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Abstract: Background: chemotherapy response score (CRS) is widely used to assess the response
of ovarian high-grade serous carcinoma (HGSC) to chemotherapy and is based on pathological
examination of omental specimens. We aimed to assess the prognostic value of CRS assessed on the
uterine adnexa. Methods: a systematic review and meta-analysis were performed by searching three
electronic databases from 2015 inception to September 2021. We included all studies reporting either
hazard ratio (HR) with 95% confidence interval (CI) for progression-free survival (PFS) or primary
PFS data, for both adnexal and omental CRS in HGSC. HRs with 95% CI were extracted and pooled
by using a significant p-value < 0.05. Statistical heterogeneity was assessed by using Higgins’ I2.
Results: six studies with 691 HGSC patients were included. Adnexal CRS3 vs. CRS1-2 significantly
stratified PFS, with a HR of 0.572 (0.447–0.733; p < 0.001). Omental CRS3 vs. CRS1-2 significantly
stratified PFS with a similar HR (HR = 0.542; 95% CI 0.444–0.662; p < 0.001). Statistical heterogeneity
was 0% in both analyses. Conclusions: adnexal CRS significantly stratifies PFS in HGSC and might
be used when omental CRS is not assessable.

Keywords: ovarian cancer; chemotherapy; CRS; high grade serous carcinoma; prognosis

1. Introduction

Ovarian carcinoma represents the most lethal gynaecological malignancy and is ranked
as the fifth leading cause of cancer deaths in females [1].

On the basis of morphological features, cellular origin, clinical characteristics, and
molecular alterations, ovarian carcinoma can be divided into five main types: (i) high-grade
serous carcinoma, (ii) endometrioid carcinoma, (iii) clear cell carcinoma, (iv) mucinous
carcinoma, (v) low-grade serous carcinomas. High-grade serous carcinoma (HGSCs) gen-
erally harbour TP53 alterations, a pronounced genomic instability, as well as inherited
and somatic BRCA1 and BRCA2 mutations [2]. In particular, TCGA research network
focused on high grade serous ovarian carcinoma, proposing a molecular classification with
prognostic significance without assessing other histotypes [3]. The other ovarian cancer
subtypes show mutations in KRAS, BRAF, PTEN, and CTNNB1 (Beta-catenin), as well as
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a relatively stable karyotype [2,4]. In detail, low-grade serous carcinoma usually shows
BRAF and KRAS mutations [2]. β-catenin alterations, microsatellite instability, PTEN, and
POLE mutations are frequently observed in endometrioid carcinomas [2,5]. ARID1A muta-
tions, microsatellite instability and PIK3CA mutations occur in clear cell carcinomas [2,6].
Mucinous carcinomas are frequently associated with copy-number loss of CDKN2A and
KRAS alterations [2]. Recently, considering the crucial role of the TCGA groups in clinical
decision making of endometrioid endometrial carcinoma, several studies suggested that
the same molecular subgroups could be applied to ovarian endometrioid carcinoma [5].

Despite its infrequent incidence, ovarian cancer can still be considered a prominent
public health concern and a clinical challenge in women worldwide [1]. Although the
incidence and the mortality rates are showing a slight improvement over the time, falling, re-
spectively, an average 3.3% each year (over 2009–2018) and 2.7% each year (over 2010–2019),
ovarian cancer remains one of the significant source of morbidity and mortality in the global
population, with an all-stage 5-year relative survival rate equal to 30–50% [6,7].

Among the multiplicity of distinct malignancies that have origin in the ovarian site,
HGSC predominates in the clinical and pathological setting, accounting for 70% of all
ovarian cancers. HGSC is characterized by rapid growth and early spread to other organs
in the peritoneal cavity [1,2]. Although several biomarkers have been assessed to stratify
the risk and guide the management of HGSC, it remains a highly lethal malignancy [8–13].

The current therapy landscape for tubo-ovarian HGSC is dominated by primary surgi-
cal debulking, followed by adjuvant post-operative generally platinum based chemother-
apy, being the standard of care for almost 40 years [14]. The choice to proceed with
neo-adjuvant chemotherapy (NACT) depends on the impossibility of a surgical radical
cytoreduction and/or on medical considerations. However, NACT is increasingly used
in western countries due to the reported similar survival outcomes despite lower sur-
gical morbidity [15,16]. Interval debulking surgery (IDS) provides an opportunity for
histopathological evaluation of tubo-ovarian HGSC response to NACT and for clinical
assessment of prognostic risk. The chemotherapy response score (CRS) represents a sim-
ple and reproducible scoring system, developed and validated by Bohm et al., based on
post-therapy evaluation of the tumoural architecture and microenvironment in omental
site, with significant correlation to progression free survival (PFS), and mixed results for
overall survival (OS) [17]. Initially, a six-tier scoring system based on omental and adnexal
residual tumour cells was proposed as follows: CRS0-absent tumour response (no fibroin-
flammatory changes, no evidence of chemotherapy response) with viable tumour only;
CRS1- minimal fibroinflammatory changes, mainly viable tumour; CRS2- minor (focal or
diffuse) regression-associated fibroinflammatory changes, extensive residual tumour; CRS3-
extensive fibroinflammatory changes with focal residual tumour cells; CRS4- extensive
fibroinflammatory changes with minimal residual tumour; CRS5- no residual tumour
identified. This score, when applied in the omentum, showed a statistically significant
correlation with progression free survival (PFS) and overall survival (OS); however, when
CRS was evaluated in the adnexa, it did not correlate with the prognosis. Furthermore, au-
thors proposed a simpler three-tier system: (i) CRS1: minimal tumour response; (ii) CRS 2:
moderate tumour response, with residual neoplastic foci easily identifiable; (iii) CRS 3:
complete or near-complete response, with no residual neoplastic cells or minimal irregu-
larly scattered tumour cells up to 2 mm in maximum size. The three-tier scoring system
showed a significant prognostic difference between CRS 1-2 and CRS3 gropus improved
the interobserver reproducibility. Therefore, the three-tiered CRS has been included into
the International Collaboration on Cancer Reporting (ICCR) and the College of Ameri-
can Pathologists (CAP) guidelines for histopathologic reporting of ovarian carcinoma [18].
From its ideation, other studies have confirmed and reinforced the concept of CRS (both in a
three- and two-tiered form) as a prognostic guide in clinical decision-making [19–25] and a
pathological parameter able to identify patients at risk for platinum resistant disease [17,19].

Different results, ranging from no correlation to correlation with only PFS to cor-
relation with both PFS and OS, have been reported when the CRS is applied on the
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adnexa [17,19,20,26–28]. Currently, only the three-tier Böhm’s omental CRS is recom-
mended by the main oncological guidelines [18]. By this systematic review and meta-
analysis, we aimed to define the prognostic impact of pathological response to NACT in
omental and in the ovarian site.

2. Materials and Methods

Study methods were defined a priori based upon previous meta-analyses [29,30]. Each
review step (electronic search, study selection, data extraction, risk of bias assessment, data
analysis) was performed by two independent authors; all authors consulted at the end of
each step to assess the adequacy of the work done until then. The review was reported
according to the PRISMA guidelines [31].

2.1. Electronic Search and Study Selection

The aim of the present study was to compare for the first time by a systematic re-view
and meta-analysis the impact of pathological response to NACT in omental site and in the
primary site of tumour (ovarian residual disease), in particular defining the adnexal CRS
prognostic value.

Three electronic databases (PubMed, Scopus, and ISI Web of Science) were searched
from January 2015 (year of publication of Bohm’s study) to September 2021. Several combi-
nations of the following text words were used: ovarian; ovary; adnexa; CRS; chemotherapy
response score; high-grade serous; omentum; omental. Reference lists of relevant studies
were also assessed.

All studies that assessed CRS in both omental and adnexal pathological specimens
were considered. The inclusion criteria were: hazard ratio with 95% confidence interval
(CI) for progression-free survival (PFS), extractable for both omental and adnexal CRS;
data available for CRS3 vs. CRS1-2 (e.g., HRs for CRS1 vs. CRS 2–3 were not considered).
Exclusion criteria were (defined a priori) were: sample size <20; reviews; overlapping
patient data.

2.2. Data Extraction

PICO27 of our study were: P (population) women with HGSOC undergoing neoad-
juvant chemotherapy; I (intervention, risk factor) was a CRS3; C (comparator) was a
CRS1 or 2; O (outcome) was PFS. HR with 95% CI was extracted from primary studies or
calculated by primary data (if available).

2.3. Risk of Bias Assessment

According to the QUADAS-228, the risk of bias within studies was assessed in 4 do-
mains: (1) patient selection (selection criteria and period of enrolment reported); (2) index
test (adequate reporting of pathological criteria); (3) reference standard (adequate reporting
of survival outcomes); (4) flow and timing (median follow-up ≥ 2 years). The risk of bias
was categorized as “low”, “high”, or “unclear”, as previously described [31,32].

2.4. Data Analysis

HR with 95% CI was calculated from primary data by using Cox regression survival
analysis; CRS1-2 was used as reference. If a primary study used CRS3 instead of CRS1-2,
as reference, HR was calculated as 1 divided by HR, the lower limit was calculated as
HR divided by upper limit, and the upper limit was calculated as HR divided by lower
limit. HRs with 95% CI from all studies were pooled by using both a fixed and a random
effect model. Statistical heterogeneity was quantified by using Higgins’ I2, as previously
described [29,30]. The risk of bias across studies (publication bias) was assessed by using a
funnel plot of standard error by logHR. Statistical analyses were performed by using SPSS
19.0 package (SPSS Inc., Chicago, IL, USA) and Comprehensive Meta-Analysis (Biostat,
14 North Dean Street, Englewood, NJ 07631, USA).
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3. Results

Six studies with 691 HGSOG patients were included [17,19,21,26,28]. The flow diagram
of study selection is shown in Supplementary Figure S1. Characteristics of the included
studies are shown in Table 1. No particular risks of bias were found.

Table 1. Characteristics of the included studies.

Study Country Sample Size Period of Enrollment

Bohm 2015 UK (test cohort) 62 (test cohort) 2009–2014

Lee 2017 Korea 110 2006–2014

Ditzel 2018 Massachusetts (USA) 68 (59 adnexal) 2005–2012

Michaan 2018 Korea 132 2009–2014

Santoro 2019 Italy 161 2014–2017

Lawson 2020 Texas (USA) 158 2013–2018

The subdivision of patients based on adnexal CRS (CRS3 vs. CRS1-2) significantly
stratified PFS with a HR of 0.572 (0.447–0.733; p < 0.001) (Figure 1). Statistical heterogeneity
among studies was null (I2 = 0%). The funnel plot was symmetric, indicating no significant
risk of publication bias (Figure 2).

Figure 1. Forest plot of the hazard ratio (HR) for progression-free survival in ovarian high-grade
serous carcinoma (adnexal CRS1 vs. CRS2-3).

Figure 2. Funnel plot of standard error by logHR for the analysis of adnexal CRS. The vertical line
with the diamond sign at the bottom indicates the logarithm of the HR for progression-free survival.
The symmetry of the funnel plot indicates that there is no significant risk of publication bias.
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The subdivision of patients based on omental CRS (CRS3 vs. CRS1-2) significantly
stratified PFS, with a similar HR (HR = 0.542; 95% CI 0.444–0.662; p < 0.001) (Figure 3).
There was neither statistical heterogeneity among studies (I2 = 0%) nor significant risk of
publication bias (symmetric funnel plot) (Figure 4).

Figure 3. Forest plot of the hazard ratio (HR) for progression-free survival in ovarian high-grade
serous carcinoma (omental CRS1 vs. CRS2-3).

Figure 4. Funnel plot of standard error by logHR for the analysis of omental CRS. The vertical line
with the diamond sign at the bottom indicates the logarithm of the HR for progression-free survival.
The symmetry of the funnel plot indicates that there is no significant risk of publication bias.

Strengths and Limitations

The present review and meta-analysis corroborates the key role of CRS in the assess-
ment of ovarian high-grade serous carcinom, in particular, confirming the prognostic role
of adnexal CRS. However, the main limitation of the study is represented by the small
number of scientific papers that investigated this topic. In this perspective, further studies
are warranted to determine if the CRS (both omental, adnexal, or combined) could be a
clinical chance for patient management and personalized therapeutical approaches.

4. Discussion

The scientific community started to investigate the relationship between chemotherapy
and ovarian cancer, following the paper by McCluggage, in 2002, where author highlighted
the histological regressive features in ovarian carcinoma after NACT [33]. In this paper,
authors demonstrated significant morphological alteration in both the epithelial and stromal
component following chemotherapy. Neoplastic cells, following NACT, were arranged
in small groups or in single cells, showing nuclear enlargement and hyperchromasia;
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cytoplasm was intensely eosinophilic, vacuolated, or with foam-cell changes. Stromal
modifications included fibrous changes, inflammation, foamy histiocytes, cholesterol cleft
formation, fat necrosis, dystrophic calcifications, and psammoma bodies. Moreover, mitotic
figures were often less prominent. Based on these findings, authors concluded that a
correct nosological classification of ovarian carcinoma histotypes following chemotherapy
can be extremely challenging. However, immunohistochemical analyses can aid in the
identification of minimal residual neoplastic cells.

Lately, several studies attempted to assess the prognostic value of morphological
alterations observed in ovarian carcinoma following NACT [19–28].

While the histopathologic response to NACT, in terms of omental CRS, is standing
out as a powerful prognostic indicator in patients affected by tubo-ovarian HGSC, the
experience with the use of adnexal CRS to stratify EOC patients’ outcomes is still limited
by small series and conflicting data.

In the article by Böhm et al. [17], when omental and adnexal CRS were evaluated within
a single patient, a better omental score was observed in 41% of patients, equal scores in 43%
of patients, and lower omental scores in 16% of patients. However, the omental CRS showed
a statistically significant correlation with prognosis, while the adnexal CRS did not show
any correlation. Therefore, authors concluded that adnexal residual disease after NACT was
difficult and less reproducible to score, without significant correlation with outcome. These
findings, differently from all other cancers in which chemotherapy response is evaluated on
the primary tumour site, demonstrated, for the first time, that omentum represents the most
prognostically relevant disease site for chemotherapy response pathological assessment in
ovarian cancer.

Similarly, Singh et al. [20] reported that the prognostic significance of CRS was re-
stricted to the omentum, while, when applied to the adnexal sites, CRS showed no signifi-
cant association with prognosis (PFS or OS).

However, in a recent study by Santoro et al. [26], where the CRS system was validated
in a cohort of 161 patients, the authors demonstrated, for the first time, a statistically
significant prognostic stratification of patients based on the adnexal CRS. In detail, re-
garding adnexal residual disease, significant differences in PFS were observed between
CRS1, CRS2, and CRS3 patients, both in univariate and in multivariate analyses. Similarly,
Lawson et al. [27] observed that the adnexal three-tiered CRS and modified two-tier score
(CRS1-2 vs. CRS3) systems correlate with PFS but not with OS. Authors also examined a
combined omental and adnexal scoring system, showing a significant correlation with PFS
but no correlation with OS.

These findings are keeping with Michaan et al. [28] and Dizel et al. [19] analyses,
which documented significant association between adnexal CRS and/or combined CRS
and PFS but not with OS.

In detail, in the study by Michaan et al., CRS3 was more frequently observed in omental
tissues compared with adnexal sites, indicating a higher susceptibility to chemotherapy in
the omentum [28]. However, CRS3, from both omental and ovarian sites, was significantly
related to longer progression-free survival. Moreover, Ditzel et al. [19] showed that the
adnexal CRS had statistically significant correlation not only with PFS, but also with
OS, although statistical significance was lost after an online-training program on CRS
evaluation on adnexal sites. Therefore, authors concluded that online training may not be
easily applicable to the adnexa.

The present work represents the first systematic review and meta-analysis, performed
on 6 studies with 691 ovarian HGSC patients, confirming the prognostic role of adnexal
CRS. We reported that adnexal CRS3 vs. CRS1-2 significantly stratified PFS, with a HR of
0.572 (0.447–0.733; p < 0.001), as well as omental CRS3 vs. CRS1-2, significantly stratified
PFS with a similar HR (HR = 0.542; 95% CI 0.444–0.662; p < 0.001).

These findings suggest that the use of the CRS may not be limited to the omentum,
and grading neoplastic response is also possible in adnexal site when omental CRS is
not assessable. We must keep in mind that the response of tubo-ovarian HGSC to NACT
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follows a specific sequential pattern [26–28], with regions first involved by tumour (ovaries)
being the last to have a complete response, due the higher concentration of disease with
multiple neoplastic clones. Of interest, when comparing the CRS scores in the omentum
and adnexal site in the Lawson et al. [27] study, the CRS was similar in 47.9% of cases, while
the omental score was greater in 39.5% of cases. Similarly, Böhm et al. [17] had 43% of cases
with equivalent CRS in the omentum and adnexa, and 41% of cases had a CRS higher in
the omentum. These findings confirm the ovaries as the reservoir of drug resistant clones
and underline that important prognostic information in patients with HGSC, after NACT,
could also be obtained by sampling and assessing the amount of residual tumour in the
adnexal site.

Currently, the use of the CRS is limited only to determine disease progression and
patient prognosis. Recently, several studies have investigated the possible associations
between CRS and radiological and biochemical response, surgical residual disease, laparo-
scopic score, tumour immune profile, microenvironment, BRCA status, and molecular
classification [17,22,27,34,35]. However, the most clinically useful aspects of the omental
CRS are represented by its ability to predict cases at risk for early relapse and its asso-
ciation with platinum resistant disease, although opposing data have been reported in
literature [17,22,27]. Moreover, although not confirming a correlation between omental CRS
and prediction of platinum resistant disease, Lawson et al. [27] stated that the adnexal CRS
was significant in predicting platinum-based chemotherapy resistant disease. Moreover,
recent studies highlighted the potential role of β-catenin and Aquaporin-1 (AQP1) in serous
ovarian carcinoma chemoresistance [36].

In this regard, the Wingless-related integration site(Wnt)/β-catenin pathway has
emerged as a key regulator in many steps of ovarian cancer development, including cell
proliferation, cancer stem cells survival, metastasis, and chemoresistance [4,36]. Aber-
rant immunohistochemical expression of β-catenin (nuclear/cytoplasmatic) has also been
demonstrated as a surrogate for β-catenin gene (CTNNB1) mutations in ovarian carci-
noma [4,36,37].

AQP1 is a small trans-membrane water channel protein involved in cell proliferation,
adhesion, and motility, as well as in the modulation of serous fluid volumes [38]. Im-
munohistochemical expression of AQP1 has been demonstrated as a prognostic biomarker
in several solid tumours, including mesothelioma, breast cancer, colorectal cancer, brain
tumours, prostate adenocarcinoma, lung adenocarcinoma, and ovarian cancer [38–41].

A recent study, analysed the relationship between AQP1 expression and omental
chemotherapy response in serous ovarian carcinoma [40].

In detail, authors demonstrated a statistically significant association between AQP1
expression and poor chemotherapy omental response (CRS1-2), suggesting that AQP1
could represent a predictive biomarker of platinum resistance in ovarian cancer.

In this perspective, further studies are warranted to determine if the CRS (both omen-
tal, adnexal, or combined) could be a clinical opportunity for patient management and
personalized treatments, being able to discriminate both optimal candidates for additional
adjuvant therapies, such as immunotherapeutic agents, poly (adenosine diphosphate–
ribose) polymerase (PARP) inhibitors, and more-resistant patients, which should be quickly
assigned to clinical trials of new therapeutical regimen.

5. Conclusions

Currently, the three-tiered omental CRS system allows for a clinically meaningful
evaluation of the pathological response, in women with HGSC, after undergoing NACT.
Overall, this systematic review and meta-analysis confirms that the omental CRS correlates
with PFS when used as a modified two-tier system. We also showed that the CRS, when
measured on the adnexa, correlates with PFS, when graded on the modified two-tier
system. These findings support the idea that the adnexal CRS is also a reproducible and
clinically relevant system, since it could be helpful in defining systemic treatment after
neoadjuvant therapy and interval cytoreduction. Therefore, we retain that cancer reporting
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protocols (such as those by the College of American Pathologists and the International
Collaboration on Cancer Reporting) should continue to consider the use of the three and/or
two-tier omental CRS, as well as possibly expand the CRS evaluation to the adnexa in the
pathological report. However, all the news in guidelines should be based on comprehensive
gene profiling and well-designed randomized clinical trials

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics12030633/s1, Figure S1: Flow diagram of studies
identified in the systematic review (Preferred Reporting Item for Systematic Reviews and Meta-
analyses (PRISMA) template).

Author Contributions: Conceptualization, A.S. and G.F.Z.; methodology, A.T., A.R. and F.C.; soft-
ware, F.I., A.P.; validation, A.S., G.F.Z.; formal analysis, A.T., F.I., G.A.; investigation, A.S., P.S.,
A.R.; resources, P.S., D.A.; data curation, A.T., N.D., M.V., G.S.; writing—original draft preparation,
A.S.; writing—review and editing, A.S., G.A., G.F.Z.; visualization, A.T.; supervision, G.F.Z.; project
administration, G.F.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lisio, M.-A.; Fu, L.; Goyeneche, A.; Gao, Z.-H.; Telleria, C. High-Grade Serous Ovarian Cancer: Basic Sciences, Clinical and

Therapeutic Standpoints. Int. J. Mol. Sci. 2019, 20, 952. [CrossRef] [PubMed]
2. Prat, J. Ovarian carcinomas: Five distinct diseases with different origins, genetic alterations, and clinicopathological features.

Virchows Arch. 2012, 460, 237–249. [CrossRef] [PubMed]
3. Cancer Genome Atlas Research Network. Integrated genomic analyses of ovarian carcinoma. Nature 2011, 474, 609–615.

[CrossRef]
4. Zannoni, G.F.; Angelico, G.; Santoro, A. Aberrant non-canonical WNT pathway as key-driver of high-grade serous ovarian cancer

development. Virchows Arch. 2020, 477, 321–322. [CrossRef]
5. D’Alessandris, N.; Travaglino, A.; Santoro, A.; Arciuolo, D.; Scaglione, G.; Raffone, A.; Inzani, F.; Zannoni, G.F. TCGA molecular

subgroups of endometrial carcinoma in ovarian endometrioid carcinoma: A quantitative systematic review. Gynecol. Oncol. 2021,
163, 427–432. [CrossRef] [PubMed]

6. Piermattei, A.; Santoro, A.; Angelico, G.; Inzani, F.; Valente, M.; Pettinato, A.; Vatrano, S.; Scambia, G.; Fraggetta, F.; Zannoni, G.F.
Cerebellar Metastasis from Ovarian Carcinoma Harboring PIK3CA-Activating Mutation: A “Clear” Explanation for Unexpected
“Vertigo”. Int. J. Gynecol. Pathol. 2020, 39, 68–71. [CrossRef] [PubMed]

7. Torre, L.A.; Trabert, B.; DeSantis, C.E.; Miller, K.D.; Samimi, G.; Runowicz, C.D.; Gaudet, M.M.; Jemal, A.; Siegel, R.L. Ovarian
cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 284–296. [CrossRef]

8. De Haven Brandon, A.; Box, G.; Hallsworth, A.; Court, W.; Matthews, N.; Herodek, B.; Arteagabeitia, A.B.; Valenti, M.;
Kirkin, V. Identification of ovarian high-grade serous carcinoma cell lines that show estrogen-sensitive growth as xenografts in
immunocompromised mice. Sci. Rep. 2020, 10, 10799. [CrossRef]

9. Prislei, S.; Martinelli, E.; Zannoni, G.F.; Petrillo, M.; Filippetti, F.; Mariani, M.; Mozzetti, S.; Raspaglio, G.; Scambia, G.; Ferlini,
C. Role and prognostic significance of the epithelial-mesenchymal transition factor ZEB2 in ovarian cancer. Oncotarget 2015,
6, 18966–18979. [CrossRef]

10. D’Andrilli, G.; Masciullo, V.; Bagella, L.; Tonini, T.; Minimo, C.; Zannoni, G.F.; Giuntoli, R.L., 2nd; Carlson, J.A., Jr.; Soprano, D.R.;
Soprano, K.J.; et al. Frequent loss of pRb2/p130 in human ovarian carcinoma. Clin. Cancer Res. 2004, 10, 3098–3103. [CrossRef]

11. Petrillo, M.; Zannoni, G.; Beltrame, L.; Martinelli, E.; DiFeo, A.; Paracchini, L.; Craparotta, I.; Mannarino, L.; Vizzielli, G.; Scambia,
G.; et al. Identification of high-grade serous ovarian cancer miRNA species associated with survival and drug response in patients
receiving neoadjuvant chemotherapy: A retrospective longitudinal analysis using matched tumor biopsies. Ann. Oncol. 2016,
27, 625–634. [CrossRef] [PubMed]

12. Ciucci, A.; Zannoni, G.F.; Travaglia, D.; Petrillo, M.; Scambia, G.; Gallo, D. Prognostic significance of the estrogen receptor
beta (ERβ) isoforms ERβ1, ERβ2, and ERβ5 in advanced serous ovarian cancer. Gynecol. Oncol. 2014, 132, 351–359. [CrossRef]
[PubMed]

https://www.mdpi.com/article/10.3390/diagnostics12030633/s1
https://www.mdpi.com/article/10.3390/diagnostics12030633/s1
http://doi.org/10.3390/ijms20040952
http://www.ncbi.nlm.nih.gov/pubmed/30813239
http://doi.org/10.1007/s00428-012-1203-5
http://www.ncbi.nlm.nih.gov/pubmed/22322322
http://doi.org/10.1038/nature10166
http://doi.org/10.1007/s00428-020-02760-5
http://doi.org/10.1016/j.ygyno.2021.08.011
http://www.ncbi.nlm.nih.gov/pubmed/34446267
http://doi.org/10.1097/PGP.0000000000000550
http://www.ncbi.nlm.nih.gov/pubmed/30252727
http://doi.org/10.3322/caac.21456
http://doi.org/10.1038/s41598-020-67533-1
http://doi.org/10.18632/oncotarget.3943
http://doi.org/10.1158/1078-0432.CCR-03-0524
http://doi.org/10.1093/annonc/mdw007
http://www.ncbi.nlm.nih.gov/pubmed/26782955
http://doi.org/10.1016/j.ygyno.2013.12.027
http://www.ncbi.nlm.nih.gov/pubmed/24378878


Diagnostics 2022, 12, 633 9 of 10

13. Ciucci, A.; De Stefano, I.; Vellone, V.G.; Lisi, L.; Bottoni, C.; Scambia, G.; Zannoni, G.F.; Gallo, D. Expression of the Glioma-
Associated Oncogene Homolog 1 (Gli1) in Advanced Serous Ovarian Cancer Is Associated with Unfavorable Overall Survival.
PLoS ONE 2013, 8, e60145. [CrossRef] [PubMed]

14. Chang, S.-J.; Bristow, R.E. Evolution of surgical treatment paradigms for advanced-stage ovarian cancer: Redefining ‘optimal’
residual disease. Gynecol. Oncol. 2012, 125, 483–492. [CrossRef] [PubMed]

15. Vergote, I.; Tropé, C.G.; Amant, F.; Kristensen, G.B.; Ehlen, T.; Johnson, N.; Verheijen, R.H.M.; van der Burg, M.E.L.; Lacave,
A.J.; Panici, P.B.; et al. Neoadjuvant chemotherapy or primary surgery in stage IIIC or IV ovarian cancer. N. Engl. J. Med. 2010,
363, 943–953. [CrossRef]

16. Kehoe, S.; Hook, J.; Nankivell, M.; Jayson, G.; Kitchener, H.; Lopes, A.D.B.; Luesley, D.; Perren, T.; Bannoo, S.; Mascarenhas, M.;
et al. Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): An open-label,
randomised, controlled, non-inferiority trial. Lancet 2015, 386, 249–257. [CrossRef]

17. Böhm, S.; Faruqi, A.; Said, I.; Lockley, M.; Brockbank, E.; Jeyarajah, A.; Fitzpatrick, A.; Ennis, D.; Dowe, T.; Santos, J.L.; et al.
Chemotherapy Response Score: Development and Validation of a System to Quantify Histopathologic Response to Neoadjuvant
Chemotherapy in Tubo-Ovarian High-Grade Serous Carcinoma. J. Clin. Oncol. 2015, 33, 2457–2463. [CrossRef]

18. McCluggage, W.G.; Judge, M.J.; Clarke, B.; Davidson, B.; Gilks, C.B.; Hollema, H.; Ledermann, J.A.; Matias-Guiu, X.; Mikami, Y.;
Stewart, C.J.R.; et al. Data set for reporting of ovary, fallopian tube and primary peritoneal carcinoma: Recommendations from
the International Collaboration on Cancer Reporting (ICCR). Mod. Pathol. 2015, 28, 1101–1122. [CrossRef]

19. Ditzel, H.M.; Strickland, K.C.; Meserve, E.E.; Stover, E.; Konstantinopoulos, P.A.; Matulonis, U.A.; Muto, M.G.; Liu, J.F.; Feltmate,
C.; Horowitz, N.; et al. Assessment of a Chemotherapy Response Score (CRS) System for Tubo-Ovarian High-Grade Serous
Carcinoma (HGSC). Int. J. Gynecol. Pathol. 2019, 38, 230–240. [CrossRef]

20. Singh, P.; Kaushal, V.; Rai, B.; Rajwanshi, A.; Gupta, N.; Dey, P.; Garg, R.; Rohilla, M.; Suri, V.; Ghoshal, S.; et al. The chemotherapy
response score is a useful histological predictor of prognosis in high-grade serous carcinoma. Histopathology 2018, 72, 619–625.
[CrossRef]

21. Lee, J.-Y.; Chung, Y.S.; Na, K.; Kim, H.M.; Park, C.K.; Nam, E.J.; Kim, S.; Kim, S.W.; Kim, Y.T.; Kim, H.-S. External validation of
chemotherapy response score system for histopathological assessment of tumor regression after neoadjuvant chemotherapy in
tubo-ovarian high-grade serous carcinoma. J. Gynecol. Oncol. 2017, 28, e73. [CrossRef]

22. Rajkumar, S.; Polson, A.; Nath, R.; Lane, G.; Sayasneh, A.; Tranoulis, A.; Jakes, A.; Begum, S.; Mehra, G. EP1271 Prognostic
implications of histological tumor regression (Böhm´s score) in patients receiving neoadjuvant chemotherapy for high grade
serous tubal & ovarian carcinoma. ePoster 2019, 29, A640–A641. [CrossRef]

23. Böhm, S.; Le, N.; Lockley, M.; Brockbank, E.; Faruqi, A.; Said, I.; Jeyarajah, A.; Wuntakal, R.; Gilks, B.; Singh, N. Histopathologic
response to neoadjuvant chemotherapy as a prognostic biomarker in tubo-ovarian high-grade serous carcinoma: Updated
Chemotherapy Response Score (CRS) results. Int. J. Gynecol. Cancer 2019, 29, 353–356. [CrossRef] [PubMed]

24. Coghlan, E.; Meniawy, T.; Munro, A.; Bulsara, M.; Stewart, C.J.; Tan, A.; Koay, M.E.; Magee, D.; Codde, J.; Tan, J.; et al. Prognostic
Role of Histological Tumor Regression in Patients Receiving Neoadjuvant Chemotherapy for High-Grade Serous Tubo-ovarian
Carcinoma. Int. J. Gynecol. Cancer 2017, 27, 708–713. [CrossRef]

25. Cohen, P.A.; Powell, A.; Böhm, S.; Gilks, C.B.; Stewart, C.J.; Meniawy, T.; Bulsara, M.; Avril, S.; Brockbank, E.C.; Bosse, T.; et al.
Pathological chemotherapy response score is prognostic in tubo-ovarian high-grade serous carcinoma: A systematic review
and meta-analysis of individual patient data. Gynecol. Oncol. 2019, 154, 441–448; Erratum in Gynecol Oncol. 2020, 157, 558–559;
Erratum in Gynecol Oncol. 2021, 161, 328–329. [CrossRef] [PubMed]

26. Santoro, A.; Angelico, G.; Piermattei, A.; Inzani, F.; Valente, M.; Arciuolo, D.; Spadola, S.; Mulè, A.; Zorzato, P.; Fagotti, A.; et al.
Pathological Chemotherapy Response Score in Patients Affected by High Grade Serous Ovarian Carcinoma: The Prognostic Role
of Omental and Ovarian Residual Disease. Front. Oncol. 2019, 9, 778. [CrossRef]

27. Lawson, B.C.; Euscher, E.D.; Bassett, R.L.; Liu, J.; Ramalingam, P.; Zhong, Y.; Fleming, N.D.; Malpica, A. A 3-Tier Chemotherapy
Response Score for Ovarian/Fallopian Tube/Peritoneal High-grade Serous Carcinoma: Is it Clinically Relevant? Am. J. Surg.
Pathol. 2020, 44, 206–213. [CrossRef]

28. Michaan, N.; Chong, W.Y.; Han, N.Y.; Lim, M.C.; Park, S.Y. Prognostic Value of Pathologic Chemotherapy Response Score in
Patients With Ovarian Cancer After Neoadjuvant Chemotherapy. Int. J. Gynecol. Cancer 2018, 28, 1676–1682. [CrossRef]

29. Zannoni, G.F.; Travaglino, A.; Raffone, A.; Arciuolo, D.; D’Alessandris, N.; Scaglione, G.; Tralongo, P.; Inzani, F.; Angelico, G.;
Santoro, A. Depth of Stromal Invasion as the Most Prognostically Relevant Regression System in Locally Advanced Cervical
Cancer after Neoadjuvant Treatment: A Systematic Review and Meta-Analysis Grading. Diagnostics 2021, 11, 1772. [CrossRef]

30. Travaglino, A.; Raffone, A.; Santoro, A.; Raimondo, D.; Angelico, G.; Valente, M.; Arciuolo, D.; Scaglione, G.; D’alessandris, N.;
Casadio, P.; et al. Clear cell endometrial carcinomas with mismatch repair deficiency have a favorable prognosis: A systematic
review and meta-analysis. Gynecol. Oncol. 2021, 162, 804–808. [CrossRef]

31. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
[PubMed]

32. Whiting, P.F.; Rutjes, A.W.; Westwood, M.E.; Mallett, S.; Deeks, J.J.; Reitsma, J.B.; Leeflang, M.M.; Sterne, J.A.; Bossuyt, P.M.;
QUADAS-2 Group. QUADAS-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern. Med. 2011,
155, 529–536. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0060145
http://www.ncbi.nlm.nih.gov/pubmed/23555905
http://doi.org/10.1016/j.ygyno.2012.02.024
http://www.ncbi.nlm.nih.gov/pubmed/22366151
http://doi.org/10.1056/NEJMoa0908806
http://doi.org/10.1016/S0140-6736(14)62223-6
http://doi.org/10.1200/JCO.2014.60.5212
http://doi.org/10.1038/modpathol.2015.77
http://doi.org/10.1097/PGP.0000000000000513
http://doi.org/10.1111/his.13399
http://doi.org/10.3802/jgo.2017.28.e73
http://doi.org/10.1136/ijgc-2019-esgo.1277
http://doi.org/10.1136/ijgc-2018-000092
http://www.ncbi.nlm.nih.gov/pubmed/30683759
http://doi.org/10.1097/IGC.0000000000000945
http://doi.org/10.1016/j.ygyno.2019.04.679
http://www.ncbi.nlm.nih.gov/pubmed/31118141
http://doi.org/10.3389/fonc.2019.00778
http://doi.org/10.1097/PAS.0000000000001391
http://doi.org/10.1097/IGC.0000000000001366
http://doi.org/10.3390/diagnostics11101772
http://doi.org/10.1016/j.ygyno.2021.07.007
http://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://www.ncbi.nlm.nih.gov/pubmed/22007046


Diagnostics 2022, 12, 633 10 of 10

33. McCluggage, W.G.; Lyness, R.W.; Atkinson, R.J.; Dobbs, S.P.; Harley, I.; McClelland, H.R.; Price, J.H. Morphological effects of
chemotherapy on ovarian carcinoma. J. Clin. Pathol. 2002, 55, 27–31. [CrossRef] [PubMed]

34. Barrington, D.A.; Felix, A.S.; Owda, R.; Suarez, A.A.; Cohen, D.W.; Senter, L.; Copeland, L.J.; Fowler, J.M.; Backes, F.J.; Cohn, D.E.;
et al. Pathologic chemotherapy response score in epithelial ovarian cancer: Surgical, genetic, and survival considerations. Surg.
Oncol. 2020, 34, 40–45. [CrossRef] [PubMed]

35. McNulty, M.; Das, A.; Cohen, P.A.; Dean, A. Measuring response to neoadjuvant chemotherapy in high-grade serous tubo-ovarian
carcinoma: An analysis of the correlation between CT imaging and chemotherapy response score. Int. J. Gynecol. Cancer 2019,
29, 929–934. [CrossRef] [PubMed]

36. Angelico, G.; Ieni, A.; Caltabiano, R.; Santoro, A.; Inzani, F.; Spadola, S.; Tuccari, G.; Macrì, A.; Zannoni, G.F. Evaluation of
Beta-Catenin Subcellular Localization and Water Channel Protein AQP1 Expression as Predictive Markers of Chemo-Resistance
in Ovarian High-Grade Serous Carcinoma: Comparative Study between Preoperative Peritoneal Biopsies and Surgical Samples.
Diagnostics 2021, 11, 452. [CrossRef]

37. Bodnar, L.; Stanczak, A.; Cierniak, S.; Smoter, M.; Cichowicz, M.; Kozlowski, W.; Szczylik, C.; Wieczorek, M.; Lamparska-Przybysz,
M. Wnt/β-catenin pathway as a potential prognostic and predictive marker in patients with advanced ovarian cancer. J. Ovarian
Res. 2014, 7, 16. [CrossRef]

38. Ribatti, D.; Ranieri, G.; Annese, T.; Nico, B. Aquaporins in cancer. Biochim. Biophys. Acta (BBA) Gen. Subj. 2014, 1840, 1550–1553.
[CrossRef]

39. Wang, J.; Feng, L.; Zhu, Z.; Zheng, M.; Wang, D.; Chen, Z.; Sun, H. Aquaporins as diagnostic and therapeutic targets in cancer:
How far we are? J. Transl. Med. 2015, 13, 96. [CrossRef]

40. Angelico, G.; Caltabiano, R.; Loreto, C.; Ieni, A.; Tuccari, G.; Ledda, C.; Rapisarda, V. Immunohistochemical Expression of
Aquaporin-1 in Fluoro-Edenite-Induced Malignant Mesothelioma: A Preliminary Report. Int. J. Mol. Sci. 2018, 19, 685. [CrossRef]

41. Mobasheri, A.; Airley, R.; Hewitt, S.M.; Marples, D. Heterogeneous expression of the aquaporin 1 (AQP1) water channel in
tumors of the prostate, breast, ovary, colon and lung: A study using high density multiple human tumor tissue microarrays. Int. J.
Oncol. 2005, 26, 1149–1158. [CrossRef] [PubMed]

http://doi.org/10.1136/jcp.55.1.27
http://www.ncbi.nlm.nih.gov/pubmed/11825920
http://doi.org/10.1016/j.suronc.2020.03.001
http://www.ncbi.nlm.nih.gov/pubmed/32891351
http://doi.org/10.1136/ijgc-2019-000222
http://www.ncbi.nlm.nih.gov/pubmed/31097511
http://doi.org/10.3390/diagnostics11030452
http://doi.org/10.1186/1757-2215-7-16
http://doi.org/10.1016/j.bbagen.2013.09.025
http://doi.org/10.1186/s12967-015-0439-7
http://doi.org/10.3390/ijms19030685
http://doi.org/10.3892/ijo.26.5.1149
http://www.ncbi.nlm.nih.gov/pubmed/15809704

	Introduction 
	Materials and Methods 
	Electronic Search and Study Selection 
	Data Extraction 
	Risk of Bias Assessment 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

