcinoma associated with endometriosis.

Our study has several limitations, with the main limitation being its small sample
size; these results should be interpreted with caution and need to be confirmed in larger
cohorts. The next step of this study could involve the separate investigation of clear cell
and endometrioid ovarian tumors with and without associated endometriosis. This more
complete design and the simultaneous increase in the number of cases will be helpful
in better defining the differences in terms of clinical behavior, outcomes and prognosis
between these two different entities. Another limitation is the lack of molecular characteri-
zation of these tumors, which could be helpful in understanding the biology underlying
carcinogenesis and its relationship with endometriosis.

5. Conclusions

Among endometriosis-associated ovarian cancers, ECC, unlike EAEOC, seems to be
characterized by slow development within an endometriotic cyst, thus representing a subset
of diseases where ultrasound could be effective in the early detection of malignant degen-
eration. However, even if the clinical evidence suggests that there is a dichotomy in the
etiology of endometriosis-associated ovarian cancer, the biology underlying carcinogenesis
still remains unclear and this should therefore be addressed by further larger studies.
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Abstract: While synchronous ovarian and endometrial endometrioid carcinomas (ECs) have long
been described in the literature, ovarian or endometrial EC involving concomitant endocervical polyp
(ECP) has not yet been reported. This study aimed to investigate the histological types and prevalence
of gynecological tumors co-existing with ECP and to comprehensively analyze the clinicopathological
characteristics of ovarian and endometrial ECs involving ECPs. We searched for ECP cases associated
with premalignant lesions or malignancies of the female genital tract occurring between March 2019
and February 2022. We then investigated the histological types and prevalence of gynecological
tumors co-existing with ECP. In addition, we reviewed electronic medical records and pathology
slides to collect the clinicopathological features of four patients with ovarian or endometrial EC
involving ECP. We found 429 ECPs over the three-year study period. Of these, 68 (15.9%) were
associated with premalignant or malignant lesions occurring in the uterine cervix, endometrium, and
ovaries. Four of these cases, including two (0.5%) ovarian grade 3 ECs and two (0.5%) endometrial
grade 1 ECs, involved ECPs. In the former cases (cases 1 and 2), ECs involving ECPs exhibited similar
morphology and immunohistochemical staining results to those of advanced-stage ovarian EC. In
the latter cases (cases 3 and 4), the histological and immunophenotypical features of EC involving
ECP were identical to those of primary endometrial EC, despite the lack of tumor involvement in the
myometrium, lower uterine segment, and cervical stroma as well as the absence of lymphovascular
invasion and lymph node metastasis. In all cases, no evidence of benign endometriosis, endometrial
hyperplasia without atypia, or atypical hyperplasia/endometrial intraepithelial neoplasm within
ECP or the adjacent endocervical tissue was noted. Considering our results, the involvement of
ECP by EC may have been caused by an implantation metastasis from the ovarian (cases 1 and 2)
or endometrial (cases 3 and 4) EC. To the best of our knowledge, this is the first exploration of the
synchronous occurrence of endometrial or ovarian EC and ECP involvement. Implantation metastasis
via transtubal and trans-endometrial cavity migration may have been the pathogenic mechanism of
ECP involvement.

Keywords: cervix; endocervical polyp; ovary; endometrium; endometrioid carcinoma; implantation
metastasis

1. Introduction

Endocervical polyps (ECPs) are benign proliferative lesions of the uterine cervix that
typically occur in the endocervical canal [1]. Stromal overgrowth and reactive epithelial
hyperplasia associated with repeated episodes of inflammation, an abnormal local response
to increased estrogen levels, and the local congestion of cervical stromal blood vessels are
involved in the development of ECP [1,2]. More than half of the patients with ECP are
asymptomatic, with the ECPs being discovered incidentally during routine gynecological
examinations. However, symptomatic ECPs manifest as vaginal discharge, leukorrhea,
menorrhagia, metrorrhagia, postcoital bleeding, and postmenopausal bleeding [2].
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Endometrioid carcinoma (EC) of the endometrium is the most common histological
type of endometrial carcinoma. The microscopic appearance of this tumor resembles that of
a normal proliferative-phase endometrium, with variable degrees of glandular complexity
and nuclear pleomorphism [3]. The diagnosis of endometrial EC is usually based on
clinical findings and imaging and confirmed with endometrial curettage. In addition, EC
of the ovaries accounts for 15% of epithelial ovarian carcinomas [4] and is associated with
endometriosis in most cases [5,6]. Ovarian EC, morphologically similar to endometrial EC,
is characterized by a confluent back-to-back arrangement of variable-sized glands lined by
pseudostratified columnar epithelium with elongated nuclei [7–9].

Primary EC of the uterine cervix has often been misclassified in the literature due
to the lack of clear-cut diagnostic criteria [10]. Based on a new classification system, the
International Endocervical Adenocarcinoma Criteria and Classification [11–13], cervical
EC is a rare histological type of human papillomavirus (HPV)-independent endocervical
adenocarcinoma (EAC), with an overall prevalence of 1.1% [13]. Determining whether EC
has occurred in the uterine corpus or the cervix is difficult, but this distinction is important
as the optimal management of EC and EAC differs significantly.

Synchronous endometrial and ovarian ECs have long been described in the literature.
However, the synchronous occurrence of either endometrial or ovarian EC and ECP in-
volvement has not yet been reported. This phenomenon poses diagnostic challenges, as
determining whether they are independent primary tumors or metastases of each other,
as well as what the original tumor may be, is difficult [14]. Clinical presentation, previous
gynecological history, and ancillary tests, such as immunohistochemical staining, are help-
ful in correctly diagnosing morphologically challenging cases. An accurate pathological
diagnosis is fundamental for proper clinical practices and optimal patient outcomes.

We recently encountered four cases of ovarian or endometrial EC involving ECP.
The reported prevalence of malignancies involving ECPs is 0.1–0.5% [1], and a thorough
literature review revealed no information about EC involving ECP. In this study, we
investigated the histological types and prevalence of gynecological tumors co-existing with
ECP. We then comprehensively analyzed the pathological characteristics of four patients
with ovarian or endometrial EC involving ECP and discussed their clinical significance and
the possible pathogenesis. Our observations may encourage pathologists to recognize and
accurately diagnose this rare but distinct occurrence.

2. Materials and Methods

2.1. Case Selection

We searched in the departmental archives for cases matching the keywords “endocervi-
cal polyp” and “cervical polyp” occurring between March 2019 and February 2022. A total
of 429 cases of ECP were included in this study, of which 68 (15.9%) were ECPs co-existing
with premalignant lesions or malignancies arising in any site of the gynecological tract
and 4 (0.9%) were microscopically identified areas of EC involving the surface and stroma
of ECPs. Representative formalin-fixed, paraffin-embedded tissue blocks were used for
immunohistochemical staining.

2.2. Clinical Data Collection

The following clinical information was obtained from electronic medical records and
pathology reports: age of patients, presenting symptoms, previous gynecological history,
preoperative imaging findings, clinical impressions, cervical punch biopsy results, history of
endocervical curettage and endometrial curettage, data on neoadjuvant chemotherapy use,
surgical procedures, final pathological diagnosis, International Federation of Gynecology
and Obstetrics (FIGO) stages [15], data on postoperative treatment and recurrence, disease-
free survival, treatments for recurrence, survival status, and overall survival.
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2.3. Pathological Data Collection

Pathological information was obtained from the slide review. For ECs involving
ECP, histological type and grade [16], the greatest dimension, invasion depth into the
polyp stroma, endocervical glandular extension, polypectomy resection margin involve-
ment, the presence of endometriosis, atypical hyperplasia/endometrial intraepithelial
neoplasm (AH/EIN), and lymphovascular invasion (LVI) were collected. For endometrial
ECs, histological type and grade [16]; the largest dimension; myometrial invasion depth;
cervical stromal extension; involvement of the lower uterine segment, uterine serosa, and
parametrium; lymph node metastasis; and adnexal extension were collected. For ovarian
ECs, histological type and grade [16]; the largest dimension; ovarian surface extension; in-
volvement of the salpinx, uterus, and peritoneum; lymph node metastasis; and the presence
of ovarian endometriotic cyst were collected.

2.4. Immunohistochemical Staining

We performed immunohistochemical staining based on previously described meth-
ods [17–22]. Immunohistochemical staining was performed using the Bond Polymer Intense
Detection System (Leica Biosystems, Buffalo Grove, IL, USA). Briefly, 4-μm-thick sections
cut from formalin-fixed, paraffin-embedded tissue blocks were deparaffinized in xylene
and rehydrated through a series of graded alcohols. After antigen retrieval, endogenous
peroxidases were quenched with hydrogen peroxide. The sections were incubated with
primary antibodies against estrogen receptor (ER, 1:150, clone 6F11, catalog number ER-
6F11-L-CE, Novocastra, Leica Biosystems, Buffalo Grove, IL, USA), progesterone receptor
(PR, 1:100, clone 16, catalog number PGR-312-L-CE, Novocastra, Leica Biosystems, Buf-
falo Grove, IL, USA), p16 (prediluted, clone E6H4, catalog number 805-4713, Ventana
Medical Systems, Oro Valley, AZ, USA), p53 (1:200, clone DO-7, catalog number NCL-L-
p53-DO7, Novocastra, Leica Biosystems, Buffalo Grove, IL, USA), and Wilms tumor 1 (WT1,
1:800, clone 6F-H2, catalog number 348M-98, Cell Marque, Rocklin, CA, USA). A biotin-
free polymeric horseradish peroxidase-linker antibody conjugate system was used with a
BOND-MAX automated immunostainer (Leica Biosystems, Buffalo Grove, IL, USA). After
chromogenic visualization using 3,3′-diaminobenzidine, the sections were counterstained
with hematoxylin, dehydrated in graded alcohols and xylene, and then embedded in a
mounting solution. Appropriate controls were stained concurrently. Positive controls were
luminal A-type invasive breast carcinoma for ER and PR; cervical high-grade squamous
intraepithelial lesion (HSIL) for p16; and ovarian high-grade serous carcinoma for p53 and
WT1. Negative controls were prepared by substituting non-immune serum for primary
antibodies, which resulted in undetectable staining.

2.5. Immunohistochemical Interpretation

Each immunostained slide was scored by two pathologists [18,23–29]. Staining in-
tensities of hormone receptors and WT1 were designated as either weak, moderate, or
strong, and staining proportions were determined in increments of 5% across a 0–100%
range and classified as negative, focal (<50%), or diffuse (≥50%). Expression patterns of
p16 were considered diffuse and strong positivity when p16 was expressed in the nuclei
and/or cytoplasm with continuous and strong staining. All other p16 expression patterns,
including focal nuclear staining, wispy, blob-like, puddled, and scattered cytoplasmic stain-
ing, were interpreted as patchy positivity [1,22,23,25,28]. Similarly, p53 expression patterns
were considered aberrant when any of the following features were observed: diffuse and
strong nuclear immunoreactivity in ≥75% of tumor cells (i.e., over-expression); no nuclear
immunoreactivity in any tumor cell (i.e., complete absence); or unequivocal cytoplasmic
staining (i.e., cytoplasmic pattern). Immunostained slides exhibiting a variable proportion
of tumor cell nuclei expressing p53 with mild-to-moderate intensity were considered wild
type [30].
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3. Results

3.1. The Prevalence and Histological Types of Gynecological Tumors Co-Existing with ECP

As shown in Table 1, of the 429 patients with ECP identified, 68 (15.9%) had premalig-
nant or malignant lesions arising in the uterine cervix, endometrium, and ovaries. Most
of the cervical tumors (17/20; 85.0%) involved ECP, with HSIL being the most common
(11/17; 64.7%). Additionally, three of the five patients who underwent radical hysterectomy
for squamous cell carcinomas (SCCs) had ECPs, and endocervical adenocarcinoma in situ
(AIS) involving ECP was present in two patients. We also found one case of stratified
mucin-producing intraepithelial lesion (SMILE) co-existing with HSIL, in which ECP was
involved by both SMILE and HSIL. ECPs presented as separate lesions in one patient with
HSIL and AIS and two patients with SCC.

Table 1. The histological types and prevalence of gynecological tumors co-existing with ECP.

Origin Relationship with ECP Histological Type
Number of Cases

(Prevalence)

Uterine cervix
Involving ECP

HSIL 11 (2.6%)
SCC 3 (0.7%)
AIS 2 (0.5%)

SMILE and HSIL 1 (0.2%)

Separate SCC 2 (0.5%)
AIS and HSIL 1 (0.2%)

EM

Involving ECP EC 2 (0.5%)

Separate

EC 14 (3.3%)
AH/EIN 6 (1.4%)

EC and CCC 1 (0.2%)
SC 1 (0.2%)

Ovary

Involving ECP EC 2 (0.5%)

Separate

HGSC 14 (3.3%)
CCC 3 (0.7%)
EC 2 (0.5%)
MC 2 (0.5%)

LGSC 1 (0.2%)
Total 68 (15.9%)

AIS: Adenocarcinoma in situ; AH/EIN: atypical hyperplasia/endometrial intraepithelial neoplasm; CCC: clear
cell carcinoma; EC: endometrial carcinoma; EM: endometrium; HGSC: high-grade serous carcinoma; HSIL:
high-grade squamous intraepithelial lesion; LGSC: low-grade serous carcinoma; MC: mucinous carcinoma; SCC:
squamous cell carcinoma; SMILE: stratified mucin-producing intraepithelial lesion.

In contrast with the cervical tumors, most of the endometrial and ovarian tumors
associated with ECP did not directly involve the polyps. The most common endometrial
tumor associated with ECP was EC (16/24; 66.7%), while 14 of the 16 endometrial EC cases
simply co-existed with ECPs in the hysterectomy specimens, without direct involvement.
Moreover, six ECP cases with endometrial AH/EIN had no direct involvement with the
tumor, and 14 patients who underwent debulking surgery for ovarian high-grade serous
carcinoma (HGSC) showed benign incidental ECPs in their hysterectomy specimens. Three
clear cell carcinomas, two ECs, two mucinous carcinomas, and one low-grade serous carci-
noma of the ovary also co-existed with ECP, without polyp or uterine cervix involvement.
Therefore, two cases of endometrial EC and two cases of ovarian EC involving ECPs were
ultimately detected. We investigated the clinicopathological features of four patients with
ovarian or endometrial EC involving ECP.

3.2. Clinical Presentations of Four Patients with EC Involving ECP

Case 1: A 33-year-old woman with polycystic ovary syndrome was referred to our
institution for the evaluation and management of adnexal masses, after visiting an outside
hospital with lower abdominal discomfort. Abdominopelvic computed tomography (CT)
and magnetic resonance imaging (MRI) revealed an 8.6 cm solid and cystic left ovarian mass
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and a 4.0 cm solid right ovarian mass (Figure 1A). An omental cake was noted, and some
metastatic nodules were also identified in the cul-de-sac and right round ligament. Addi-
tionally, the retroperitoneal lymph nodes were mildly enlarged, and the endometrium was
unremarkable. Following three cycles of neoadjuvant chemotherapy with paclitaxel and
carboplatin, the patient underwent interval debulking surgery, including a total hysterec-
tomy with bilateral salpingo-oophorectomy, pelvic and para-aortic lymph node dissection,
omentectomy, peritoneal mass excision, and low anterior resection. The final pathological
diagnosis was grade 3 EC of the bilateral ovaries, involving the omentum, rectosigmoid
colon, and peritoneum (FIGO stage IIIC). We also identified a 2.4 cm polypoid mass origi-
nating from the upper endocervix, with histological examination revealing several areas
of EC that spread along the surface and invaded the polyp stroma. She received three
cycles of post-operative adjuvant chemotherapy with paclitaxel and carboplatin. However,
she presented with chest wall pain 49 months postoperatively, and chest CT and thoracic
wall MRI revealed a 2.8 cm metastatic mass involving the upper sternal body and right
parasternal area. She underwent complete surgical excision. Pathological examination of
the mass confirmed the metastasis of ovarian EC to the sternum and rib. She is currently
alive without evidence of recurrent disease, 67 months postoperatively.

 

Figure 1. MRI, CT, and gross findings. (A) Case 1: T2-weighted coronal MR image reveals solid and
cystic bilateral ovarian masses (blue arrows). (B,C) Case 2: T1-weighted Dixon sagittal MR images
reveal (B) 3.4 cm endometrial mass (yellow arrow) and (C) 8.6 cm solid and cystic left ovarian mass
(purple arrow). (D) Case 3: Contrast-enhanced CT image reveals a 1 cm endometrial mass (green
arrow) and hematometra. (E) Case 3: An irregularly elevated mass is noted in the endometrium. The
endometrial cavity is distended with blood. The endocervix (white arrow) appears unremarkable.
(F) Case 4: T2-weighted sagittal MR image reveals no identifiable lesion in the endometrium.
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Case 2: A 57-year-old woman was referred to our institution for the evaluation and
management of uterine and adnexal masses, after visiting an outside hospital with lower
abdominal pain and undergoing abdominopelvic CT and MRI. She had a history of hy-
pertension, diabetes mellitus, pulmonary tuberculosis, and hypothyroidism. Imaging
revealed a 3.4 cm endometrial mass with soft tissue density (Figure 1B) and an 8.6 cm
solid and cystic left ovarian mass (Figure 1C). The retroperitoneal lymph nodes were en-
larged, but pelvic and iliac chain lymph nodes were unremarkable. Peritoneal seeding or
hematogenous metastasis were not observed. Radiological differential diagnoses included
concurrent endometrial and ovarian carcinomas or endometrial carcinoma with ovarian
metastasis. The endometrial curettage was diagnosed as grade 1 EC. Total hysterectomy
with bilateral salpingo-oophorectomy, pelvic lymph node dissection, pelvic peritonectomy,
appendectomy, and a small bowel resection were performed. Several enlarged mesenteric
lymph nodes were detected intraoperatively but could not be completely resected. The
final pathological diagnosis was synchronous endometrial grade 1 EC involving more
than half of the myometrium (FIGO stage IB) and ovarian grade 3 EC involving the ab-
dominopelvic peritoneum and small bowel (FIGO stage IIIC). We also identified a 2 cm
ECP originating from the upper endocervix and showing a single microscopic focus of
EC, involving the surface and superficial stroma of the polyp. Follow-up CT after three
cycles of post-operative adjuvant chemotherapy with paclitaxel and carboplatin revealed a
newly developed 5 cm necrotic mass invading the small bowel. She was switched from
chemotherapy to pembrolizumab following metastatic recurrence and is currently alive
with disease, three months postoperatively.

Case 3: A 57-year-old woman was referred to our institution for the evaluation and
management of an incidentally detected endocervical mass. She underwent endocervi-
cal curettage at an outside hospital and was diagnosed with grade 1 EC involving ECP.
Abdominopelvic CT revealed a 1 cm endometrial mass that appeared to be invading the
superficial myometrium (Figure 1D). Cervical stenosis and hematometra were noted. How-
ever, no evidence of peritoneal seeding, lymph node enlargement, or distant metastasis was
noted. A total hysterectomy with bilateral salpingo-oophorectomy and pelvic lymph node
dissection was performed, and the specimen revealed several foci of grade 1 EC, measuring
up to 0.8 cm (Figure 1E). The tumors were confined within the endometrium (FIGO stage
IA). She received no further adjuvant treatment and is currently alive without evidence of
recurrent disease, 24 months postoperatively.

Case 4: A 52-year-old woman without previous gynecological history received an
endocervical polypectomy at an outside hospital and was referred to our institution for
further evaluation and management. The polypectomy specimen was determined to be
a grade 1 EC involving ECP. Abdominopelvic MRI revealed no visible neoplastic lesions
in the cervix, endometrium, lymph node, and abdominopelvic peritoneum (Figure 1F).
Under the clinical impression of MRI-invisible endometrial cancer, total hysterectomy
with bilateral salpingo-oophorectomy was performed. The final pathological diagnosis
was grade 1 EC limited to the endometrium (FIGO stage IA). She received no further
adjuvant treatment and is currently alive without evidence of recurrent disease 15 months
postoperatively.

Table 2 summarizes the clinicopathological characteristics. No patient received di-
agnostic or therapeutic procedure before the initial pathological diagnosis. Two ovarian
ECs were advanced-stage tumors, while the two endometrial ECs were early stage dis-
eases. The two patients who underwent debulking surgery for ovarian EC later developed
metastatic recurrences despite post-operative chemotherapy, whereas the two patients who
underwent total hysterectomies with bilateral salpingo-oophorectomies for endometrial
EC received no further treatment and experienced no disease recurrence or metastasis.
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Table 2. Clinicopathological characteristics of four patients with EC involving ECP.

Case No 1 2 3 4

Age 33 years 57 years 57 years 52 years

Imaging finding

8.6-cm solid and cystic
bilateral ovarian

masses;
borderline-sized pelvic

and
retroperitoneal lymph

nodes;
peritoneal

carcinomatosis

8.6-cm solid and cystic
left ovarian mass;
3.4-cm EM mass;

enlarged
retroperitoneal lymph

nodes;
peritoneal

carcinomatosis

1-cm EM mass;
no lymph node
enlargement; no

peritoneal seeding

No identifiable EM
lesion;

no lymph node
enlargement; no

peritoneal seeding

Clinical impression Ovarian cancer Concurrent ovarian
and EM cancers EM cancer MRI-invisible EM

cancer
Neoadjuvant

chemotherapy
Paclitaxel-carboplatin

(three cycles) Not received Not received Not received

Surgical procedure
TH, BSO, PLND,

PALND, low anterior
resection, omentectomy

TH, BSO, PLND, small
bowel resection,
appendectomy,
omentectomy,
peritonectomy

TH, BSO, PLND TH, BSO

Final pathological
diagnosis

Stage IIIC grade 3 EC
(ovary)

Stage IIIC grade 3 EC
(ovary);

stage IB grade 1 EC
(EM)

Stage IA grade 1 EC
(EM)

Stage IA grade 1 EC
(EM)

Greatest dimension of
ECP 17 mm 19 mm 11 mm 16 mm

Greatest dimension of
EC 6 mm 3 mm 4 mm 10 mm

Invasion depth into
polyp stroma 1 mm 0.3 mm 0.3 mm 1 mm

Polypectomy resection
margin involvement

(safety distance)
NA NA Absent (5 mm) Absent (<1 mm)

Post-operative
treatment

Paclitaxel-carboplatin
(three cycles)

Paclitaxel-carboplatin
(three cycles) Not received Not received

Post-operative
recurrence Bone (sternum and rib) Mesentery Absent Absent

Disease-free survival 49 months 3 months 24 months 15 months
Treatment for

recurrence
Complete surgical

excision
Pembrolizumab

(regimen change) Not received Not received

Survival status Alive Alive Alive Alive
Overall survival 67 months 3 months 24 months 15 months

BSO: Bilateral salpingo-oophorectomy; EM: endometrium; MRI: magnetic resonance imaging; PALND: para-aortic
lymph node dissection; PLND: pelvic lymph node dissection; TH: total hysterectomy.

3.3. Pathological Characteristics of Four ECs Involving ECP

Case 1: A 17 mm sized ECP (Figure 2A), with a long fibrovascular stalk and elongated
endocervical glands, was involved by pleomorphic EC cells. The largest dimension of
EC involving ECP was 6 mm, with an invasion depth of 1 mm into the polyp stroma
(Figure 2B). Poorly differentiated carcinoma involving the surface and stroma of ECP
displayed solid and cribriform architecture, compatible with grade 3 EC (Figure 2C). Low-
power magnification of the ovarian tumor revealed a definite involvement of the ovarian
surface (Figure 2D). The primary ovarian EC showed high-grade architectural and cy-
tological atypia, which was compatible with a grade 3 EC diagnosis (Figure 2E). A few
microscopic areas resembling clear cell carcinoma were also noted (Figure 2F). The ster-
nal metastatic tumor invaded the bony trabeculae and exhibited a poorly differentiated
carcinoma, of which the histological features were similar to those of ovarian EC. Immuno-
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histochemically, patchy p16 positivity excluded the possibility of HPV-associated EAC.
The expressions of ER (Figure 2H) and PR (Figure 2I) were focal but strong in the tumor
cell nuclei. Solid and cribriform architecture, high-grade nuclear atypia, and a complete
lack of p53 protein expression (Figure 2J) were compatible with grade 3 EC. Negative WT1
immunoreactivity (Figure 2K) excluded the possibility of high-grade serous carcinoma.

 

Figure 2. Grade 3 ovarian EC involving ECP: case 1. (A) A 1.7 cm pedunculated polyp arises
from the endocervix. (B) Complex glandular proliferation involves the surface and stroma of ECP.
The invasion depth measures 0.1 cm. (C) High-power magnification reveals poorly differentiated
carcinoma displaying solid and cribriform architecture and high-grade cytological atypia. (D) The
ovarian mass involves the surface and destructively invades the stroma. (E) The degree of cytolog-
ical atypia and architecture are similar to those of poorly differentiated carcinoma involving ECP.
(F) A few microscopic areas resembling clear cell carcinoma (blue asterisks) are noted in the ovarian
tumor. (G) The sternal metastatic tumor invades the bony trabeculae and exhibits poorly differen-
tiated carcinoma, and its histological features are similar to those of EC involving ECP (image (C))
and ovary (image (E)). (H–J) Immunohistochemical staining reveals focal and strong positivity for
(H) estrogen receptor and (I) progesterone receptor and (J) complete absence of p53 protein expres-
sion. (K) Negative Wilms tumor 1 immunoreactivity excludes the possibility of serous carcinoma.
(A–G), Hematoxylin and eosin staining; (H–K), immunohistochemical staining with polymer method.
Original magnification: (A), 4×; (B), 40×; (C), 100×; (D), 20×; (E), 100×; (F), 200×; (G), 40×; (H),
60×; (I), 60×; (J), 60×; (K), 80×.
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Case 2: The hysterectomy specimen incidentally showed an ECP (Figure 3A). A 19 mm
elongated polyp arising in the endocervix had a 3-mm exophytic tumor protruding from
the surface (Figure 3B). The tumor invaded the polyp stroma superficially, at a depth of
0.3 mm. Histologically, the EC involving ECP consisted predominantly of solid cellular
sheets showing severe nuclear pleomorphism (grade 3 EC; Figure 3C), intermingled with
mature squamous morules (squamous differentiation; Figure 3D). In contrast, the endome-
trial tumor was EC of grade 1 with mucinous differentiation (Figure 3E,F), measuring
20 mm at its largest dimension and 14 mm at its deepest invasion depth. Additionally,
the patient had an ovarian mass, which was histologically compatible with grade 3 EC
(Figure 3G). The presence of predominantly solid architecture (Figure 3H) and scattered
areas of squamous differentiation (Figure 3I) was similar to the EC involving ECP. More-
over, the high-grade ovarian tumor, which extensively involved the pelvic and extrapelvic
peritoneum, exhibited high-grade nuclear atypia, geographic necrosis, and substantial
LVI. Immunohistochemical staining revealed that the EC involving ECP was negative for
ER (Figure 3J) and PR (Figure 3K) but diffusely and strongly positive for p16 (Figure 3L).
The immunophenotypes of the ovarian EC were identical to those of the EC involving
ECP: a complete absence of ER (Figure 3M) and PR (Figure 3N) expression and uniform
p16 positivity with strong staining intensity (Figure 3O). WT1 negativity in the ovarian
tumor excluded high-grade serous carcinoma (Figure 3P). In contrast, endometrial EC
demonstrated diffuse and strong nuclear expression for ER (Figure 3Q) and PR (Figure 3R).
Patchy p16 positivity in the endometrial EC (Figure 3S) was different from intense and
uniform p16 expression in the ovary and ECP. Based on the similar morphology and im-
munohistochemical staining results, the EC involving ECP was considered a metastatic
lesion of the ovarian EC.

Case 3: Endocervical curettage revealed a few pieces of endocervical tissue showing
cystically dilated glands, fibrous stroma, and endocervical tissue fragments (Figure 4A).
An 11 mm ECP was involved with the superficially invading tumor at the polyp sur-
face (Figure 4B). This tumor measured 4 mm at its greatest dimension and 0.3 mm at its
deepest invasion depth (Figure 4C). Foci of endocervical glandular extension were occa-
sionally noted (Figure 4D). A well-differentiated glandular proliferation was associated
with stromal inflammatory reaction (Figure 4E), and the tumor cells exhibited nuclear
hyperchromasia and mild pleomorphism (Figure 4F). Immunohistochemically, patchy p16
positivity eliminated the possibility of HPV-associated EAC (Figure 4G). Uniform estrogen
receptor immunoreactivity with intense staining intensity supported the diagnosis of grade
1 EC (Figure 4H). The endometrial tumor was an 8 mm EC without myometrial invasion
(Figure 4I). The degree of cytological and architectural atypia matched that of the EC
involving ECP (Figure 4J). No remarkable lesion was identified in the cervix (Figure 3K).

25



Diagnostics 2022, 12, 2339

 

Figure 3. Grade 3 ovarian EC involving ECP: case 2. (A) The hysterectomy specimen shows an
elongated ECP. EC (blue arrow) appears as an exophytic mass protruding from the surface of ECP.
(B–D) EC involving ECP (B) superficially invades the stroma of the polyp up to 0.3 mm, (C) consists
predominantly of solid sheets of tumor cells, and (D) exhibits severe nuclear pleomorphism, coarse
chromatin, and prominent nucleoli. Foci of squamous differentiation are readily identifiable. (E) In
the endometrial EC, well-differentiated glands are confluent and crowded. (F) Areas of mucinous
differentiation are noted. (G) The ovarian EC demonstrates a diffuse infiltrative growth pattern
with foci of geographic tumor necrosis. (H) The solid architecture occupies more than half of the
tumor, compatible with grade 3 EC. (I) High-grade nuclear atypia and the presence of squamous
differentiation are the same as those of EC involving ECP. (J–S) Immunohistochemically, EC involving
ECP is negative for (J) estrogen receptor (ER) and (K) progesterone receptor (PR) and (L) positive
for p16 with strong staining intensity. Ovarian EC is also negative for (M) ER and (N) PR and (O)
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uniformly and intensely positive for p16. (P) WT1 negativity excludes the possibility of serous
carcinoma. (Q–S) Endometrial EC shows strongly positive expression for (Q) ER and (R) PR and
(S) patchy p16 positivity. (A–I), Hematoxylin and eosin staining. (J–S), immunohistochemical stain-
ing using polymer method. Original magnification: (A), 10×; (B), 20×; (C), 150×; (D), 200×;
(E), 25×; (F), 200×; (G), 25×; (H), 100×; (I), 400×; (J), 150×; (K), 150×; (L), 30×; (M), 100×;
(N), 100×; (O), 100×; (P), 100×; (Q), 100×; (R), 100×; (S), 100×.

 

Figure 4. Grade 1 endometrial EC involving ECP: case 3. (A) The endocervical curettage specimen
consists of fragmented ECP tissues, fibrin, and small endocervical tissues. One of the ECP fragments
(yellow arrow) shows the tumor tissue. (B) The greatest dimension of EC involving the surface of
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ECP measures 4 mm (green arrow). The presence of thick-walled blood vessels, fibrotic stroma,
and an increased number of benign endocervical glands is characteristic of ECP. (C) The depth of
invasion into the polyp stroma (green arrows) measures 0.3 mm. (D) The EC cells partially involve
one endocervical gland (blue asterisk), in contrast to the other uninvolved one (purple asterisk).
(E) The tumor is associated with a stromal inflammatory reaction. (F) On high-power magnification,
compared with non-atypical endocervical gland (lower half), the EC cells (upper half) reveal nuclear
enlargement, hyperchromasia, and loss of nuclear polarity. (G) Patchy p16 positivity rules out the
possibility of human papillomavirus-associated endocervical adenocarcinoma. (H) Uniform nuclear
estrogen receptor immunoreactivity with intense staining intensity supports the diagnosis of grade
1 EC. (I) Primary endometrial EC does not invade the myometrium. (J) The degree of nuclear
atypia is the same as that of EC involving ECP. (K) The cervix shows no pathological abnormality.
(A–F) and (I–K), Hematoxylin and eosin staining. (G–H), immunohistochemical staining using
polymer method. Original magnification: (A), 2.5×; (B), 10×; (C), 40×; (D), 150×; (E), 100×; (F),
400×; (G), 100×; (H), 100×; (I), 40×; (J), 150×; (K), 4×.

Case 4: The polypectomy specimen revealed a 16 mm ovoid polyp with a short, slender
stalk comprising a centrally dilated glandular lumen, peripherally stretched glands, and
fibrotic stroma (Figure 5A). Complex and crowded glands were spread along the polyp
surface (Figure 5B), and the superficial stroma of ECP was invaded by the tumor at a depth
of 1 mm and a dimension of 10 mm. Endocervical glandular extension (Figure 5C) and
stromal inflammatory infiltrates (Figure 5D) were present. The tumor cells displayed mild-
to-moderate nuclear pleomorphism and enlargement (Figure 5E). Immunohistochemical
staining revealed patchy p16 positivity (Figure 5F) and diffuse and strong expression for
ER (Figure 5G) and PR (Figure 5H). The histological features were compatible with a grade
1 EC diagnosis. We found a 5-mm endometrial tumor without myometrial invasion or
LVI. This endometrial lesion was morphologically (Figure 5I) and immunophenotypically
(Figure 5J,K) identical to the EC involving ECP.

Table 3 summarizes the immunohistochemical staining results. The histological type
of malignancy involving ECP was EC in all four cases, with two grade 3 ovarian ECs and
three grade 1 endometrial ECs. One of the ovarian tumors exhibited foci of squamous
differentiation, and one patient (case 2) had concomitant ovarian and endometrial ECs.
Three cases displayed extension into the endocervical glands embedded in the polyp stroma.
Although all tumors invaded the polyp stroma up to 1 mm of depth, no LVI was noted. The
resection margin status was evaluated in two patients who underwent polypectomies. Both
patients showed a negative resection margin, but the safety distance was < 1 mm in one
case. No evidence of endometriosis, hyperplasia without atypia, or AH/EIN was observed
in ECP, whereas all primary endometrial ECs were associated with AH/EIN and all ovarian
tumors co-existed with endometriotic cysts. Interestingly, the three primary tumors (cases
1, 3, and 4) showed no LVI or lymph node metastasis. Detailed histopathological features
of EC involving ECP are as follows.
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Figure 5. Grade 1 endometrial EC involving ECP: case 4. (A) The polypectomy specimen demon-
strates the tumor tissue (green arrows) involving the surface. (B) Complex and crowded glandular
architecture spreads along the surface and superficial stroma of ECP. (C) The EC cells partially involve
one endocervical gland (blue asterisk). (D) Back-to-back arrangement (orange asterisk) and a lack of
the intervening stroma are compatible with grade 1 EC. (E) High-power magnification reveals that
the tumor glands (upper half) display nuclear stratification, enlargement, hyperchromasia, and loss
of nuclear polarity. There is also a non-atypical endocervical gland (lower half). (F–H) Immunohisto-
chemical staining reveals (F) patchy p16 positivity and diffuse and strong expression for (G) estrogen
and (H) progesterone receptors. (I–K) Primary endometrial EC exhibits identical (I) histological
features and immunoreactivities for (J) estrogen and (K) progesterone receptors to EC involving ECP.
(A–E) and (I), Hematoxylin and eosin staining; (F–H), (J), and (K), immunohistochemical staining
using polymer method. Original magnification: (A), 15×; (B), 20×; (C), 60×; (D), 40×; (E), 200×; (F),
100×; (G), 100×; (H), 100×; (I), 100×; (J), 100×; (K), 100×.
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Table 3. The histological types and prevalence of gynecological tumors coexisting with ECP.

Case No
1 2 3 4

ECP Ovary ECP Ovary EM ECP EM ECP EM

ER FSP FSP Neg Neg DSP DSP DSP DSP DSP
PR FSP FSP Neg Neg DSP FSP FSP DSP DSP
p16 PP PP DSP DSP PP PP PP PP PP

p53 Mutant
(CA)

Mutant
(CA) WT WT WT WT WT WT WT

Wilms
tumor 1 Neg Neg Neg Neg Neg NA NA NA NA

CA: Complete absence; DSP: diffuse strong positive; ER: estrogen receptor; FSP: focal strong positive; Neg:
negative; PP: patchy positive; PR: progesterone receptor; WT: wild type.

4. Discussion

To the best of our knowledge, no previous cases of the synchronous occurrence of
endometrial or ovarian EC involving ECP have been reported. Our study described four
such cases. In cases 3 and 4, we diagnosed EC involving ECP as a metastatic lesion from
endometrial EC based on the following morphological features: (1) same histological fea-
tures and immunohistochemical staining results between the EC involving ECP and the
endometrium; (2) no involvement of the lower uterine segment and cervical stroma; (3) no
LVI; (4) no precursor lesion (benign endometriosis and/or endometrial hyperplasia without
atypia) in ECP; and (5) no premalignant lesion in ECP. Most endometrial ECs with the
direct involvement of the cervix present as large tumors or with an epicenter in the lower
uterine segment [31]. In some cases, the tumor cells spread to the endocervix along the
surface or glandular epithelium. LVI is also one of the ways by which EC may involve the
cervix. However, our two endometrial EC patients had no evidence of tumor involvement
or LVI in the lower uterine segment, cervical stroma, and endocervical mucosa. EC of the
uterine cervix is classified as one of the HPV-independent EACs according to the updated
2020 World Health Organization Classification [16]. Primary cervical EC may arise from
benign endometriosis involving ECP and progress to AH/EIN and eventually EC. The
absence of benign endometriosis, endometrial hyperplasia without atypia, or AH/EIN
in ECP and adjacent non-polypoid endocervical tissue did not support the possibility of
HPV-independent endometrioid-type EAC. Finally, we considered implantation metastasis
as a possible mechanism of the ECP involvement of endometrial EC. Iatrogenic tumor
implantation is a condition that results from various medical procedures used during
the diagnosis or treatment of a malignancy [32]. In one study, of the 176 patients who
underwent endometrial curettage before hysterectomy, 9 (5.1%) were found to have cer-
vical implantation metastasis [33]. Moreover, endometrial carcinomas are well known
to have an implantation capacity, which is the ability of tumor cells detached from the
primary endometrial tumor to migrate to the peritoneal cavity through the fallopian tubes
for implantation on the peritoneal surface, resulting in peritoneal, cervical, or vaginal
implantation [34]. In a study by Stewart et al. [32], tumor cell emboli within the tubal
lumina were identified in 26% and 3% of high- and low-grade endometrial carcinomas, re-
spectively. Since we did not observe EC cells migrating through the endometrial cavity and
endocervical canal experimentally, we could not clearly clarify the pathogenetic mechanism
by which the endometrial EC involves ECP in this study. However, based on the absence of
tumor involvement or LVI in the lower uterine segment, cervical stroma, and endocervical
mucosa, the possibility that the tumor cells may have been implanted on the ECP surface
through intrauterine migration can be considered. Even though our two endometrial EC
patients had not undergone any previous diagnostic or therapeutic procedures prior to
endocervical polypectomy (case 3) or endometrial curettage (case 4), it is reasonable to
assume that the tumor cells may have adhered to the erosive and inflamed surface of the
continuously compressed and irritated ECP within the narrow endocervical canal.
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In cases 1 and 2, the histological features of the grade 3 EC involving ECP and the
ovarian tumors were the same. Endometrial or cervical metastases of ovarian cancer are
rarer than ovarian metastases of endometrial or cervical cancer [31,35]. Our finding of
ovarian EC metastasizing to the ECP and spreading along the polyp surface or superficially
invading into the polyp stroma appears to be novel. Substantial LVI was observed in case
2, whereas there was no LVI in the ovary and ECP in case 1. The latter case presented an
unusual phenomenon, as the tumor cells must have migrated in the opposite direction,
from the ovary and peritoneal cavity through the endometrium to the cervix. Ovarian
EC cells on the ovarian surface or around fimbria may migrate through the tube and
endometrial cavity to the endocervical canal [31,36]. Two cases of ovarian EC were initially
advanced stage, with neoadjuvant chemotherapy being performed in one case. As a result
of the pathological examination of the debulking specimen, both cases were stage IIIC and
high-grade, and one (case 1) was p53-abnormal EC. In case 1, metastases to the sternum
and rib occurred 49 months after post-operative adjuvant chemotherapy, and in case 2,
metastasis was observed in the mesentery after three cycles of adjuvant chemotherapy.
The presence of small metastases of ovarian EC to ECP less than 1 cm did not affect the
treatment decisions or outcomes of the patients with the aggressive, advanced-stage, high-
grade ovarian EC. Our findings did, however, reflect the high oncogenic aggressiveness
shown in the migratory and metastatic ability of these tumors.

Case 2 demonstrated concurrent endometrial and ovarian ECs and multiple metastatic
lesions in the abdominopelvic peritoneum and small bowel. The following differential
diagnoses were initially considered: (1) adnexal and peritoneal involvement of endometrial
cancer, (2) peritoneal and endometrial involvement of ovarian cancer, and (3) synchronous
endometrial and ovarian cancers with peritoneal extension from either endometrium or
ovary. The histology (high-grade EC with squamous differentiation) and immunopheno-
type (hormone receptor negativity and diffuse, strong p16 positivity) of the peritoneal
metastatic lesions were the same as those of the ovarian tumors. However, the endometrial
tumors were low-grade EC with mucinous differentiation, showing uniform hormone
receptor positivity and p16 patchy positivity. Based on these results, it was determined
that the possibility of synchronous stage IIIC ovarian cancer (with extrapelvic peritoneal
metastases) and stage IB endometrial cancers was high. The EC observed in ECP also had
the same morphology and immunophenotype as the ovarian EC but were different from
the endometrial EC. Additionally, endometriosis, endometrial hyperplasia without atypia,
and AH/EIN, suggesting the possibility of primary HPV-independent endometrioid-type
EAC, were absent in ECP. Therefore, the EC involving ECP was reasonably considered a
metastasis of the ovarian EC.

Several clinical implications of the involvement of ECP by endometrial or ovarian
EC were considered. First, in case 3, grade 1 EC involving ECP was diagnosed in the
curettage of an incidentally detected endocervical mass. In case 4, grade 1 EC was found in
an endocervical polypectomy specimen, although an endometrial lesion was not suspected
clinically. As in these cases, when metastatic tumors involving ECP were first detected
where the primary endometrial EC was not known, the lesions helped detect endometrial
cancer at the early stages. Second, in cases 3 and 4, where EC invaded the polyp stroma to
a depth of less than 1 mm, the lesions could not be considered cervical stromal extensions,
a FIGO stage II finding of endometrial cancer. In other words, adjuvant radiation therapy,
the standard treatment for stage II endometrial cancer, was not required. The treatment
could differ, in the case of case 3 potentially being misinterpreted as an endometrioid-
type EAC involving ECP, for instance. The gynecologists may have considered whether to
perform radical hysterectomy with bilateral salpingo-oophorectomy and pelvic lymph node
dissection, the standard treatment for cervical cancer, or simply a total hysterectomy with
bilateral salpingo-oophorectomy, considering that there was no visible uterine lesion and
lymph node metastasis on MRI. Third, when stratified according to the stage, grade, and
myometrial invasion, no statistically significant differences in the recurrence rate between
patients with or without cervical implantation metastasis exist [33], indicating that cervical
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implantation metastasis does not appear to alter prognoses or require specific treatment. In
this study, since the ovarian ECs of cases 1 and 2 were advanced-stage diseases, the ECP
tumor did not affect the treatment. In addition, the ECP involvement by endometrial EC in
cases 3 and 4 did not affect the treatment guideline in these cases, as the ECP was removed
with the total hysterectomies.

Differential diagnoses of EC involving ECP include reactive endocervical lesions,
including squamous metaplasia (SM) and microglandular hyperplasia (MGH), and HPV-
associated usual-type EAC. ECPs are commonly accompanied by SM, MGH, and chronic
inflammation. Immature SM is characterized by evenly spaced, small, round nuclei and
dense, scant cytoplasm involving the superficial epithelium and glands of ECP. Case
1 revealed SM involving ECP on the non-neoplastic areas of the polyp (Figure 6A–C).
SM had no mitotic activity or significant nuclear or architectural atypia (Figure 6D). The
intervening stroma displayed fibrosis and chronic inflammation (Figure 6E). MGH consists
of closely packed, small glands with mucin-containing epithelium in the background of
mildly inflamed stroma. Despite a compact glandular proliferation, MGH exhibits no
nuclear pleomorphism or architectural abnormality. HPV-associated usual-type EAC is the
most common type of EAC, with apical mitoses and apoptotic bodies readily identifiable
by scanning or low-power magnification. Block p16 positivity is the hallmark of HPV-
associated EAC, but all our cases showed patchy p16 immunoreactivity.

 

Figure 6. SM involving ECP. (A) ECP of case 1 reveals areas of SM and reactive glandular proliferation
(yellow arrows). Some cystically dilated glands are present. (B) In addition to the immature SM (green
arrow), small glands are embedded in the fibrotic stroma (blue asterisk). (C) The endocervical glands
in SM lesions vary in size and shape. (D) Metaplastic squamous epithelium possesses small, bland
nuclei and scant cytoplasm and grows beneath the pre-existing endocervical epithelium. There is no
complex glandular proliferation, solid architecture, cribriforming, or high-grade cytological atypia.
(E) The stroma exhibits fibrosis and mixed chronic inflammatory infiltrates. (A–E), Hematoxylin and
eosin staining. Original magnification: (A), 15×; (B), 40×; (C), 100×; (D), 150×; (E), 120×.
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5. Conclusions

In summary, we evaluated the histological types and prevalence of gynecological
tumors co-existing with ECP. We observed that 69 of the 429 ECPs (15.9%) were found to
be associated with premalignant or malignant lesions of the uterine cervix, endometrium,
and ovary. Of these, four (0.9%) ECPs were involved by endometrial or ovarian ECs.
We investigated the clinicopathological characteristics of the four cases of ECP that were
involved by EC. In two cases of ovarian EC, EC involving ECP exhibited similar morphology
and immunohistochemical staining results as those of advanced-stage ovarian EC. In two
cases of endometrial EC, the histological and immunophenotypical features of the EC
involving ECP were identical to those of the primary endometrial tumor, despite the lack
of tumor involvement in the myometrium, lower uterine segment, and cervical stroma as
well as the absence of LVI and lymph node metastasis. In all cases, no evidence of benign
endometriosis, endometrial hyperplasia without atypia, or AH/EIN within ECP or the
adjacent endocervical tissue was noted. Based on clinical history, histological features,
and immunohistochemical staining results, we concluded that they were metastatic from
the endometrial or ovarian ECs, as possible implantation metastases. The determination
of the type and origin of metastatic tumors is an important and potentially challenging
area in pathology, as it affects the clinical decision and patient management. The site of
origin is best determined by correlating clinical and pathologic findings. The occurrence
of endometrial and ovarian carcinomas metastatic to ECPs is a rare phenomenon. To the
best of our knowledge, we described the first synchronous occurrence of EC involving ECP
and endometrial or ovarian EC. Awareness of these unusual phenomena is vital in proper
diagnosis and clinical practices.
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Abstract: The clear-cell variant of epithelioid mesothelioma is an extremely rare neoplasm of the
peritoneum. It shares histomorphologic features overlapping with a wide variety of tumors including
carcinomas and other non-epithelial neoplasms. The diagnosis of peritoneal clear-cell mesothelioma
is not always straightforward, despite known immunohistochemistry (IHC) markers. Due to its
rarity, this entity may be diagnostically confused with other clear-cell neoplasms, particularly in
intraoperative frozen sections. Here, we present a case of clear-cell mesothelioma originating in the
uterine serosa that was initially misdiagnosed as clear-cell adenocarcinoma in the intraoperative
frozen section. Microscopically, the tumor showed diffuse tubulocystic spaces of variable size lined
by clear cells with moderate nuclear atypia. Immunohistochemical staining confirmed the diagnosis
of clear-cell mesothelioma. Recognition of this entity, albeit rare, is important as the diagnosis may
significantly affect the management considerations. The judicious use of an IHC panel helps to
distinguish this tumor from other mimickers.

Keywords: clear-cell mesothelioma; peritoneum; clear-cell carcinoma; frozen section; uterus

Table 1. Malignant mesothelioma of the peritoneum in women is 3.5 times less common than the pleu-
ral counterpart [1]. The incidence rate of peritoneal mesothelioma is only 0.1 per 100,000 women [2].
The differential diagnosis of peritoneal mesothelioma includes a wide variety of malignant tumors in
contrast to pleural mesothelioma, which should be distinguished from pulmonary adenocarcinoma in
the majority of cases [3]. Peritoneal mesothelioma has clinical, morphological, and molecular features
that are distinctive from the pleural counterpart [4] (this table). It occurs more commonly in young
women, and the association with asbestos exposure is much less strong than that of pleural mesothe-
lioma [4]. In a large study of 164 cases of peritoneal mesothelioma in women [2], 40 cases (24.4%)
had an initial referral diagnosis of Mullerian-type carcinomas or non-gynecological carcinomas. The
large majority of tumors had epithelioid morphology (80.5%), whereas the remainder (19.5%) had
biphasic morphology (epithelioid and sarcomatoid). Mixed architectural patterns were observed in
92% of cases, including papillary, solid, tubular or glandular, single-cell, and cystic patterns. The
presence of clear cells or hobnail cells was found in a minority of cases (number not specified) [2].
Clear-cell mesothelioma represents an extremely rare subtype of peritoneal mesothelioma [5]. As
the tumor shows clear cytoplasmic features, the histomorphology is overlapping with Mullerian
clear-cell adenocarcinoma of the female genital organs. In this report, we describe a case of clear-cell
mesothelioma originating in the uterine serosa. The morphological features of this tumor closely
mimic clear-cell adenocarcinoma, resulting in an incorrect intraoperative frozen section diagnosis,
which affected the surgical management decision. Comparison of clinico-pathological features of
mesothelioma [1,2,4,6–15].
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Table 1. Cont.

Clinico-Pathological Features Pleural Mesothelioma Peritoneal Mesothelioma
Peritoneal Clear-Cell
Mesothelioma

Male: Female ratio 3.9:1 1.3:1 Female

Median age (years) 65–70 49–69
(49 in female) a Limited data

Association with asbestos exposure 70% 33%
(5–23% in female) a Limited data

Association with germline cancer
susceptibility mutations 7% 25% Limited data

Histologic patterns
Epithelioid (55%)
Biphasic (20%)
Sarcomatoid (10%)

Epithelioid (82%)
Biphasic (13%)
Sarcomatoid (5%)

Epithelioid
(limited data)

Loss of BAP1 immunoexpression b 80%a (especially
epithelioid type) 57% a Limited data

Median overall survival time (months) 17–20 53 Limited data
a Data in female patients. b Surrogate marker for BAP1 mutation.

 

Figure 1. Cont.
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Figure 1. A 28-year-old Thai pregnant woman underwent an uneventful cesarean section at a local
hospital. A 6 cm mass, right lateral to the uterus, was incidentally found. Follow-up computed
tomography of the whole abdomen showed a 9.1 cm cystic mass with irregularly thick septation
in the right adnexal region, consistent with an ovarian tumor. The patient was referred to Maharaj
Nakorn Chiang Mai Hospital for further management two months after delivery. The patient had
no clinical history of asbestos exposure or underlying diseases. Her family history was unremark-
able. Preoperative laboratory investigations revealed a slight elevation of the CA125 tumor marker
(70.6 U/mL; normal 0–35 U/mL). Intraoperatively, a large tumor protruding from uterine serosa was
seen. Total abdominal hysterectomy was performed, and the uterus was sent for an intraoperative
frozen section. Macroscopically, a 9 × 7 × 5.5 cm serosal tumor was found at the right posterolat-
eral wall, as presented in (A). Cut surface of the tumor was dark red and revealed predominantly
thin-walled multicystic to spongy tissue containing blood, as presented in (B), with focal tan solid
area at the periphery ((B), inset). Frozen section diagnosis was clear-cell adenocarcinoma involving
uterine serosa. Then, the patient underwent a complete surgical staging procedure, including bilateral
salpingo-oophorectomy (BSO), bilateral pelvic node biopsy, omental biopsy, and peritoneal washing.
Such intraoperative diagnosis was the main reason for complete surgical staging including immediate
BSO and lymphadenectomy, which may not be the necessary surgical procedure for mesothelioma
in young women in whom preservation of ovarian function is of concern. This figure and Figure 2
demonstrate the macroscopic and microscopic appearance of clear-cell mesothelioma that has led to
the intraoperative diagnosis of clear-cell adenocarcinoma. The occurrence of extragenital clear-cell
adenocarcinoma, although uncommon, could be expected, as clear-cell adenocarcinoma is common
in the Eastern world, accounting for up to 27% of ovarian epithelial cancers in Japan [6], and this
tumor can arise from non-ovarian endometriosis. While the diagnosis of clear-cell adenocarcinoma in
the endometrium or the ovary may not require or depend on immunohistochemistry, the diagnosis of
clear-cell adenocarcinoma of peritoneal origin needs to be supported by an appropriate and extensive
immunohistochemical panel. The differential diagnoses of clear-cell mesothelioma include Mullerian-
type adenocarcinomas with clear-cell features, non-Mullerian clear-cell carcinomas with relatively
occult origin (e.g., clear-cell renal cell carcinoma), and other non-epithelial clear-cell neoplasms.
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. 

Figure 2. Histologic findings of clear-cell mesothelioma. The tumor showed an infiltrative border
involving the outer myometrial wall (A) (H&E, 40×). The tumor was composed of diffuse tubulocys-
tic spaces of varying size lined by monotonously uniform clear cells (B) (H&E, 100×). These cells
exhibited abundant clear cytoplasm and hyperchromatic nuclei with moderate atypia and occasional
distinct nucleoli (C) (H&E, 400×) or had a hobnail appearance (D) (H&E, 400×). Mitoses were
rare (<1 in 10 high power fields). Scattered hemorrhage and hemosiderin deposits were present in
fibrous septa ((B), arrow), but endometriosis was not identified. The tubulocystic pattern of this
tumor is indistinguishable from that of clear-cell adenocarcinoma. However, the tumor lacks other
common features of clear-cell adenocarcinoma including papillary architecture, hyalinized stromal
material, adenofibromatous component, and the association with endometriotic focus. The absence
of these features and the extraovarian location led to serious consideration for other tumors with
clear-cell morphology. In the absence of a clinically identifiable primary site in any visceral organs,
the exclusion of mesothelioma is necessary.
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Figure 3. Immunohistochemical profile of clear-cell mesothelioma. Diffuse immunopositivity was
observed for calretinin (A), (100×), Wilms’ tumor-1 (WT-1) (B), (100×), cytokeratin (CK) 5/6 (C),
(100×), and vimentin. There was focal staining of epithelial membrane antigen (EMA) and CD10
(non-luminal pattern), whereas the staining for epithelial-cell adhesion molecule (Ep-CAM, BerEP4)
(D)), (100×), PAX8, Napsin-A, estrogen receptor (ER), renal cell carcinoma antibody (RCC), inhibin,
GATA3, and thyroid transcription factor-1 (TTF-1) was negative. The tumor exhibited wild-type
expression of p53. Ki-67 proliferative index was 5–10% of cells. The panel of immunohistochemical
stains, including the markers supporting mesothelial origin (e.g., calretinin, CK5/6, podoplanin (D2-
40), WT1, mesothelin, Hector Battifora mesothelial-1 (HBME-1), or thrombomodulin) and the markers
for non-mesothelial neoplasms, is usually helpful in distinguishing mesothelioma from other tumors
with similar morphology. It is important to note that if mesothelioma is not considered in the list of
differential diagnosis and mesothelial markers are not included, the immunoprofile of mesothelioma
can partially overlap with clear-cell adenocarcinoma or other Mullerian-type adenocarcinomas with
clear-cell-like features. Mullerian-type adenocarcinomas and mesothelioma are positive for CK7
and EMA. Although negativity for PAX8 and Napsin A is unusual for clear-cell adenocarcinoma, it
should be noted that some peritoneal mesotheliomas are positive for PAX8 [8] and Napsin A may be
negative in almost 30% of clear-cell adenocarcinomas [16]. WT-1 positivity, as seen in mesothelioma, is
characteristic of Mullerian-type serous adenocarcinoma but is unusual for clear-cell adenocarcinoma.
Negativity for ER and wild-type p53 pattern is similarly observed in most clear-cell adenocarcinoma
and mesothelioma, whereas ER expression is common in serous and endometrioid adenocarcinomas,
and abnormal p53 pattern is characteristic of high-grade serous adenocarcinoma [10]. Current
recommendations to distinguish mesothelioma from carcinoma is the immunoreactivity for two
mesothelial markers and shows negativity for two epithelial carcinoma markers [3]. In this patient,
the immunoprofile of calretinin, CK5/6, BerEp4, and PAX8 help exclude clear-cell adenocarcinoma.
The location of the tumor in the posterolateral aspect of uterus should also raise the differential
diagnosis of rare tumors with mesonephric-related origin, mesonephric carcinoma and Wolffian
tumor of uterine ligament. The tumors in this group share similar calretinin positivity. Mesonephric
carcinoma is immunopositive for PAX8, GATA3, TTF1 and CD10 (luminal pattern), whereas Wolffian
tumor is mostly negative with PAX8 and GATA3. Wolffian tumor is also positive for CK7 and sex
cord-stromal markers such as inhibin and FOXL2 [17]. This figure shows the immunohistochemical
stains that confirm the diagnosis of clear-cell mesothelioma.
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Figure 4. The additional findings in uterus and both adnexa. A cluster of atypical clear cells (less than
0.2 mm) was identified on the surface of left ovary, consistent with metastatic clear-cell mesothelioma
(A) (H&E, 400×). The cervix showed an incidental adenoid basal carcinoma in the right lateral wall
(B) (H&E, 100×), measuring 4.5 mm in depth and without lymphovascular involvement (FIGO
stage IA2). No neoplastic lesion was seen in the corpus, right ovary, bilateral fallopian tubes, pelvic
lymph nodes, omentum, and peritoneal washing cytology. The patient received six cycles of adjuvant
chemotherapy and hormonal replacement therapy. She remained well without evidence of disease
12 months after surgery. This figure represents the additional findings after extensive histologic
examination of the uterus and both adnexa. A single metastatic focus of the tumor was identified in the
contralateral ovarian surface (A). In general, localized mesothelioma appears to have a more favorable
clinical course than diffuse mesothelioma [6,18]. The prognosis of peritoneal mesothelioma could not
be predicted by histomorphology alone, although deciduoid morphology or nuclear grade 3 has been
reported to be an independent unfavorable prognostic predictor [2]. Based on NCCN guidelines 2022,
epithelioid subtype, Ki-67 index < 9%, peritoneal cancer index of 17 or less, absence of lymph node
involvement, and complete cytoreduction are favorable prognostic features [7]. More recently, a novel
VHL gene mutation has been reported in peritoneal clear-cell mesothelioma with an indolent clinical
behavior [5]. Given the rarity of this entity, the clinical course, prognostic predictors, pathogenesis,
and molecular profiles remain to be clarified. This patient had co-existing adenoid basal carcinoma
of the uterine cervix (B). In a recent series of 18 women with localized peritoneal mesothelioma, a
history of other cancers (breast, endometrial, and ovarian) was found in 4 of 13 cases (31%) with
available data [6]. Family history available in 11 patients also noted the presence of cancer in their
family members in all cases, 82% of which were first-degree relatives. In women with peritoneal
mesothelioma, the presence of another tumor should also be monitored [2,6]. In conclusion, clear-cell
mesothelioma represents a diagnostic challenge for pathologists. Recognition of this entity, albeit
rare, is important as the diagnosis may significantly affect the management considerations.
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Abstract: Epithelial ovarian cancer is by far the most lethal gynecological malignancy. The exploration
of promising immunomarkers to predict prognosis in ovarian cancer patients remains challenging.
In our research, we carried out an integrated bioinformatic analysis of genome expressions and
their immune characteristics in the ovarian cancer microenvironment with validation in different
experiments. We filtrated 332 differentially expressed genes with 10 upregulated hub genes from
the Gene Expression Omnibus database. These genes were closely related to ovarian tumorigenesis.
Subsequently, the survival and immune infiltration analysis demonstrated that the upregulation of
five candidate genes, ITGB2, VEGFA, CLDN4, OCLN, and SPP1, were correlated with an unfavorable
clinical outcome and increased immune cell infiltration in ovarian cancer. Of these genes, ITGB2
tended to be the gene most correlated with various immune cell infiltrations and had a strong
correlation with significant M2 macrophages infiltration (r = 0.707, p = 4.71 × 10−39), while it had
a moderate correlation with CD4+/CD8+ T cells and B cells. This characteristic explains why the
high expression of ITGB2 was accompanied by immune activation but did not reverse carcinogenesis.
Additionally, we confirmed that ITGB2 was over-expressed in ovarian cancer tissues and was mainly
located in cytoplasm, detected by Western blotting and the immunohistochemical method. In
summary, ITGB2 may serve as a prognostic immunomarker for ovarian cancer patients.

Keywords: ITGB2; ovarian cancer; prognostic immunomarker

1. Introduction

EOC (Epithelial ovarian cancer) is an aggressive gynecological malignancy with high
relapse and mortality rates due to the limited early detection tactics and the absence of
effectiveness of existing chemo- and immunotherapies. Thus, it is essential to ascertain al-
ternative diagnostic biomarkers and potential novel targets for ovarian cancer therapy [1,2].

Immuno-oncology has been introduced to the combined treatment of some intractable,
advanced malignancies for over a decade, including ovarian cancer patients. The evolution
of several immune-based therapies has contributed to effective antitumor responses by regu-
lating the host immune system, including through molecular therapy, cellular therapy in the
form of vaccines, CAR-T (Chimeric antigen receptor T-Cell) therapy, and immunomodula-
tor therapy as an immune checkpoint blockade [3,4]. Some clinical trials have incorporated
ICIs (immune checkpoint inhibitors) into conventional, platinum-based chemotherapy regi-
mens in serous ovarian cancer patients in combination with cytoreductive surgery, with the
aim of reducing the patients’ pain and prolonging their survival time [5,6]. Unfortunately,
only a minority of patients could benefit from the immune checkpoint blockade treatments
through the application of inhibitors of PD-1 (programmed cell death protein 1), such as
Sintilimab and Pembrolizumab, and CTLA-4 (cytotoxic T-lymphocyte associated protein 4):
Lpilimumab [7–9]. Therefore, novel and effective biomarkers to predict and assess the
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responses to immunotherapy in serous ovarian cancer are required. Additionally, several
studies have reported that an effective antitumor response of immune infiltration would
be beneficial to the ICIs’ efficacy in patients, and the prognosis of patients particularly
depends on the immune infiltration and the epigenetic mutation load of immune cells in
the tumor microenvironment [10,11]. Thus, our study intended to demonstrate the possible
association between genome expression and tumor-immune interactions in ovarian cancer.

Here, we performed a comprehensive bioinformatic analysis of ITGB2 (integrin beta-2)
and its immune-related characteristics in ovarian tumorigenesis. We first found that
several genes, including ITGB2, were highly upregulated in serous ovarian cancer samples.
Subsequently, the gene and protein interactions with ITGB2 were identified via Metascape
and STRING databases, and the high expression of ITGB2 could significantly affect the
clinical outcome for patients with serous ovarian cancer. Finally, the TIMER (tumor immune
estimation resource) database was employed to evaluate the interactions between ITGB2
and the immune infiltration in the TME (tumor microenvironment). The findings implied
that upregulated ITGB2 is particularly related to the infiltration of M2 macrophages. In
summary, this study revealed that ITGB2 might function as a prognostic biomarker in
ovarian cancer and might lay the groundwork for the landscape of immuno-therapy
strategies in advanced serous ovarian cancer.

2. Materials and Methods

2.1. Microarray Data

We obtained the serous-ovarian-cancer-related gene expression datasets and matched
non-ovarian cancer sample datasets from the database GEO (gene expression omnibus):
https://www.ncbi.nlm.nih.gov/geo/ (accessed on 20 September 2022). The expression
profiles selected were GSE36668 and GSE66957.

2.2. DEGs (Differentially Expressed Genes) Identification

We conducted a DEGs analysis between serous ovarian cancers and non-ovarian tumor
tissues through the online tool GEO2R via the limma package in the 3.2.3 version R soft-
ware from https://www.ncbi.nlm.nih.gov/geo/geo2r/ (accessed on 20 September 2022).
Genes in the profiles which satisfied the standards of a |logFC| ≥ 2.0 and an adjusted
p value < 0.05 would be confirmed as DEGs. Furthermore, the upregulated differential
genes we defined as logFC > 2, and the logFC of downregulated genes was <−2. A Venn
diagram analysis was also utilized to probe the intersection of the selected DEGs from
http://bioinformatics.psb.ugent.be/webtools/Venn/ (accessed on 20 September 2022).

2.3. Pathway Enrichment and Functional Analysis of the DEGs

Biological function was visualized through a web-based toolkit, Metascape, GO (Gene
ontology) enrichment pathways, and KEGG (Kyoto encyclopedia of genes and genomes)
-enriched pathways of the genes. Standards included a p-value < 0.01 and minimum > 3. A
minimum enrichment factor count of 1.5 would be viewed as statistically significant terms
and assembled into clusters on the basis of their similar membership. Then, the immune-
associated pathways for ITGB2 would be identified using the Genecards platform: https:
//www.genecards.org (accessed on 20 September 2022) and the WikiPathways module,
and a Reactome pathway analysis was performed.

2.4. Hub Genes Identification

The network PPI (protein–protein interaction) was formulated using the toolkit Cy-
toscape (version 3.7.1) by screening out the nodes with a composite score > 0.4 (STRING:
https://cn.string-db.org (accessed on 20 September 2022). The top 10 genes in the midst
of PPI were elicited via the cytoHubba plug-in using the degree algorithm, and a degree
score > 38 was selected as a hub gene in our study.
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2.5. Hub Genes Prognosis Analysis

The KM (Kaplan–Meier) plotter online toolkit: http://kmplot.com/analysis/ (ac-
cessed on 25 September 2022) was utilized to acquire the survival and corresponding
clinical information with the criteria: median; hazards ratio: yes; 95% CI (confidence
interval): Yes. The hub genes’ expression and the particular correlation between the dif-
ferential genes and various classical surface markers of the infiltrating immune cells were
verified using the online platform GEPIA (gene expression profiling interactive analysis):
http://gepia.cancer-pku.cn/index.html (accessed on 25 September 2022). Results with an
adjusted HR (hazard ratio), a 95% CI, and a log-rank p-value were needed.

2.6. Key Genes Immune Infiltration Analysis

To determine the particular correlation between the prognosis-correlated hub DEGs
and a variety of tumor-infiltrating immune cells, we utilized toolkits through the ap-
propriate functional modules: EPIC (estimate the proportion of immune and cancer
cells): https://gfellerlab.shinyapps.io/EPIC_1-1/ (accessed on 25 September 2022) and
the 2.0 version of the TIMER (tumor immune estimation resource 2.0) database from
http://timer.cistrome.org (accessed on 25 September 2022).

2.7. Immunofluorescence

PDC3 (patient-derived ovarian cancer cell) was obtained from Tao Zhu, Professor of
The Cancer Hospital of the University of Chinese Academy of Sciences. The PDC3 cell we
received was cultured in DMEM/F12 (Dulbecco’s modified eagle medium/nutrient mix-
ture12) medium containing 10–15% FBS (Fetal bovine serum) and 1% non-essential amino
acid, while the IOSE80 cell (normal ovarian epithelial cell) was cultured in 1640 medium.
Both cells were cultured at 37 ◦C with a 5% CO2 in a thermostatic incubator. PDC3 and
IOSE80 were then incubated with a ITGB2 primary antibody for 2–4 h at 37 ◦C, followed
by an incubation with secondary antibody Alexa Fluor 594 conjugates at 25 ◦C for 1–2 h.
Subsequently, the nucleus and lysosome were stained with Hoechst 33342 a and lysosome-
staining kit, respectively, for 10–15 min at room temperature prior to their observation
under a confocal microscope (Nikon, A1 HD25, Tokyo, Japan).

2.8. Western Blot

Cell lysates were first obtained by scraping the cultured PDC3 and IOSE80, which
were then lysed with a cocktail of protease inhibitors in a RIPA (radioimmunoprecipitation
assay) lysis buffer on an ice box (4 ◦C). Next, the boiled proteins were separated through
SDS-PAGE (sodium dodecyl sulphate-polyacrylamide gel electrophoresis) and blocked in
PBST (phosphate buffer solution with tween) containing 5% nonfat dried milk. This was
followed by incubation with an anti-ITGB2 rabbit monoclonal antibody at 4 ◦C for 12 h
overnight, and a HRP (horseradish peroxidase)-coupled secondary antibody for 2 h. Finally,
the target protein bands were detected using a protein imaging system (GE ImageQuant800,
Fairfield, CT, USA).

2.9. Immunohistochemistry Analysis

The tumor tissues of 8 serous ovarian cancer patients and 8 non-ovarian tumor controls
were collected. Paraffin-embedded tissue sections were cut continuously at 4–5 mm from
the tissues and then dewaxed. Next, the antigen was retrieved through the application of a
citrate buffer. The tissue slides were then incubated with ITGB2 (Absin, Shanghai, China)
primary antibodies overnight or for 12 h at 4 ◦C. After the 2 h incubation with the sec-
ondary antibodies, an ABC (Avidin-biotin complex) Substrate System (Servicebio, Wuhan,
China) was applied on the slides for the coloration reaction and with HE (hematoxylin)
for counterstaining. Images of the slides and staining were eventually acquired on an
Olympus VS200 microscope at 20× magnification. All the quantifications were performed
with ImageJ, using IHC (immunohistochemistry) profiler plugins. Positive signals in the
epithelial tissue were selected for analysis.
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2.10. QRT-PCR (Quantitative, Real Time-Polymerase Chain Reaction)

The total RNA (ribonucleic acid) of the PDC3 and IOSE80 cells was isolated according
to the standard procedure with the reagent kit (Vazyme, Nanjing, China) FastPure cell-
Tissue Total RNA Isolation Kit V2. The primer sequence of ITGB2 was F5′ ATGTAAGTG-
GCCGTCCTTGG 3′, R5′ GGAAGCCGTCACTTTGAGGA 3′. All qPCR experiments were
performed by employing the reagent kit (Vazyme, Nanjing, China) HiScript II One Step
qRT-PCR SYBR Green Kit and the software Light Cycler96 (Roche, Basel, Switzerland). At
least three replicates were used to obtain each average Ct (cycle threshold) value.

2.11. Statistics Analysis

We utilized GraphPad Prism 9.0 to conduct a statistical analysis between the serous
ovarian cancer group and the matched non-ovarian tumor group. For parametric data, a
two-tailed, unpaired Student’s t test was utilized to determine the statistical significance
between the two groups. With the data not applicable to a normal distribution, we turned
to the nonparametric test, and the Mann–Whitney U test was used to analyze the statistical
differences between the groups with the exact method.

3. Results

3.1. DEGs Identification

In this research, we first selected two expression profiles from the GEO database
for the subsequent analysis: GSE66957 and GSE36668. The GSE66957 profile consisted
of 57 epithelial ovarian cancer tissues and 12 non-tumor tissues, while the GSE36668
encompassed four epithelial ovarian cancer tissues and four matched, non-tumor tissue
samples. A volcano plot analysis identified significantly differentially expressed genes
in the two datasets, with a standard of p value < 0.05 and |logFC| ≥ 2 (Figure 1a,b). In
total, 1393 DEGs were screened out from the GSE36668. Among these, 732 genes were
upregulated and 661 genes were downregulated significantly in serous ovarian cancer
tissues. In the GSE66957 profile, 2578 DEGs were screened out, with 1852 upregulated
genes and 726 downregulated genes in serous ovarian cancer tissues. All the DEGs were
filtered by comparing the epithelial ovarian cancer tissues to the non-ovarian tumor groups.
A Venn analysis was then employed to acquire the intersection of these differential genes
(Figure 1c,d). Overall, 332 DEGs, including 301 upregulated genes and 31 downregulated
genes, were discovered, and the expression heatmap of the genes showed that the over-
or under-expression of these DEGs was highly correlated with serous ovarian cancer
(Figure 1e,f).

3.2. Analysis of Gene Function and Pathway Enrichment

As we discovered 332 DEGs related to serous ovarian cancer, a series of analyses based
on gene annotation and pathway enrichment on the above 332 DEGs were conducted via
Metascape. Analyses were conducted for the sake of exploring the potential biological
function of the differential genes. Results suggested that these DEGs were majorly enriched
in the regulation of cell adhesion, cell–cell adhesion, cell junction organization, the integrin-
mediated signaling pathway, and extracellular matrix organization (Figure 2a,b). The
details of the annotation and enrichment information of the 332 DEGs were presented in
Table S1. In conclusion, the serous-ovarian-cancer-related DEGs we identified may play a
pivotal role in cell communications and transitions.

48



Diagnostics 2023, 13, 1169

Figure 1. DEGs of two expression profiles. (a) Differentially expressed genes in profile GSE36668,
identified with volcano plot; (b) Differentially expressed genes in profile GSE66957, identified with
volcano plot. (The blue dots indicate downregulated genes in serous ovarian cancer patients, and
red dots indicate upregulated genes in serous ovarian cancer patients); (c) Venn analysis of the
up-regulated genes in two profiles; (d) Venn analysis of the down-regulated genes in two profiles;
(e) Heatmap representing several selected DEGs between ovarian cancer and control groups in
GSE36668 profile (one sample per raw); (f) Heatmap representing several selected DEGs between
ovarian cancer and control group in GSE66957 profile (one sample per raw).
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Figure 2. Enrichment analysis of the DEGs. (a) Top 20 functional enrichment results from the
enrichment analyses of DEGs screened by Metascape; (b) The visualization of top 20 enriched
terms of DEGs; each specific color is indicated with a cluster ID; (c) Hub genes’ interaction network
constructed by Cytoscape. The score is exhibited in the color orange: a darker color usually indicates
a higher score in this network.

3.3. Identification of Ten Hub Genes through PPI

The hub genes of the DEGs were further selected using STRING and Cytoscape. The
DEGs’ interactional proteins were first predicted via the STRING database, and then the
densest connection modes were analyzed using the Cytoscape platform. The top ten
genes in the PPI network were CDH1 (Cadherin 1), EPCAM (epithelial cell adhesion
molecule), ITGB2, CLDN7 (Claudin7), VEGFA (vascular endothelial growth factor A),
MUC1 (polymorphic epithelial mucin1), CLDN4 (Claudin4), NANOG (Nanog homeobox),
OCLN (Occludin), CDKN2A (Cyclin-dependent kinase inhibitor 2A), LYN (LYN proto-
oncogene, Src family tyrosine kinase), and SPP1 (secreted phosphoprotein 1) (Table S2).
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The hub genes’ expression differences between the serous ovarian cancer tissues and the
non-ovarian tumor tissues in the two profiles a shown in Figure 1e,f). Among these,
DH1, VEGFA, EPCAM, ITGB2, and CLDN7 had the highest correlation scores with serous
ovarian cancer.

3.4. ITGB2, VEGFA, CLDN4, OCLN, and SPP1 Were Correlated with Poor Prognosis in Serous
Ovarian Cancer Patients

To seek the candidate biomarkers with prognostic potency, we performed an analysis
of the capacity of the ten candidate genes to predict the prognosis of patients via the online
Kaplan–Meier plotter platform. Interestingly, we discovered that the PFS (progression-free
survival) was significantly reduced in ovarian cancer patients when the expression level
of the related genes was high (p < 0.05), as were the related hub genes, including ITGB2
(HR = 1.24, p = 0.0027), VEGFA (HR = 1.38, p = 1.8 × 10−5), CLDN4 (HR = 1.22, p = 0.0047),
OCLN (HR = 1.38, p = 9.1 × 10−6), and SPP1 (HR = 1.38, p = 7.7 ×10−7). This indicates
that the active transcription of these genes might cause risks in tumorigenesis. Therefore,
the five genes might have the potential to be alternative prognostic biomarkers for serous
ovarian cancer patients (Figure 3a). We additionally employed the GEPIA database to
confirm the expression of these candidates in serous ovarian cancer tissues and nonovarian
tumor tissues, indicating that the over-expression of genes was positive relative to serous
ovarian cancer (p < 0.05). The differential expression of five key genes in ovarian tumors
and non-ovarian tumor tissues through the GEPIA dataset are shown in Figure 3b,c. The
differential expression in serous ovarian cancer tissues and non-ovarian cancer tissues
may also explain the trend we observed from the GEO database. These results therefore
clearly demonstrated that the expression of ITGB2, VEGFA, CLDN4, OCLN, and SPP1 were
significantly correlated with poorer clinical outcomes in serous ovarian cancer.

3.5. ITGB2 Was Associated with TAM (Tumor-Associated Macrophage) Infiltration in Serous
Ovarian Cancer

Previous studies [12–14] reported that the survival rate could be independently evalu-
ated by the frequency of various tumor-infiltrating lymphocytes in patients bearing a solid
malignant tumor as well as a hematologic tumor. We explored the underlying connection
between the five candidate genes and their characteristic immune infiltration in a tumor-
immune microenvironment via the TIMER and EPIC databases. First, we used the EPIC
database to draw up the major immune cell types in two profiles. Interestingly, the results
showed that the immune microenvironment appeared to be characterized by a dilemma
between immune activation and immune suppression (Figure S1). We next assessed the
particular association between five genes and then a variety of infiltrating immune cells
in serous ovarian cancer, such as CD4+/CD8+ T cells, B cells, and macrophages. Impor-
tantly, we found that ITGB2 in the serous ovarian cancer microenvironment was positively
correlated with immune infiltration compared to the other four prognosis-related genes,
and it had a strong correlation with the infiltration of macrophages, such as macrophages
(r = 0.3107, p = 3.17 × 10−7), M0 macrophages (r = 0.157, p = 1.32 × 10−2), M1 macrophages
(r = 0.3053, p = 1.02 × 10−8), and M2 macrophages (r = 0.707, p = 4.71 × 10−39), in serous
ovarian cancer, while it had a moderate correlation with CD4+/CD8+ T cells (cluster
of differentiation 4 + Tregs/cluster of differentiation 8 + Tregs) (Table S3). This feature
explains why immune activation and suppression coexist in the ovarian cancer microen-
vironment (Figure 4a,b). In addition, we also probed into the relationship between the
five key genes and a variety of the immune cell-surface genes of TAMs, M0 macrophages,
M1 macrophages, and M2 macrophages via the GEPIA database, which indicated a pos-
itive correlation between ITGB2 expression and most of the genetic surface markers in
macrophages, M1 macrophages, M2 macrophages, and TAMs (Table S4). However, there
was no significant correlation between the other four genes with macrophage infiltration.
For this reason, we selected ITGB2 as the top candidate prognostic biomarker and focused
on the role of ITGB2 in the serous ovarian cancer microenvironment. Additionally, ITGB2
has the potential to be an indicator of pan-cancer immune infiltration (Figure 4c). The
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above findings in our study implicate that ITGB2 may affect the prognosis of serous ovarian
cancer patients, possibly through remodeling the tumor immune microenvironment.

 

Figure 3. Potential expression of prognostic hub genes in ovarian cancer. (a) ITGB2, VEGFA, CLDN4,
OCLN, and SPP1 were correlated with unfavorable progression free survival for serous ovarian
cancer patients; (b,c) Expression of ITGB2, VEGFA, CLDN4, OCLN, and SPP1 in serous ovarian
cancers, compared with non-ovarian tumor tissues (* p < 0.05).

52



Diagnostics 2023, 13, 1169

 

Figure 4. Relevance between ITGB2 expression and infiltration of classical immune cells. (a) Rel-
evance between ITGB2 and a variety of infiltrating immune cells (B cells, CD4+/CD8+ T cells);
(b) Relevance between ITGB2 and macrophages, including: macrophages, M0 macrophages, M1
macrophages, and M2 macrophages; (c) Relevance between ITGB2 expression and classical immune
cells in other cancer types in patients.
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3.6. Validation the Expression of ITGB2 in Serous Ovarian Cancer

Having demonstrated the potential relationship between ITGB2 and the immune
infiltration in serous ovarian cancer patients via an integrated bioinformatics analysis, we
deduced that this association may also be applicable to serous ovarian cancer patients.
Hence, for the sake of verifying the possible correlation between ITGB2 and serous ovarian
cancer, we evaluated the expression and cellular localization of ITGB2 in serous ovarian
cancer and non-ovarian tumor cells or tissues via a series of experiments. Consistent
with the previous findings, the expression of ITGB2 was increased significantly in serous
ovarian cancer cells compared to normal ovarian epithelial cells both in protein and mRNA
(messenger ribonucleic acid) levels. Results show that the relative expression of ITGB2
mRNA in the patient-derived ovarian cancer cell (PDC3) was 1.625, which was significantly
upregulated (p = 0.0304 < 0.05) compared with the expression in the IOSE80 cell (mRNA = 1).
(Figure 5b,c). Additionally, ITGB2 was found to be positively expressed (27.27%) in the
cytoplasm in serous ovarian cancer cells and tissues (Figure 5a–d) but was almost negative
(5.93%) in the normal ovarian epithelial cells and non-tumor tissues, with a significant
difference (p < 0.0001) (Figure 5e). This indicates that the upregulation of ITGB2 might play
a role in serous ovarian cancer.

Figure 5. Validation of the expression of ITGB2 in PDC and specimens. (a) Location of ITGB2 in
two ovarian cancer patient-derived cells via confocal microscopy (red: ITGB2; blue: cell nucleus;
green: cell lysosome; scale bar = 20 μm); (b) Expression of ITGB2 in IOSE80 and PDC3 cells by Western
blotting; (c) Detection the relative mRNA expression of ITGB2 via qPCR (* p < 0.05); (d) Representative
immunohistochemical staining of ITGB2 in serous ovarian cancer tissues and control tissues. (OC:
ovarian cancer; ON: matched control ovarian tissues); (e) Quantification of ITGB2-positive cells
in tumor tissues (**** p < 0.0001, two-tailed, unpaired Student’s t test). At least two independent
experiments were performed, and the data in the figure are shown as means ± SEM.

54



Diagnostics 2023, 13, 1169

3.7. Immune-Associated Pathways for ITGB2

Since the upregulated ITGB2 was connected with the immune infiltration in serous
ovarian cancer, we further applied Wikipathways and Reactome analyses for the potential
molecular mechanism of ITGB2. The Reactome analysis revealed that ITGB2 was most
related to an adaptive and innate immune system in the host. ITGB2 could influence the
immunoregulatory crosstalk between a lymphoid and a non-lymphoid cell in the adaptive
immune system in host while participating in FCGR (Fc-gamma receptor)-dependent
phagocytosis in the innate immune system. The common pathways between the innate
and adaptive immune system, including integrin cell-surface interactions, toll-like receptor
cascades, neutrophil degranulation, interleukin-4, and interleukin-13 signaling. In addition
to, the WikiPathways analysis also showed that the PI3K/Akt/mTOR signaling pathway
(phosphatidylinositol 3 kinase-protein kinase b-mammalian target of rapamycin) was
the most involved in focal adhesion and the integrin-mediated cell adhesion pathways
(Figures S2 and S3). Cause cell adhesion and focal adhesion are associated with the immune
system; these results encouraged us to further probe the regulatory effects of ITGB2 on the
immune system, and the mechanism of the function might have relevance to the influence
of the PI3K/Akt/mTOR signaling pathway.

4. Discussion

Despite tremendous progress in immunotherapy, epithelial ovarian cancer patients
remain poorly responsive to it, probably due to immunosuppression and the high hetero-
geneity. Therefore, to enhance the clinical efficacy of immunotherapy by heating the “cold”
ovarian cancer, further studies on new therapies and the molecular mechanisms in the
ovarian cancer tumor immune microenvironment remain to be elucidated [15,16].

The tumor microenvironment consists of abundant stromal components, which are
composed of various cell types, including the extracellular matrix, fibroblasts, chondrocytes,
and mesothelial cells, non-stromal components comprising different immune cells and
adipocytes, and microbiota, such as mycoplasma [17,18]. Indubitably, the diverse cellular
compositions play a crucial role in the heterogeneity of serous ovarian cancers and induce
the initiation, progression, and resistance to the anti-tumor therapy of serous ovarian can-
cer [19,20]. Macrophages are plastic mononuclear phagocytic cells which can polarize into
specific functional phenotypes with the stimulation of some cytokines. TAMs, originating
from tissue-resident macrophages, are the most predominant subgroup of immune cells
in the ovarian cancer microenvironment. TAMs usually play a pro-tumorigenic role in
the tumor microenvironment, functioning to drive tumor proliferation and metastasis [21].
This could polarize into tumoricidal M1 macrophages and tumorigenic M2 macrophages.
M2 macrophages commonly predominate in the ovarian cancer environment [22,23]. Thus,
it may be crucial to reprogram the TAMs in TME to improve the strong immunosuppres-
sion and increase therapeutic effectiveness of ovarian cancer, with the aim of providing
a new insight for immunotherapy in ovarian cancer [24,25]. Interestingly, based on the
assessments of the TIMER and EPIC databases, we found that the tumor environment
comprised CAFs (cancer-associated fibroblasts), CD4+/CD8+ T cells, and macrophages,
revealing that the immune microenvironment of ovarian cancer presents a dichotomy
between immune activation and suppression. This dynamic characteristic explains why the
high expression of ITGB2 is accompanied by the immune activation, but does not reverse
carcinogenesis [26]. Across the databases, we also found that ITGB2 has a positive relevance
to immune infiltration in a various of cancer types, including ovarian cancer. This study
consistently observed that ITGB2 was moderately connected with the CD4+/CD8+ T cell
and B cell infiltration, while it was significantly associated with macrophage infiltration.
An additional key finding was that the ITGB2 expression was significantly higher in M2
macrophages compared with M0 macrophages and M1 macrophages. This implies that
ITGB2 might play a decisive role in regulating TAMs differentiation.

ITGB2, also known as CD18/LFA-1, is a transmembrane cell surface receptor attached
to the integrin family. It can encode integrin beta chains and bind to the alpha chains,
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forming the versatile integrin heterodimers. ITGB2 can be involved in cell adhesion as well
as the cell-surface mediated signaling pathway, functioning as hemidesmosomes in the
transition and maturation in a various of immune cells and contributing to the interplay
between the immune system and the organism, thereby motivating tumorigenesis. [27–29].
Additionally, studies by Grabbe showed that Tregs adhere to DCs (dendritic cells) via
ITGB2, leading to an impaired antigen presentation ability and the inhibition of T-cells,
revealing the possible mechanism of T cell activation [30]. ITGB2 plays a vital role in
in various disorders covering nasopharyngeal carcinoma, NSCLC (non-small cell lung
cancer), glioma, breast cancer, and osteosarcoma, and non-tumor diseases, including the SSc
(systemic sclerosis) and NEC (necrotizing enterocolitis) of infants [31]. Research by Wang’s
group [32] demonstrated that the ITGB2/FAK/SOX6 (focal adhesion kinase/SRY-box
containing gene 6) pathway was activated to promote metastasis, invasion, and glycolysis
in nasopharyngeal carcinoma via phosphorylation and protein interactions, which may
offer a novel target for the therapy of nasopharyngeal carcinoma. Additionally, previous
research also reported that ITGB2 was upregulated in osteosarcoma, [33] which could drive
tumor metastasis via the ITGB2/FAK pathway [34]. Xu [35] reported that the expression of
ITGB2 in NSCLC was associated with Treg cells and MDSC (myeloid-derived suppressor
cell) infiltration positively. They found that the upregulation of ITGB2 in NSCLC cell
lines increased the expression of immune-related proteins, such as N-cadherin, snail,
and slug, while decreasing the E-cadherin expression, laying the foundation for further
research on immunotherapy. Regarding the non-tumor disorders, studies suggested that
the upregulated mRNA expression level of ITGB2 in PBMCs (peripheral blood mononuclear
cells) did not associate with disease severity of SSc patients, nor did the status in premature
infants with NEC [36,37]. Our results highlight the potential ability of ITGB2 to be a
regulator of immune infiltration and a marker of the response to immunotherapy for
ovarian cancer patients.

5. Conclusions

Generally, we conducted an integrated bioinformatic analysis of genome expression
and immune characteristics in serous ovarian cancer with validation in different exper-
iments. We revealed that the expression of ITGB2, VEGFA, CLDN4, OCLN, and SPP1
were increased in serous ovarian cancer tissues compared with non-ovarian tumor ovarian
tissues, and that the upregulation of these genes was associated with immune infiltra-
tion and a poor clinical outcome in serous ovarian cancer patients. Additionally, ITGB2
might function as a novel prognostic biomarker for immunotherapy and might work as a
biomarker for efficacy prediction, monitoring toxic and adverse effects of immunotherapy,
and even to screen the refractory patients suitable for immunotherapy. Furthermore, we
identified the specific expression of ITGB2 in both ovarian cancer patient-derived cells and
tumor tissues. Thus, this study identified, for the first time, that ITGB2 may act as a novel
prognostic immunomarker for ovarian cancer patients.
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Abstract: The predominant histological subtype of breast mucinous carcinoma in older women is type
B (hypercellular type), and, in younger women, it is type A (hypocellular type). The characteristics
of mucinous carcinomas of the same histological subtype may differ between older and younger
women. This study aims to systematically clarify the pathological/immunohistochemical features of
mucinous carcinomas. A total of 21 surgical cases of mucinous carcinoma (type A/B: 9/12 cases) in
the older group (≥65 years) and 16 cases (type A/B: 14/2 cases) in the younger group (≤55 years)
(n = 37) were included. Gross cystic disease fluid protein-15 (GCDFP-15) and eight other markers
were used for immunostaining. The GCDFP-15-positive rate in the older group was high regardless
of the histological subtype (type A, 77.8%; type B, 91.7%). The GCDFP-15 positivity in the older
group was significantly higher than that in the younger group (p < 0.001 for Allred score). Among
type A, GCDFP-15 positivity was significantly higher in the older group than in the younger group
(p = 0.042 for the Allred score and p = 0.007 for the positivity rate). The present results suggest that
GCDFP-15 expression characterizes mucinous carcinomas in older women.

Keywords: breast; mucinous carcinoma; gross cystic disease fluid protein-15 (GCDFP-15); older;
apocrine

1. Introduction

Mucinous carcinoma is an invasive breast cancer histologically characterized by clus-
ters of tumor cells suspended in extracellular mucin. Pure mucinous carcinoma is more
common in older individuals and is generally associated with an excellent prognosis. Of all
breast cancers, 2–4% are mucinous carcinomas, while in older women mucinous carcinomas
account for more than 10% of breast cancer cases [1–4]. Histologically, pure mucinous
carcinoma is classified as either type A (hypocellular: tubular, ribbon-like, and small pap-
illary clusters with a large amount of extracellular mucin) or type B (hypercellular: large
epithelial clumps or sheets with a small amount of extracellular mucin) [4,5]. Type B lesions
are frequently positive for neuroendocrine markers (e.g., synaptophysin, chromogranin
A, CD56) [6,7], and the surrounding tissues often have ductal carcinoma in situ (DCIS)
components with a neuroendocrine tendency, which are considered precursor lesions [8].

In our previous study, approximately 16% of patients aged 85 years and older had mu-
cinous carcinomas, and 11% had apocrine carcinomas [3]. In older patients with mucinous
carcinomas, type B was predominant, as previously mentioned, and most type B lesions
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were positive for the apocrine marker gross cystic disease fluid protein-15 (GCDFP-15) [3,7].
Eosinophilic cytoplasm is also a characteristic cytological feature of type B lesions, which
may reflect an apocrine character. Many lobular carcinomas in older patients are pleomor-
phic lobular carcinomas, which are referred to as apocrine-type lobular carcinomas. Type B
mucinous carcinomas may also be considered apocrine-type mucinous carcinomas. For
apocrine differentiated carcinomas, treatments targeting the androgen receptor (AR) have
recently attracted attention due to their characteristic AR expression.

Mucinous carcinomas are generally considered hormone receptor-positive and human
epidermal growth factor receptor 2 (HER2)-negative. They are the so-called luminal A-type
cancers that have a favorable prognosis and a uniform clinical response [9,10]. However,
genetic analysis has shown that type B mucinous carcinoma and neuroendocrine cancers
have a common spectrum and a worse prognosis than type A [2]. Thus, the optimal clinical
response may vary according to type A or B [11].

Type A and B mucinous carcinomas of the breast are common in younger and older
women, respectively. As the hormonal environment of women varies greatly with age, even
mucinous carcinomas of the same histological type may differ in their biological properties
between older and younger individuals. In our previous study of mucinous carcinoma in
older patients, there were special type A carcinomas with cytological features of type B
carcinomas [7]. Therefore, this study aims to systematically clarify the clinicopathological
features of mucinous carcinomas in older women by comparing the classical factors, such
as type A/B, estrogen receptor (ER), progesterone receptor (PgR), HER2, nuclear grade,
and Ki-67 score, as well as the expression of neuroendocrine and apocrine markers, with
those from young to middle-aged women.

2. Materials and Methods

2.1. Subjects and Classification of Mucinous Carcinoma

The histological classification was based on the WHO classification [4]. Of the patients
with surgical specimens diagnosed as pure-type mucinous carcinoma of the female breast
between 2004 and 2017, 40 patients were aged 65 years and older (older group), and
16 were patients aged 55 years and younger (younger group).

Capella et al. reported that type A (hypocellular variant) has a mucus component
of 60–90% while type B (hypercellular variant) has a mucus component of 33–75% [5]. In
our study, to classify types A and B, specimens were evaluated by two separate patholo-
gists. Specimen scores were obtained by scoring the cell component ratio using five levels
(1: <20%, 2: 20–39%, 3: 40–59%, 4: 60–79%, 5: ≥80%), and cell cluster size was obtained
by using three levels (1: small, 2: intermediate, and 3: large) and adding them [5]. Spec-
imens with scores 2–3 and 6–8 were concordant, and they were classified as type A and
type B, respectively. Cases with scores of 4 and 5 were evaluated as borderline, and
when the outcome was discordant, the two pathologists reviewed the glass slides and
decided together.

According to the histological type, there were 9 cases of type A and 31 cases of type
B in the older group and 14 cases of type A and 2 cases of type B in the younger group
(Fisher‘s exact test, p < 0.001). In the histological/immunohistochemical examination,
12 out of 31 cases of type B in the older group were available.

2.2. Clinicopathological Analysis

Pathological staging was based on UICC [12]. Nuclear grading was assessed according
to the nuclear grading classification in the “Japanese Classification of Breast Cancer”, which
is routinely used in Japan and has been confirmed to reflect the prognosis of Japanese
breast cancer patients [13,14]. Briefly, the sum of nuclear atypia (1, mild; 2, moderate;
3, severe) and mitotic counts per 10 high-power fields (1, <5; 2, 5–10; 3, >10) was classified
into a nuclear grade (I, 2 or 3; II, 4; III, 5 or 6).
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2.3. Immunohistochemical Procedures and Evaluations

Immunohistochemical analyses for GCDFP-15, chromogranin A (CGA), synapto-
physin (SYP), CD56, AR, ER, PgR, HER2, and Ki-67 were applied to the representative
slides of formalin-fixed and paraffin-embedded tissues (Table 1). After antigen retrieval
(none or heat-treatment for 40 min at pH6 or pH9), the slides were incubated for 30 min
with the primary antibodies GCDFP-15, CGA, SYP, CD56, AR, ER, PgR, and Ki-67. After
the endogenous peroxidase was quenched with 3% H2O2 in distilled water, the slides were
incubated with secondary antibodies and detected using Histofine Simple Stain MAX-PO
(MULTI) (Nichirei Biosciences Inc., Tokyo, Japan) and DAB substrate kits (Nichirei). HER2
immunohistochemical staining was performed according to the kit’s protocol (SV2-61γ,
monoclonal: Nichirei).

Table 1. Experimental conditions for immunohistochemistry of breast mucinous carcinoma.

Primary
Antibody

Primary Ab
(Clone
Name)

Dilution
Antigen
Retrieval
Method

Intracellular
Localiza-

tion

Positive
Thresholds

Supplier

GCDFP-15 M (D6) 1:700 None Cp AS ≥ 4 SIGNET
CGA P RtoU None Cp AS ≥ 3 Nichirei
SYP M (27G12) RtoU None Cp AS ≥ 4 Nichirei

CD56 M (MRQ-42) RtoU 40 min, pH 9 Cm AS ≥ 3 Nichirei
AR M (AR27) 1:25 40 min, pH 9 N AS ≥ 3 Novocastra
ER M (SPI) RtoU 40 min, pH 9 N AS ≥ 3 Nichirei

PgR M (A9621A) RtoU 40 min, pH 9 N AS ≥ 3 Nichirei
HER2 M (SV2-61γ) Kit None Cm HS ≥ 3+ Nichirei
Ki-67 M (MIB-1) 1:200 40 min, pH 6 N LI ≥ 5% Dako

AR: androgen receptor; CGA: chromogranin A; ER: estrogen receptor; GCDFP-15: gross cystic disease fluid
protein-15; HER2: human epidermal growth receptor 2; PgR: progesterone receptor; SYP: synaptophysin;
Ab, antibody; M, monoclonal; P, polyclonal; RtoU, ready to use; Cp, cytoplasm; Cm, cell membrane;
N, nucleus; AS, Allred score (total score); HS, HER2 score; LI, labeling index; SIGNET, SIGNET Lab, Inc.,
Dedham, USA; Nichirei, Nichirei Biosciences Inc., Tokyo, Japan; Novocastra, Novocastra Lab, Ltd., Sheffield UK;
Dako Japan Inc., Tokyo, Japan.

To assess the staining, the percentage of immunoreactive cancerous cells was indepen-
dently estimated in the nucleus (AR, ER, PgR, and Ki-67), cytoplasm (GCDFP-15, CGA, SYP,
and CD56), and cytoplasmic membrane (HER2). We used the classification score proposed
by Allred et al. for ER/PgR estimation in 1998 [15,16]. A positive case was defined as
having an Allred score of 3 or more for CGA, CD56, AR, ER, and PgR or having a score of
4 or more for GCDFP-15 and SYP. In terms of HER2, a score of 3 was considered posi-
tive [17]. The Ki-67 score was defined as low when Ki-67-positive cells were <5% and high
when Ki-67-positive cells were ≥5%. A high Ki-67 score was considered positive (Table 1).

2.4. Statistical Analyses

The Wilcoxon rank sum test was used to compare the Allred scores for each factor
between the two groups. The Kruskal–Wallis test was used to compare the Allred score for
each factor among the three groups. The Dunn test was used for pair-by-pair comparisons
if the Kruskal–Wallis test was significant. Fisher’s exact test was used for contingency
tables. The level of significance was set at p < 0.05. SPSS Statistics version 25 (IBM, Japan,
Ltd., Tokyo, Japan) was used for statistical calculations.
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3. Results

3.1. Clinicopathological Features

The mean age of the patients was 81.7 ± 6.8 years (range, 67–92 years) for the older
group and 44.6 ± 8.6 years (range, 28–55 years) for the younger group. The T category that
accounted for 50% or more of the cases was T2 for the older group and T1 for the younger
group. The older group tended to have larger tumor sizes than the younger group. There
were no N2 and N3 N-stage cases, and there was no significant difference between the two
groups. All patients were negative for distant metastases. The TNM stage that accounted
for 50% or more of the cases was stage II for the older group and stage I for the younger
group. Nuclear grading showed no significant differences (Table 2). All patients were free
from recurrence.

Table 2. Clinicopathological summary of breast mucinous carcinoma.

Older Group
(≥65 y/o)

Younger Group
(<55 y/o)

Fisher’s Exact Test
(p-Value)

Number of cases 21 16
Age, mean ± SD

(range)
81.7 ± 6.81

(67–92)
44.6 ± 8.63

(28–55)
T category (%) 0.733

T0 0 (0%) 0 (0%)
T1 7 (33.3%) 8 (50.0%)
T2 11 (52.4%) 6 (37.5%)
T3 3 (14.3%) 2 (12.5%)
T4 0 (0%) 0 (0%)

N stage 1.000
N0 18 (85.7%) 14 (87.5%)
N1 3 (14.3%) 2 (12.5%)

N2, N3 0 (0%) 0 (0%)
M category

M0 21 (100%) 16 (100%)
M1 0 (0%) 0 (0%)

TNM stage 0.364
Stage 0 0 (0%) 0 (0%)
Stage I 7 (33.3%) 8 (50%)
Stage II 13 (61.9%) 6 (37.5%)
Stage III 1(4.8%) 2 (12.5%)
Stage IV 0 (0%) 0 (0%)

Nuclear grade 0.832
Grade I 4 (19.0%) 4 (25.0%)
Grade II 10 (47.6%) 8 (50.0%)
Grade III 7 (33.3%) 4 (25.0%)

SD, standard deviation.

3.2. Immunohistochemical Study

Typical histological images of each type are shown in Figure 1A,B. Typical microscopic
images of GCDFP-15 immunostaining from the different age groups and carcinoma types
are shown in Figure 1C–F. Additional positive immunostaining images are shown in
Figure 2. The Allred scores are statistically analyzed in Tables 3–5. When the cases were
divided into four groups according to age group and carcinoma type, there were only two
type B cases in the younger group. Thus, the remaining three groups were compared, as
shown in Tables 4 and 5.
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Figure 1. Microscopic pictures of breast mucinous carcinoma. (A) Histological image of a type A
mucinous carcinoma. Note tubular and papillary small clusters with a large amount of extracellular
mucin (HE stain). The inset shows a magnified image. (B) Histological image of a type B mucinous
carcinoma. Large epithelial clumps or sheets composed of tumor cells with eosinophilic cytoplasm
and a small amount of extracellular mucin (HE staining). The magnified image inset shows tumor
cells with apocrine snouts (arrowheads) and abundant eosinophilic cytoplasm. (C) Older, type A
(immunohistochemical pictures of GCDFP-15 positivity). (D) Older, type B (immunohistochemical
pictures of GCDFP-15 positivity). (E) Younger, type A (immunohistochemical pictures of GCDFP-15
negativity). (F) Younger, type B (immunohistochemical pictures of GCDFP-15 negativity). GCDFP-15:
gross cystic disease fluid protein-15. Scale bar = 200 μm (A,B), 50 μm (C–F).

63



Diagnostics 2022, 12, 3129

 

Figure 2. Immunohistochemical pictures of breast mucinous carcinoma. (A) SYP-positive cancer
(older, type B), (B) CD56-positive cancer (older, type B), (C) AR-positive cancer (younger, type A),
(D) AR-positive cancer (older, type B). AR, androgen receptor; SYP, synaptophysin. Scale bar = 50 μm.

Table 3. Comparisons of immunohistochemical features of breast mucinous carcinoma by age group
and type.

Median Score (Range) Median Score (Range)

Antibodies Older Younger
p-Value

(Older vs.
Younger)

Type A Type B
p-Value (Type

A vs. B)

Number of
cases 21 16 23 14

GCDFP-15 5 (0–8) 0 (0–5) <0.001 3 (0–8) 5.5 (0–8) 0.014
CGA 0 (0–6) 2.5 (0–7) 0.046 2 (0–6) 0 (2–8) 0.394
SYP 4 (0–8) 2 (0–8) 0.059 3 (0–8) 6 (0–8) 0.186

CD56 0 (0–7) 0 (0–3) 0.201 0 (0–6) 1 (0–7) 0.237
AR 6 (3–8) 6 (2–7) 0.250 6 (4–8) 6 (2–8) 0.652
ER 8 (6–8) 7.5 (4–8) 0.906 7 (4–8) 8 (7–8) 0.032

PgR 6 (2–8) 7 (0–8) 0.376 6 (2–8) 5.5 (0–8) 0.525
HER2 0 (0–2) 0 (0–3) 1.000 0 (0–3) 0 (0–2) 0.904
Ki-67 1.5 (1–30) 1.5 (0–15) 0.874 1.5 (0–10) 1.75 (1–30) 0.190

p-values are calculated by the Wilcoxon rank sum test. AR: androgen receptor; CGA: chromogranin A; ER:
estrogen receptor; GCDFP-15: gross cystic disease fluid protein-15; HER2: human epidermal growth receptor 2;
PgR: progesterone receptor; SYP: synaptophysin.
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Table 4. Immunohistochemical features of breast mucinous carcinomas among four subgroups.

Median Score (Range)

Antibodies
Older

Type A
(1)

Older
Type B

(2)

Younger
Type A

(3)

Younger
Type B

p-Value (1)
(2) (3) (KW

Test)

p-Value
(1) vs. (2)/(1)

vs. (3)
(Dunn Test)

Number of
cases 9 12 14 2

GCDFP-15 5 (0–8) 6 (3–8) 0 (0–5) 0, 0 <0.001 1.000/0.042
CGA 0 (0–6) 0 (0–6) 2 (0–6) 3, 7 0.124 n.a.
SYP 4 (0–8) 5 (0–8) 2 (0–5) 6, 8 0.024 1.000/0.093

CD56 0 (0–6) 1 (0–7) 0 (0–6) 0, 3 0.545 n.a.
AR 7 (4–8) 6 (3–8) 6 (4–7) 7, 2 0.447 n.a.
ER 7 (6–8) 8 (7–8) 7.5 (4–8) 7, 8 0.077 n.a.

PgR 6 (2–8) 5.5 (2–8) 7 (2–8) 0, 8 0.793 n.a.
HER2 0 (0–1) 0 (0–2) 0 (0–3) 0, 0 0.738 n.a.
Ki-67 1.5 (1–5) 1.5 (1–30) 1.25 (0–10) 5, 15 0.248 n.a.

p-values are calculated by the Kruskal–Wallis test and Dunn test. AR: androgen receptor; CGA: chromogranin A;
ER: estrogen receptor; GCDFP-15: gross cystic disease fluid protein-15; HER2: human epidermal growth receptor
2; KW test: Kruskal–Wallis test; PgR: progesterone receptor; SYP: synaptophysin; n.a.: not applicable.

Table 5. Immunohistochemical features of carcinomas among four subgroups.

Antibodies
Older

Type A
(1)

Older
Type B

(2)

Younger
Type A

(3)

Younger
Type B

p-Value
(1) vs. (2)/(1) vs. (3)

n = 9
+/−

n = 12
+/−

n = 14
+/−

n = 2
+/−

GCDFP-15 7/2 11/1 2/12 0/2 0.553/0.007
CGA 4/5 3/9 6/8 2/0 0.397/1.000
SYP 6/3 7/5 3/11 2/0 1.000/0.077

CD56 3/6 5/7 2/12 1/1 1.000/0.343
AR 8/0 10/0 14/0 1/1 1.000/1.000
ER 9/0 12/0 14/0 2/0 1.000/1.000

PgR 8/1 10/2 12/2 1/1 1.000/1.000
HER2 0/9 0/12 1/13 0/2 1.000/1.000

Ki-67 1/8 3/9 4/10 2/0 0.603/0.611
p-values were calculated using Fisher’s exact test. AR: androgen receptor; CGA: chromogranin A; ER: estro-
gen receptor; GCDFP-15: gross cystic disease fluid protein-15; HER2: human epidermal growth receptor 2;
PgR: progesterone receptor; SYP: synaptophysin.

3.2.1. GCDFP-15

The Allred scores were significantly higher in the older group than in the younger
group (p < 0.001), and they were significantly higher in type B carcinoma than in type A
(p = 0.014) (Table 3). They were also significantly different among the three groups
(p < 0.001), as shown in Table 4. No significant difference was observed between the
older type A and older type B groups (p = 1.000), whereas a significant difference was
observed between the older type A and younger type A groups (p = 0.042). In the di-
chotomous positive/negative comparison, GCDFP-15-positive expression was seen in 18 of
21 cases in the older group (85.7%) and 2 of 16 cases in the younger group (12.5%), yielding
significant differences (p < 0.001). In the older group, 7 of 9 type A cases (77.8%) and
11 of 12 type B cases (91.7%) were positive for GCDFP-15, indicating a high positivity
rate regardless of the carcinoma type (p = 0.553, Table 5. Figure 1C–F). Among type A,
the positivity rate was significantly higher in the older group than in the younger group
(p = 0.007).
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3.2.2. Neuroendocrine Markers

The Allred score for CGA was lower in the older group than in the younger group
(p = 0.046) (Table 3), however, other CGA tests showed no significant differences
(Tables 4 and 5).

The Allred scores for SYP were insignificantly higher in the older group than in
the younger group (p = 0.059) (Table 3). The difference was significant among the three
groups (p = 0.024) (Table 4), however, no significant difference was obtained by pair-by-
pair comparisons. The dichotomous analyses for SYP did not yield significant differences
(Table 5).

CD56 did not differ significantly in any comparison (Tables 3–5).

3.2.3. Steroid Hormone Receptors

There were no significant differences in the AR Allred scores between the older and
younger patients (p = 0.250) or between type A and type B (p = 0.652) (Table 3) and in any
further analyses (Tables 4 and 5).

The ER Allred scores did not significantly differ between older and younger patients
(p = 0.906) but were significantly higher in type B carcinoma than in type A (p = 0.032)
(Table 3). No significant differences were found in further studies (Tables 4 and 5). The PgR
Allred scores did not differ significantly in any studies (Tables 3–5).

3.2.4. HER2 and Ki-67 Immunostaining

There were no significant differences in the expression of HER2 and Ki-67 in any
comparison (Tables 3–5).

3.2.5. Comparison between GCDFP-15 Expression and Other Factors

Figure 3 shows the relationships between GCDFP-15 expression and the type of muci-
nous carcinoma or the expression of other immunohistochemical markers considering age.
Most of the mucinous carcinomas in older patients were GCDFP-15-positive irrespective of
other factors, whereas those in younger patients exhibited opposite results.
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Figure 3. The relationships between GCDFP-15 expression and type of mucinous carcinoma or
the expression of other immunohistochemical markers considering age (older patients in blue and
younger patients in red). AR: androgen receptor; CGA: chromogranin A; ER: estrogen receptor;
GCDFP-15: gross cystic disease fluid protein-15; HER2: human epidermal growth receptor 2; PgR:
progesterone receptor; SYP: synaptophysin.
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4. Discussion

Our results showed that GCDFP-15 expression clearly characterizes mucinous carci-
noma in older patients regardless of the mucinous carcinoma subtype or the other immuno-
histochemical markers. The neuroendocrine character was not necessarily characteristic of
mucinous carcinoma of type B or in older patients.

4.1. Apocrine Markers (GCDFP-15/AR)

We previously reported, in older patients, a high rate of mucinous and apocrine
cancers and higher rates of GCDFP-15 and AR-positive cancers [3]. In the present study,
mucinous carcinomas in older patients were mostly positive for both GCDFP-15 and AR and
showed abundant eosinophilic cytoplasm or apocrine snouts, suggesting their apocrine-
like characteristics (Figure 1). Although apocrine metaplasia in mucinous carcinomas
is described in the WHO classification [18], we clearly showed for the first time that
GCDFP-15 positivity was more prevalent in older patients. So far, mucinous carcinoma in
older patients has been characterized by type B morphology or neuroendocrine features;
however, our results demonstrated that GCDFP-15 expression most clearly characterizes
the mucinous carcinoma of older patients. Pleomorphic invasive lobular carcinoma, often
GCDFP-15/AR-positive and regarded as an apocrine-type invasive lobular carcinoma,
is frequent in older women [18–21]. As for tumors in the other organs, about 5% of
lung adenocarcinoma were reported to be positive for GCDFP-15, and most of them
occurred in older individuals [22,23]. Of note, GCDFP-15 has been reportedly positive for a
mucin-rich variant of salivary duct carcinoma [24] and endocrine mucin-producing sweat
gland carcinoma [25], both of which commonly affects older patients, suggesting a similar
phenomenon in the other organs.

Interestingly, the type A mucinous carcinomas of older individuals also exhibited
apocrine-like immunohistochemical characteristics (GCDFP-15 positivity and AR positiv-
ity). The relationship between type B carcinomas and neuroendocrine characteristics is well
known. However, the apocrine-like characteristic was not limited to type B carcinomas, as
de Andrade Natal reported [6] but rather was found in either type of mucinous carcinoma
in older patients. Conversely, type A carcinomas in older patients might differ in their
biological characteristics from type A carcinomas in younger patients. We conclude that the
biologically essential features of mucinous carcinomas in older patients are apocrine-like
immunohistochemical features (GCDFP-15/AR positivity), rather than neuroendocrine fea-
tures. Of note, apocrine differentiation is generally characterized by GCDFP-15 positivity,
AR positivity, ER negativity, and PgR negativity [18]. Almost all intraductal and invasive
apocrine carcinomas are positive for GCDFP-15/AR and negative for ER and PgR [26].
Most mucinous carcinomas are ER-positive and PgR-positive, regardless of patient age
and histological type, and thus they are not entirely apocrine-differentiated carcinomas—
they partially have apocrine character. Interestingly, GCDFP-15 tended to be negative in
younger patients despite AR positivity. These points are discussed further below.

4.2. GCDFP-15 and AR/PgR Expression

The expression of GCDFP-15 is induced by AR activation caused by the binding of
androgens, such as testosterone or dihydrotestosterone, to AR [27]. In our study, there
was no significant difference in the expression of AR between older and younger patients.
Frequent expression of AR in mucinous carcinomas was previously reported; de Andrade
Natal et al. reported that AR positivity was seen in 5 of 16 cases (31.6%) of type A breast
mucinous carcinomas and 13 of 23 cases (56.5%) of type B breast mucinous carcinomas [6].
Cho et al. reported that the rate of AR positivity was 21.7% in breast mucinous carcinomas,
of which 47.8% of all patients were 50 years old or older [28]. AR positivity is generally
higher in luminal cancers (ER/PgR-positive cancers), and it may be reasonable that mu-
cinous cancers with higher ER/PgR positivity have higher AR positivity. However, it
is worth noting that, unlike in older patients, GCDFP-15 positivity was low in younger
patients despite high AR positivity. As AR is structurally similar to PgR, progesterone has
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the ability to bind AR and inhibits its action [29,30]. AR action may be inhibited in younger
patients due to their higher blood progesterone levels. The reduced GCDFP-15 expression
in younger women might be a result of progesterone binding to the AR. Blood androgen
levels decrease with age, albeit at a slow rate, whereas progesterone levels decrease sharply
after menopause [31–34]. In older individuals, the androgen/progesterone ratio is higher
than that in younger individuals. AR is less inhibited in the older groups, and this may
maintain the GCDFP-15 expression. Consequently, GCDFP-15 positivity may have been
higher in older patients than in younger patients. GCDFP-15 can be an indicator of normal
androgen-AR signaling, as PgR is for ER; then, it may be revealed to work as a predictor of
AR-targeting therapy in the future.

4.3. Expression of Other Immunohistochemical Markers

Previous reports showed a neuroendocrine feature in type B mucinous carcinomas [6,
7,35]. Our results showed that SYP positivity in older women tended to be higher than that
in younger individuals (Table 3), and that it was different among three groups (p = 0.024)
(Table 4). In contrast, the CGA positivity was significantly higher in younger women than in
older women and was not significantly different between type A and type B (Table 3) or in
any other comparisons (Tables 4 and 5). CD56 did not significantly differ in any comparison.
Both SYP and CGA are good neuroendocrine markers with high sensitivity and specificity;
however, the results of these neuroendocrine markers were inconsistent. Neuroendocrine
features can also be examined by an electron microscope. Previous studies on mucinous
carcinoma showed controversial results regarding the presence of neuroendocrine granules,
suggesting “pseudo” neuroendocrine differentiation [36,37]. Thus, further studies are
warranted to elucidate this neuroendocrine marker discrepancy.

Our immunohistochemical findings for ER, PgR, HER2, and Ki-67 suggested mucinous
carcinomas were nearly all luminal A. A summary of previous reports is presented in Table 6.
In all studies, more than 90% were positive for ER, and more than 80% were positive for
PgR in most studies. The HER2 positivity rate was also low [1,6,38,39]. Our results were
almost consistent with those reports regarding ER, PgR, and HER2. It is difficult to compare
the results of Ki-67 as the Ki-67 index threshold is not universally standardized.

Table 6. Reported immunohistochemical property of breast mucinous carcinoma.

Study Group
Number

of
Cases

Mean
Age

ER PgR HER2 Ki-67
Ki-67

Threshold

Our study Older
(67–92 y/o) 21 81.7 100% 85.7% 0% 19% 5%

Younger
(28–55 y/o) 16 44.6 100% 81.3% 6.3% 37.5% 5%

Li et al. [1] 50–89 y/o 2730 n.a. 96% 83% n.a. n.a. n.a.
30–49 y/o 516 n.a. 91% 81% n.a. n.a. n.a.

Di Saverio et al. [38] 25–85 y/o 11422 68.3 94.1% 81.5% n.a. n.a. n.a.
de Andrade Natal

et al. [6] Type A 17 57.0 100% 52.9% 5.9% 0% 14%

Type B 23 66.0 95.7% 73.9% 4.3% 21.7% 14%
Lacroix-Triki et al.

[39] 35 n.a. 100% 85.7% 2.9% 8.6% 10%

ER, estrogen receptor; HER2, human epidermal growth receptor 2; PgR, progesterone receptor; n.a., not available.

4.4. Limitations of This Study

The small sample size of our study necessitates studies with larger sample sizes to
validate our results.

5. Conclusions

Our results showed that mucinous carcinomas in older patients are more clearly
characterized by GCDFP-15 expression than type B or neuroendocrine differentiation,
which has been considered to characterize them.
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Abstract: The microbiota is the complex community of microorganisms that populate a particu-
lar environment in the human body, whereas the microbiome is defined by the entire habitat—
microorganisms and their environment. The most abundant and, therefore, the most studied micro-
biome is that of the gastrointestinal tract. However, the microbiome of the female reproductive tract
is an interesting research avenue, and this article explores its role in disease development. The vagina
is the reproductive organ that hosts the largest number of bacteria, with a healthy profile represented
mainly by Lactobacillus spp. On the other hand, the female upper reproductive tract (uterus, Fallopian
tubes, ovaries) contains only a very small number of bacteria. Previously considered sterile, recent
studies have shown the presence of a small microbiota here, but there are still debates on whether
this is a physiologic or pathologic occurrence. Of particular note is that estrogen levels significantly
influence the composition of the microbiota of the female reproductive tract. More and more stud-
ies show a link between the microbiome of the female reproductive tract and the development of
gynecological cancers. This article reviews some of these findings.

Keywords: microbiome; carcinogenesis; female reproductive tract; immunotherapy

1. Introduction

1.1. The Microbiome of the Female Reproductive Tract

The healthy vagina harbors a microbiota characterized by a low diversity of species,
represented mainly by Lactobacillus spp. (Lactobacillus crispatus, Lactobacillus gasseri, Lac-
tobacillus iners, Lactobacillus jensenii, Lactobacillus vaginalis) [1–3]. This starkly contrasts
with the high diversity of species demonstrated by the healthy colon [3–6]. The vagina
contains species that process glycogen and its breakdown products to produce lactic acid,
thus leading to an acidic pH of less than 4.5 [7]. This is important because it inactivates
pathogens and prevents the ascent of pathogenic bacteria to the upper reproductive tract.
Lactobacilli also secrete antimicrobial products and prevent the adhesion of pathogens [8].

On the pathological side, endometriosis, gynecological cancers and fertility problems
may all be related to uterine microbiota [3].

Vaginal dysbiosis is characterized by a high diversity of bacterial species and a high
pH. A diseased vaginal environment contains a mixture of anaerobic bacteria such as
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Sneathia spp., Atopobium spp., Porphyromonas spp., Gardnerella vaginalis etc. It can sometimes
contain bacteria such as Streptococcus spp., Staphylococcus spp. and Enterobacteriaceae. In
vaginal dysbiosis, the Lactobacillus spp. are low in number leading to an increased risk of
bacterial vaginosis. The specific types of lactobacilli also matter. For instance, a vagina that
contains mainly Lactobacillus iners frequently transitions to become anaerobe-dominant [2,9].
However, not all Lactobacillus species have the same effect; for example, this transition fails
to develop in a vagina with predominant Lactobacillus crispatus. This might be related to
the type of lactic acid produced by each bacterium. Lactobacillus iners only synthesizes the
L-isoform of lactic acid, which correlates with higher levels of metalloproteinases in vaginal
secretions and lesser epithelial integrity of the vaginal wall [2,10]. This is of practical
importance in deciding the appropriate Lactobacillus spp. to use as vaginal probiotics.

The upper female reproductive tract (uterus, Fallopian tubes and ovaries) was con-
sidered sterile for a long time. Recent molecular studies showed that it might harbor its
own microbiota, but it is unclear if the samples used in studies were not contaminated
during collection [2]. The healthy upper reproductive tract would contain only a very small
biomass of bacteria whose composition and implication for the woman’s and baby’s health
is under investigation. This biomass’s exact composition and diversity are still scrutinized,
but it would probably contain a smaller percentage of lactobacilli than the vagina.

In contrast, the diseased and pathologic upper reproductive tract often contains a
large biomass. Among the bacteria that colonize the upper genital tract, some can be
particularly aggressive, leading to infertility, such as Chlamydia, Mycoplasma, Acinetobacter,
and Brucella. On the other hand, certain bacteria, such as Atopobium and Porphyromonas,
have been shown to correlate with endometrial hyperplasia and endometrial cancer [2].
These bacteria usually colonize the upper reproductive tract by ascending from the vagina,
but there may also be direct hematogenous seeding [3].

In addition to the female reproductive tract there are two other important female
microbiomes, and they all influence each other. The other two microbiomes are that of the
urethra and bladder, and that of the anus and rectum. The composition of each organ’s
microbiota is influenced by the direct transfer of microorganisms from the other organs.
Both the urethra and rectum contain Lactobacillus spp. [11].

1.2. Estrogens and the Estrobolome

In addition to the reproductive tract flora, another major component that influences
the reproductive tract environment is represented by the female hormones, particularly
estrogens. This part of the article explores the link between estrogens and the microbiome.

Estrogens are conjugated in the liver by sulfotransferase and uridine diphosphate—
glucuronosyltransferase enzymes and then excreted into the gut through the bile. In the gut,
some conjugated estrogens are deconjugated by beta-glucuronidase and beta-glucosidase
and then reabsorbed through the intestinal epithelium back into the bloodstream [2]. Inter-
estingly, these enzymes can be produced by some gut bacteria. Thus, the gut microbiota’s
composition directly impacts circulating estrogen levels [12,13].

The estrobolome is nowadays defined as the aggregate of all enteric bacterial genes
whose products are capable of metabolizing estrogens [2].

The activity of different enzymes, such as β-glucuronidase, is encoded mainly by two
genes. First is Gus, found in Firmicutes [14], and second is BG, found in Bacteroidetes [15].
β-glucuronidase activity is also influenced by diet [16]. A high-fat diet may increase
bile acid secretion, promoting Proteobacteria growth and reducing Bacteroidetes and
Firmicutes [17].

Increases in β-glucuronidase-producing Proteobacteria increase intestinal deconjuga-
tion of estrogens and estrogens levels in circulation. This mechanism is intensified in obese
patients, mainly due to peripheral aromatization of testosterone and androstenedione to
estradiol and estrone [18,19].
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Since estrogen levels are associated with various types of cancers, such as endometrial
or breast cancer, we can hypothesize that the estrobolome also impacts the carcinogenesis
of these types of cancers.

Moreover, the composition of the vaginal microbiome is deeply impacted by estrogen
levels. Before puberty and after menopause, the vaginal microbiome consists primarily
of anaerobes, whereas for healthy females of reproductive age, the vaginal microbiome
consists mainly of Lactobacillus spp. [8,20]. Indeed, estrogens stimulate the production
and secretion of glycogen by the vaginal epithelium, promoting the growth of lactobacilli.
Lactobacilli then use glycogen as a food source and degrade it through fermentation. Large
amounts of the lactic acid result as a final product of this process [2,8,21].

Therefore, we can say that the vagina’s acidic environment is a direct consequence of
the estrogen circulating levels. As seen above, estrogen levels are influenced, among others,
by the gut microbiome.

2. The Microbiome and Cancer Development

Many factors promote a healthy flora versus dysbiosis, usually promoting functioning
cells versus cancer. In a considerable measure, these factors are the same. In other words,
the factors associated with an unhealthy gut or vaginal flora are the ones that are also
associated with cancer. Some of the factors associated with dysbiosis and cancer are
low socioeconomic status, ethnicity, poor access to medical care, a high prevalence of
sexually transmitted diseases, smoking, alcohol consumption, obesity, reduced physical
activity, metabolic syndrome, high levels of stress, aging, hormonal imbalances, genetic
and epigenetic factors, impaired immunity, the human papillomavirus [22,23]. Smoking,
douching, and obesity were all linked to bacterial vaginosis [2].

Changes in the microbiome also induce complex changes in human cells [24]. From
a biological perspective, the normal cervicovaginal microbiome is composed mainly of
Lactobacillus spp., thus exhibiting low bacterial diversity and protecting against carcino-
genesis through various mechanisms [25]. The lactobacilli secrete lactic acid, and the low
vaginal pH promotes healthy local homeostasis. The lactobacilli also secrete cytokines, an-
timicrobial peptides, and other metabolites that protect the local epithelium. They promote
a healthy level of physiological inflammation that stimulates the immune system to fight
against pathogens.

On the other hand, the dysbiotic cervicovaginal microbiome exhibits a high diversity
of microorganisms, primarily obligate and strict anaerobes, that lead to a high vaginal pH.
The bacteria promote the disruption of the epithelial barrier and secrete various metabolites
and enzymes such as sialidase, proinflammatory cytokines and chemokines, reactive
oxygen species, and other carcinogenic metabolites that lead to chronic inflammation and a
dysregulated local metabolism. Further down the line, they also lead to genotoxicity and
genomic instability, as well as altered proliferation and altered apoptosis. The dysbiotic
environment also promotes angiogenesis. The chronic inflammation activates immune cells
that secrete even more proinflammatory cytokines and chemokines such as Interleukin (IL)-
6, IL-8 or Tumor necrosis factor (TNF), resulting in even more reactive oxygen species that
further promote carcinogenic mechanisms. Hence, there are many different mechanisms
through which the microbiota can impact carcinogenesis [25–27].

2.1. The Microbiome and Endometrial Cancer

Whereas the most common gynecological cancer in developing countries is cervical
cancer, because of high rates of Human Papilloma Virus (HPV) infection and low rates of
vaccination, the most common gynecological cancer in developed countries is endometrial
cancer [2]. Many factors are associated with endometrial cancer, including high estrogen
levels, obesity, chronic inflammation, and post-menopausal hormonal therapy.

The gut microbiome and the circulating estrogen levels are intensively connected as a
feedback loop, influencing each other. We can hypothesize that the gut microbiome, the
estrobolome in particular, has a part to play in the development of endometrial cancer,
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but more research is needed. Moreover, estrogen metabolism and the gut and vaginal
microbiome are influenced by obesity. There is an association between the body mass index,
the estrogen metabolism and the composition of the vaginal and gut microbiome [2,28].

A high vaginal pH is correlated with endometrial cancer, usually due to a disbalance
of the vaginal flora. For instance, recent studies showed that Atopobium vaginae and Porphy-
romonas among other bacteria that raise the vaginal pH are more prevalent in the vaginal
flora of women with endometrial hyperplasia or endometrial cancer [29]. It is believed
that this promotes chronic endometrial inflammation that turns on the carcinogenesis
process [2].

Compared with benign uterine lesions, endometrial cancer is associated with a de-
crease in the diversity of the local endometrial microbiota [30]. Some less-represented
endometrial carcinoma species are Salinibacter ruber, Bacillus tropicus, Pusillimonas sp.,
Riemerella anatipestifer, Nostocales cyanobacterium HT-58-2 and Corynebacterium pseudotubercu-
losis [31]. This leads to an overgrowth of the remaining species. Micrococcus overgrowth
is associated with an inflammatory profile in endometrial cancer, with increased IL-6 and
IL-17 mRNA levels. Bilophila, Rheinheimera, Rhodobacter, Vogesella and Megamonas are over-
grown in benign uterine lesions [30]. Atopobium vaginae and Popayromonas somerae induce
the production of proinflammatory cytokines IL-1α, IL-1β, IL-17α, and TNFα; they also
alter the transcription of CCL13, CCL8, CXCL2, IL22 and IL9 [32]. The production of IL-17α
induces the production of IL-8 and TNFα, which are promoting factors for endometrial cell
proliferation and angiogenesis [33]. TNFα also contributes to resistance to chemotherapy
and metastasis development [34]. In endometrial cancer, IL1α and IL1β are overexpressed
and promote cell proliferation, adhesion, invasion, and angiogenesis [35].

2.2. The Microbiome and Ovarian Cancer

Ovarian cancer is a relatively rare tumor with a bad prognosis since it develops
inconspicuously with no symptoms until the late stages.

Genital dysbiosis has been associated with ovarian cancer, although more research is
needed to draw causality conclusions [36]. Sexually transmitted bacteria such as Chlamydia
spp. and Mycoplasma spp. that cause chronic reproductive tract inflammation have been
associated with ovarian cancer. For instance, more than 60% of ovarian tumors contain
such intracellular bacteria [2]. Other microorganisms associated with ovarian cancer are
Proteobacteria, Acinetobacter spp., Brucella and even viruses such as cytomegalovirus or
HPV [2,37,38].

Lactobacilli species in the cervicovaginal part of the genital tract have a protective role
against ovarian cancer [39]. BRCA mutation carriers are associated with a reduction in
Lactobacillus spp. This association is more substantial in younger patients [40].

An increase in Proteobacteria and Fusobacteria characterizes the microbiome in the tumor
tissue compared to normal tissue; these gram-negative bacteria make the microbiome more
immunogenic [41–43].

Pelvic inflammatory disease is a risk factor for ovarian cancer [2,44–46]. Bacterial
flagellin and lipopolysaccharide (LPS) have an essential role in driving inflammation
in ovarian cancer by inducing a response in pattern recognition receptors TLR2, 4, and
5 [41,47–54], leading to activation of NF-kappa B signaling [42]. LPS stimulate cancer
cells inducing PI3K activation, EMT and overexpression of Vimentin, Snail, α-SMA, TCF,
MMP2, N-cadherin, Slug, and MMP9 [53]. Even though LPS activates tumoral-associated
macrophages, pushing them towards the M1 profile [55,56] and making them cytotoxic
and cytostatic for ovarian cancer cells [57], a recent study has shown that administration of
LPS does not prolong and may even shorten survival [58].

The increase in Gram-negative bacteria leads to an increase in lysophospholipids,
which are by-products of bacterial metabolism [59,60]. Lysophosphatids are similar to
lysophospholipids; in ovarian cancer patients, lysophosphatids plasma levels are in-
creased [61,62]. In ovarian cancer cells, lysophosphatidic acid can increase the expression of
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angiogenesis promoters [63] and induce cell migration, invasion and proliferation [64–70].
A short description of bacterial metabolites effects on ovarian cancer is displayed in Table 1.

Bacteria metabolize tryptophan, producing indole-derivatives [71–76], which act on
the aryl hydrocarbon and pregnane X receptors [77–79]. Aryl hydrocarbon receptor is
involved in immune regulation [76,80]. Tryptophan rich diet leads to the proliferation
of Lactobacilli [77], which prevents the proliferation of pathogenic bacteria [77,81–83].
Tryptophan and indolepropionic acid levels are reduced in the serum of ovarian cancer
patients [84–88] and are inversely correlated with the stage of the disease [88].

Antibiotics (glycylcyclines, erythromycins, tetracyclines and chloramphenicol) can
block cellular proliferation and reduce the proportion of ovarian stem cells [89]. Minocy-
cline [90–93], Ciprofloxacin [94], and Salinomycin [87,95–100] can reduce the proliferation
rate of ovarian cancer cells. In murine models, antibiotics can also be used to prevent
cisplatin resistance [101], and minocycline can potentiate the activity of topoisomerase
inhibitors [102].

Even though many studies suggest a potential benefit of antibiotic therapy, there is a
study in which the treatment of mice grafted with ovarian cancer with neomycin, ampicillin,
vancomycin, and metronidazole was associated with increased invasiveness and growth of
the grafts [103].

Table 1. Effects of bacterial metabolites on ovarian cancer.

Bacterial Flagellin Activation of NF-kappa B Signaling [42]

Lipopolysaccharides
PI3K activation, EMT, overexpression of Vimentin, Snail,

α-SMA, TCF, MMP2, N-cadherin, Slug, and MMP9
activation tumoral-associated macrophages [53]

Lysophosphatids angiogenesis, cell migration, invasion and proliferation [61,62]

Indole-derivatives immune regulation [76,80]

2.3. The Microbiome and Cervical Cancer

Cervical cancer is a common malignancy in women, especially in developing countries
where the HPV vaccination rate is low. Over 99% of cervical cancer biopsies contain HPV
Deoxyribonucleic acid (DNA) as determined by Polymerase chain reaction (PCR) [2,104].
HPV is the major carcinogenic factor in the evolution of cervical cancer through the ex-
pression of E6 and E7 proteins. The most high-risk genotypes are HPV 16 and HPV 18.
However, it is essential to note that 85–90% of HPV infections with high-risk genotypes
are spontaneously cleared [2]. The high-risk HPV infections that persist can, in time, lead
to cervical intraepithelial neoplasia (CIN)—low grade and then high grade—and then
progress to invasive cervical cancer.

The link between vaginal dysbiosis and HPV persistence and neoplastic transformation
is yet to be established. Still, various studies have already shown that the composition
of the cervicovaginal flora differs in women with different HPV statuses [105,106]. HPV
persistence has been linked with bacterial vaginosis by various studies, and anaerobic
flora is conducive to HPV persistence [2,105–107]. A high vaginal bacterial diversity and a
depletion of Lactobacillus spp. have been repeatedly associated with a low clearance of HPV.

HPV-negative women have been shown to host mainly Lactobacillus crispatus and
Lactobacillus iners. However, HPV-positive women with a normal cervix contain the two
lactobacillus species in different proportions. The risk of cervical transformation is higher
with Lactobacillus iners than with Lactobacillus crispatus [108]. Once the HPV infection
progresses toward cervical intraepithelial neoplasia, the cervicovaginal bacterial diversity
increases correspondingly. The Lactobacillus spp is depleted, and the vaginal pH is elevated.
The highest diversity is found in invasive cervical cancer (Fusobacterium necrophorum,
Gardnerella vaginalis, Sneathia etc.) [2,108,109].
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Various studies have shown that vaginal Sneathia associates with HPV persistence
and pathological progression to cancer. Atopobium spp. is also associated with HPV
persistence [110].

Other organisms that have been shown to influence the transformation of HPV lesions
are Candida albicans, Chlamydia trachomatis and Ureaplasma urealyticum [2].

The increase in the diversity of the microbial flora leads to the production of cytokines
which amplify the inflammatory response [108,111–113], leading to immune dysregulation
in the reproductive tract and thus creating a more suitable site for tumor development [24].

Mycoplasma genitalium causes bacterial cervicitis and vaginitis, increasing the incidence
of cervical lesions [114,115]. Chlamydia trachomatis damages the cervical mucosa and
promotes infection of the cervical epithelium by HPV [116,117]. See Table 2 below.

Table 2. Examples of bacteria associated with female reproductive tract pathology.

Bacteria found to be associated with
female reproductive tract pathology,

including cancer

Popayromonar somerae, Chlamydia spp., Mycoplasma spp., Proteobacteria, Acinetobacter
spp., Brucella spp., Fusobacterium necrophorum, Gardnerella vaginalis, Sneathia spp.,

Candida albicans, Chlamydia trachomatis, Ureaplasma urealyticum

Examples of how bacteria might induce
pathologic changes in the female

reproductive tract

Mycoplasma genitalium Cervicitis and vaginitis, chromosomal lesions [114,115]

Chlamydiatrachomatis Increased risk of infection of the cervical epithelium by
HPV [116,117]

Fusobacterium spp. Increased production of IL-4, IL-10 and TGF-b1 [118]

Fusobacterium leads to increased production of interleukin-4, interleukin-10 and TGF-
beta1 in the cervix and vagina; these cytokines are also increased in cervical cancer and
squamous intraepithelial disease [118].

3. Interaction between Cancer Treatment and the Microbiome

The main pillars of cancer treatment are surgery, radiotherapy, chemotherapy, targeted
molecules, and immunotherapy. This part of the article explores the interaction between
cancer treatment and the microbiome. We will summarize what is known on the female
reproductive tract microbiome, and in addition we will also explore the gut microbiome.
The gut microbiome is much more investigated, and we hope that these insights will lead
to new interesting research projects on the female reproductive tract microbiome as well.

Moreover, understanding the gut microbiome is important because a lack of oestrogen-
metabolizing bacteria (from a lower diversity of the gut microbiota after chemotherapy for
instance) could influence the vaginal microbiome composition. Therefore, strategies tar-
geted towards the gut microbiome might have an indirect effect on the vaginal microbiome
as well.

It is well-known that both radiotherapy and chemotherapy can cause gut mucositis
and diarrhea. They also decrease the diversity of the gut microbiome, which is usually
linked to digestive tract side effects. In contrast, radiotherapy and chemotherapy seem
to increase bacterial diversity of the female reproductive tract, and increased bacterial
diversity is a sign of disease, as previously explained.

Immunotherapy has emerged as a treatment in multiple types of cancer in recent
years. Regarding gynecological cancers, it is of interest especially in patients with MSI-H
endometrial, cervical, and ovarian cancer. Not much is yet known about the effects of
immunotherapy such as Nivolumab, Ipilimumab and Pembrolizumab on microbiomes.
However, we can hypothesize that there is an interesting interplay between immunotherapy
and microbiomes since they both act on and modulate the immune system. More research
is needed in this direction.

Some specific bacteria-like microorganisms, such as Bifidobacterium longum, Ruminococ-
caceae and Akkermansia muciniphila were found to be more abundant in fecal samples col-
lected from PD-1-responding patients. Oral supplementation with Akkermansia muciniphila
proved beneficial in restoring response to immunotherapy in mouse models of epithelial
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tumors. The authors noticed an increase in the recruitment of CCR9+, CXCR3+, CD4+
T lymphocytes [119]. Proposed mechanisms involve the production of short-chain fatty
acids and their pro-apoptotic role in cancer cells through activation of p21 cell cycle in-
hibitor and specific caspases, but also activation of the mTOR-S6K and STAT3 pathways in
T-cells [120]. Administration of an oral cocktail of live Bifidobacterium to tumor-bearing
mice significantly improved tumor control for several weeks. The same mice presented
elevated levels of tumor-specific T cells in the periphery and antigen-specific CD8+ T cells
within the tumor. Authors noticed a lack of anti-tumor effect in immunodeficient mice or
mice treated with previously heat-inactivated Bifidobacterium [121]. Opposite results come
from the study of Kim et al., who expanded on parabiotics as non-viable microbial cells in
the form of heat-killed Bifidobacterium or Lactobacillus. These strains induced apoptosis
of human colorectal carcinoma RKO cells in vitro and also revealed anti-tumor effects in an
RKO cell-derived xenograft model through the activation of caspase-9, 3, 7 and PARP [122].

Interestingly, antibiotics seem to decrease immunotherapy’s efficacy, suggesting a link
between these novel treatments and the microbiomes. Antibiotics also seem to increase
the toxicity of chemotherapy. Moreover, radiotherapy, chemotherapy and immunotherapy
are all less efficient in a germ-free mouse; fecal-matter transplantation and probiotics have
been shown to improve the efficacy of immunotherapy [2,123–126].

The gut microbiota may be involved in the prevention of chemotherapy-associated
toxicity, improved efficacy of oncologic treatment, prevention of surgical morbidity, and
quality of life. Diarrhea, abdominal pain, vomiting, and weight loss are critical adverse
reactions to chemotherapy that cause significant morbidity. Preventive intervention on
the gut microbiota can influence the pathogenesis of mucositis through TLR2 signaling,
mediation of vitamin B production, and microbial enzymatic degradation. Additionally,
prognostic markers can be derived from specific microbiota patterns. The bowel mucosa
load with Fusobacterium nucleatum strains correlates with worse prognostic in patients with
colorectal cancer [125].

Modulating microbiomes had essential health benefits in many chronic and inflam-
matory diseases, including irritable bowel syndrome and recurring Clostridioides difficile
infections and implications in cancer prevention and response to treatment.

Gut microbiota modulation is represented by probiotics, prebiotics, antibiotics or other
drugs, or microbiota transplantation [127].

Bifidobacterium and Bacteroides species have been associated with immune modulation
and estrogen metabolism and are under investigation for preventing estrogen-derived cancer
such as breast, endometrial, and ovarian cancer [2]. Probiotics containing Lactobacillus lactis
engineered to secrete an antimicrobial peptide involved in gut homeostasis (pancreatitis-
associated protein) proved to reduce enteritis induced by 5-Fluorouracil in cancer patients.
The mechanism was represented by a reduced abundance of pathogenic bacteria such as
Enterobacteriaceae in the intestine, thus reducing the intensity of mucositis [128]

Fecal microbiota transplantation reduced the side effects generated by chemotherapy
and radiotherapy [129]. However, the most important studies are related to fecal microbiota
transplantation from responders to germ-free mice with xenograft tumors (melanoma, lung
or kidney) which showed an increased response to checkpoint inhibitors [130].

Approaches for modulating vaginal microbiomes are under investigation. They aim
to modify vaginal microbiota to optimal Lactobacillus-dominant flora to prevent carcino-
genesis and in cancer patients to increase the effectiveness of treatments and decrease
toxicity. Novel antimicrobials and probiotics such as intravaginally delivered vaginal
lactobacilli formulations, biofilm disruptors, and vaginal microbiota transplantation are
being considered.

Vaginal probiotic lactobacilli (L. crispatus strain CTV-05 known as LACTIN- V) have
been tested with success in clinical trials, mainly for the treatment of bacterial vaginosis or
urinary tract infection (UTI) [131,132].

Vaginal microbiota transplantation (VMT) from donors with optimal vaginal flora is a
novel potential treatment option under investigation for women with vaginal disorders.
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However, there is an unknown long-term risk of microbiome transplants (fecal or vaginal)
related to the potential transfer of antimicrobial-resistant microorganisms, which may be
problematic in immunodepleted cancer patients.

Probiotics consisting of Lactobacillus spp. might aid in the treatment of cervicovaginal
dysbiosis and persistent HPV infections [133,134]. Lactobacillus spp. probiotics might
increase the clearance of HPV when used long-term in certain patients [134,135]. Since
it is well established that persistent HPV infections increase the risk of cervical cancer,
Lactobacillus spp. probiotics might be considered in HPV positive patients. However, more
research is needed before establishing clear links and then guidelines.

A study conducted by Tsementzi et al. showed that radiation therapy alone in post-
menopausal patients with gynaecologic cancer leads to a perturbation of the vaginal
microbiome with a decrease of Lactobacillus spp. The study showed a higher vaginal
bacterial diversity in cancer patients with respect to healthy patients and a higher vaginal
bacterial diversity in post-radiotherapy with respect to pre-radiotherapy. This might be
associated with some post-radiotherapy symptoms in patients with vulvovaginal atrophy
and these findings might have implications for future therapeutic interventions, such as
probiotics or vaginal microbiome transplantation [136].

Overall, not much is known about the female reproductive tract microbiome and its
changes during cancer treatment, and even less is known on the influence of the female
reproductive microbiome on the response to various treatments.

4. The Microbiome and Endometriosis

Endometriosis is a multifactorial disease whose etiology is not entirely established.
One theory is “retrograde menstruation” where the menstrual flux and viable endometrial
cells go through the fallopian tubes to the peritoneum, where they adhere. There is an
essential component of inflammation, but it is not yet clear if this is a cause or an effect
of endometriosis. Interestingly, the composition of the gut microbiome is also linked to
this disease. A healthy gut is composed of a balanced distribution of Firmicutes spp. and
Bacteroidetes spp. However, in endometriosis, this balance is altered with a predominance
of either one or the other species. Endometriosis development can induce a change in the
gut microbiome [137,138]. The complex interrelation between endometriosis, circulating
estrogen levels, and gut bacteria warrants further research.

5. Conclusions

The microbiome, in general, and the female reproductive tract microbiome, is an
exciting research avenue. More and more studies show a connection between different
microbiome compositions and various cancers. There is a low diversity of bacterial species
in the vagina and cervix, represented mainly by Lactobacillus spp. which prevents coloniza-
tion of the female genital tract with pathogenic bacteria. The proliferation of pathogenic
bacteria leads to a higher diversity of the microbiome. This abnormally diverse microbiome
can modulate the immune response in the female genital tract creating an environment
characterized by chronic inflammation, which is favorable for developing neoplasia. Some
products of bacterial metabolism have carcinogenic properties and act upon the normal cells
of the genital tract leading to genetic alterations. Other products of bacterial metabolism
have angiogenic properties and promote neovascularization, which favors vascular inva-
sion and metastasis.

Moreover, the microbiome also seems to influence the response to therapy and toxicity.
The estrobolome, through its effect on estrogen circulating levels, can impact both the
composition of the cervicovaginal microbiome and carcinogenesis. More research is needed
to describe these interactions better and find ways of harnessing this information toward
better treatments.
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Abstract: Purpose: One of the most known sexually transmitted diseases is Condylomata acuminata
(CA), a skin lesion occurring due to infection from Human Papilloma Virus (HPV). CA has a typical
appearance of raised, skin-colored papules ranging in size from 1 mm to 5 mm. These lesions often
form cauliflower-like plaques. Depending on the involved HPV-subtype (either high-risk or low-risk)
and its malignant potential, these lesions are likely to lead to malignant transformation when specific
HPV subtypes and other risk factors are present. Therefore, high clinical suspicion is required when
examining the anal and perianal area. Methods: In this article, the authors aim to present the results of
a five-year case series (2016–2021) of anal and perianal cases of CA. Results: A total of 35 patients
were included in this study. Patients were categorized based on specific criteria, which included
gender, sex preferences, and human immunodeficiency virus infection. All patients underwent
proctoscopy and excision biopsies were obtained. Based on dysplasia grade patients were further
categorized. The group of patients where high-dysplasia squamous cell carcinoma was present
was initially treated with chemoradiotherapy. Abdominoperineal resection was necessary in five
cases after local recurrence. Conclusions: CA remains a serious condition where several treatment
options are available if detected early. Delay in diagnosis can lead to malignant transformation, often
leaving abdominoperineal resection as the only option. Vaccination against HPV poses a key role in
eliminating the transmission of the virus, and thus the prevalence of CA.

Keywords: condylomata acuminata; HPV; abdominoperineal resection; vaccination

1. Introduction

Condylomata acuminata (CA), otherwise known as anogenital warts, are caused by
human papilloma virus (HPV) infection. HPV is one of the commonest sexually transmitted
diseases worldwide, with 9–13% of the world population affected [1,2], commonly between
20 and 39 years old [1].

HPV is a non-enveloped, double-stranded DNA virus from the papilloma virus family
that infects the nucleus of differentiated squamous cells [1,3]. It can remain in a latent
state, with an incubation period from one month to two years after infection [1]. More
than 200 [3] subtypes have been described, which are subdivided into high-risk (HR-HPV)
and low-risk types (LR-HPV) based on their oncogenic potential [4]. More than 40 types
are known to affect the anogenital area [1]. Low-risk types 6 and 11 are responsible for
over 90% of condylomata acuminata [4]. High-risk types 16 and 18 have been solidly
linked to cervical, anal, and oral malignancy [4]. HPV infection appears to be the cause
for most anal cancers and virtually all cases of cervical cancer [5]. Due to its structure, the
viral DNA integrates into the host human genome causing malignant transformation and
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eventually evolving to cancer. Evolution to cancer occurs mostly through actions affecting
two major paths: alterations in cell cycle regulation and telomeres combined with blockage
in apoptosis. These interventions cause DNA instability, leading eventually to genomic
damage, and together with the disabled tumor suppressor paths, mostly protein p53, result
in the progression to malignancies [6,7].

The HPV genome consists of a transcribed region which encodes six early proteins,
namely E1, E2, E4, E5, E6, and E7. Some of these HPV proteins are strongly type-specific
and they can be detected in certain neoplastic lesions. Especially in the HR-HPV subtypes
increased levels of E5, E6, and E7 oncoproteins seem to affect and activate multiple signaling
pathways and thus stimulate proliferation of infected cells. Although life-cycle organization
between HR- and LR-HPV subtypes is similar, the main difference lies in the strongly
different ability of each group’s oncoproteins (mostly E6 and E7) to control cell cycle entry
in the basal/parabasal cell layers [8,9].

HPV invades the cells of the epidermal basal layer through microabrasions [3]. Trans-
mission occurs via human-to-human contact, smear infection, or vertically [4]. Several
types of HPV exist which show a different biological behavior. Based on this behavior,
the HPV subtypes are further categorized into low-risk and high-risk types according to
their malignant potential. Low-risk types (also known as non-oncogenic types) include
HPV 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, and CP6108 and are mainly responsible for
causing anogenital warts, low-grade changes in cells of the cervix and recurrent respiratory
papillomatosis [6,10]. The oncogenic high-risk HPV types include HPV 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, 68, 73, and 82. HPV 16 and 18 seem to have the higher malignant
potential as they are linked with high-grade dysplasia and invasive carcinoma of the cervix
and the anus in both men and women [6,11].

High-risk HPV subtypes are responsible for certain types of cancer of the cervix
(cervical intraepithelial neoplasia (CIN)), anus, penis, vagina, vulva, oropharynx and even
esophageal adenocarcinoma (EAC). Subtypes HPV-16 and HPV-18 are held responsible for
the majority of cervical cancers and almost 95% of HPV-positive oropharyngeal cancers
(OPCs). Other types of high-risk HPV related neoplasia are the vulvar high-grade squamous
intraepithelial lesions (vH-SIL) which can progress to invasive vulvar cancer. From the
low-risk HPV subtypes, some persistent ones, such as HPV-6 and HPV-11, cause recurrent
conditions and mostly involve anogenital warts, respiratory papillomatosis, and vulvar
low-grade squamous intraepithelial lesions (vL-SIL), which are considered to represent a
benign condition [12,13].

Risk factors for infection include early-onset sexual contact, multiple sexual partners,
high-risk sexual practices, concomitant infection with other sexually transmitted diseases
(HIV, chlamydia, gonorrhea, HBV), and poor hygiene [4]. Regular use of condoms can
protect against HPV infection but cannot fully prevent it. HPV vaccination prior to first
sexual contact prevents infection with the subtypes contained in the vaccine. Available vac-
cines are the 9-valent for types 6, 11, 16, 18, 31, 33, 45, 52, 58 (Gardasil®9), the quadrivalent
vaccine for types 6, 11, 16, and 18 (Gardasil®), and the bivalent vaccine for the high-risk
types 16 and 18 (Cervarix®). In Greece, HPV vaccination is offered to girls 11–18 years old
and boys and girls 11–26 with risk factors (HIV infection, transplant patients, history of
malignancy, autoimmune disease, and immunocompromised patients) [14].

HPV contains an oncogene that triggers cell proliferation using the three major viral
oncoproteins mentioned above (E5, E6, E7) [6]. As the number of infected cells increases,
epidermal layers thicken, leading to the macroscopic appearance of condylomata acumi-
nata [1]. CA are typically diagnosed clinically due to their characteristic appearance. They
are raised, skin-coloured papules ranging in size from 1 mm to 5 mm. These can coalesce,
forming cauliflower-like plaques. CA can be flat or pedunculated lesions (Figure 1). In rare
cases, they can form giant lesions, taking up the entire anogenital region. In such cases,
Buschke-Lowenstein tumors or Giant Condylomata Acuminata caused by HPV infection
should be considered. Bushke-Lowenstein tumor is categorized by some authors as a rare
form of highly differentiated squamous cell carcinoma (SCC), although a globally accepted
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definition is not available in the literature [15,16] (Figure 2). Assessment of anal and peri-
anal lesions is not complete without proctoscopy and in some cases sigmoidoscopy in order
to identify lesions in the anal canal. Regular follow-up should follow initial diagnosis and
treatment as there is a 2–4% risk of malignant transformation.

 

Figure 1. Different typical clinical presentation of CA as single papules or cauliflower-like plaques.

 
Figure 2. Clinical presentation of Giant CA (Bushke-Lowenstein tumor) and image of the specimen
after excision.

Herein we present a 5-year case series (2016–2021) of anal and perianal CA.

2. Materials and Methods

The patients selected had surgical resection of anal and perianal warts between
1/1/2016 and 1/1/2021 (60 months) in the 3rd Surgical Department of University General
Hospital of Thessaloniki AHEPA, by a single surgical team. Patient data were collected
using the histopathological reports of the specimens resected, which were acquired from
the Histopathology Laboratory of Aristotle University of Thessaloniki, along with the
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patient records from the 3rd Surgical Department’s archive. Inclusion criteria included
excision of anal and perianal lesions and exclusion criteria included final histopathological
results of CA with high grade, mild-moderate dysplasia, and SCC.

3. Results

A total of 35 patients were included in this study. The patient cohort consisted mostly
of men: 32 patients were male (91.4%) and three were female (8.6%), with an average age of
39.9 years. The patients were between the age of 17 and 73 years. Moreover, 13 of the male
patients (37.1%) reported to have sex with men (MSM) (Figure 3 and Table 1. In addition,
15 patients were HIV positive (42.8%) (Figure 4 and Table 1). All HIV patients had CD4
levels in the normal range. None of the patients were immunized against HPV.
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Figure 3. Distribution of the patients in our study based on sex. The vast majority being male (91.4%),
37% of which were MSM.

 

0

5

10

15

20

25

HIV status

HIV + HIV -

Figure 4. Prevalence of HIV in our patient cohort. Nearly half (42.8%) of the patients were HIV positive.
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Table 1. Distribution of patients based on sex, sexual preferences and presence of HIV infection.

Male (n = 32) Female (n = 3) Total (n = 35)

MSM 13 0 13
HIV (+) 15 0 15

All patients had proctoscopy under general anesthesia and excision biopsy of all
suspicious perianal and anal lesions (Figure 5). Excision was performed using energy
sources, specifically diathermy and radiofrequency-driven bipolar electrosurgical devices.
All patients were administered topical agents, imiquimod or sinecatechins, post-operatively.
All patients were followed up or remain subject to regular follow ups according to inter-
national guidelines for five years. Further, 16 patients required a second procedure to
remove condylomata after relapse (45.7%) within this five-year follow up time period. All
women treated were sent for a gynecology consult prior to excision biopsy and underwent
a colposcopy and Pap smear test in order to rule out the presence of cervical intraepithelial
neoplasia (CIN).

 
Figure 5. Lesions of CA revealed during proctoscopy using Eisenhammer Rectal Speculum.

Histopathology reports illustrate 16 patients with condylomata acuminata without
dysplastic or neoplastic features (45.7%). Five patients had mid- to high grade dysplasia
(14.3%); four patients had high grade dysplasia (11.4%); 10 patients (28.6%) were found to
have invasive squamous cell carcinoma (SCC) in their histopathology results; two patients
had Buschke-Lowenstein tumors (5.7%) (Figure 6 and Table 2. Interestingly enough, out
of the 15 HIV (+) patients, only five appeared to have malignant lesions at the histopatho-
logical examination. However, not all of these malignant lesions showed a recurrent
pattern in immunosuppressed patients. Four out of five patients that needed to undergo
abdominoperineal resection appeared to be HIV (+). From the HIV (+) patients, five pa-
tients developed SCC, four patients showed some grade of dysplasia, and six patients
developed no malignancies. Both the number of patients included and the number of
immunosuppressed patients due to HIV infection are considered to be limited. Therefore, a
safe correlation between HIV status and the occurrence of malignancy cannot be pointed
out at this point. Patients with invasive SCC were initially treated with chemoradiotherapy,
five (50%) of which required abdominoperineal resection after local recurrence. Three of
the patients who underwent abdominoperineal resection remain disease free five years
post-operatively, while the other two died in one and 3.5 years post-operatively, respectively
(Figure 7 and Table 2).
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Figure 6. Grades of dysplasia in the histopathology results of the cohort, ranging from CA without
dysplastic/neoplastic features to invasive SCC. A total of 19 patients (54.7%) had dysplastic and
malignant features in their samples ranging from mild (5 patients) and high (4 patients) grade
dysplasia to confirmed SCC (10 patients), illustrating the prevalence of malignant transformation in
the context of CA and the importance of follow up.
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Figure 7. Outcomes of the patients with invasive SCC. 50% remain disease free after chemoradio-
therapy alone, while of the 50% that required AP resection after relapse 60% remain disease free at
5 years post-operatively and 40% died.
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Table 2. Outcomes of patients of the study.

No Dysplasia
(n = 16)

Mild Dysplasia
(n = 5)

High Grade
Dysplasia (n = 4)

SCC
(n = 10)

Total
(n = 35)

Chemoradiotherapy - 10 10
Relapse + Abdominoperineal resection - - - 5 5

Disease free 16 5 4 8 33
Deaths - - - 2 2

The remaining 25 patients whose histopathology results showed no presence of con-
firmed malignancy did not receive any further treatment. Excision of the lesions was
considered enough. These patients continue to have annual follow ups with proctoscopy
and remain disease-free.

4. Discussion

Anal and perianal condylomata acuminata represent a controversial subject, largely
due to limited clinical trials and high-level evidence, especially in terms of screening and
prevention. There are currently no official guidelines regarding large scale vaccination for
males and screening for anal SCC or HSIL (high grade squamous intraepithelial lesions).
Although gender distribution appears to be roughly equal in the literature, the vast majority
of the patients in this cohort were male (91.4%). This could be due to a number of factors.
Nowadays, most women have regular screening for cervical cancer and consult their
gynecologist frequently, who may manage a significant number of perianal warts. This
department has a close cooperation with the HIV Medicine Unit of Aristotle University of
Thessaloniki, which could account for the increased male predominance as well as the high
percentage of HIV positive patients in this cohort.

Another significant observation to note is the large percentage of HSIL and invasive
SCC. Interestingly, only a 2–4% rate of malignant transformation is reported in the literature,
whereas we found 28.6% of our patient cohort had invasive SCC and nine patients (25.7%)
had mid- to high grade dysplasia. HIV infection could, of course, contribute to the notably
high percentage of dysplasia and invasive SCC, as it has been shown to be a risk factor
for malignant transformation of CA [17–19]. There are currently no national standards for
screening for HSIL or anal cancer in any country and insufficient evidence to support it
from current literature [20–22]. However, recommendations for screening HIV positive
patients with annual digital rectal examination, anoscopy, and/or anal Papanicolaou tests
have been published by several organizations specializing in sexually transmitted infections
(STIs) and colorectal diseases [20]. Clinical guidelines in regard to screening are expected
to become more specific once the Anal Cancer HSIL (High-Grade Squamous Intraepithelial
Lesions) Outcomes Research (ANCHOR) study is published [19,23,24]. The study started
as a randomized clinical trial, which has been halted due to the therapy’s high success rates.
It is a large phase 3 study awaiting publication.

Patient information and prevention remains poor. Current HPV vaccination guidelines
in Greece include girls from 11 to 18 years old as well as boys and girls from 11 to 26 years
old in high-risk groups (patients with autoimmune diseases, on immunosuppressant
treatment, HIV positive, patients with malignancy and transplant patients) [10,23]. The
mean age of our cohort (39.9 years) is higher than mean age of infection, but it remains
striking that none of the patients were vaccinated, especially as the youngest was 17 years
old. This reflects the level of information and possibly the lack of availability of the vaccine
to a wider audience.

The biggest limitation of our study is the small sample size. However, the high percent-
age of HIV positive patients and the significant percentage of HSIL and SCC in our sample
highlights the importance of regular follow up, as well as screening, especially in high-risk
patients. It also illustrates the gap in preventive strategies and immunization in the male
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population. The need for further studies and high-level evidence in the management of CA
and especially in the prevention of malignant transformation is indisputable.

Another important element regarding management of CA is high clinical suspicion.
Physicians must be aware of the prevalence of this condition, the age-groups and other
population sub-groups that are mostly affected, and its possible clinical manifestations.
This verrucous hyperplasia can often be misdiagnosed due to its clinical presentation
as multiple growths on the skin or mucous membranes [25]. They can often present
also as papular to cauliflower-like lesions or as flat papular growths or as exophytic
fronds [25]. Several other conditions, such as malignant lesions of the vulva, Paget’s disease
of the anogenital region, molluscum contagiosum, psoriasis, acrochordon, sebaceous cysts,
Buschke-Lowenstein tumors, secondary syphilis, seborrheic dermatosis, popular lichen
planus, and even hemorrhoids, can make the differential diagnosis challenging [1,25,26].

Final diagnosis, however, is set only after excision of the lesions through biopsy and
histopathological examination. Serology tools and methodologies, including polymerase
chain reaction (PCR) detection and DNA detection assays, are not considered to be reliable
with an estimated level of evidence of 2b. Moreover, it is not possible to have cultures
of the virus. While the sample that can be used to detect the virus using PCR can be the
same as the one used for cytological examination, several limitations are present regarding
these methods. Most of the time, only a small sample is obtained, which can lead to
sampling errors even when very sensitive assays are used. Another limitation concerns
the menstrual cycle, which can also tamper with serology and molecular results [27,28].
Molecular diagnostic techniques for detection of HPV, although available, are not used as a
standard screening procedure as it is believed that they would overestimate the proportion
of women who have low-grade cytological abnormalities and do not also meet the criteria
for a secondary prevention method (screening) [28,29]. Limitations also include the fact
that various HPV genotypes can be present in each patient, while HPV persistence has
been also identified as a key factor as a specific subtype cannot always be easy to identify.
Therefore, the clinical utility of these serology and molecular HPV diagnostic tools requires
careful management and evaluation. Overall, the adequate classification of patients into
high- and low-risk groups requires accurate HPV mapping, underlying the need for further
research in the domain of routine HPV molecular and serology detection [28].

Most HPV infections are subclinical and are usually handled and resolved by the
immune system. HPV types can be further subcategorized to mucosal and cutaneous types.
Mucosal types affect mucous membranes causing anogenital warts and neoplasia of the
cervix. The squamous epithelium of the skin is infected by the cutaneous types, causing all
forms of common warts, which can lead to CA. When specific oncogenic types of HPV are
involved, the infected patient may develop cervical, oropharyngeal, anal, vulvar, vaginal
cancer, and cancer of the penis [6,7,30].

While malignant potential and evolution to cancer strongly depends on the HPV
type there are other risk factors that make certain patients more prone to an invasive
type of cancer. These co-factors include mainly smoking, which seems to increase the
risk of progression to high-grade dysplasia of the existing lesions, and presence of HIV
infection. Immunosuppression caused by HIV significantly affects the behavior of HPV-
related tumors as well as the outcome of those patients, findings that were confirmed also
by the results of our cohort. The expected clearance of HPV from the immune system
is significantly reduced in patients with HIV. Therefore HIV-positive patients develop
HPV-related malignancies such as CA which tend to be more aggressive at a younger age
and at an advanced stage upon diagnosis compared to HIV-negative patients [6]. Another
important element regarding immunosuppressed individuals is that infection with LR-HPV
subtypes can also lead to intraepithelial neoplasia through multiple infections which cannot
be handled by the immune system [31]. In addition, in patients with genital warts and HIV
infection, a greater resistance to standard treatment is observed [32].

The optimal management of CA varies depending on the lesions’ size and location,
but it usually includes surgical excision combined with another non-invasive technique
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(Figure 8). These techniques include electrocautery ablation, laser, photodynamic ther-
apy, carbon dioxide (CO2), argon plasma coagulation, cryotherapy, local hyperthermia,
and some medications [27,33–35]. Interestingly enough, medications that have been in-
vestigated for the treatment of CA include topical creams, such as 5-aminolevulinic acid
(ALA), imiquimod 3.5%, and 5% trichloroacetic acid, podophyllotoxin, sinecatechins, and
5-fluorouracil [27,33–37]. Injection of Vitamin D3 has also been reported to achieve com-
plete clearance of CA [38,39]. Several of these methods are used in combinations rather
than as monotherapy. These not so commonly known techniques are usually being used
as a curative alternative to conventional therapy methods in areas of the perineum where
surgical excision is not a preferable option (e.g., penis, vulva) [33,36]. In cases of relapse, a
surgeon might be left with the option of abdominoperineal resection, as presented in the
results of our study (Figure 9).

 

Figure 8. Final results after surgical excision of several CA lesions combined with electrocautery
ablation, ultrasound scissors and diathermy.

 

Figure 9. Specimen of abdominoperineal resection showing malignant transformation after
local recurrence.

While effective in removing the skin lesions, these treatment options do not offer
a chance to eradicate HPV from the human body. While macroscopical lesions can be
removed effectively and often without leaving any invaded margins, HPV cannot be cleared
out from the human body. This leads to the realization that it is possible to have relapses
and reoccurrence of HPV-related lesions whenever certain risk factors are present and/or
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the immune system appears more vulnerable. Important research has been conducted in
order for immunotherapy to be established as a high-efficacy treatment option. Towards
this direction, Mastutik et. al. studied protein p16INK4A expression, which seems to be
highly related to HR-HPV infection and may serve as a biomarker for the prediction of
malignancy potential in CA lesions [40].

While the eradication of HPV infection and HPV-related lesions especially in indi-
viduals with risk factors is far from available, the need for prevention must be under-
lined. Primary prevention through immunization is already applicable to young girls
aged 10 years (e.g., Portugal) and older requiring two or three vaccination doses based
on the age of first vaccination, although most national vaccination guidelines suggest a
three-dose immunization scheme [29,41]. The real controversy is whether immunization
should be made available to young males and male adults. A gender-neutral vaccination
program was initially doubted by the vast majority of the global community as non-cost
effective. Although the available data and sample of studies are limited, there is not yet a
clear path towards the ideal strategy as nearly half of the available studies are in favor of
expanding immunization to young boys. Nevertheless, it is advisable that countries make
decisions after carrying out further studies based on the specific national epidemiologi-
cal characteristics [42]. Secondary prevention poses also a very important role mostly in
women, including screening with colposcopy and vaginal cytological smear examination.
Examination of the perineum will reveal not only vaginal and cervical lesions, but also anal
and perianal alterations of the squamous epithelium. Finally, tertiary prevention should
not be discouraged: management of precancerous HPV-related lesions in early stages using
surgical excision and biopsy provides individualized treatment and can positively affect
the patient’s final outcome [29].

5. Conclusions

HPV remains one of the most frequently encountered STIs worldwide. Although
important progress has been made in terms of preventing virus transmission through
vaccine immunization, the virus remains untraceable in many cases. CA, as the clinical
manifestation of HPV, affects a notable percentage of the population, especially young
people. At this point, high clinical suspicion is required from all clinical doctors as CA has
more treatment options and better prognosis if treated early. A delay in diagnosis can lead
to malignant transformation, often leaving abdominoperineal resection as the only option.
This study, although small in terms of the sample considered, aims to shed light on CA’s
prevalence and patients’ special characteristics in a European country where not much data
on the matter are available at the moment. Nevertheless, more studies are required in order
to fully understand and target the most vulnerable population subgroups, raise awareness,
and generalize the prevention of CA through immunization.
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Abstract: In women with unexplained infertility (UI) and recurrent in vitro fertilization (IVF) fail-
ures, the etiology is often unclear. Endometrial immune perturbations and the use of immune
markers associated with these dysregulations are of great interest in the diagnosis and treatment
of UI. However, reliable biomarkers and standardized quantification methods are lacking. Here, to
address endometrial immune dysregulation in UI patients with recurrent IVF failures, we performed
endometrial tissue sampling and immunostaining of CD56 (uNK), CD138, and BCL-6. Of these cases,
57.9% had positive CD56 in the endometrial stroma, while 46.1% had positive BCL-6 in the glandular
epithelium, and 14.5% of the cases were found to be positive for CD138. Combined staining rates
were 60.5%, 68.4%, and 71.05% for (CD56 or BCL-6), (CD56 or CD138), and (CD56, BCL-6, or CD138),
respectively. There was a significant correlation between CD56 and BCL-6 positivity, while CD138
positivity was an independent parameter. After the recommended targeted therapy, pregnancy rates
were found to increase from 58.5% to 61.6% and 73.8% in CD56-positive, (CD56- or BCL-6-positive),
and (CD56-, BCL-6-, or CD138-positive) cases, respectively. Notably, a retrospective evaluation of
digital pathology and light microscopy results showed a significant correlation. This study suggests
that the examination of CD56, BCL-6, and CD138 in the same endometrial sample may be an effective
method in determining the etiology of UI and reaching an early diagnosis and treatment options.
Moreover, digital pathology can be used in the evaluation of CD56 and BCL-6 to provide objective,
rapid, and reliable results.

Keywords: unexplained infertility (UI); recurrent IVF failures; endometriosis; endometritis; CD56
(uNK); BCL-6; CD138
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1. Introduction

Unexplained infertility (UI) is defined after normal results of intensive infertility eval-
uation and accounts for approximately 15–30% of infertility cases [1]. In vitro fertilization
(IVF) is used in cases of UI; however, recurrent IVF failures are common [2]. Endometriosis
is thought to be among the significant causes of UI. However, laparoscopic diagnosis of
endometriosis may not be accurate [3], and accurate diagnosis is important for successful
treatment outcomes [3,4]. In recent years, the use of immune markers that are related to
changes in endometrial immunity and microbiota and the detection of immune disruption
of the endometrium have received considerable attention in the diagnosis, staging, and
treatment of UI [5–7]. However, there are no standardized criteria on how to objectively
assess and validate these immune markers in the endometrium.

The leukocytes in the endometrium are clearly different from those of the peripheral
blood and consist mainly of uterine natural killer cells (uNK, ~70%) and other cells such as
macrophages, neutrophils, mast cells, dendritic cells, and T and B cells [6,7]. The uterine NK
cells express CD56 (the uNK marker, also known as the neural cell adhesion molecule), but
not other classical NK cells or T-cell markers. The number of uNK cells is known to change
during the menstrual cycle, pregnancy, and various pathologies of the endometrium, with
controversial results. Activated uNK cells are involved in the regulation of trophoblast
invasion into the decidua [8,9]. The elevation of CD56, which normally shows a slight
increase in the endometrial stroma during the preimplantation period, has been found to
be higher in infertile women and in pregnancy loss [2,8,10–12]. There appears to be a direct
correlation between CD56 elevation and pelvic endometriosis [11,13–19].

B-cell lymphoma 6 protein (BCL-6) was first identified as an oncogene important for
proliferation in B-cell lymphomas but was later found in various tumors, as well as endome-
trial pathologies. Several recent studies have investigated the relationship between the
expression rate of BCL-6 in the endometrial gland epithelium and endometriosis [5,20–23].
Increased BCL-6 expression has been shown in UI and recurrent IVF failures [21,22]. BCL-6
overexpression has been associated with increased cellular proliferation [24]. A high ex-
pression of BCL-6 in women with endometriosis has been associated with a decrease in
progesterone activating and regulating receptors and the inactivation of progesterone in
the endometrium [22]. BCL-6 is thought to be responsible for progesterone resistance in the
endometrium of women with endometriosis [20,22,23]. BCL-6 is also the master regulatory
gene that is essential for T follicular helper cell differentiation, as well as B cell differen-
tiation in germinal centers (GCs), and its regulation by various factors may play a role
in autoantibody development [25,26]. Therefore, an abnormal expression of endometrial
BCL-6 may be responsible for poor reproductive outcomes after embryo transfer [21,27].

Chronic endometritis is an inflammation of the endometrium that prevents implan-
tation and is another possible cause of infertility [7]. The immunohistochemical presence
of plasma cells (CD138, also known as syndecan-1) in endometrial specimens is thought
to be an objective diagnosis of chronic endometritis [28]. However, there is still no clear
consensus on the threshold for the number of plasma cells in the endometrium and its
correlation with UI, and the treatment outcomes have not been confirmed.

We hypothesized that a combination of different immune markers would be a better
diagnostic approach in the endometrial material from women with UI and recurrent im-
plantation failures. Therefore, here, we evaluated the combination of three markers (CD56,
BCL-6, and CD138) in curettage material from women with UI and recurrent IVF failures.
We examined the association between these biomarkers and clinical pregnancy outcomes
after treatment. Digital image analysis has recently been introduced for cell density esti-
mation of the endometrium as an easier, faster, and standardized assessment of pathology
specimens [17,29,30]. Therefore, we additionally compared immunohistochemical panel
assessment with light microscopy (LM) and digital pathology (DP) performed by expert
pathologists in order to assess and validate the objective criteria without major diagnostic
errors and to eliminate any differences between the assessments.
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2. Materials and Methods

2.1. Study Population and Ethics Approval

In this retrospective study, the endometrial biopsy materials of 76 women with UI and
recurrent IVF failures were included. The inclusion criteria were as follows: (i) no male
infertility, (ii) no evidence of endometriosis by laparoscopic or clinical examination, (iii) no
laboratory evidence of acute infections, such as HCV, HBV, HIV, or Rubella, and (iv) no
abnormal serum prolactin, T3, T4, FSH, LH, Estradiol (E2), and progesterone (P4) levels.
The women were aged 23–45 years (33.7± 4.5, mean ± SD), had no previous pregnancies,
and had experienced at least one, and up to 8, IVF failures (Table 1). After IVF, all of
the women were routinely followed up for successful clinical pregnancy outcomes with
serum beta-hCG (10–11 days after implantation) and ultrasound (presence of gestational
sac and the fetal heartbeat investigated 4–5 weeks after implantation). A total of 65.8% of
the women were aged 30–39 years, and 57.9% had 3 or more IVF failures. A total of 15.8%
of the women had 5–8 IVF failures, while more than 80% had 1–4 IVF failures.

Table 1. Characteristics of the study population who were diagnosed with unexplained infertility (UI).

Characteristics
Number
(n = 76)

Percentage
(%)

Age groups
<25 1 1.3
25–29 17 22.4
30–34 25 32.9
35–39 25 32.9
≥40 8 10.5

Number of IVF failures
1–2 32 40.8
3–4 32 40.8
5–6 10 15.8
7–8 2 2.6

Ethical approval was obtained from Acibadem University Faculty of Medicine Ethics
Committee (ATADEK2019-1/14).

2.2. Endometrial Sampling and Immunostaining

Endometrial sampling was performed in the secretory phase between days 22 and
23 of the cycle after daily monitoring of endometrial thickness by ultrasound and blood
hormone levels every other day. All samples were fixed in 10% neutral-buffered formalin
solution and processed with a Tissue-Tek Vip® 6 AI device (Sakura Finetek Japan Co., Ltd.,
Tokyo, Japan) [31] to prepare paraffin blocks. Three-μm-thick sections were prepared from
all of the blocks and stained with hematoxylin and eosin (H&E) using a Shandon Gemini
stainer. Immunohistochemical staining was performed using antibodies against CD56
(CD564 clone, Leica Biosystems, Wetzlar, Germany), CD138 (B-A38 clone, Biocare Medical,
Pacheco, CA, USA), and BCL-6 (LN 22 clone, Biocare Medical, Pacheco, CA, USA) using a
Ventana Benchmark XT device (Roche Diagnostics, Basel, Switzerland).

2.3. Evaluation by Conventional Light Microscopy (LM)

All of the slides were morphologically evaluated and reported by two independent
pathologists (S.E. and C.Com.) who were experienced in the field of gynecological pathol-
ogy using a light microscope (LM) (Olympus BX51). CD56+ cells in the stroma were
assessed on a semiquantitative scale as a percentage of the endometrial stromal cells, where
a reference value of more than 6% was established (<6% is considered negative and ≥6% is
considered positive staining). For CD138 staining, two independent pathologists screened
the entire slide (~100 × 80 mm2 area) and the entire stroma section at ×400 magnification,
and ≥1 plasma cell was considered to be a positive value [32]. The number of CD138-
positive plasma cells ranged from 7 to 121 cells (53.7 ± 41.4, mean ± SD) in positive cases.
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BCL-6+ cells in the glandular region were assessed using the proposed HSCORE (0–4)
system to minimize the difference between the observers [5,33]. Briefly, the HSCORE was
calculated as the membranous staining intensity of BCL-6 in glandular cells (absent: 0,
weak: 1, moderate: 2, and strong: 3) and the epsilon value was obtained by dividing
the sum of the product of the individual gland percentages by 100, with the formula
HSCORE = ∑ Pi (I + 1)/100 (i = staining intensities and Pi = the percentage of stained
cells for each intensity, ranging from 0% to 100%) [5]. An HSCORE reference value of ≥1.4
was considered positive staining and <1.4 was considered to be a negative BCL-6 value.
Neuroendocrine tumor sections for CD56 and lymph node sections for BCL-6 and CD138
were used as positive controls.

2.4. Digital Pathology (DP)

In addition to the conventional pathology reports, the same slides were re-evaluated
with the 3DHISTECH CaseViewer program (3DHISTECH Ltd., The Digital Pathology
Company, Budapest, Hungary), a digital microscopy application designed to support the
histopathologic diagnosis and microscopy review process at Acibadem University, which
has been used since 2014 [34]. As with conventional light microscopy, CD56 positivity was
calculated as a percentage in stromal cells. BCL-6 staining in the glandular epithelium was,
to our knowledge, digitally calculated for the first time in this study using the HSCORE
(0–4) scoring system. Since we considered ≥1 plasma cell positivity with LM as positive-
CD138 staining, and a sign of chronic endometritis, we did not evaluate CD138 positivity
with DP separately.

2.5. Statistical Analysis

All statistical analyses were performed with IBM SPSS (Statistical Package for the Social
Sciences) version 28 (IBM Corp., Armonk, NY, USA). Associations between continuous
data were tested using Pearson’s correlation tests. In all analyses, the statistical significance
level (p-value) was considered to be less than 0.05.

3. Results

3.1. Immunopathology Detection of the Endometrium by Conventional Light Microscopy

A total of 76 women aged 23–45 years (33.7 ± 4.5, mean ± SD) with at least one, and
up to eight, IVF failures were included in this study after careful exclusion of other factors,
such as male infertility, infections, endometriosis, and hormonal abnormalities (Table 1).
CD56 positivity in the endometrial stroma by LM was calculated as <6% (negative) and
≥6% (positive) (Figure 1A). A total of 44 (57.9%) cases had values of 6% or more for CD56
immunostaining in the endometrial stroma, while 35 cases (46%) had an HSCORE of 1.4
or higher for BCL-6 immunostaining in the glandular epithelium (Figure 1B and Table 2),
and 11 cases (14.5%) were positive for CD138 staining and were considered to be chronic
endometritis (Figure 1C). Corresponding H&E sections and positive controls are shown in
Figure 1D,E, respectively.

Two or more IVF failures occurred in 74.3% of CD56+ cases and 65.7% of BCL-6+ cases.
It is noteworthy that 75% of those CD56+ cases (33 out of 44) had BCL-6 HSCORE values
above 1.4 in the glandular epithelium. Pearson’s correlation test revealed a moderate but
significant correlation between CD56 and BCL-6 positivity, with r = 0.576 and p < 0.001
(Table 3). In contrast, among the CD138+ cases, CD56 positivity was observed in only two
cases (18.2%) and BCL-6 positivity in only one case (9%). Therefore, we considered CD138
positivity as an independent, but additional, endometrial marker for the immune pathology
of the endometrium, i.e., chronic endometritis. On the other hand, when combined, CD56
and BCL-6 positivity increased to 60.5%, while the overall detection of endometrial pathol-
ogy with the combination of CD56, BCL-6, and CD138 was 71.05% (Table 2). Twenty-two
cases (28.9%) did not show positive immunostaining with any marker.
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Figure 1. The semiquantitative analysis of the endometrium by conventional light microscopy (LM).
(A) Representative examples of positive (≥6%) and negative (<6%) cells with immunohistochemical
staining for CD56 in the stroma. (B) Representative examples of HSCORE grading of positive (≥1.4)
and negative (<1.4) cells with immunohistochemical staining for BCL-6 in the glandular epithelium.
(C) Representative examples of CD138 positivity and negativity in the stroma. (D) H&E staining
of corresponding positive IHC sections in (A–C). (E) Irrelevant neuroendocrine tumor section in
A and lymph node sections in B and C were used as positive controls. The pictures are at the
same magnification.

Table 2. The rates of clinical pregnancy outcome by immune markers.

Immune Markers Definition
Positivity Rate

n = 76 (%)
Clinical Pregnancy Outcome

n = 65 (%)

CD56 Levels ≥6% 44 (57.9) 38 (58.5%)

BCL-6 Levels HSCORE ≥ 1.4 35 (46.1) 30 (46.2%)

CD56 or BCL-6 CD56 ≥ 6% or BCL-6 HSCORE ≥ 1.4 46 (60.5) 40 (61.5%)

CD56 or CD138 CD56 ≥ 6% or CD138 ≥ 1 52 (68.4) 46 (70.8%)

CD56, BCL-6, or CD138 CD56 ≥ 6%, BCL-6 HSCORE ≥ 1.4, or
CD138 ≥ 1 54 (71.05) 48 (73.8%)

Table 3. Correlations of CD56 and BCL-6 immunohistochemical markers with light microscopy (LM)
and digital pathology (DP).

Correlation Coefficient (r) p *

CD56 (LM) vs. CD56 (DP) 0.906 <0.001

BCL-6 (LM) vs. BCL-6 (DP) 0.943 <0.001

CD56 (LM) vs. BCL-6 (LM) 0.576 <0.001

CD56 (DP) vs. BCL-6 (DP) 0.592 <0.001
LM: Light microscopy, DP: Digital pathology. * Pearson’s correlation test.
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3.2. Targeted Treatment Based on Immune Marker Detection Increased Pregnancy Rates

After examining the cases with immunohistochemistry, the infertility center was
advised to use CD56 positivity ≥6% and BCL-6 HSCORE ≥ 1.4 as references for the
treatment options based on the previous literature [5,17]. When the CD56 reference value
exceeded the positivity criteria (≥6%), the patients were treated with cortisone and/or
intralipid therapy [16,35]. A high BCL-6 HSCORE is generally used to detect both occult
endometriosis and the development of progesterone resistance [20]. However, due to the
higher levels of BCL-6 and CD56 positivity together, 94.3% of the BCL-6+ cases were treated
similarly to the CD56+ cases, except for one patient who refused treatment despite double
positivity with BCL-6 and CD56. In addition, any positive value for CD138 staining in
the endometrial stroma was considered to be chronic endometritis and received antibiotic
treatment [36]. The cases without positivity for any of the studied markers were evaluated
for other options.

Finally, we followed the patients for clinical pregnancy success and compared them
with the immune marker results in the pathology report. Clinical pregnancy was routinely
assessed by monitoring serum beta-hCG levels and ultrasonographic evaluation for the
presence of a gestational sac and fetal heartbeat. Overall, successful pregnancy outcomes
were achieved in 85.5% of cases (65 out of 76 cases). We then evaluated the contribution of
single and/or combined immunostaining results to successful clinical pregnancy outcomes.
Single positive staining with CD56, BCL-6, or CD138 showed relatively higher clinical
pregnancy rates (58.5%, 46.2%, and 16.9%, respectively). However, the highest pregnancy
success occurred in the total cluster of cases staining positive for CD56, BCL-6, or CD138
markers, with 73.8% of clinical pregnancies occurring in this group (Table 2). On the other
hand, the group in which all of the markers were negative (comprising 28.9% of all cases)
contributed only 26.5% of the successful clinical pregnancy rates. Together, these results
suggest that increased numbers of immune marker detection, followed by targeted therapy,
significantly improve clinical pregnancy rates.

3.3. Digital Pathology Analysis of CD56 and BCL-6 Immunostaining of the Endometrium

We then evaluated the same slides using the DP setting of the 3DHISTECH Case-
Viewer program, which has been installed, optimized, and routinely used at Acibadem
University since 2014 [34]. The criteria for CD56 or BCL-6 positivity did not differ from the
conventional microscopy evaluation methodology, but this time the evaluation was per-
formed with DP (Figure 2A). Similar to the LM results, DP yielded values of 6% or higher
for CD56 immunostaining in the endometrial stroma in 44 cases (57.9%), and HSCORE
values of 1.4 or higher for BCL-6 immunostaining in the glandular epithelium in 35 cases
(46%) (Figure 2B).

To investigate the value of DP over conventional microscopy, we compared the LM
assessment results of both CD56 and BCL-6 with the DP results. There was a statistically
strong correlation between the CD56 values measured by LM and DP (r = 0.90, p < 0.001, by
Pearson’s correlation test). There was also a high correlation between the HSCORE values
of the BCL-6 assessed by LM and the BCL-6 assessed by DP (r = 0.94, p < 0.001, by Pearson’s
correlation test) (Table 3). In addition, a significant correlation between CD56 and BCL-6
positivity with both LM and DP (r = 0.576, p < 0.001 and r = 0.592, p < 0.001, respectively,
by Pearson correlation test) was observed (Table 3). Furthermore, when the LM results of
the CD138 levels were added, the percentage of endometrial pathology diagnosed by DP
reached 69.7%, comparable to the LM analysis.
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Figure 2. Digital pathology analysis of the endometrium by 3DHISTECH CaseViewer. (A) Repre-
sentative examples of positive cells with digital imaging for CD56 in the stroma. (B) Representative
examples of HSCORE grading of positive cells with digital imaging for BCL-6 in glandular epithelium.
The pictures are at the same magnification.

4. Discussion

Endometrial immune dysregulation is well recognized as a cause of UI and recurrent
IVF failure; however, there is no consensus on which biomarkers or standard diagnostic
criteria should be evaluated. Here, we found that a combination of immunohistochemical
staining of the endometrial stroma with uNK cell marker CD56 and the plasma cell marker
CD138, together with BCL-6 immunostaining of the glandular epithelium in sections of
the same specimen, can significantly improve the diagnostic and therapeutic outcomes
of UI and IVF failures. Notably, the evaluation of three different immunostains can be
reliably standardized using digital pathology, which enables the quick, easy, and objective
evaluation of specimens.

Previous studies have shown that, apart from physiological endometrial cycles [2],
CD56 levels in the endometrial stroma can also be elevated when immunological distur-
bances occur in the endometrium, and recurrent implantation failures may occur due to
cytokine release from these CD56+ uNK cells [2,11–13,17,18,37]. In this study, we found
that the CD56 levels were highly elevated in the endometrial stroma of most women
(57.9%) with UI and recurrent IVF failure. Although there is no clear reference value for
determining CD56 levels [10], the use of cortisone and/or intravenous intralipid has been
recommended when CD56 positivity is above 6%, based on the previous reports [16,38].
Therefore, the infertility center was guided to set the reference value as ≥6% CD56 positivity
for the treatment decision and follow-up. According to the LM review by two independent
pathologists, 44 cases with high CD56 levels were treated with cortisone and/or intralipid,
and pregnancy occurred in 86.4% of these cases. Although calculating the percentage of
CD56 positivity in the endometrial stroma with LM gives clear results, it is laborious and
time consuming. Moreover, since the assessment is subjective, there may be variations
between the evaluators. Our findings revealed that DP of immunopathology slides, as a
new technology [39], showed a strong correlation with LM results (Table 3). Therefore, it
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should be considered that CD56 immunostaining can be objectively, reliably, and rapidly
assessed by DP in the future.

Immunohistochemical staining of BCL-6 in the endometrium has recently emerged
as a new marker to be evaluated when the cause of infertility is in question [5,20–23].
Increased staining and intensity of BCL-6 in endometrial glands has previously been asso-
ciated with the identification of pelvic endometriosis5, where it may interfere with embryo
implantation [20,22]. Therefore, the measurement of BCL-6 levels in the endometrial tissue
is valuable, both for the definitive detection of endometriosis3 and for possible progesterone
resistance in the endometrium [20]. We evaluated BCL-6 levels by LM based on HSCORE
scoring and found 46% positivity in our cases. We also performed, to the best of our
knowledge, the first digital assessment of BCL-6 immunostaining based on HSCORE and
found that DP and LM results showed a strong correlation (Table 3); however, there were
also some unexpected differences. For example, in one case, although the LM assessment
value was very low (HSCORE = 0.5), the digital pathology measurement was 1.6. In this
case, the CD56 level in the stromal cells was calculated as 4% (below the cut-off value of
<6%), therefore, the case did not receive treatment and pregnancy did not occur. Would
the outcome have been different if this case had received treatment according to the high
BCL-6 level that was calculated by DP? We do not know the answer to this. However, this
example shows that BCL-6 assessment in LM can vary greatly depending on the interpreter.
Therefore, it seems that HSCORE assessment of BCL-6 with digital pathology may be more
reliable and faster.

CD138 immunostaining was positive in 14.5% of the cases, while only two cases were
found to be positive with CD56 immunostaining, suggesting that there is no correlation
between CD56 and CD138 positivity. Our evaluation showed that the LM assessment setting
of ≥1% for CD138 positivity did not require DP evaluation. Therefore, we did not perform
CD138 assessment by DP, and strongly recommend screening of immunohistochemistry
sections by LM for CD138 evaluation. Nevertheless, the positive cases that were diagnosed
with chronic endometritis were treated with standard antibiotic therapy [28]. Surprisingly,
all 11 cases achieved pregnancy after such treatment. Although a few studies disagree
with our findings [32], we recommend that CD138 immunostaining be considered as an
independent marker for the evaluation of endometrial specimens. However, a larger sample
size is needed in the future for a more definitive decision.

Our analysis of two and three staining procedures in the same sample showed that
the percentage of endometrial perturbation diagnosis in all of the cases increased by 57.9%,
60.5%, and 71.05% for CD56, CD56 or BCL-6, and CD56, BCL-6, or CD138 positivity,
respectively. Interestingly, among the immune-marker-positive cases (all but one of the case
received treatment), the pregnancy rate reached 73.8% for the three-marker-stains (CD56,
BCL-6, or CD138). Three-marker-negative staining was seen in only 28.9% of cases, and
the contribution of this group to the successful clinical pregnancy rate was only 26.15%,
well below the marker-positive and treated group. Given the limited number of cases
in this group, larger studies with appropriate controls are still needed in the future for a
definitive analysis.

In summary, we suggest that CD56, CD138, and BCL-6 immunomarkers should be
studied together in a single session in curettage material from women with UI and recurrent
IVF failure in the same cycle. In specimens with all three immunohistochemical stains,
chronic endometritis (CD138) and CD56 elevation (an increase in uNK cells) can be detected
first, and a specific treatment can be easily given. The secondary benefit is directed towards
BCL-6. In our study, BCL-6 correlated well with CD56 positivity, even better than CD56
immunopositivity alone. In addition, since BCL-6 positivity is associated with pelvic
endometriosis, immunostaining of curettage material may allow for an easy diagnosis and
protect individuals from more invasive interventions. Therefore, further studies are needed
in order to evaluate BCL-6 positivity in the endometrium.
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5. Study Limitations

The current study lacks further interpretation due to the lack of a control group.
However, our recommendation is to examine these three markers in recurrent IVF failures
after UI and to use digital pathology to provide more objective quantitative data when
evaluating CD56 and BCL-6.
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Abstract: Gestational diabetes mellitus (GDM) is a metabolic disease that can affect placental villous
maturation and villous vascularity. The main effects of GDM on placental growth are a delay of
villous maturation (DVM) and decreased formation of vasculo-syncytial membranes (VSM). Hu-
man equilibrative nucleoside transporter-1 (hENT1) is an adenosine transporter expressed in the
human umbilical vein endothelial cells (HUVEC) and human placental microvascular endothelium
cells (hPMEC). Its role is crucial in maintaining physiological fetal adenosine levels during preg-
nancy, and its reduction has been described in GDM. Twenty-four placentas from pregnancies with
a confirmed diagnosis of GDMd and twenty-four matched non-GDM placentas (controls) were
retrospectively analyzed to investigate the immunohistochemical expression of hENT1 in HUVEC
and hPMEC. The study included the quantitative evaluation of VSM/mm2 in placental tissue and
the immunohistochemical quantitative evaluation of Ki-67, PHH3, and p57 in villous trophoblast.
hENT1 expression was higher in all the vascular districts of the control cases compared to the GDMd
placentas (p < 0.0001). The VSM/mm2 were lower in the GDMd cases, while the Ki-67, PHH3, and
p57 were higher when compared to the control cases. To our knowledge, this is the first report of
hENT1 expression in the human placentas of GDM patients. The absence/low expression of hENT1
in all the GDMd patients may indicate a potential role in microvascular adaptative mechanisms. The
trophoblasts’ proliferative/antiapoptotic pattern (high Ki-67, high PHH3, and high p57 count) may
explain the statistically significant lower number of VSM/mm2 found in the GDMd cases.

Keywords: gestational diabetes; placenta; hENT1; vasculo-syncytial membrane; Ki-67; p57

1. Introduction

Gestational diabetes mellitus (GDM) is a disease defined by its onset or first recogni-
tion during pregnancy and is characterized by glucose intolerance, leading to maternal
hyperglycemia. Its incidence accounts for 15% of pregnancies in developed and devel-
oping countries [1]. Although GDM resolves after birth, it is associated with changes
during prenatal life, perinatal alterations (e.g., macrosomia, insulin resistance, and higher
systolic blood pressure), and diseases in adulthood (e.g., diabetes, obesity, dyslipidemia,
hypertension, and metabolic syndrome) [2–6].
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One pathophysiological consequence of GMD is altered vascular function, defined as
the altered capacity of the endothelium to take up and metabolize the cationic amino acid
L-arginine, the substrate for NO synthesis via NO synthases (NOS) [7,8]. Since the placenta
lacks innervation, the physiological vascular placental function is maintained by locally
released vasoactive molecules from the endothelium, such as the gas nitric oxide (NO) or
the endogenous nucleoside adenosine [9]. Adenosine is a vasodilator in most vascular beds,
including the human placenta. The main biological effects of adenosine are to maintain the
homeostatic equilibrium and act as a key stimulator of angiogenesis. The latter results in
increased L-arginine transport-dependent NO synthesis via the endothelial NO synthase.
Thus, a functional link between adenosine and the endothelial L-arginine/NO pathway
(ALANO pathway) has been proposed [9]. Human equilibrative nucleoside transporter-
1 (hENT1) is an adenosine transporter expressed in human umbilical vein endothelial
cells (HUVEC) and human placenta microvascular endothelium cells (hPMEC) [10,11]. In
HUVEC, adenosine transport is mainly mediated by hENT1. HUVEC and hPMEC are
known to be metabolically crucial in maintaining normal adenosine extracellular levels
by efficient uptake of this nucleoside [12], thus modulating its broad biological effects.
Differential expression of adenosine receptor subtypes is a factor known to contribute to
the functional heterogeneity of human placental macro- and microvascular endothelium.
Its role is crucial in maintaining physiological fetal adenosine levels in utero, and its
reduction has been described in GDM pregnancies in cultured cells derived from GDM
placentas and umbilical cords. This phenomenon is associated with a lower capacity of
adenosine transport via human equilibrative nucleoside transporters (hENTs) by HUVEC
and hPMEC in GDM [12]. The histological hallmark of the effects of GDM on placental
maturation is the so-called delay of villous maturation (DVM), which also encompasses the
decreased formation of vasculo-syncytial membranes, the presence of multiple centrally
located capillaries and a variable extent of chorangiosis [13,14]. Placental villous maturation
reaches the highest point in the 3rd trimester, with an abundance of terminal villi, defined
by small-caliber vessels (40–100 μm), minimal stroma, and abundant vasculo-syncytial
membrane (VSM) formation [15]. The VSM is the structure that must allow and facilitate
the optimal gas exchange between the maternal blood lakes and the fetal bloodstream
through the placental villi. The VSM derives from the “fusion” of fetal capillary walls,
which are peripherally located, in strict proximity to the trophoblast basement membrane
and an ultra-thin layer of trophoblast cytoplasm. At term, terminal villi account for 40–50%
of the placental volume and 60% of the cross-sectional area [16]. Delayed villous maturation
(DVM) is an entity by which the maturation of the terminal placental villi is abnormal,
and it takes place to a lesser extent for gestational age [17]. The villi are usually large and
enlarged, with a higher number of stromal cells and edematous stroma. Many capillaries
are not peripherally located on higher-power magnification, resulting in a decrease in VSM
formation. The trophoblast surrounding the villi appears thickened and hypercellular [18].
The placentas of GDM women are usually larger, thicker, and heavier compared to those of
women with normal pregnancies. Even if the exact mechanisms accounting for the increased
placental mass remain mainly unclear, some suggestions of alterations in trophoblast cells’
proliferation, differentiation, and cell death have been proposed. Some authors described
an increase in cellular proliferation markers, detected by proliferative cell nuclear antigen
(PCNA) and Ki-67, in the various villous cell types: cytotrophoblasts, syncytiotrophoblasts,
stromal cells, and endothelial cells [19]. Although these changes may contribute to the
well-known increased placental size, an alternative hypothesis suggests a possible cause
in the dysregulation of trophoblast cell death [20]. Together with Ki-67, another marker
of cell proliferation is the phosphorylation of histone H3 at serine10 (H3S10P). This is an
important event in the cell cycle progression, starting in the pericentromeric chromatin in
the late G2 phase. The process then spreads non-randomly throughout the condensing
chromatin during the prophase, persisting throughout the anaphase of the cell cycle. As
phosphohistone H3 (PHH3) phosphorylation is typically no longer detectable when mitosis
is completed and is not expressed in apoptotic bodies, it is a specific marker of mitotic
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figures [21]. p57 is a protein of the CIP/KIP family of cyclin-dependent kinase (CDK)
inhibitors (CKIs). In human placentas, it is present in the villous cytotrophoblasts, villous
stromal cells, amniotic epithelium, invasive cytotrophoblasts, and decidual cells. Due to its
role in cell cycle control, p57 is involved in regulating a variety of cellular processes, such
as embryogenesis and tissue differentiation, and its regulation is highly complex. p57 has a
highly specific profile expression, both spatially and temporally: its peak and widespread
distribution are at a maximum during embryogenesis and development. At the same time,
it remains restricted to only a few tissues in adult life [22].

This study aimed to investigate the immunohistochemical expression of hENT1 in
HUVEC and hPMEC in delivered placentas of GDM patients in dietary treatment (GDMd).
The study included the quantitative evaluation of the VSM, Ki-67, PHH3, and p57 and their
correlation with hENT1 and fetal, placental, and maternal characteristics.

2. Materials and Methods

This retrospective observational study did not imply any change in therapeutic or
diagnostic procedures. Only intact placentas and patients with available clinical data and
analysis were considered in the study. Placentas from patients with a GDMd diagnosis and
no other co-morbidities were consecutively collected in the ULSS 6 Community Hospitals
of Camposampiero and Cittadella (Padua, Italy) from April to July 2018. A diagnosis of
GDM was achieved in the presence of at least one glycemic level above the normal in
the two-hour test with 75 g syrup glucose solution: equal to or higher than 92 mg/dL
(5.11 mmol/L) immediately after (time 0) and/or equal to or higher than 180 mg/dL
(10 mmol/L) after 60 min and/or equal to or higher than 153 mg/dL (8.5 mmol/L) after
120 min [1]. Control cases, with normal glucose tolerance tests during pregnancy, were
collected from consecutive deliveries in the same period. All the delivered placentas were
formalin-fixed and paraffine-embedded (FFPE) after 2–4 days of 4% buffered formalin
fixation. Placental sampling was conducted according to the Amsterdam protocol [17],
modified as follows: A total of six samples were collected from every placenta: one sample
of membranes (membrane roll) and umbilical cord (proximal, intermediate, and distal,
near to cord insertion), one sample including cord insertion, three samples of placental
parenchyma (two center-parenchymal, one of the most and one of the least normal area,
and one para-central sample. All the diagnoses were rendered according to the Amsterdam
protocol, as follows: delayed villous maturation (DVM), maternal vascular malperfusion
(MVM), chorioamnionitis, villitis of unknown etiology (VUE), or a combination of two (or
more) diagnoses (MVM + DVM, MVM + chorioamnionitis, etc.). The mid-portion of the
placental parenchyma was assessed in 1 section from each placenta. Four consecutive high-
power fields (about 1 mm2; field diameter 0.62 mm; field area 0.302 mm2) were evaluated,
and the VSM were counted in all the terminal villi present in each field [16]. The same
slide used for the VSM evaluation was incubated with p57 (mouse monoclonal antibody,
5 mL dispenser, pre-diluted, ~1.3 μg/mL, Roche Diagnostics), Ki-67 (clone 30-9, rabbit
monoclonal antibody, 5 mL dispenser, pre-diluted, ~2 μg/mL, Roche Diagnostics), and
PHH3 (rabbit polyclonal antibody, 5 mL dispenser, pre-diluted, ~1.3 μg/mL, Cell Marque,
Sigma Aldrich). Ki-67 and p57 were scored by counting the percentage of positive nuclei on
200 villous syncytiotrophoblast cells; PHH3 immunohistochemistry was scored by counting
the positive nuclei/mm2 (as reported above) in villous syncytiotrophoblast cells. Umbilical
cord and placental parenchyma samples from the GDMd cases and non-GDM controls were
incubated with hENT-1 antibody (clone sp120, rabbit monoclonal antibody, pre-diluted,
~0.44 μg/mL, Roche Diagnostics); incubation without the primary antibody served as a
negative control. According to the manufacturer’s instructions, the normal pancreas served
as a positive control. As hENT1 immunohistochemical expression is not reported in the
literature applied to the human placenta, its expression was quantitatively evaluated in the
HUVEC and hPMEC using the proportion of positive cells and multiplying the percentage
of cells demonstrating each intensity and adding the results, as for the H − score = ∑3

i=0 i·pi
described for the quantification of estrogen and progesterone receptor expression in the
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breast, where i is the intensity score (scored from 0, absent, to 3, strong, intense reaction) and
pi is the corresponding percentage of the cell [23]. A score between 0 and 300 was achieved
for each case and in each vascular district (HUVEC and hPMEC). The syncytiotrophoblast
cells’ basement membranes served as the positive internal control.

2.1. Statistical Methods
2.1.1. Pre-Processing

After a preliminary check, we used the propensity score to select samples of matching
subjects to reduce the possible risk of bias due to confounding variables. We used logistic
regression to estimate the propensity scores considering the following covariates: BMI
and age at delivery, fetal/placental weight ratio (F/P), and placental/fetal weight ratio
(P/F). We matched (1:1) the cases and controls using the optimal matching approach,
which keeps the sum of the absolute pairwise distances in the matched sample as small as
possible, without replacement. We assessed the balance in the distribution of the covariates
before and after matching using the standardized mean difference and variance ratio (an
absolute standardized mean difference of <0.2 after matching was considered to indicate
a good balance) and checked the test power. The following analyses were applied to the
matched samples.

2.1.2. Analysis

The observed numeric values were summarized by the mean and standard deviation
(SD), and the categorical values were summarized by frequencies and percentages. To allow
an easier comparison with the literature, the complete descriptive statistics are reported in
the Supplementary Material. The correlation between the numeric variables was computed
by means of Spearman’s correlation coefficient, ρ. The difference in the means between
the cases and controls was assessed by means of Welch’s t-type test. The dependencies
between the categorical variables were assessed with Fisher’s test or the Chi-squared test.

To find subgroups of patients, we performed an unsupervised hierarchical cluster
analysis based on the following: maternal variables (diastolic arterial pressure, systolic
arterial pressure, BMI at delivery), fetal variables (APGAR score al 5′, fetal weight, gesta-
tional weeks), placental variables (umbilical cord index—UCI—defined as the number of
umbilical vein coils/cm, placental diameters—maximum and minimum, placental weight,
umbilical cord diameters—maximum and minimum, placental thickness—maximum and
minimum), immunohistochemical variables (expression of p57, proliferation index scored
by Ki-67, expression of hENT1 in PMEC, expression of hENT1 in HUVEC), and morphologi-
cal variables (number of vasculo-syncytial membranes/mm2, VSM/mm2). The hierarchical
clustering was based on Ward’s criterion with the Euclidean distance for the patients and
the pairwise correlational distance (1 − |ρ|) for the variables. We graphically represented
the results as heatmaps with dendrograms obtained from both complete hierarchical clus-
tering results. We applied a least absolute shrinkage and selection operator (LASSO) to a
logistic regression model considering all the variables included in the cluster analyses to
identify a minimum set of the most informative variables. The variables with a nonzero
coefficient in the LASSO logistic model were selected as a set of potential predictors. Finally,
we checked the capability to classify the GDMd versus non-GDM cases of the selected
variables by an optimism-adjusted Sommer’s D index based on bootstrap (B = 20,000) and
the associated classification accuracy. To further graphically inspect the capability of the
selected variables to identify the two groups of patients, we plotted the first two dimensions
of the Principal Component Analysis (PCA), along with the elliptic convex hull of the cases
and controls. Exact p-values were computed by means of permutation methods to avoid
any distributional approximation, and the significance level was set at α = 0.05. All the
statistical analyses were performed with R (version 4.2.1).
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3. Results

A total number of 81 consecutive placentas were submitted to the Pathology Labo-
ratory between April and July 2018, according to the guidelines [24]. Of these, two were
excluded because of incomplete clinical or laboratory data and three were excluded due
to fragmentation during delivery (manual removal of the afterbirth). All the remaining
placentas (n = 76) fulfilled the inclusion/exclusion criteria: 28 placentas from diagnosed
GDMd mothers (cases) and 48 placentas associated with non-GDM diagnoses (controls).
After 1:1 propensity score matching, 24 GDM cases were matched with 24 non-GDM
controls (6 intra-uterine growth restrictions, 6 cases of fetal distress during labor, 3 cases
suspicious for placenta accreta, 2 placentas with small for gestational age fetuses, 2 cases
of premature rupture of membranes, 1 pre-term delivery, 1 maternal fever during labor,
1 oligohydramnios, 1 case of hepatogestosis, 1 placenta previa). The resulting sample size
allowed a test power of 1 − β = 0.95 with respect to Cohen’s effect size d = 0.8 and a
significance level α = 0.05.

The patient, newborn, and delivery characteristics are summarized in Table 1.

Table 1. Clinical characteristics of pregnant women, newborns, and deliveries.

Variable GDMd (Mean ± SD) Non-GDM (Mean ± SD)

Mothers p

Age (yrs) 34.62 ± 4.28 33.67 ± 4.69 0.48
BMI (kg/m2)
Pre-pregnancy 24.19 ± 4.85 23.98 ± 4.23 0.87
At term 27.77 ± 4.32 28.145 ± 4.55 0.78
Systolic blood pressure (mmHg) 118.75 ± 11.07 123.75 ± 18.14 0.25
Diastolic blood pressure (mmHg) 73.08 ± 9.32 74.67 ± 10.98 0.60
OGTT (mg/dL) Not performed
Basal glycemia 86.04 ± 9.34 -
1-h glycemia after glucose load 162.08 ± 29.03 -
2-h glycemia after glucose load 153.87 ± 25.98 -

Newborns

Sex (female/male) 12/12 13/11
Gestational age (weeks) 39.05 ± 1.11 37.95 ± 2.49 0.056
Birth weight (grams) 3248.54 ± 481.66 2626.12 ± 568.67 0.0002
Placenta/fetus ratio 0.14 ± 0.02 0.14 ± 0.02 0.87
APGAR score (5 min) 9.83 ± 0.38 9.21 ± 0.97 0.007

Deliveries

Type of delivery
Vaginal, spontaneous, n (%) 10/24 (41.67%) 11/24 (45.83%)
Vaginal, induced, n (%) 13/24 (54.17%) 1/24 (4.16%)
Caesarian, n (%) 1/24 (4.16%) 10/24 (41.67%)
Operative, n (%) 0/24 (0%) 2/24 (8.34%)

According to the Amsterdam protocol, the histological diagnoses of GDMd cases
consisted of DVM in 20 cases (83.3%) and DVM with focal features of MVM in 4 cases
(16.7%). Among the control cases, 12 cases (50%) were diagnosed as MVM with focal
features of DVM, 8 cases (33.3%) as MVM, 2 cases (8.3%) as normal placenta with infections
(chorioamnionitis), 1 case (4.2%) as VUE, and 1 case (4.2%) as normal. As expected, the
GDMd placentas were heavier (477.54 ± 75.96 g versus 394.91 ± 120.96 g, p = 0.0007) and
the GDMd fetal weight was higher (3248.54 ± 501.07 versus 2626.12 ± 568.66 g, p < 0.0001)
than in the non-GDM cases. There was no statistical difference between the two groups with
regard to the BMI at term and ΔBMI. The mean expression of hENT1 in the control cases
versus the GDMd placentas was 159.17 ± 54.76 versus 10 ± 23.03 in the hPMEC (p < 0.0001)
and 194.17 ± 66.52 versus 11.25 ± 21.93 in the HUVEC (p < 0.0001) (Figure 1).
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(a) (b) 

Figure 1. Placental tissue, hENT1 expression. The basement membrane of the villous trophoblast
served as a positive internal control. (a) GDMd case, hENT 1 expression, score 0 in hPMEC (original
magnification 20×); large, “edematous” terminal villi, with centrally located vessels and a continuous
layer of syncytiotrophoblasts, which decorates the villi circumferentially. The centrally located vessels
are negative for hENT1. VSMs are minimally formed. (b) non-GDM case, MVM, hENT 1 expression,
score 250 in hPMEC (original magnification 20×). In MVM, the terminal villi are often smaller
than usual, often with a “pencil-like” shape (so-called accelerated maturation). Syncytial knots are
prominent. The syncytiotrophoblast layer is mainly polarized. All the vessels are positive for hENT1.

The Ki-67, PHH3, and p57 counts were significantly higher in the GDMd group when
compared to the controls (Ki-67 count 19.95 ± 2.83 versus 7.5 ± 2.37, p < 0.0001; PHH3
count 3.79 ± 2.26 versus 0.96 ± 0.80, p < 0.0001; p57 count 20.87 ± 4.72 vs 8.45 ± 2.84,
p < 0.0001). This “proliferative”/antiapoptotic pattern (high Ki-67, PHH3, and p57 counts)
seems to sustain the statistically significantly lower number of VSM/mm2 found in the
GDMd cases compared to the controls (3.67± 2.96 versus 20.04 ± 8.77; p < 0.0001) (Figure 2).

Figure 2. Plot of the first two Principal Components after LASSO feature selection, with elliptic
convex hull for cases (GDMd) and controls (non-GDM) patients. The first two components account
for 84.21% of the total variability. Empty diamonds represent the mean values (First Principal
Component loadings: hENT1 HUVEC = 0.429, hENT1 hPMEC = 0.421, VSM = 0.373, Ki-67 = −0.444,
PHH3 = −0.345, p57 = −0.428).
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Bootstrap-based resampling gave an optimism-corrected Sommer’s D index of 1 and a
mean accuracy equal to 100%. However, we underline that these results should be taken
carefully, given the final sample size. The main results are summarized in Table 2 and
Figure 3.

 

Figure 3. Heatmap of 24 GDMd patients matched with 24 non-GDM patients. After a LASSO-based
selection, only six features were retained as informative. Hierarchical clustering was based on
Euclidean distance for patients and pairwise correlational distance (1 − |ρ|) for features.

Table 2. Morphological characteristics of placentas and immunohistochemical findings.

Variable GDMd (Mean ± SD) Non-GDM (Mean ± SD) p

Morphological findings
Weight (grams) 477.54 ± 75.96 394.91 ± 120.96 0.007
Diameter (cm)
Maximum 17.29 ± 1.89 16.26 ± 1.86 0.07
Minimum 15.21 ± 1.61 14.10 ± 2.02 0.04
Thickness (cm)
Maximum 3.48 ± 0.59 3.41 ± 0.82 0.76
Minimum 1.73 ± 0.80 1.49 ± 0.78 0.30
Cord length (cm) 27.08 ± 7.38 30.85 ± 11.97 0.10
Umbilical Cord Index (UCI,
number of umbilical veins
twists/cm)

0.32 ± 0.12 0.32 ± 0.22 0.94

Histological diagnosis GDMd Non-GDM

Number of cases, % DVM 20 (83.3%) MVM 12 (50%)
DVM + MVM 4
(16.7%) MVM + DVM 8 (33%)

CA 2 (8.3%)
VUE 1 (4.2%)
Normal 1 (4.2%)
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Table 2. Cont.

Immunohistochemical and
morphological study

GDMd (mean ± SD) Non-GDM (mean ± SD) p

hENT1 HUVEC 11.25 ± 21.93 194.17 ± 66.52 <0.0001
hENT1 hPMEC 10.00 ± 23.03 159.17 ± 54.76 <0.0001
Ki-67 19.96 ± 2.83 7.50 ± 2.37 <0.0001
PHH3 3.79 ± 2.26 0.96 ± 0.80 <0.0001
p57 20.87 ± 4.72 8.45 ± 2.84 <0.0001
VSM 3.67 ± 2.96 20.04 ± 8.77 <0.0001

4. Discussion

The screening strategies for GDM used across Europe still bear many differences
between countries. By applying selective screening according to European guidelines,
approximately 50% of pregnant women would need to be subjected to a glucose tolerance
test. The application of Dutch guidelines permits the reduction of the percentage of
undiagnosed cases (“only” 33%) [25]. Insulin therapy could be clinically considered useful
to restore normal maternal and fetal glycemia when dietary therapy is insufficient; however,
its usefulness in avoiding endothelial dysfunction is still unclear [26]. This could be due, as
previously demonstrated in in vitro models, to the incapacity of insulin therapy per se to
restore fully normal vascular functionality in GDM placenta micro-macrovasculature [27].
Insulin stimulates fetal aerobic glucose metabolism and will increase the fetus’s oxygen
demand. If adequate supply is not available due to reduced oxygen delivery (to the
intervillous space because of the higher oxygen affinity of glycated hemoglobin, thickening
of the placental basement membrane, and reduced uteroplacental or fetoplacental blood
flow), fetal hypoxemia will ensue, despite therapy. Maternal diabetes has several effects on
the human placenta. Characteristically, the placenta in GDM, as we also demonstrated in the
present study, is heavier and thicker, with an enlarged surface area of exchange both on the
maternal (syncytiotrophoblast) and fetal (endothelium) side. It may appear paradoxical that
in a situation of maternal nutritional oversupply, the placenta increases its weight, thickness,
and surface, thus potentially contributing to enhanced maternal-fetal transport. This kind
of adaptation reflects both the crucial importance of guaranteeing an adequate oxygen
supply to the fetus and the effect of excess growth factors (such as insulin), which drives
some of the placental changes, even if they result in adverse side effects. If morphology
may give a clue about the pathogenesis of structural placenta abnormalities, the molecular
substrate may provide a possible answer, as clinical manifestations of GDM seem to rely
on fetoplacental endothelial dysfunction [7]. Different mechanisms leading to vascular
alterations present in GDM have been investigated. Among these, the reduced adenosine
uptake due to reduced hENT1 transport capacity has been widely investigated [28,29].
Adenosine is an endogenous purine nucleoside formed in both intra- and extracellular
spaces. The production of extracellular adenosine originates from the dephosphorylation
of extracellular adenosine monophosphate via the nucleotidases displayed in the plasma
membrane of endothelial cells [30], including HUVEC [31]. Adenosine plays many different
roles in vascular tissues, such as the regulation of vascular tone and blood flow [10]. The
abnormally elevated extracellular adenosine concentration described in the culture medium
of HUVEC may lead to the activation of adenosine receptors, which could repress adenosine
transport via hENT1 in hPMEC [27]. These could be crucial mechanisms in the maintenance
of physiological extracellular adenosine levels both in the micro-and macro-circulation of
the human placenta in GDM [32]. The efficiency in adenosine uptake has been reported to
be altered in isolated HUVEC from GDMd patients, so it was postulated that a reduction
in hENT1 likely occurred in the endothelial cells [9]. Endothelial dysfunction is a crucial
aspect of GDM. In 2013, Pardo et al. [33] reviewed the role of adenosine and its receptors in
GDM. In their exhaustive review, they highlighted the existing link between nitric oxide
(NO) and the adenosine pathway in the so-called ALANO pathway [7]. According to
this hypothesis, HUVEC and hPMEC from GDM patients result in higher levels of NO,
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a functional severance between NO synthase and L-arginine uptake, increased levels of
adenosine, and reduced expression of hENT1 [33–35]. In our study, we investigated the
presence of the immunohistochemical expression of hENT1 in different vascular districts
in GDMd placentas and non-GDM placentas. We demonstrated that hENT1 membrane
expression is largely diminished or absent in GDMd placentas, while it remains largely
unaltered in all other cases. This phenomenon has been observed both in HUVEC and
hPMEC, compared to control cases with normal basal glycemia. In non-GDMd cases,
hENT1 expression was moderate to strong and diffusely present in all the vascular districts
investigated; for this reason, the absence/reduction of hENT1 expression is likely to identify
potential GDMd placentas, even in the absence of clinically/serological proven GDM. One
of the theses postulated in this paper is that the peculiar morphological aspect of placental
tissue (larger, “edematous”, hypervascularized, and immature villi) in GDM patients (the so-
called DVM) [17] is the expression of an adaptative mechanism apt to reduce fetal exposure
to the highly oxidative environment caused by hyperglycemia and hyperinsulinism rather
than a true immatureness of the villous population. Hyperglycemia and hyperinsulinemia
of diabetic pregnancies may be one of several mechanisms by which DVM occurs, but in a
previous study, no differences between glycosylated hemoglobin or fructosamine values
in pregestational diabetic patients with or without DVM were identified [36]. Various
etiologies for the pathogenesis of DVM have been suggested, including increased levels of
placental growth factors, as seen in diabetes and maternal obesity [37]. At the microscopic
level, the specific histological feature of GDM is DVM, with rates in diabetic placentas
ranging from 81% [38] to 16.6% [18]. We assume that DVM could be a misnomer, as the
villi in GDM patients are not truly immature, even if they display a morphology similar
to the villi from the 33rd to 34th weeks of gestation. In our opinion, the lack of formation
of the VSM might be a protective mechanism in GDM placentas rather than an unwanted
side effect of hyperglycemia and hyperinsulinemia. The inadequate number of VSM in
the terminal villi of GDM placentas, probably due to the higher proliferation of villous
syncytiotrophoblasts (higher Ki-67 value and mitosis number), creates a physical barrier
between the intervillous maternal blood and fetal villous capillaries, thickening the virtual
space of the VSM by the proliferation of trophoblastic cells. This barrier could be useful
in reducing the maternal oversupply to the fetus. In contrast to other previous work [19]
we found an increase in p57 expression in syncytiotrophoblast cells. We hypothesized
that p57 expression in GDMd placentas is modulated by the oxidative environment: the
oxidative stress would act as an antiapoptotic stimulus rather than a proapoptotic one [22],
leading to the persistence of “immature”, circumferential syncytiotrophoblasts, which does
not involve creating the normal, polarized, syncytial knot usually seen in normal terminal
villi. In this way, the syncytiotrophoblast cytoplasm helps create a physical barrier to the
formation of the VSM.

5. Conclusions

The empirical results reported herein should be considered in light of some limitations.
The retrospective nature of the study did not allow for the collection of all the precise

potential data about the mother’s health and pregnancy. This problem could be easily
encompassed by the prospective enrollment of patients and via the use of adequate surveys
to explore dietary and lifestyle habits apt to produce effects on pregnancies. We could not
enroll insulin-treated patients as there are many different therapeutic schemes and they
were not always clearly retrievable by existing databases.

We also acknowledge that the sample size is limited due to limited resources and that
the control group is heterogeneous concerning the placental pathology. The latter is due
to the adherence to the guidelines regarding the referral of the placentas to the Pathology
Laboratory, so placentas delivered from normal pregnancies are not available. At any rate,
the cases and controls were matched by the propensity scores. The study was further
limited by the absence of previous research studies on this specific topic. Prior research
relevant to our thesis is scarce and exquisitely experimental, based on cell cultures isolated
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from placental tissue; for these reasons, we had to develop a completely new approach,
based on placental tissue and immunohistochemistry.

Our work seems to corroborate, not regarding the cultured cells but the placental
tissue, the hypothesis that the absence/low expression of hENT1 in endothelial cells in all
GDMd placentas may indicate a potential role in microvascular adaptative mechanisms.
As the placental microenvironment is extremely complex, many different pathways and
metabolic mechanisms likely rely on the alterations found both at cellular and phenotypic
levels in GDM. We described a “proliferative”/antiapoptotic pattern (high Ki-67, PHH3,
and p57 counts) in the GDMd placentas, which seems to sustain the statistically significant
lower number of VSM/mm2 found in the GDMd cases when compared to the controls. The
combination of the peculiar GDM parameters (absence of hENT1, lower VSM count, high
MIB1, PHH3, and p57) could discriminate between GDM (irrespective of morphological
features) and non-GDM placentas. Future studies should investigate the expression of
hENT1 in non-clinically evident GDM and insulin-treated GDM patients.
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Case Report

Complete Hydatidiform Mole with Lung Metastasis and
Coexisting Live Fetus: Unexpected Twin Pregnancy Mimicking
Placenta Accreta

Hera Jung

Department of Pathology, CHA Ilsan Medical Center, CHA University School of Medicine,
Goyang 10414, Republic of Korea; elledriver2008@gmail.com

Abstract: Twin pregnancy with a complete hydatidiform mole and coexisting fetus (CHMCF) is
an exceedingly rare condition with an incidence of about 1 in 20,000–100,000 pregnancies. It can
be detected by prenatal ultrasonography and an elevated maternal serum beta-human chorionic
gonadotropin (BhCG) level. Herein, the author reports a case of CHMCF which was incidentally
diagnosed through pathologic examination without preoperative knowledge. The 41-year-old woman,
transferred due to preterm labor, delivered a female baby by cesarean section at 28 + 5 weeks of
gestation. Clinically, the surgeon suspected placenta accreta on the surgical field, and the placental
specimen was sent to the pathology department. On gross examination, focal vesicular and cystic
lesions were identified separately from the normal-looking placental tissue. The pathologic diagnosis
was CHMCF and considering the fact that placenta accreta was originally suspected, invasive
hydatidiform mole was not ruled out. After radiologic work-up, metastatic lung lesions were
detected, and methotrexate was administered in six cycles at intervals of every two weeks. The
author presents the clinicopathological features of this unexpected CHMCF case accompanied by
pulmonary metastasis, compares to literature review findings, and emphasizes the meticulous
pathologic examination.

Keywords: complete hydatidiform mole; gestational trophoblastic disease; twin pregnancy

1. Introduction

Complete hydatidiform mole (CHM) is one of the gestational trophoblastic diseases
originating from fertilization of an empty ovum by a sperm and can be invasive or
metastatic [1]. In the early stage of CHM, clinical presentations including vaginal bleeding
and a snowstorm appearance of the ultrasound lead to the detection of the disease [2].
Additionally, maternal serum beta-human chorionic gonadotropin (BhCG) level elevation
also assists the prenatal diagnosis [2]. Of itself, CHM does not have the fetal part; however,
twin pregnancy with a complete hydatidiform mole and a coexisting fetus (CHMCF) has
been documented in about 1 in 20,000–100,000 pregnancies and the precise diagnosis of
CHMCF can be delayed [3]. Herein, the author reports a case of unexpected CHMCF
referred to the pathology department with a clinical impression of placenta accreta in a
preterm labor.

2. Case Presentation

A 41-year-old G3-P1 multigravida woman, with 28 weeks and 4 days of gestation, was
admitted to the author’s institution because of preterm labor and a need for treatment in
the neonatal intensive care unit (NICU). The patient had an obstetric history of dilatation
and evacuation due to spontaneous abortion 4 years previously at GA (gestational age)
11 weeks, and 3 years previously she delivered a female baby weighing 3.2 kg at GA
41 weeks. The transfer record from an outside hospital presented a low-lying placenta
with a suspicion of abruption and pelvic examination result of 3 cm and 50% effacement.
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In the first ultrasonographic finding of the present institute, the fetus was small for the
gestational age (27 + 3 weeks, 5.6 percentile) and due to the fetal position, the heart and
extremities were not checked. Along with the low-lying placenta, hypervascularity and
high blood flow in the subplacental area to the uterine fundus were identified. Other
findings also included bridging vessels and multiple irregular lacunae within the placenta
in the color Doppler ultrasound. The previous history of evacuation, maternal age, and
ultrasonographic findings suggested the possibility of placenta accreta or placenta increta
(Figure 1A). Moreover, there was a 4.4 cm × 3.2 cm × 2.5 cm sized mixed echoic lesion in
the cervical canal, and a blood clot was suspected (Figure 1B).

Figure 1. Ultrasonographic findings after admission. (A) Placenta with hypervascularity and high
blood flow in subplacental area (yellow arrow); (B) Blood clot in cervical canal (asterisk).

After removing the blood clot with a speculum, the membrane bulged, and the length
of the cervix became 0 cm with U-shaped funneling. Although magnesium sulfate (Mag-
nesin) and ritodrine (Lavopa) were administrated, labor pain persisted every 5 to 8 min with
30–80 torr. As ultrasound findings suggested placenta accreta, the obstetrician obtained in-
formed consent for cesarean section with the possibility of uterine artery embolization and
hysterectomy in case of excessive bleeding. An emergent cesarean section was conducted
on the day after admission (at GA 28 + 5 weeks). On the surgical field, the uterus was
slightly dextrorotated and enlarged to term size. Bilateral ovaries and fallopian tubes were
grossly normal in size and shape. The clear amniotic fluid was noted. A living female baby
weighing 1030 gm with an Apgar score of 7 (at 1 min) and 8 (at 5 min) was delivered in the
left occiput transverse position. Intraoperatively, the uterus showed no obvious distension
over the placental bed and the surface was clear without gross neovascularity. After an
initial trial of manual removal of the mildly adherent placenta, bleeding was present but
controlled after an intravenous Pitocin (10 unit) injection. Therefore, no further procedure
was initiated. Although the operative findings were not fully sufficient for a placenta acc-
reta spectrum (PAS) diagnosis, the preoperative ultrasound and the experienced clinician’s
suspicion did not exclude placenta accreta, so the specimen was sent to the pathology
department. The patient tolerated the entire procedure well and recovered in a stable
condition. On gross examination at the pathology department, the placental specimen
consisted of a discoid-shaped placental tissue, weighing 728 gm and measuring 23 cm ×
16 cm × 2 cm. The umbilical cord inserted centrally 5 cm apart from the nearest margin and
was measured 35 cm in length and 2.2 cm in diameter. On section, it had two arteries and
one vein. The amniotic membrane was semitransparent. The fetal surface of the chorionic
plate was smooth and semitransparent. The maternal surface was covered by intact cotyle-
dons with blood clots and there were also separated multiple fragments of vesicular tissue,
measuring up to 13 cm × 11 cm in aggregates (Figure 2A). Considering the heterogeneous
gross findings and clinical suspicion of placenta accreta, sections were obtained at variable

124



Diagnostics 2023, 13, 2249

portions of the specimen. Microscopic examination demonstrated two distinct areas of villi:
(1) hydropic large villi with peripheral trophoblastic hyperplasia and cistern formation;
and (2) relatively small normal villi (Figure 2B). The areas of hydropic villi had massive
necrotic changes, more than about 80%, and in the viable area, the enlarged villi had an
internal cistern formation and circumferential trophoblast hyperplasia with often cytologic
atypia (Figure 2C). Villous stromal cells and cytotrophoblasts of hydropic villi area were
negative for p57 immunohistochemical staining, the marker for the maternally expressed
gene CDKN1C (p57KIP2) (Figure 2D). The histologic and immunohistochemical results
were consistent with complete hydatidiform mole. Meanwhile, p57 showed retained ex-
pression in normal-looking villi (Figure 2E) and there was multiple defined proliferation
of capillary vessels with surface trophoblastic proliferation, consistent with chorangiomas
(Figure 2F). The size of the largest chorangioma was measured to 0.5 cm. These whole
pathologic findings indicated an unexpected twin pregnancy with CHMCF.

Figure 2. Gross and microscopic findings of CHMCF. (A) Separately identified small vesicles on gross
examination (yellow arrow); (B) Two groups of villi: hydropic villi with cistern formation and relatively
small normal-looking villi (12.5×); (C) Complete hydatidiform mole area with massive necrosis (aster-
isk) (12.5×); (D) Negative p57 immunohistochemical staining of complete hydatidiform mole (12.5×);
(E) Positive p57 immunohistochemical staining of normal area (100×); (F) Chorangioma (40×).

Because the placenta was removed manually during surgery, there was no clear dis-
tinctive border. Additionally, the surgeon originally suspected placenta accreta and only
placenta was sent for pathologic examination without any uterine tissue, so the possi-
bility of invasive hydatidiform mole was not excluded in the clinical context. The final
pathologic report was twin pregnancy with CHMCF and indicated the possibility of inva-
sive hydatidiform mole, so a BhCG level check and radiological work-up for excluding
residual or metastasizing lesions were recommended. The BhCG level at 15 days after
delivery was 1325 mIU/mL. There was no previous BhCG data because an emergent
section was performed. Chest computed tomography (CT) revealed variably sized nod-
ules in both lungs, indicating hematogenous metastasis (Figure 3). Brain CT was normal
and abdominopelvic CT showed postpartum uterine enlargement, fatty liver, and border-
line hepatosplenomegaly.
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Figure 3. Chest computed tomography (CT) highlighting multiple pulmonary metastasis (yellow
arrows). (A) Metastatic lesion in right middle lobe on coronal view; (B) Metastatic lesion in left upper
lobe on axial view; (C) Metastatic lesions in both lobes on coronal view.

Six cycles of methotrexate injection were administered every two weeks. After each
cycle, the BhCG level gradually decreased (399–33.9–7.2–2.4–1.2–0.4 mIU/mL). The last
BhCG level was 0.2 mIU/mL at five months after delivery and follow-up CT confirmed no
evidence of recurrence or metastasis in the chest and abdominopelvic cavity. The preterm
baby had respiratory distress syndrome but improved and was discharged with a 2260 gm
weight after two months of NICU care.

3. Discussion

Gestational trophoblastic disease is categorized by putative trophoblastic cells of pla-
cental origin; chorionic villous trophoblasts and intermediate trophoblasts [1]. Of them,
hydatidiform mole originates from chorionic villous trophoblasts and is divided into com-
plete, partial, and invasive types [1]. Among them, the pathogenesis of CHM is associated
with the presence of a paternal-only genome [1]. The majority (about 80–90%) of cases
are caused by duplication of the paternal haploid genome, detected as genome-wide ho-
mozygosity (46, XX), and the rest are produced by dispermy, resulting in heterozygosity
(46, XX or 46, XY) [1,4]. Rarely, inherited mutation of NLRP7 or KHDC3L have also been
identified as causes of familial biparental CHM [1]. Overexpression of the paternal genome
leads to failure of normally balanced placental and fetal development [4]. As a result, on
microscopic examination, CHM is characterized by enlarged chorionic villi with a cistern
formation. Circumferential trophoblastic hyperplasia with cytologic atypia is also a usual
finding and p57 immunohistochemical staining is negative in villous stromal cells and cy-
totrophoblasts. In CHM, fetal parts are normally absent. However, CHMCF cases have been
steadily reported with low prevalence (1/20,000–100,000) [3,5–12]. The median gestational
age at diagnosis of CHMCF is 15–16 weeks, and the delivery or termination is performed
in 21–24 weeks [3,9]. Clinical symptoms include vaginal hemorrhage, preeclampsia, and
hyperthyroidism [3]. According to the largest review article of CHMCF by M. Suksai
et al., more than half of patients (118/206, 57.28%) have hemorrhage and initial BhCG
levels range from 1048 to 2,460,000 mIU/mL with a median level of 367,747 mIU/mL [9].
Ultrasonography can also help the diagnosis, demonstrating snowstorm appearance and
a heterogeneous, echogenic mass with cystic appearance [13]. Despite the traditional
recommendation for termination of the pregnancy, several studies suggests that the risk
of gestational trophoblastic neoplasia after CHMCF is not significantly increased with
continuation of the pregnancy [9,10]. M. Suksai et al. reported that 37.86 % (78 of 206)
were delivered successfully compared to 22.33% (46 of 203) of miscarriage or intrauterine
fetal death, stillbirth, and neonatal death [9]. A better prognosis is statistically associated
with the lower prevalence of antenatal maternal complications, such as pregnancy-induced
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hypertension (PIH), hyperthyroidism (HTD), and hyperemesis gravidarum (HG) [9]. An
initial serum BhCG level less than 400,000 mIU/mL is also known as a favorable predictive
factor for live births [9].

In the present case, the patient had not been diagnosed with CHMCF before and there
was no serum BhCG results due to emergent admission. However, the absence of PIH, HTD,
and HG might have contributed to the successful delivery. Placenta accreta was the initial
clinical impression when the placental specimen was referred to the pathology department.
Distinct vesicular tissues were observed on gross examination by the pathologist, so the
hidden molar pregnancy obscured by a normal living fetus could be properly diagnosed.
In this pregnancy, the patient was confirmed to be pregnant while living abroad but had
entered South Korea during the second trimester due to the COVID-19 pandemic (patient’s
delivery date: 9 May 2022). The limitations on hospital visits during the pandemic period
of COVID-19 are considered as a possible explanation for the delay in the diagnosis
of CHMCF. The significant amount of necrosis might also be another factor that made
prenatal diagnosis difficult [14]. Meanwhile, the incidence of chorangioma is 1% and
associated with an increased risk of pregnancy complications, including polyhydramnios
and preterm delivery [15]. Known risk factors of chorangioma include a maternal age
over 30 years, maternal hypertension, twin pregnancy, maternal smoking history, and
living at high altitude [15]. In the present case, the placenta of the normal living fetus had
multiple chorangiomas, and two factors (maternal age and twin pregnancy) might have
contributed to the development of the tumors. As multiple chorangiomas can have some
overlapping ultrasonographic findings with molar pregnancy, cautious radiologic reading
is also required [15]. Clinically, degenerating molar tissue can mimic placenta accreta [7].
In this case, the clinician’s suspicion of placenta accreta helped the pathologic diagnosis of
CHMCF with a possible invasive or metastasizing lesion. As a result, metastatic lesions
that might have been missed were found, and the patient had effective chemotherapy. A
lack of previous hospital information including ultrasonography and initial serum BhCG
was a limitation in this case.

Additionally, the author attempted to compare this case with previous reports of
CHMCF with lung metastasis. The Medline database was thoroughly searched using the
PubMed retrieval service. The keywords used were “complete hydatidiform mole and
surviving coexistent twin”, “complete hydatidiform mole twin metastasis”, “complete mole
twin lung”, “complete mole twin pulmonary”, “complete mole fetus lung”, and “complete
mole fetus pulmonary”. Among the studies, the cases without English publication were
excluded. A total of 20 cases were collected, as those with an unspecified metastasis site
and limited clinical information were omitted. Including the presented case, the clinical
information from the 21 cases is displayed in Table 1. The median maternal age was 34 years.
Some pregnancies were achieved by IVF (in vitro fertilization) (3 cases), hMG/hCG (human
menopausal gonadotropin/human chorionic gonadotropin) therapy (1 case), and ICSI
(intracytoplasmic sperm injection) (1 case). Most of the collected cases were diagnosed
by prenatal BhCG or radiologic examination. Only one case in 1982 was diagnosed on
delivery [16]. Thirteen cases attempted delivery including cesarean section, but in two
cases, the infants died within a few hours. The detection of pulmonary metastasis was
usually made after termination/delivery. Only four cases were detected before delivery at
a mean GA of 25 weeks (17–32 weeks). Compared to the previous studies, the present case
demonstrates the importance of pathologic examination. In most of the cases, coexisting
complete hydatidiform mole was recognized in the first or second trimester, unlike this
case. It is exceptional that the hidden complete hydatidiform mole and multiple lung
metastases that could be harmful to the patient were diagnosed through the accurate
pathological examination.
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Table 1. Literature review of CHMCF with lung metastasis (21 cases).

Author
(Year

Published)

Maternal
Age (years)

Pregnancy
Type

GA at
Diagnosis

BhCG Level
at Diagnosis

Radiologic
Finding of
Complete

Hydatidiform
Mole

Detection of
Pulmonary
Metastasis

Pregnancy
Outcome

Block and
Merrill

(1982) [16]
36 NS On delivery NS Not obtained Post OP

Amniotomy
and delivery at

35 weeks

Jinno
(1994) [17] 35 IVF 12 weeks 256,000

mIU/mL
Multiple cystic

echoes GA 17 weeks

Emergent
cesarean
section at
31 weeks

(Infant died 4 h
postpartum)

Osada
(1995) [18] 30 Natural

conception 24 weeks 478,000
mIU/mL

Typical molar
pregnancy
(four fifths)

7 weeks after
delivery

Intrauterine
fetal death and
evacuation at

25 weeks

Ishii
(1998) [19] 37 Natural

conception 22 weeks NS NS NS
Vaginal

delivery at
40 weeks

Bruchium
(2000) [20] 25 hMG/hCG NS 35 MOM Uterine wall

mass Post OP
Cesarean
section at
26 weeks

Kashimura
(2001) [21] 30 NS 13 weeks 684 ng/mL

Empty
gestational sac

with
microcystic

pattern

5 weeks after
termination

Dilatation and
evacuation

(Termination)

Steigrad
(2004) [22] NS NS First

trimester NS NS Post OP Cesarean
section

Makary
(2010) [23] 19 NS 25 weeks 228,000

mIU/mL
Large cystic

mass
2 months

after delivery

Emergent
cesarean
section at
25 weeks

Lee
(2010) [24] 39 IVF-ET 13 weeks 1,307,693

mIU/mL

Diffuse
vesicular
pattern

Post OP Hysterostomy
(Termination)

Sasaki
(2012) [8] 36 NS 15 weeks 440,000

mIU/mL
Typical classic
molar pattern GA 32 weeks

Spontaneous
labor at

33 weeks

Sanchez-
Ferrer

(2013) [25]
28 Natural

conception 11 weeks 395,000
mIU/mL

Multiple small
cysts and a

characteristic
snowstorm

pattern

Post OP

Suction
curettage

(Termination)
at 13 weeks

Sanchez-
Ferrer

(2014) [26]
35 Natural

conception
First

trimester
963,971

mIU/mL

Mass of
vesicular

structures with
snowstorm

pattern

Post OP

Subtotal
hysterectomy
at 15 weeks

(Termination
and uterine

rupture)
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Table 1. Cont.

Author
(Year

Published)

Maternal
Age (years)

Pregnancy
Type

GA at
Diagnosis

BhCG Level
at Diagnosis

Radiologic
Finding of
Complete

Hydatidiform
Mole

Detection of
Pulmonary
Metastasis

Pregnancy
Outcome

Peng
(2014) [27] 34 NS 20 weeks 31,0277.7

mIU/mL
Multiple cystic

spaces
4 months

after delivery

Cesarean
section at
37 weeks

Himoto
(2014) [28] 34 Natural

conception 9 weeks 1,124,200
mIU/mL

Multicystic
lesion Post OP

Artificial
abortion

(Termination)

Maeda
(2018) [29] 33 NS 24 weeks 156,800

mIU/mL
Multicystic

lesions GA 29 weeks

Cesarean
section and

hysterectomy
at 31 weeks

Nobuhara
(2018) [30] 42 IVF 45 days 450,000

miU/mL

Subchorionic
hematoma

with
multivesicular

features

5 weeks after
termination

Aspiration
curettage at

9 weeks
(Termination)
and delayed

hysterectomy

Odera
(2019) [11] 34 NS 14 weeks 900,000

mIU/mL

Mixed cystic
and solid

lesion with
internal

vascularity

GA 23 weeks

Cesarean
section at
23 weeks

(Infant died a
few hours

postpartum)

Sindiani
(2020) [31] 33 NS 13 weeks 171,820

mIU/mL

A sac filled
with a

complete molar
pregnancy

Post OP Hysterostomy
(Termination)

Mok (2021)
[32] 34 NS 10 weeks free: 13.225

MoM
Multiple

cystic area Post OP

Emergent
cesarean
section at
32 weeks

Alpay
(2021) [33] 33 ICSI 12 weeks 425,000

mIU/mL

Echogenic
mass

resembling
molar placenta

8 weeks after
delivery

Cesarean
section at
26 weeks

Jung (2023)
[This work] 41 Natural

conception Not done NS Not identified Post OP
Cesarean
section at
28 weeks

GA: gestational age, BhCG: beta-human chorionic gonadotropin, NS: not specified, hMG/hCG: human
menopausal gonadotropin/human chorionic gonadotropin, IVF: in vitro fertilization, MoM: multiples of median,
ET: embryo transfer, ICSI: intracytoplasmic sperm injection.

4. Conclusions

In summary, an unexpected twin pregnancy with CHMCF and extrauterine metastasis
which were clinically mimicking placenta accreta is reported. Such uncommon cases
can be detected by pathological examinations, so it should always be conducted out of
caution even for usual specimens. Furthermore, if placenta accreta is suspected, it is worth
considering a serum BhCG check when only limited clinical information is available, such
as in this case.
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