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To the Kind Attention of the Editor and Reviewers,

Minerva Obstetrics and Gynecology.

Thank you for giving us the opportunity to submit a revised draft of our manuscript titled

“Laparoscopic prediction of primary cytoreducibility of epithelial ovarian cancer” (Minerva Obstet Gynecol-
5452). We appreciate the time and effort that you and the reviewers have dedicated to providing your valuable
feedback on our manuscript. We are grateful to the reviewers for their insightful comments on our paper. We have
been able to incorporate changes to reflect most of the suggestions provided by the reviewers that you-can find
highlighted within the manuscript.

Here is a point-by-point response to the reviewers’ comments and concerns.

According to the Editor's suggestions:

We thank the authors for having submitted it to this journal. Two of the referees expressed major concerns on this
article. We recommend to largely revision of the article before resubmitting but given this initial evaluation we

cannot guarantee the future acceptance of the article.

We are grateful for the careful review of our manuscript;.thie positive comimants, and the precious

suggestions to improve it.

According to the Reviewer #1°s suggestions:

Thanks for the submission. It is an impertant subject. It would-heip if you summarized the included papers in a

table including the type of studies and-main results.

Thank you for these relevant-suggestions. W& have included a table accordingly.

The language and flow need serious revision if not complete re-writing.

Thank you foryourvaluable suggestion. A native English speaker was involved in the revision of the entire

manuscript te.correct grammar and readability.

Consider commenting on the quality of the papers included in the study.

As suggested, we have reported in the table comments on the quality of the studies included.

If re-written, kindly ensure clarity of ideas.

Thanks for highlighting this important point. We decided to revise the entire manuscript to improve its

clarity.
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According to the Reviewer #2’s suggestions:

No changes

We are grateful and honored for your appreciation.

According to the Reviewer #3’s suggestions:

Authors attempted to bring a review of the literature regarding the role of laparoscopic evaluvation and prediction
in advanced ovarian cancer surgery, however, the presented article reflects a chapter. of a book further than a
review article. The paper in its current fashion does not add to the literature and does not serve as a review to the
readers. | would recommend rejecting the article, however, It could be considered-in’a/special issue or as a chapter

of a special book on the topic.

We thank the reviewer for the precise comments. The goalof-our review is tgsummarize the data currently
available on the laparoscopic prediction of primary <ytoreducibitity of epitheliai ovarian cancer. We think

that this review adds a broad-based view on the subject; which remains an important topic.

Actually, the paper handles this issue comprehensively, howeveés; long conversations and discussions should be

shortened and repetitions should be avoided,

Thank you for this consideration. We have revised-the entire manuscript to improve its clarity and

readability.

For review artictes'there.is-d strong need for summarizing tables which obviously shorten the article. A statistical

method to summarize the>discussed articles and their results in tables should be incorporated.

Thank you for. these relevant suggestions. We have included a table accordingly.

Novel methods and scores such as the Cukurova score should be considered and referenced.

Thank you for this important suggestion. We have included this novel and interesting score in the

discussions.

In addition to the above comments, all spelling and grammatical errors pointed out by the
reviewers have been corrected. We hope that the new version of the manuscript can be considered in line with the
high-quality standards of the Journal. We look forward to hearing from you in due time regarding our submission

and to respond to any further questions and comments you may have.
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Sincerely,

On behalf of the co-authors,

Tullio Golia D’Augé, M.D.

Department of Maternal and Child Health and Urological Sciences, Sapienza University of Rome, Policlinico

Umberto I, Rome, Italy.

Tel: +39 3408200550

Email: tullio.goliadauge@uniromal.it
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Abstract: Ovarian cancer affects thousands of women every year and represents the female cancer with the
highest mortality rate. Effectively, itisa  severe disease that requires a multidisciplinary approach for optimal
treatment. Surgery currently is  the cornerstone of its treatment and  numerous methods have been analyzed
and developed to predict the possibility of obtaining a residual tumor of 0 (RT=0). Th s review aims to analyze

the available data  in the literature about minimally invasive surgical methods to predictan RT=0 in patients
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with advanced epithelial ovarian carcinoma undergoing primary debulking surgery. An accurate review of the
literature has been performed on the available data about the surgical criteria of cytoreducibility during primary
debulking surgery . An accurate assessment of the extent of intra- and extra-abdominal pathology is essential
to guide the surgeon in the most appropriate therapeutic choice for patients with ovarian cancer and
multidisciplinary approaches that combine different methodologies such as radiological methods (magnetic
resonance imaging, positron emission tomography and computed tomography), surgical (mini-laparotomy,
laparoscopy) and serological (CA-125, HE4) data provide a complete picture in determining the extent of the tumor

and an enormous  aid in personalizing the therapeutic approach.

Keywords: ovarian cancer; gynecologic oncology; gynecologic surgery; debulking surgery; RDS; laparoscopy.
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TEXT

1. Introduction

The most frequent ovarian malignancies are epithelial tumors. Ovarian cancer affects thousands of women every
year and represents the female cancer with the highest mortality rate, with an estimated 13,270 deaths in the US in
2023 13, 1t is most common in women over the age of 50 and its lethality is due to delayed diagnosis until
advanced stages (International Federation of Gynecology and Obstetrics — FIGO stage Ill-1V) and | 'to the actual
lack of screening programs for an early diagnosis, compared with other gynecological tumors (in-particular, breast
and cervical cancer) % moreover, epithelial ovarian carcinomas clinically manifest with poor and non-specific
signs and symptoms until most advanced stages 1> The centralization of ovarian cancer care in specialized
centers has been demonstrated to improve outcomes thanks to the presence of a 'multidisciplinary team with
specialized expertise, the possibility to access clinical trials and a streamlined approach to care, facilitating
efficient and coordinated treatment plans; however, recently, the survival of patients with advanced epithelial
ovarian cancer (AEOC) has radically increased and their prognosis has greatly improved 213; on the one hand, the
possibility of subjecting patients with increased genetic risk of developing ovarian cancer{especially with mutations
of the breast cancer gene (BRCA) and homologous recombiration-deficiency (HRD)) to a structured screening
allows a more early diagnosis; on the other hand, the introduction of. antiangiogenic and poly-ADP ribose
polymerase (PARP) inhibitors (PARPi) opened up new therapeutic scenarios 1424,

Currently, s urgery followed by systemic ~therapy.is  the coingrstone of the treatment of ~ AEOC 253,
however, it is essential to personalize the therapeutic approach <. <Considering  patients and tumor characteristics
. The goal of the surgical treatment is to reduce the residualiumor load to 0 (RT=0), meaning the absence of
macroscopically visible pathology. For-thispurpose, thé/surgical approach to AEOC provides two possibilities:
primary surgical treatment (primary debulking surgery,” PDS) or, interval debulking surgery (IDS), performing
surgery after 3 or more tycles of platinum-based-chemotherapy to reduce the burden of disease.  Patients may
not be eligible for upfiont strgery > for ahighicad of disease  and/or for the involvement of anatomical structures
that cannot be excised with.surgery,  for the massive involvement of  organs, for example, the small and the
large intestine, which wouid require the total or almost total removal with a consequent complete loss of function,
for patient’s fragility.that increases the risk of intra, peri- and post-operative complications and cause an additional
risk of death<3?4%, Assessing the extent of advanced ovarian cancer requires a multidisciplinary approach
involving oncologists, gynecological surgeons, radiologists and other specialists. Several methods have been
analyzed and developed to predict the possibility of obtaining RT=0 (genetic, imaging, serological, surgical),
but, to date, none of them  can be considered the gold standard. Despite the known advantages of laparoscopic
surgery in minimizing patient morbidity, in cases of uncertain operative status, an exploratory laparotomy may be
strategically considered.  This procedure essentially consists of a surgical dissection of the abdomen that allows
a direct tissue assessment. This on-site examination facilitates the accurate determination of the extent of neoplastic
pathology and the subsequent feasibility of cytoreduction surgery.

The main objective of the treatment of AEOC is to balance the risks to which the patient is exposed to achieve

RT=0, the surgical effort and the achievement of an optimal cytoreduction. Th  is narrative review aims to analyze
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the data available in the literature about minimally invasive surgical methods to predict the optimal cytoreduction
of patients with AEOC undergoing PDS.

2. Materials and Methods

This is a narrative review of the available data about the criteria of cytoreducibility during PDS for the surgical
treatment of AEOC. The review was reported and qualitatively assessed following the SANRA, the-Scale for the
Assessment of Narrative Review Articles 2. We performed the research using a narrative review method 4.
Electronic databases PubMed (MEDLINE), Embase, Scopus, and Web of Science were seaiched until. May 2023
(without date restriction) for relevant publications in the English language focusing on  the use of the following
key search terms: ovarian cancer OR advanced epithelial ovarian cancer OR ovarian serous carcinoma AND
cytoreduction OR cytoreducibility AND laparoscopic OR mini-invasive technigue-OR mini<invasive surgery AND
primary debulking surgery OR PDS OR upfront surgery. The electronic search and<the eligibility of studies were
independently assessed by two authors (T.G.D and I.C.). No restrictions’on the study-design were applied. The first
selection was based on the title, the second on the abstract, and the third.on the full-text-article. The bibliography
was also analyzed to avoid missing potentially relevant publications.\The-most reievant articles for this narrative

review were included.

3. Results

The role of laparoscopy in mapping advanced.ovarian disease dissemination is widely recognized. This is
evident in authoritative sources such as the recent ESMO-ESGO consensus conference 4 and in the American
guidelines issued by the National Comprehensive Cancer Network® (NCCN®) 44, where laparoscopy is
accepted as a reliable predicticn too! for quantifying iurnor burden and itis  an optimal predictor for cytoreduction
planning.

The studies included are-summarized in Table 1.

The first study” to determiné the role of diagnostic laparoscopy in detecting optimally cytoreducible patients
(reported il the studyas'RT < 1 cm) was performed by an Italian group in 2005 5. A total of 64 patients underwent
a diagnosticALPS, in'60.9% of cases, the abdominal disease during laparoscopy was judged to be suitable to reach
RT <1 em. in the remaining 39.1% a mini laparotomy was performed to re-evaluate the extent of the disease and
the concordance rate about an impossible optimal cytoreduction was 100%.

The use of scoring systems represents a method for comparing results and attributing them objectively to determine
the most appropriate treatment for each patient and to minimize unnecessary laparotomies.

Interestingly, the pathological involvement of some anatomical structures allows predicting with good accuracy (at
least 80%) the possibility of performing an optimal cytoreduction: ovarian masses, omental cake, peritoneal
carcinosis, diaphragmatic carcinosis, mesenteric retraction, bowel infiltration, stomach infiltration, liver metastases
and bulky lymph nodes.

These parameters were re-analyzed by the same group in a subsequent study 6. A score including 6 of the listed
anatomical districts has been proposed to classify patients into optimally and not optimally cytoreducible. The

presence of ovarian masses and macroscopically pathological lymph nodes did not meet the authors' inclusion
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criteria for inclusion in the proposed score (specificity > 75%, positive predictive value (PPV) > 50%, and negative
predictive value (NPV) > 50%). Each parameter included in the score was assigned a value of 2 and a score was
assigned to each patient. This score has been defined as “predictive index score” (PIV, also known as “Fagotti
score”) and the cut-off > 8 identified patients undergoing suboptimal surgery. Subsequently, an attempt to validate
this score externally was made comparing the values assigned to each variable and the overall PIV obtained in 17
centers specialized in gynecological oncological surgery with those of the center where the score was created 4’. An
accuracy of more than 80% has been achieved in all centers except one.

A modified score was proposed in 2008 by Brun et al. including, only 4 of the 8 anatomical structures-identified by
Fagotti et al.: diaphragmatic carcinosis, mesenteric retraction, stomach infiltration and livér metastases “6. Each of
the listed parameters is assigned a value of 2 if macroscopically involved by the diseaseand a cut-off < 4 was
identified to consider the patient optimally cytoreducible. The authors concluded that the use of this modified score
allowed the detection of patients not optimally cytoreducible with sensitivity,/specificity, PPV, NPV, and accuracy
of 35%, 100%, 100%, 43%, and 56% respectively.

Petrillo et al., identifying 2 variables as "absolute criteria of unresectability" (miliaric carcinomatosis on the serosa
of the small bowel and mesenterial retraction), proposed an alternative modified score evaluating 6 variables: (1)
massive peritoneal involvement and/or a miliary pattern ofdistribution_for parietai-peritoneal carcinomatosis; (2)
widespread infiltrating carcinomatosis, and/or confluent nadules to'the mostofithe digphragmatic surface; (3) tumor
diffusion along the omentum up to the large stomach curvature; (4) possiblelarge/small bowel resection (excluding,
recto-sigmoid involvement, giving its pelvic lgcalization and since posisrior exenteration is considered a standard
surgical procedure in AEOC); (5) obvious‘neaplastic.involvement.of the stomach, and/or lesser omentum, and/or
spleen; and (6) liver surface lesions ldarger ithan 2 em “°. After tetrospectively applying this score to 234 patients
they demonstrated that a PIV >10 correiated with the imipossibility of obtaining an optimal cytoreduction (RT< 1
cm) with a positive predictive value of 100%; moreéver, this PIV value was associated with a high (85.7%) rate of
postoperative complicatiens.(Ciavien/Dindo 5-6).

Another Italian group in 2006 demonstrated that the use of laparoscopy allowed to selection of patients eligible for
optimal cytoreduction based on the intrabdominal extension of disease *°. Eighty-seven patients have undergone a
diagnostic laparoscapy-and 37 of them received neoadjuvant chemotherapy because they were not considered able
to tolerate major surgery (4/87 patients; 4.6%) or due to the detection of at least one of the following (30/34; 88,2%):
extended visceral peritoneal metastases, large involvement of upper abdomen, extended small bowel involvement,
multiple liver metastases, heavily bleeding tumoral tissue. Due to the use of a minimally invasive technique, the
authors found a low rate of major complications in both groups (only 1 case in the group of patients considered
fragile or with advanced disease), with RT=0 in the PDS group of 96% and in the IDS group of 86%, finding only
2 metastases localized at the 5 mm trocar’s access. Moreover, the authors compared the data obtained with those
obtained before the introduction of laparoscopy as a technique to guide the therapeutic path of patients with ovarian
cancer; indeed, although debulking surgery was performed only in 61% of cases (obtaining any residual disease),
much lower than 95% in the previous period, the optimal debulking rate was increased from 46% to 96%.

The first multicentric randomized controlled trial (RCT) on this topic was published in 2017 by Rutten et al. 5
including 201 patients with epithelial ovarian cancer (EOC). Thanks to the use of a minimally invasive technique

the rate of not optimal cytoreduction (RT>1 cm) was significantly reduced compared to the counterpart (10% vs
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39%, relative risk [RR], 0.25; 95% CI, 0.13 to 0.47; p=0.001). The parameters used to predict the non-
cytoreducibility during laparoscopy were principally the extensive involvement of the diaphragmatic peritoneum
and the presence of diffuse intrabdominal disease. No significant differences were found in overall survival (OS)
and progression-free survival (PFS) between the groups analyzed.

Although Fagotti's index is mostly used by gynecological oncology specialists in Europe for predicting surgical
cytoreduction, laparoscopic predictive models used for ovarian cancer analysis also include the peritoneal carcinosis
index, originally described by Sugarbaker 2. The abdominal cavity is divided into nine anatomical\ regions, right
and left hypochondrium, epigastrium, right and left flank, mesogastrium, right and left iliac fossa-and-hypegastrium.
In addition, four specific subdivisions corresponding to the gastrointestinal tract are delineated: the upper jejunum,
the lower jejunum, the upper ileum and the lower ileum. Each area is evaluated according-to.a'scoring system in
which it is assigned: 0 with no evidence of tumor; 1 when the tumor is less than 0.5 cm;'2 when/the tumor is between
0.5 and 5 cm; 3 when the tumor exceeds 5 cm or merges with other lesions.

The total score varies between 0 and 39, with a 'cut-off' value between 10 and-20/to determine the adequacy of
surgical cytoreduction 5354,

Recently, Di Donna et al. suggested that the laparoscopic score\assessment hadigh accuracy for optimal
cytoreduction in AOEC patients undergoing PDS or IDS 5%~in particular, in“patients undergoing PDS, the
laparoscopic Predictive Index (PI) and the laparotomic/Peritoneal Cancer kndex (PCI) had the best accuracies for
complete cytoreduction (R0); in women undergoing IDS, the laparotomic PD(Area under the ROC Curve (AUC) =
0.75) and the laparoscopic PCI (AUC= 0.87) were associated with the-best accuracy in RT=0 prediction.

A comparative analysis of the scores developed by Sugarbakérand-Fagotti, aimed at assessing their efficacy in
predicting complete debulking, perforined by eitheriaparoscopic/or laparotomic approaches, was conducted within
a non-randomized retrospective study.corducted by Clirient et al 8. This study involved a cohort of 34 patients
who met the eligibility criteiia, 85.3% of'whom had peritoneal carcinomatosis of ovarian origin. The analysis
revealed that the peritoneal carcirnomatosis indi¢atoi proved to be the strongest predictor, regardless of the surgical
approach employed {iaparoscopic or laparatormic).

The results of the analysis indicated that when the Peritoneal Carcinomatosis Score (PCI) > 20, the test achieved a
sensitivity and specificity of 43% and 88%, respectively. The overall accuracy of the index was 79%, with positive
and negative prediction values of 50% and 86%, respectively.

The R3 and R4 models are alternative predictive models to assess suitability for surgical cytoreduction for advanced
ovarian cancer 3. Overall, 110 patients with advanced ovarian cancer were included. The data extracted from the
cohort were used to develop two separate predictive models. Clinical, pathological and surgical data were collected
and submitted for analysis to determine the Peritoneal Tumor Load Index (PCI) and the Lesion Size Relative Score.
The R3 model score is a measure of the severity of the bowel obstruction, based on preoperative imaging, surgical
findings, and clinical symptoms. The R4 model score adds operative PCI to the R3 model score, which may provide
a more accurate assessment of the severity of the obstruction and the risk of complications. Lesions were evaluated
in 13 different anatomical regions within the abdomen and pelvis, with subsequent transposition of the respective
dimensions into a numerical scale ranging from 0 to 3, contributing to an overall maximum score of 39. If more
than one lesion was found within a single region, the largest was included in the score calculation. Complete

cytoreduction was categorized as the macroscopic absence of tumor residual; optimal cytoreduction was defined as
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the presence of a residual tumor with a diameter of less than 1 centimeter; suboptimal cytoreduction was established
in the presence of a residual tumor greater than 1 centimeter. Each model presented a tripartite stratification of risk
score and proved capable of predicting both suboptimal or complete and optimal surgical cytoreduction eligibility,
with a sensitivity of 83% (R4 model) and 69% (R3 model), respectively. A PCI > 20 was found to be a significant
risk factor for surgical unresectability.

A subsequent study conducted by Llueca A et al. 57 analyzed the prognostic performance of these models, comparing
them with the Fagotti model, to predict suboptimal surgical cytoreduction in a cohort of 103 patients with advanced
ovarian cancer. The results showed that the three models were able to satisfactorily predict suboptimal surgical
cytoreduction for advanced ovarian cancer, although they were most reliable in predicting /complete surgical
cytoreduction. Model R4 demonstrated superior efficacy compared to the others by the.inclusian of laparotomic

assessment of the peritoneal carcinomatosis index.

4, Discussion

After the introduction into clinical practice of maintenance therapies {in particular Vascular endothelial growth
factor (VEGF) inhibitors and PARPI(s)), ovarian epithelial carcinomas can'be consideréd a chronic disease 41719
2158 Therefore, although relapse rates change according to the type of maintenance therapy that each patient can
benefit from, according to the molecular status (mutations”in”BRCA .and HRD genes) and the County’s
reimbursement policy, the course of the disease is\predominantly influgnced by the radicality of the surgical
treatment (primary or after neoadjuvant chemotherapy). 192359,

At present, obtaining an absent residue of disease is the main goalo¥ the surgical approach; indeed, an RT=0 is a
breakpoint to direct each patient toward a first-instance surgery ‘orits revaluation after 3 or more cycles of platinum-
based chemotherapy 6063,

The ability to perform optimai Cytoreduction is a creciai-aspect of cancer surgery. It is primarily tied to the extent
of the disease and its accurate.assessment is essentiai. However, it should be noted that the main challenge in this
context is the validatiori of predictive modeis.oFor this reason, several authors have proposed surgical and non-
surgical models airied at assessing the feasibility and success of optimal cytoreduction of advanced ovarian cancer
52,53,64_

The comriplexity of. laparoscopy in advanced ovarian carcinoma is intrinsically related to its limited ability to
exhaustively explore deep abdominal cavities. This inherent restriction results in a limitation in anatomical imaging,
which may be a major determinant of tumor surgical unresectability. Specifically, anatomical regions such as the
hepatic pedicle, the retrohepatic region and the retroperitoneal space may be under-represented or even completely
inaccessible by the laparoscopic approach and there is a need for advanced and specific imaging methodologies to
conduct an accurate analysis of these anatomical regions. This approach is a crucial tool to minimize the adoption
of unnecessary laparotomies®.

Several authors have reported promising results in predicting the suitability for optimal cytoreduction using
radiological imaging alone; however, it is imperative to emphasize that these results have not yet been universally
validated ©6.

Axtell et al. analyzing the data of 65 patients with AEOC subjected to PDS have identified 2 predictors of suboptimal

cytotoxicity evaluable with CT scan: the presence of diaphragmatic disease and the involvement of the intestinal
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mesentery (risk ratio 5.69 e 6.07, respectively) 87. However, the authors suggest using such predictors critically in
the decision between upfront surgery and IDS.

Other authors have hypothesized a role of the massive ascitic effusion in predicting an optimal cytoreduction,
however, without demonstrating any statistically significant correlation®2686°,

In this same line of research, Gerestein et al. conducted a study including of 115 patients to develop a nomogram
based on predictive parameters that may facilitate the prediction of suboptimal cytoreduction "°. The analysis
identified that preoperative platelet count (p=0.1990), diffuse peritoneal thickening (p=0.0074), and the presence of
ascites in at least two-thirds of the CT scan sections were predictive of residual disease greater than-1 centimeter
after cytoreduction. This nomogram accurately predicted the surgical outcome in 74% <ases. However, further
external validation studies are needed to confirm the reliability and applicability of this tooiin-clinical practice.
Moreover, gene expression analysis emerges as a constantly developing field of research. This discipline focuses
on understanding and utilizing genetic information to prescribe the most appropriate therapeutic strategy for patients
with malignancies. This approach assumes that the genetic profile of tumors may condition the response to specific
treatments and assumes a key role in determining whether surgicat-action is warranted, as well as outlining the
appropriate timing and extent of surgery. This is achieved through-the .application of sophisticated methodologies
for analyzing the genetic profile of tumors, such as transcriptemic-analysis of-imiessenger RNA and genomic
investigation of genetic mutations. In a study conducted by Reem Abdallah<€t @l ari-initial analysis was carried out
involving over 12,000 genes. This investigation revealed-that 58 of these genes had a predictive accuracy for
cytoreduction of 69% (p = 0.005). In a second-in-depth-analysis, 220/genes emerged as predictors of cytoreduction
accuracy in 74% of cases. Unfortunately, these patterns were ngt-uniformly confirmed in independently conducted
gene expression experiments 71,

Furthermore, several tumor markers have been-proposec todpredict the cytoreductivity of malignant ovarian tumors:
Angioli et al. proposed a value of the serum tumorimarker Human epididymis protein 4 (HE4) < 262 pmol/L as
predictive of RT< 1 cm; studieson the use of pré=operative cancer antigen 125 (CA125) values are conflicting about
the possibility of its‘Use as a predictor of suitrgical radicality 2. The association of different parameters has been
considered to propose an-acecUrate score without having reached this goal until now -5, Interestingly, further
therapeutic_targetsare” under evaluation’6®, Prediction of optimal cytoreduction through gene and marker
expressioriis an evolving field that could have a significant impact on personalizing treatments for cancer patients.
Many radiomic nomograms based on MRI image analysis were developed, demonstrating a remarkable accuracy,
sensitivity, and specificity of 85.0%, 87.0%, and 80.0%, respectively, suggesting that MRI-based radiomic
nomograms may be a reliable tool to guide therapeutic decisions and improve the accuracy in predicting therapeutic
outcomes in patients with advanced ovarian cancer 8182,

Finally, the Cukurova score was recently proposed for stratifying patients who may benefit from primary debulking
surgery 8. This score integrates the performance status of each patient with laparoscopic and video-assisted thoracic
surgery parameters, clinical parameters and anticipated surgical procedures with imaging. The authors showed that
a cut-off < 12 can predict in over 96% of cases a complete cytoreduction rate at primary debulking surgery for
AEOC, moreover, a score >12 correlated with post-operative complication rates and higher mortality &2.

In conclusion, the assessment of the extent of intra- and extra-abdominal pathology is of paramount importance in

the management of patients with AEOC. By using a multidisciplinary approach that combines radiological methods
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such as MRI, PET and computed tomography, surgical techniques such as mini-laparotomy and laparoscopy, and
genetic and serological markers such as CA-125 and HE4, it is possible to customize the therapeutic approach for
these patients. The use of advanced imaging methods such as MRI and PET allows for a more detailed assessment
of the extent of the disease, identifying possible metastases and involvement of surrounding tissues. Mini-LPTM
and LPS surgical techniques offer less invasive options for the removal of ovarian tumors while reducing recovery
time and potential side effects. Genetic markers such as CA-125 and HE4 can provide further information on the
presence and severity of the tumor. In addition, these markers can be used to monitor response to'treatment and
disease recurrence. The multidisciplinary approach described is essential to improve the outcomes of patients with
AEQC, allowing the most appropriate treatment to be adopted according to the severity and‘extent of the disease.
This holistic approach aims to improve the quality of care and provide personalized treatmeni-to-people facing the

challenges of advanced epithelial ovarian cancer.
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1 Table 1. Summary of studies included.
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3 Author | Year Type N Score Objective Results Conclusion
4 pat
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6 [45] cytoreduction | laparoscopy was | imposable to standard
7 90%. longitudinal laparotomy in
identifying not optimally
3
L resectable
T Fagotti 2006 | Prospective 64 | Fagotti score | Optimal A predictive The reliability of laparoscopy in
10 [46] cytoreductive | index score >=8 | assessing the chance of optimal
1_L surgery identified cytoreduciion
1j2 patients ¢an/be improved by using a
13 undergoing simple scoring system.
14 suboptimal
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16 specificity of
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23 for both\single
24 parameters and
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b : . -
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37 Primary
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53 resectable to to predict the outcome of
54 less than one primary debulking surgery
55 centimeter
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4;- suboptimal peritoneal carcinomatosis index.
b .
¥ R4 models cytoreductive,
but they were
453 more reliable for
49 predicting
50 complete
51 cytoreductive
52 surgery.
53
54
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Abstract: Ovarian cancer affects thousands of women every year and  represents the female cancer
with the highest mortality rate. Effectively, itisa  severe disease that requires a multidisciplinary
approach for optimal treatment. Surgery currently is the cornerstone of its treatment and
numerous methods have been analyzed and developed to predict the possibility of obtaining a
residual tumor of 0 (RT=0). Th  is review aims to analyze the available data  in the literature
about minimally invasive surgical methods to predict an RT=0 in patients withadvanced
epithelial ovarian carcinoma undergoing primary debulking surgery. An accurate 4eview of the
literature has been performed on the available data about the surgical criteria of cytoreducibility
during primary debulking surgery . An accurate assessment of the extent-of.intra- and extra-
abdominal pathology is essential to guide the surgeon in the most appropriate therapeutic choice for
patients with ovarian cancer and multidisciplinary appioacties, that-combine different
methodologies such as radiological methods (magnetic resonance \imaging, positron emission
tomography and computed tomography), surgical (mini-laparotomy, laparoscopy) and serological
(CA-125, HE4) data provide a complete picture in determining ‘the extent G the tumor and an

enormous  aid in personalizing the therapeutic approach.

Keywords: ovarian cancer; gynecologic oncoilogy; gynecologic/surgery; debulking surgery; PDS;
laparoscopy.
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TEXT

1. Introduction

The most frequent ovarian malignancies are epithelial tumors. Ovarian cancer affects thousands of
women every year and represents the female cancer with the highest mortality rate, with an estimated
13,270 deaths in the US in 2023 3. It is most common in women over the age of 50 and its
lethality is due to delayed diagnosis until advanced stages (International Federation of Gynecology
and Obstetrics — FIGO stage 111-1V) and to the actual lack of screening programs for an early
diagnosis, compared with other gynecological tumors (in particular, breast and cervical cancer) *°;
moreover, epithelial ovarian carcinomas clinically manifest with poor and non=specific signs and
symptoms  until most advanced stages 1>, The centralization of oyvarian cancer care in specialized
centers has been demonstrated to improve outcomes thanks to the'\presence of a multidisciplinary
team with specialized expertise, the possibility to access  clinical trialsand a streamlined approach
to care, facilitating efficient and coordinated treatment plans; however, recently, the survival of
patients with advanced epithelial ovarian cancer (AEQC) has radically increased and their prognosis
has greatly improved !213; on the one hand, the possibility of subjecting patients with increased
genetic risk of developing ovarian cancer {especially-with mutations of the breast cancer gene
(BRCA) and homologous recombination deficiericy (HRD))#o astructured screening allows a more
early diagnosis; on the other hand, the introduction of antiangiogenic and poly-ADP ribose
polymerase (PARP) inhibitors (PARPI).opened up new/ therapeutic scenarios 424,

Currently, s urgery followed by systemic <\ “(therapy is  the cornerstone of the treatment of
AEOC 253 however; itis essentiai to persanalize the therapeutic approach  considering patients
and tumor characteristics” .The geakai-the surgical treatment is to reduce the residual tumor load
to 0 (RT=0);. meaning. the absence of macroscopically visible pathology. For this purpose, the
surgical” appicach to AEOC provides two possibilities: primary surgical treatment (primary
debulking surgery, PDS) or, interval debulking surgery (IDS), performing surgery after 3 or more
cycles of platinum-based chemotherapy to reduce the burden of disease. Patients may not be
eligibiefor upfront surgery  for a high load of disease  and/or for the involvement of anatomical
structures that cannot be  excised with surgery,  for the massive involvement of  organs, for
example, the small and the large intestine, which would require the total or almost total removal
with a consequent complete loss of function,  for patient’s fragility, that increases the risk of intra,
peri- and post-operative complications and cause an additional risk of death 32!, Assessing the
extent of advanced ovarian cancer requires a multidisciplinary approach involving oncologists,
gynecological surgeons, radiologists and other specialists. Several methods have been analyzed and
developed to predict the possibility of obtaining  RT=0 (genetic, imaging, serological, surgical),

but, to date, none of them  can be considered the gold standard. Despite the known advantages of
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laparoscopic surgery in minimizing patient morbidity, in cases of uncertain operative status, an
exploratory laparotomy may be strategically considered.  This procedure essentially consists of a
surgical dissection of the abdomen that allows a direct tissue assessment. This on-site examination
facilitates the accurate determination of the extent of neoplastic pathology and the subsequent
feasibility of cytoreduction surgery.

The main objective of the treatment of AEOC is to balance the risks to which the patient is'exposed
to achieve RT=0, the surgical effort and the achievement of an optimal cytoreduction.-Th is
narrative review aims to analyze the data available in the literature about minimally invasive stigical

methods to predict the optimal cytoreduction of patients with AEOC undergoiing PDS.
2. Materials and Methods

This is a narrative review of the available data about the criteria of cytoreducibility during PDS for
the surgical treatment of AEOC. The review was reported and qualitatively assessed following the
SANRA, the Scale for the Assessment of Narrative Réview Articles 42. We performed the research
using a narrative review method 3. Electronic databases Pubivied (MEDLINE), Embase, Scopus,
and Web of Science were searched until\May 2023 (without date restriction) for relevant
publications in the English language focusing 'on the use-Gfthe following key search terms:
ovarian cancer OR advanced epithefial ovarian cancer~OR ovarian serous carcinoma AND
cytoreduction OR cytoreducibitity ~AND~ ldparoscogic>OR mini-invasive technique OR mini-
invasive surgery AND primary dehulking surgery OR PDS OR upfront surgery. The electronic
search and the eligibility of studies were ingependently assessed by two authors (T.G.D and I.C.).
No restrictions on thestudy design were agplied. The first selection was based on the title, the second
on the abstract; and-the third on the full-text article. The bibliography was also analyzed to avoid
missing potentially relevant publications. The most relevant articles for this narrative review were

included.

3. Results

The role of laparoscopy in mapping advanced ovarian disease dissemination is widely recognized.
This is  evident in authoritative sources such as the recent ESMO-ESGO consensus conference
4 and in the American guidelines issued by the National Comprehensive Cancer Network®
(NCCN®) “, where  laparoscopy is  accepted as a reliable prediction tool for quantifying tumor
burdenand itis  an optimal predictor for cytoreduction planning.

The studies included are summarized in Table 1.

The first study to determine the role of diagnostic laparoscopy in detecting optimally cytoreducible

patients (reported in the study as RT < 1 cm) was performed by an Italian group in 2005 *. A total
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of 64 patients underwent a diagnostic LPS, in 60.9% of cases, the abdominal disease during

laparoscopy was judged to be suitable to reach RT < 1 cm. In the remaining 39.1% a mini

laparotomy was performed to re-evaluate the extent of the disease and the concordance rate about
an impossible optimal cytoreduction was 100%.

The use of scoring systems represents a method for comparing results and attributing them
objectively to determine the most appropriate treatment for each patient and to ‘minimize
unnecessary laparotomies.

Interestingly, the pathological involvement of some anatomical structures allows predicting with
good accuracy (at least 80%) the possibility of performing an optimal cytorgduction: cvarian masses,
omental cake, peritoneal carcinosis, diaphragmatic carcinosis, mesenteric retraction, bowel
infiltration, stomach infiltration, liver metastases and bulky lymph ncdes.

These parameters were re-analyzed by the same group in a subsequent-study 6. A score including 6
of the listed anatomical districts has been proposed to ‘classify. patients into-optimally and not
optimally cytoreducible. The presence of ovarian masses-and macroscojgically pathological lymph
nodes did not meet the authors' inclusion criteria for-inclusion in the-proposed score (specificity >
75%., positive predictive value (PPV) > 50%, and negative predictive value (NPV) > 50%). Each
parameter included in the score was assigned a value of 2 and.a score was assigned to each patient.
This score has been defined as “prédictive index score’(RP1V, also known as “Fagotti score”) and
the cut-off > 8 identified patients, undergoing suboptimal surgery. Subsequently, an attempt to
validate this score externally. was made comparing the values assigned to each variable and the
overall PIV obtained in 17 centers’specialized-in gynecological oncological surgery with those of
the center where the score-was created *“.-An accuracy of more than 80% has been achieved in all
centers except one:

A modifiedscore was proposed in 2008 by Brun et al. including, only 4 of the 8 anatomical structures
identified by Fagotti et al.: diaphragmatic carcinosis, mesenteric retraction, stomach infiltration and
liver metastases “8. Each of the listed parameters is assigned a value of 2 if macroscopically involved
by the disease and a cut-off < 4 was identified to consider the patient optimally cytoreducible. The
authors concluded that the use of this modified score allowed the detection of patients not optimally
cytoreducible with sensitivity, specificity, PPV, NPV, and accuracy of 35%, 100%, 100%, 43%, and
56% respectively.

Petrillo et al., identifying 2 variables as "absolute criteria of unresectability™ (miliaric carcinomatosis
on the serosa of the small bowel and mesenterial retraction), proposed an alternative modified score
evaluating 6 variables: (1) massive peritoneal involvement and/or a miliary pattern of distribution
for parietal peritoneal carcinomatosis; (2) widespread infiltrating carcinomatosis, and/or confluent
nodules to the most of the diaphragmatic surface; (3) tumor diffusion along the omentum up to the

large stomach curvature; (4) possible large/small bowel resection (excluding, recto-sigmoid
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involvement, giving its pelvic localization and since posterior exenteration is considered a standard
surgical procedure in AEOC); (5) obvious neoplastic involvement of the stomach, and/or lesser
omentum, and/or spleen; and (6) liver surface lesions larger than 2 cm “. After retrospectively
applying this score to 234 patients they demonstrated that a PIV >10 correlated with the
impossibility of obtaining an optimal cytoreduction (RT< 1 cm) with a positive predictive value of
100%; moreover, this PIV value was associated with a high (85.7%) rate of postoperative
complications (Clavien/Dindo 5-6).

Another Italian group in 2006 demonstrated that the use of laparoscopy allowed to selection of
patients eligible for optimal cytoreduction based on the intrabdominal extension <of disease *°.
Eighty-seven patients have undergone a diagnostic laparoscopy and 37 of them received neoadjuvant
chemotherapy because they were not considered able to tolerate major-surgery-(4/87 patients; 4.6%)
or due to the detection of at least one of the following (30/34; 88,2%):extended visceral peritoneal
metastases, large involvement of upper abdomen, extended-small bowel involvement, multiple liver
metastases, heavily bleeding tumoral tissue. Due to the use.of-a minimally irivasive technique, the
authors found a low rate of major complications in‘both-groups-{only 1 case-in the group of patients
considered fragile or with advanced disease), with RT=0"in the PRS group of 96% and in the IDS
group of 86%, finding only 2 metastases localized at the’S mm trocar’s access. Moreover, the authors
compared the data obtained with thiose obtained before(@he introduction of laparoscopy as a
technique to guide the therapeutic pati of patients with ovarian cancer; indeed, although debulking
surgery was performed only,in/61%¢f cases (obtaining any residual disease), much lower than 95%
in the previous period, the optimal debulking rate-was increased from 46% to 96%.

The first multicentric randemized controfied-trial (RCT) on this topic was published in 2017 by
Rutten et al. *tiricluding® 201 patients with epithelial ovarian cancer (EOC). Thanks to the use of a
minimally invasive technique therate of not optimal cytoreduction (RT>1 cm) was significantly
reduced comipared-to the counterpart (10% vs 39%, relative risk [RR], 0.25; 95% ClI, 0.13 to 0.47;
p=0,001). Tie parameters used to predict the non-cytoreducibility during laparoscopy were
principally the extensive involvement of the diaphragmatic peritoneum and the presence of diffuse
intrabdominal disease. No significant differences were found in overall survival (OS) and
progression-free survival (PFS) between the groups analyzed.

Although Fagotti's index is mostly used by gynecological oncology specialists in Europe for
predicting surgical cytoreduction, laparoscopic predictive models used for ovarian cancer analysis
also include the peritoneal carcinosis index, originally described by Sugarbaker 2. The abdominal
cavity is divided into nine anatomical regions, right and left hypochondrium, epigastrium, right and
left flank, mesogastrium, right and left iliac fossa and hypogastrium. In addition, four specific
subdivisions corresponding to the gastrointestinal tract are delineated: the upper jejunum, the lower

jejunum, the upper ileum and the lower ileum. Each area is evaluated according to a scoring system
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in which it is assigned: 0 with no evidence of tumor; 1 when the tumor is less than 0.5 cm; 2 when
the tumor is between 0.5 and 5 cm; 3 when the tumor exceeds 5 cm or merges with other lesions.
The total score varies between 0 and 39, with a 'cut-off' value between 10 and 20 to determine the
adequacy of surgical cytoreduction 5354,

Recently, Di Donna et al. suggested that the laparoscopic score assessment had high accuracy for
optimal cytoreduction in AOEC patients undergoing PDS or IDS %: in particular, iri'\patients
undergoing PDS, the laparoscopic Predictive Index (PI) and the laparotomic PeritonealCancer Index
(PCI) had the best accuracies for complete cytoreduction (RO); in women undeigoing 1DS, the
laparotomic PI (Area under the ROC Curve (AUC) = 0.75) and the laparoscopic PCK(AUC= 0.87)
were associated with the best accuracy in RT=0 prediction.

A comparative analysis of the scores developed by Sugarbaker and Fagotti, aimed at assessing their
efficacy in predicting complete debulking, performed by either iaparoscopic or laparotomic
approaches, was conducted within a non-randomized retrespective study conducted by Climent et
al 5. This study involved a cohort of 34 patients who met the eligibility criteriz] 85.3% of whom had
peritoneal carcinomatosis of ovarian origin. The analysis revealed that the peritoneal carcinomatosis
indicator proved to be the strongest predictor; regardiess of the surgical approach employed
(laparoscopic or laparotomic).

The results of the analysis indicated that when the Peritoneai{arcinomatosis Score (PCI) > 20, the
test achieved a sensitivity and specificity of 43% and-88%;respectively. The overall accuracy of the
index was 79%, with positive and negative prediction-values of 50% and 86%, respectively.

The R3 and R4 models are-alternative predictive models to assess suitability for surgical
cytoreduction for advanced ovarian cancer =% Overall, 110 patients with advanced ovarian cancer
were included. The data extracted-ffam, the cohort were used to develop two separate predictive
models. Clinical, pathelogical and surgical data were collected and submitted for analysis to
determine’the Peritoieal Tumor Load Index (PCI) and the Lesion Size Relative Score. The R3 model
scaore-is a measure of the severity of the bowel obstruction, based on preoperative imaging, surgical
findings, and clinical symptoms. The R4 model score adds operative PCI to the R3 model score,
which imay provide a more accurate assessment of the severity of the obstruction and the risk of
complications. Lesions were evaluated in 13 different anatomical regions within the abdomen and
pelvis, with subsequent transposition of the respective dimensions into a numerical scale ranging
from 0 to 3, contributing to an overall maximum score of 39. If more than one lesion was found
within a single region, the largest was included in the score calculation. Complete cytoreduction was
categorized as the macroscopic absence of tumor residual; optimal cytoreduction was defined as the
presence of a residual tumor with a diameter of less than 1 centimeter; suboptimal cytoreduction
was established in the presence of a residual tumor greater than 1 centimeter. Each model presented

a tripartite stratification of risk score and proved capable of predicting both suboptimal or complete
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and optimal surgical cytoreduction eligibility, with a sensitivity of 83% (R4 model) and 69% (R3
model), respectively. A PCI > 20 was found to be a significant risk factor for surgical unresectability.
A subsequent study conducted by Llueca A et al. °" analyzed the prognostic performance of these
models, comparing them with the Fagotti model, to predict suboptimal surgical cytoreduction in a
cohort of 103 patients with advanced ovarian cancer. The results showed that the three models were
able to satisfactorily predict suboptimal surgical cytoreduction for advanced ovarian\ cancer,
although they were most reliable in predicting complete surgical cytoreduction. Model R4
demonstrated superior efficacy compared to the others by the inclusion of laparotomic assessment

of the peritoneal carcinomatosis index.

4. Discussion

After the introduction into clinical practice of maintenance therapies) (in particular Vascular
endothelial growth factor (VEGF) inhibitors and PARPI(s)), ovarian epithelial carcinomas can be
considered a chronic disease #1128, Therefore, although reiapse rates change according to the
type of maintenance therapy that each patient canbenefit from, according-to the molecular status
(mutations in BRCA and HRD genes) and the County’s reimburseragnt-policy, the course of the
disease is predominantly influenced by the‘radicality-of the sufgical treatment (primary or after
neoadjuvant chemotherapy) 12359,

At present, obtaining an absent residte 0f disease is the-main goal of the surgical approach; indeed,
an RT=0 is a breakpoint to direct each patient toward-a first-instance surgery or its revaluation after
3 or more cycles of platinum-based chemotherapy. -3,

The ability to perform optimal cytoreductianiis a crucial aspect of cancer surgery. It is primarily tied
to the extent of the disease and its aceurate assessment is essential. However, it should be noted that
the main challengein this contextis-the validation of predictive models. For this reason, several
authors have proposed surgical and non-surgical models aimed at assessing the feasibility and
success of optimal cytoreduction of advanced ovarian cancer 52364,

The complexity of laparoscopy in advanced ovarian carcinoma is intrinsically related to its limited
ability-to exhaustively explore deep abdominal cavities. This inherent restriction results in a
limitation in anatomical imaging, which may be a major determinant of tumor surgical
unresectability. Specifically, anatomical regions such as the hepatic pedicle, the retrohepatic region
and the retroperitoneal space may be under-represented or even completely inaccessible by the
laparoscopic approach and there is a need for advanced and specific imaging methodologies to
conduct an accurate analysis of these anatomical regions. This approach is a crucial tool to minimize

the adoption of unnecessary laparotomies®.
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Several authors have reported promising results in predicting the suitability for optimal
cytoreduction using radiological imaging alone; however, it is imperative to emphasize that these
results have not yet been universally validated .

Axtell et al. analyzing the data of 65 patients with AEOC subjected to PDS have identified 2
predictors of suboptimal cytotoxicity evaluable with CT scan: the presence of diaphragmatic disease
and the involvement of the intestinal mesentery (risk ratio 5.69 e 6.07, respectively) . However,
the authors suggest using such predictors critically in the decision between upfront surgery-and IDS.
Other authors have hypothesized a role of the massive ascitic effusion in predigcting) an optimal
cytoreduction, however, without demonstrating any statistically significant correlation®686°,

In this same line of research, Gerestein et al. conducted a study including 0f 115 patients to develop
a nomogram based on predictive parameters that may facilitate” the”prediction of suboptimal
cytoreduction 7°. The analysis identified that preoperative platelet _count (p=0.1990), diffuse
peritoneal thickening (p=0.0074), and the presence of ascites\in at least two-thirds of the CT scan
sections were predictive of residual disease greater than \1\centimeter after¢ytoreduction. This
nomogram accurately predicted the surgical outcorne~in 74% cases, Flowever, further external
validation studies are needed to confirm the<reliabiiity”and appiicability of this tool in clinical
practice.

Moreover, gene expression analysis-ermerges as a constarity developing field of research. This
discipline focuses on understanding” and utilizing-genetic information to prescribe the most
appropriate therapeutic stratégy for-patients with matignancies. This approach assumes that the
genetic profile of tumors may condition the respense to specific treatments and assumes a key role
in determining whether surgical action isfwarranted, as well as outlining the appropriate timing and
extent of surgery. Thistis achievet:through the application of sophisticated methodologies for
analyzing thegenetic/profile of tumors, such as transcriptomic analysis of messenger RNA and
genomic investigation of genetic mutations. In a study conducted by Reem Abdallah et al. an initial
analysis\was cairied out involving over 12,000 genes. This investigation revealed that 58 of these
genes had a predictive accuracy for cytoreduction of 69% (p = 0.005). In a second in-depth analysis,
220 genes emerged as predictors of cytoreduction accuracy in 74% of cases. Unfortunately, these
patterns were not uniformly confirmed in independently conducted gene expression experiments ™.
Furthermore, several tumor markers have been proposed to predict the cytoreductivity of malignant
ovarian tumors: Angioli et al. proposed a value of the serum tumor marker Human epididymis
protein 4 (HE4) <262 pmol/L as predictive of RT< 1 cm; studies on the use of pre-operative cancer
antigen 125 (CA125) values are conflicting about the possibility of its use as a predictor of surgical
radicality 2. The association of different parameters has been considered to propose an accurate

score without having reached this goal until now >, Interestingly, further therapeutic targets are
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under evaluation’®8, Prediction of optimal cytoreduction through gene and marker expression is an
evolving field that could have a significant impact on personalizing treatments for cancer patients.
Many radiomic nomograms based on MRI image analysis were developed, demonstrating a
remarkable accuracy, sensitivity, and specificity of 85.0%, 87.0%, and 80.0%, respectively,
suggesting that MRI-based radiomic nomograms may be a reliable tool to guide therapeutic
decisions and improve the accuracy in predicting therapeutic outcomes in patients withadvanced
ovarian cancer 8182,

Finally, the Cukurova score was recently proposed for stratifying patients who may; benefit-from
primary debulking surgery . This score integrates the performance status of each patient with
laparoscopic and video-assisted thoracic surgery parameters, clinical parameters)and anticipated
surgical procedures with imaging. The authors showed that a cut-off, <12 can predict in over 96%
of cases a complete cytoreduction rate at primary debulking surgery foar AEOC, moreover, a score
>12 correlated with post-operative complication rates and higher mortality 8.

In conclusion, the assessment of the extent of intra- and extra-abdominal pathclogy is of paramount
importance in the management of patients with AEGC. By usirig a muliidisciplinary approach that
combines radiological methods such as MRI, PET and computed<iomography, surgical techniques
such as mini-laparotomy and laparoscopy, and genetic and serstogical markers such as CA-125 and
HE4, it is possible to customize the therapeutic approach fai)these patients. The use of advanced
imaging methods such as MRI and PET allows for a-more detailed assessment of the extent of the
disease, identifying possible‘metastases.and involvement of surrounding tissues. Mini-LPTM and
LPS surgical techniques offer less\invasive optignsfor the removal of ovarian tumors while reducing
recovery time and potential side effects/&enetic markers such as CA-125 and HE4 can provide
further information on.the presence-aiid severity of the tumor. In addition, these markers can be used
to monitor response ta’ireatment and disease recurrence. The multidisciplinary approach described
is essential to improve the outcomes of patients with AEOC, allowing the most appropriate treatment
to be-adopted according to the severity and extent of the disease. This holistic approach aims to
improve the quality of care and provide personalized treatment to people facing the challenges of

advanced epithelial ovarian cancer.
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