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Abstract

The standard management of advanced-stage ovarian cancer has been a subject of debate, and
much controversy remains as to whether patients should have primary cytoreductive surgery
followed by chemotherapy or neoadjuvant chemotherapy followed by interval cytoreductive
surgery. In addition, there is increasing evidence that the patients who ultimately gain the most
benefit from surgery are those with no residual disease at the completion of surgery (RO resection).
Therefore, to determine the best therapeutic strategy (primary cytoreductive surgery vs.
neoadjuvant chemotherapy) for an individual patient, it is critically important to estimate the
likelihood that primary cytoreductive surgery will leave no macroscopic residual disease. A
number of studies have evaluated the use of serologic markers, such as CA-125, and imaging
modalities, such as computed tomography (CT) or positron emission tomography/CT (PET/CT),
to determine which patients are ideal candidates for primary cytoreductive surgery. More recently,
laparoscopy has been proposed as a reliable predictor of RO resection. In this report, we provide a
review of the existing literature on the proposed criteria to predict the outcome of cytoreductive
surgery and the role of laparoscopy-based scores in the management of advanced ovarian cancer.
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Introduction

Patients with advanced epithelial ovarian cancer have traditionally been treated with primary
cytoreductive surgery followed by platinum- and taxane-based chemotherapy. The most
important prognostic factor for survival in such patients is the amount of residual tumor after
surgery, so the goal is to achieve optimal cytoreduction. However, the definition of optimal
cytoreduction has changed over the years. Currently, the Gynecologic Oncology Group
defines optimal cytoreduction as a post-operative surgical residuum of < 1 cm in largest
diameter [1]. Some patients with advanced epithelial ovarian cancer undergo extensive
cytoreductive surgery and still have suboptimal residual disease, often in the setting of high
morbidity and with no ultimate improvement in overall survival [2].

Recently, attention has focused on the incremental benefits of residual disease under 1 cm,
specifically, no macroscopic residual disease (RO resection). Chang et al. [3] reviewed 18
studies with a total of 13,257 patients and found that each 10% increase in the proportion of
patients undergoing RO cytoreduction was associated with a significant and independent 2.3-
month increase (95% confidence interval [CI] = 0.6-4.0, p=0.011) in cohort median survival;
each 10% increase in the proportion of patients undergoing cytoreduction to <1 cm residual
disease was associated with a 1.8-month increase (95% CI = 0.6-3.0, p=0.004) in cohort
median survival. Therefore, preoperative identification of patients most likely to have RO
resection is of paramount importance.

In another study, Horowitz et al. [4], collected data from 2,655 patients with epithelial
ovarian cancer or primary peritoneal cancer enrolled in the Gynecologic Oncology Group
182 study and explored the effects of disease distribution and complexity of surgery on
progression free survival (PFS) and overall survival (OS). In that study, a total of 860
patients (32.4%) achieved RO, and 1,795 patients (67.6%) had residual disease <1 cm (not
including RO). The authors showed that for those with low or moderate preoperative disease,
aggressive cytoreductive surgery is important because it is associated with superior PFS and
OS. The authors go on to suggest a “paradigm shift, in which, if RO is difficult to attain at
primary cytoreduction, use of neoadjuvant chemotherapy with interval debulking to allow
for RO may be superior to primary surgery”.

Numerous studies have been performed to establish the factors that most accurately predict
which patients will experience optimal cytoreduction, with “optimal” defined various ways,
following primary cytoreductive surgery. Various factors, including circulating biomarkers,
imaging studies, and laparoscopy-based scores have been assessed. Here, we present a
review of the different criteria that have been proposed to predict the outcomes of
cytoreduction, and we summarize the reported data on laparoscopy-based assessment as
predictors of optimal cytoreduction in patients with advanced epithelial ovarian cancer.

Serum biomarker levels

The most commonly studied serum biomarker for ovarian cancer is CA-125. Chi et al. [5]
reported that preoperative serum CA-125 levels greater than 500 U/mL predicted suboptimal
cytoreduction. In 100 consecutive patients with stage I11 ovarian carcinoma, optimal
cytoreduction (residual tumor <1 cm) was achieved in 33 of 45 patients (73%) with a
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CA-125 level <500 U/mL, compared to only 12 of 55 patients (22%) with a CA-125 level
>500 U/mL(P<0.001). The same investigators later reported an analysis of preoperative
CA-125 level as a predictor of the outcome of cytoreductive surgery in patients with
advanced ovarian cancer after the incorporation of extensive upper abdominal surgery [6].
That retrospective study included 277 patients with stage I11/1V ovarian, tubal, or peritoneal
carcinoma who underwent primary cytoreductive surgery. Sixty-eight patients (25%) had RO
resection, 153 (55%) had residual tumor <1 cm, and 56 (20%) had residual tumor >1 cm.
There was no threshold CA-125 level that accurately predicted cytoreductive outcome.

In a subsequent meta-analysis, Kang et al. [7] analyzed 14 studies with 2,192 patients to
assess the performance of CA-125 at various cut-off levels as a predictor of the outcome of
cytoreductive surgery. Preoperative serum CA-125 level had a low positive likelihood ratio
and a high negative likelihood ratio in predicting cytoreductive outcome in advanced ovarian
carcinoma. However, a preoperative serum CA-125 level >500 U/mL was strongly
associated with suboptimal cytoreduction (odds ratio, 3.69; 95% Cl, 2.02-6.73).

Preoperative imaging studies

CT and MR imaging

The imaging modality most commonly used to predict the outcome of cytoreductive surgery
is computed tomography (CT). Nelson et al. [8] scored CT scans on the basis of the criteria
in Table 1, as cytoreducible (no disease remaining in criteria site) or not cytoreducible (at
least 1 site of disease remaining) by standard surgical techniques. Optimal cytoreduction
(residual tumor <2 cm) was accomplished in 23 of 24 patients with disease scored as
cytoreducible and in 6 of 18 patients with disease scored as not cytoreducible. The CT
findings accurately predicted surgical outcome with a sensitivity of 92.3% and a specificity
of 79.3%. In 2000, Bristow et al. [9] proposed another CT-based predictive model based on
retrospective analysis of 41 preoperative CT scans for 25 radiographic features by two
radiologists without knowledge of the operative findings. Twenty of 41 patients (49%) had
optimal primary cytoreduction (residual tumor <1 cm). Thirteen radiographic features met
the inclusion criteria (specificity of = 75%, a PPV =50%, and a NPV =50%), and were each
assigned 1 or 2 points (Table 1), and a Gynecologic Oncology Group performance status
score =2 (assigned 2 points), were used to calculate a Predictive Index score. A Predictive
Index score =4 had the highest overall accuracy, at 92.7%, and identified patients undergoing
suboptimal cytoreduction with a sensitivity of 100%.

Dowdy et al. [10] published results of a retrospective analysis in which 87 preoperative CT
scans were reviewed for 17 criteria indicating disease extent by 2 radiologists without
knowledge of operative outcome. Sixty-two patients (71%) had optimal cytoreduction
(residual tumor <1 cm). The authors found that a model based on diffuse peritoneal
thickening and ascites, had 68% PPV, 52% sensitivity and was associated with a low rate of
optimal cytoreduction (32%). (Table 1)

Positron emission tomography/CT

Hynninen et al. [11] prospectively studied 41 women with ovarian cancer who underwent
preoperative fluorodeoxyglucose (FDG) PET/CT followed by diagnostic high-dose contrast-
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enhanced CT. The results of PET/CT and CT were compared with systematically recorded
findings on primary surgery/diagnostic laparoscopy or interval surgery. The sensitivity of
PET/CT and CT in the detection of unresectable disease was poor in certain areas of the
peritoneal cavity (64% for PET/CT and 27% for CT in the small bowel mesentery; 65% for
PET/CT and 55% for CT in the right upper abdomen). In the overall site-based analysis, the
sensitivity for PET/CT and CT was 51% and 41%; respectively, whereas the specificity was
89% and 92% and the accuracy was 64% and 57%; respectively. Preoperative contrast-
enhanced CT suggested extra-abdominal disease spread in 61% patients and PET/CT in 78%
patients. Fruscio et al. [12] also evaluated patients with suspected advanced ovarian cancer
with preoperative 18-FDG PET/CT. The patients were divided into 3 groups on the basis of
clinical and PET/CT findings: group A, stage Il by both clinical and PET findings; group B,
stage 111 by clinical findings and stage IV by PET/CT; and group C, stage IV by both clinical
and PET/CT findings. Twenty-five patients had their disease upstaged to stage 1V by
PET/CT. The proportion of patients with residual tumor <1 cm was similar in groups B and
C and was significantly higher in groups B and C than in group A. Similarly, complete
response to adjuvant chemotherapy was achieved more frequently in patients in group A.

CT in combination with CA-125

Suidan et al. [13] published a prospective, nonrandomized, multicenter trial of preoperative
CT of the abdomen and pelvis in combination with serum CA-125 level to predict
suboptimal primary cytoreduction (=1 cm residual disease) in patients with stage H1-1V
disease. Of 350 patients, 261 had optimal cytoreduction, and 89 had suboptimal
cytoreduction. A CT scan of the abdomen and pelvis was obtained within 35 days before
surgery, and serum CA-125 level was measured within 14 days of surgery. The results
showed that the following criteria were associated with suboptimal cytoreduction: age =60
years, CA-125 level =500 U/mL, American Society of Anesthesiologists Physical Status 3 or
4, retroperitoneal lymph nodes above the renal hilum (including supradiaphragmatic) >1 cm,
diffuse small bowel adhesions/thickening, perisplenic lesion >1 cm, small bowel mesentery
lesion >1 cm, lesion in the root of the superior mesenteric artery >1 cm, and lesser sac lesion
>1 cm. On the basis of these findings, the authors developed a predictive model in which the
rate of suboptimal cytoreduction was directly proportional to a predictive value score.

Conclusions regarding findings on preoperative imaging

Although CT-based predictive models have been demonstrated to be accurate in original
cohorts, they have not assessed for external validity. A significant factor affecting prediction
is reliance on surgical expertise and the intraoperative experience to affect the primary
endpoint, namely, RO resection. In general, since the prevalence of RO resection is relatively
low, predictive models will struggle affirming this endpoint without high reproducible
algorithms to assess disease distribution.

Laparoscopy-based assessment

The rationale for a laparoscopic evaluation prior to cytoreductive surgery includes: 1) this
approach could spare patients an unnecessary laparotomy resulting in suboptimal
cytoreduction; 2) patients deemed not to be candidates for cytoreduction could proceed
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immediately to neoadjuvant chemotherapy without having to recover from laparotomy; 3)
laparoscopy allows collection of tissue for definitive diagnosis and for molecular analyses.

Early studies

The first reported study evaluating laparoscopy prior to cytoreduction was published by
Vergote et al. in 1998 [14]. This was a retrospective analysis of 285 patients with advanced
ovarian carcinoma. The authors stratified patients into 3 groups according to year of
treatment and treatment approach. The first group consisted of 112 patients treated during
1980-1988 who underwent primary debulking surgery. Eighty-two percent had residual
tumor <0.5 cm (<1 gm residual tumor) after surgery. The second group consisted of 173
patients treated during 1989-1997 who were surgically evaluated and assigned to receive
primary chemotherapy (43%) or primary debulking surgery (57%). The actuarial 3-year
crude survival rate for the patients who had primary debulking surgery was higher for
patients treated in 1989-1997 (42% + 4.6%) than for those treated in 1980-1988 (26%

+ 4.3%). Finally, the third group consisted of 77 patients treated during 1993-1998 who had
clinical and radiological findings suggestive of advanced ovarian carcinoma that might be
inoperable (not surgically cytoreducible to no macroscopic disease) and underwent open
laparoscopy. Primary debulking surgery was performed in 28 of the 77 patients (36%).
Seventy-nine percent of these patients with obvious metastatic disease on radiological
examination had their disease cytoreduced to less than 0.5 cm largest residual tumor mass.
In 31 (63%) of the 49 patients given neoadjuvant chemotherapy on the basis of the
laparoscopy findings, interval debulking surgery was performed after 3 courses of
chemotherapy.

In 2005, Fagotti et al. [15] reported on 65 patients who underwent preoperative clinical-
radiological evaluation followed by laparoscopy and then laparotomy. Parameters analyzed
during each laparoscopic procedure were ovarian masses (unilateral or bilateral), omental
cake or nodules, peritoneal and diaphragmatic carcinomatosis, mesenteric retraction, bowel
and stomach infiltration, liver metastases, and bulky lymph nodes. At the end of each
laparoscopic procedure, the surgeon indicated the likelihood that optimal cytoreduction was
possible based on the absence of standard criteria of unresectability. Optimal debulking was
achieved in 34 of the 39 patients (87%) whose disease was judged completely resectable on
the basis of laparoscopy findings. The overall accuracy rate of laparoscopy in predicting
optimal cytoreduction was 90%. The NPV of clinical-radiological evaluation was 73%,
whereas the NPV of laparoscopy was 100% (i.e., in no case when disease was judged
incompletely resectable on the basis of laparoscopy findings was disease judged completely
resectable at laparotomy). The PPVs of clinical-radiological evaluation and laparoscopy
were both 87%.

This work was updated in 2006 when Fagotti et al. [16] proposed a Predictive Index Value
(P1V) based on objective parameters determined at pre-cytoreduction laparoscopy. In this
study, 64 patients underwent laparoscopy followed by standard laparotomy, and laparoscopy
findings were used to estimate the chances of optimal cytoreduction (residual tumor <1 cm)
according to the criteria used in the prior study (Table 2). The scores for the individual items
were summed to obtain an overall score, the PIV. The overall accuracy of the model in
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predicting surgical outcome was approximately 75% with the percent of cases correctly
identified as suboptimal (sensitivity) increasing with the PIV cutoff level, and the likelihood
that a patient would have a suboptimal surgical result (PPV) being 100% with a PIV =8.
This was the first study to support the concept that laparoscopic rather than radiological
features could predict the chance of optimal cytoreduction in patients with clinically
advanced ovarian cancer. Each laparoscopic parameter used in the model was chosen not on
the basis of a direct correlation with the chances of optimal cytoreduction, but rather to
describe the intra-abdominal distribution of disease.

Angioli et al. [17] published an evaluation of the role of diagnostic open laparoscopy in
predicting which patients are the best candidates for RO resection. In this trial, 87 patients
with advanced ovarian cancer underwent diagnostic laparoscopy. Fifty-three patients (61 %)
were judged candidates for RO resection and therefore underwent primary cytoreductive
surgery. The optimal debulking rate in this group was 96%. The 34 patients not judged
candidates for RO resection underwent neoadjuvant chemotherapy. Twenty-five patients had
a partial response and were therefore scheduled for interval debulking surgery. The optimal
debulking rate in this group was 80%. No major perioperative complications due to
laparoscopy occurred. Brun et al. [18] evaluated the utility of Fagotti criteria in a cohort of
55 patients with stage I11-1V ovarian cancer. Of the 55 patients, 26 patients had primary
cytoreductive surgery after diagnostic laparoscopy, and the remaining 29 patients were
treated with neoadjuvant chemotherapy. A PIV of =8 was associated with suboptimal
cytoreduction with sensitivity, specificity, PPV, NPV, and accuracy values of 46%, 89%,
89%, 44%, and 60%, respectively.

Prospective validation of a laparoscopy-based score to predict optimal (<1cm residual)
primary cytoreduction

In 2008, Fagotti et al. [19] reported prospective data on 113 patients who underwent
laparoscopy and had the likelihood of optimal cytoreduction evaluated using the PIV score
[15]. Of note, this study included patients with suboptimal response after neoadjuvant
chemotherapy prior to interval debulking surgery. Such patients did not undergo laparoscopy
prior to determination of the plan for neoadjuvant chemotherapy. The overall accuracy rate
of the laparoscopy-based score in predicting optimal cytoreduction ranged from 77.3% to
100%. The results confirmed that at a PIV of =8, the probability of optimal cytoreduction
(residual tumor <1 cm) at laparotomy was 0; 40.5% of the patients had a PIV of =8 and
avoided unnecessary exploratory laparotomy.

In 2011, the same group of investigators [20] prospectively estimated the learning curve for
determining the PIV. The authors compared the scores for each laparoscopic parameter
assigned by fellows and senior surgeons. Ninety consecutive women with suspected
advanced ovarian/peritoneal cancer underwent laparoscopy by a fellow and a senior surgeon
sequentially with independent assignment of scores for disease distribution. The median PIV
was 6 (range, 0-10) for the fellows and 6 (range, 0-14) for the senior surgeons. The diagnosis
of primary ovarian/peritoneal cancer was confirmed histologically in 82 of 90 patients
(91%). Of the 82 patients with ovarian/peritoneal cancer, 65 (79%) had stage I11C disease,
and 17 (21%) had stage 1V disease. Forty-eight patients were considered candidates for
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optimal cytoreduction (P1\VV<8) and underwent immediate laparotomy, and all 48 patients
had optimal intraperitoneal cytoreduction (<1 cm residual tumor). Fellows in gynecologic
oncology with at least 12 months' experience assigned laparoscopy-based scores similar to
those of senior surgeons.

A potential concern about implementing preoperative laparoscopic assessment as part of
standard practice is the feasibility of this approach not only at major academic institutions
but also at other sites. To determine the reproducibility of laparoscopic assessment, Fagotti
et al. performed a prospective, multicenter trial (Olympia—MITO 13) [21], in which
application of the laparoscopy-based PIV was evaluated in 4 satellite centers. A total of 120
patients with clinical suspicion of advanced ovarian, fallopian tube, or primary peritoneal
cancer underwent staging laparoscopy at the satellite centers, the procedures were recorded
and blindly reviewed at the coordinator center afterwards. The most difficult feature to
assess was mesenteric retraction, which was not evaluable in 31 of 120 cases (25.8%). The
rate of evaluation of the remaining variables ranged from 99.2% (peritoneal carcinomatosis)
to 90% (bowel infiltration). An accuracy rate of 80% or greater was reached in 3 of the 4
satellite centers.

These studies have validated a laparoscopy-based scoring system that allows surgeons to
determine with great accuracy at the time of initial diagnosis of advanced-stage ovarian
cancer the likelihood that optimal cytoreduction is possible. These studies have also
demonstrated that use of this scoring system is reproducible at other institutions.

Use of laparoscopy-based scores to predict optimal interval cytoreduction

Patients with suboptimal cytoreduction following interval cytoreductive surgery have worse
survival than patients with optimal cytoreduction. In patients with partial response to
neoadjuvant chemotherapy, it would be valuable to determine whether laparotomy would be
of benefit or patients should continue with additional chemotherapy.

In 2010, Fagotti et al. [20] published results of a prospective study of laparoscopy in patients
with advanced ovarian cancer prior to scheduled interval cytoreductive surgery. The aims of
this study were to determine if laparoscopy could contribute to better identification of
patients who would benefit from interval cytoreductive surgery and to identify the most
appropriate cut-off value of PIV to identify patients unlikely to benefit. A total of 111
consecutive patients with advanced ovarian cancer underwent neoadjuvant chemotherapy,
and all patients were evaluated for radiological and serological response before interval
cytoreductive surgery was attempted. A total of 13 patients had disease progression and were
excluded from the analysis. The remaining 98 patients who had a stable disease, complete or
partial radiological and serological response were eligible for this trial and underwent
laparoscopy after completion of neoadjuvant chemotherapy (median number of cycles, 4;
range, 3-6). The results also showed that the addition of laparoscopy to the serological
criteria used by the Gynecologic Cancer Intergroup Committee reduced the rate of
exploratory laparotomy from 30% to 13% and reduced the rate of inappropriate lack of
exploration. The most appropriate cut-off value of PIV to identify patients unlikely to benefit
from cytoreductive surgery was PIV >4, which had a PPV of 100%. In other words, at a PIV
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>4, the probability of optimally resecting the disease at laparotomy was equal to 0. In that
study, the definition of optimal cytoreduction was a disease residual <lcm.

In 2011, Chéreau et al. [23] reported on 70 patients who underwent laparoscopy at the time
of ovarian cancer diagnosis and were judged to be candidates for interval cytoreductive
surgery after neoadjuvant chemotherapy. Among these patients, 52 ultimately underwent
interval cytoreductive surgery and were thus eligible for this study; 18 patients did not
undergo interval cytoreductive surgery and were excluded because of the absence of a
response to chemotherapy as indicated by findings on CA-125 testing and CT. Resection
was defined as optimal (residual disease <1 cm) or suboptimal according to the criteria of
Fagotti et al. [21]. With a cut-off PIV of <4, sensitivity and PPV were 95% and 82%;
respectively. The authors concluded that the laparoscopy-based score of Fagotti et al. [20]
has an important role in the prediction of optimal cytoreduction among women undergoing
interval cytoreductive surgery.

Prognostic value of a laparoscopy-based score

In 2013, Fagotti et al. [24] reported on 300 women with FIGO stages I1IC and IV ovarian,
fallopian tube, or primary peritoneal carcinoma. One hundred forty-eight women (49.3%)
were considered suitable for primary debulking surgery, and the remaining 152 patients
(50.7%) underwent neoadjuvant chemotherapy. After primary debulking surgery, 92 patients
(62.1%) had no gross residual disease, 41 (27.7%) had residual disease <1 cm, and 15
(10.2%) had residual disease >1 cm. There were no complications related to the laparoscopic
procedure. The median PFS in women with RO resection at primary debulking surgery was
25 months (95% CI, 15.1-34.8 months), which was significantly longer than the median
progression-free survival in patients with less than RO resection on primary debulking
surgery and patients who underwent interval debulking surgery after
chemotherapy(P=0.0001). In the overall population, the median survival from the day of
histological diagnosis to the date of recurrence was 15 months (95% Cl, 13.9-16.0 months),
and the median overall survival from the day of histological diagnosis was 38 months (95%
Cl, 33.0-42.9 months).

Vizzielli et al. [25] evaluated 348 patients who underwent laparoscopy before primary
cytoreductive surgery or neoadjuvant chemotherapy. Patients were stratified into 3 groups:
PIV =8, indicating high tumor load; PIV 4 to 6, indicating intermediate tumor load; and PIV
<4, indicating low tumor load. Primary debulking surgery was attempted in 165 women
(47.4%); the remaining 183 women (52.6%) underwent neoadjuvant chemotherapy. Among
the 165 patients who underwent primary cytoreduction RO was achieved in 102 patients
(61.8%), optimal cytoreduction (residual tumor <1 cm) in 48 patients (29.1%), and
suboptimal cytoreduction (residual tumor >1 ¢cm) in 15 patients (9.1%).

Ongoing clinical trials of preoperative laparoscopy in patients with advanced ovarian

cancer

The goal of the SCORPION trial (NCT01461850) [26] is the evaluation and comparison of
the surgical complications of primary surgery and IDS. This trial includes patients with
advanced ovarian cancer (FIGO stage I11C) who have PIV scores of 8 through 12. Patients
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are randomized to primary debulking surgery followed by adjuvant chemotherapy or
neoadjuvant chemotherapy followed by interval debulking surgery and subsequent additional
chemotherapy. In this study, all patients undergo diagnostic laparoscopy, and a PIV is
assigned. The primary outcome of the study is the evaluation and comparison of early
surgical complications of primary surgery and interval debulking surgery.

Another important ongoing study is the Mission Trial [27]. The main objective of this
multicenter phase 11 study is to assess the feasibility and early complication rates of total
laparoscopic or robotic interval debulking surgery in patients with advanced ovarian cancer
who experience a clinical complete or partial response to neoadjuvant chemotherapy. The
secondary objectives are to assess perioperative outcomes, patterns of recurrence,
progression-free survival, overall survival, and quality of life. All surgical procedures start
with a diagnostic laparoscopy to confirm preoperative findings. In case of evidence of partial
response by laparoscopy, the surgical approach will be chosen according to the surgeon's
preference, and in case of complete response, minimally invasive surgery (laparoscopic/
robotic) cytoreduction will be performed. Rutten et al. [28] are conducting a trial to evaluate
the value of laparoscopy prior to primary debulking surgery leaving residual tumour of > 1
cm in women with advanced ovarian cancer. Participants are randomized between upfront
surgery or diagnostic laparoscopy. Depending on the result of the laparoscopy, patients
undergo surgery within three weeks, followed by six courses of platinum based
chemotherapy or are treated with neoadjuvant chemotherapy followed by interval debulking
3-4 weeks after three courses of chemotherapy, followed by another three courses of
chemotherapy. Primary outcome measure is the proportion of patients with residual >1cm.

Cochrane Review (2014)

A recent Cochrane Review evaluated the accuracy of diagnostic laparoscopy to determine
the resectability of disease in patients suspected of having a diagnosis of advanced ovarian
cancer [29]. Between 27% and 64% of patients were considered to have too extensive
disease to undergo laparotomy after laparoscopic assessment. They also found that the other
36% to 73% were considered suitable for laparotomy and they underwent this surgery. At
laparotomy, between 4% and 31% were found to have residual tumor remaining after
surgery, suggesting that they could have been spared a laparotomy. The authors concluded
that although diagnostic laparoscopy may seem better than standard diagnostic staging
alone, it should not be considered a standard procedure in clinical practice. The authors do
recognize that there were several weaknesses in this review including the fact that they could
not correct for factors leading to bias, significant heterogeneity with regard to each of the
following, criteria for clinical or radiologic staging, differences in endpoint of debulking
surgery, and methodological quality assessment for the studies included in their analysis.

The Anderson Algorithm

Capitalizing on the experience of endoscopic preoperative triage assessment, investigators at
the University of Texas, M.D. Anderson Cancer Center are leveraging laparoscopy as a
means of surgical triage, to provide organ specific tumor sampling (primary tumor,
omentum, two additional metastatic sites) and to investigate novel therapeutics [30].
Currently, “window of opportunity” trials are being conducted for those patients deemed
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primary cytoreduction candidates by offering pharmacodynamic translational studies to
novel single agents over a brief exposure period (7-10 days) deemed safe for pre-operative
administration. For those in whom neoadjuvant chemotherapy is planned, similar studies in
combination with chemotherapy are being conducted. In both protocol queues, matched
organ-specific tumor sampling is undertaken for analysis of tumor tissue target engagement,
modulation, and adaptive response.

Conclusion

Existing studies point to a highly valuable role for laparoscopy for objectively assessing the
feasibility of optimal primary and interval cytoreductive surgery for patients with advanced-
stage ovarian cancer (FIGO stages Il and 1V). The Fagotti laparoscopy-based score is a
useful predictor of optimal cytoreduction. Moreover, standardized use of the Fagotti score
should be enforced to ensure that results are concordant across different centers, with a PIV
of > 8 demonstrated to have the best accuracy in identifying disease dissemination and
predicting suboptimal cytoreduction. Furthermore, following completion of the ongoing
clinical trials, we expect use of this laparoscopy-based scoring system to become completely
standard.

Acknowledgments

The authors thank all faculty members of the Department of Gynecologic Oncology & Reproductive Medicine, MD
Anderson Cancer Center, TX, USA, for highly productive discussions, and also the Women's Cancer Moon Shot
Program for their support, the Ann Rife Cox Chair in Gynecology, the Betty Ann Asche Murray Distinguished
Professorship, the Blanton-Davis Ovarian Cancer Research Program, and the generous philanthropic contributions
to The University of Texas MD Anderson Moon Shots Program (DeCesaris/Prout Cancer Foundation, The Ellwood
Foundation, Lyda Hill, Marathon Oil Corporation, and PGA Tour, Inc.).

References

1. Chang SJ, Hodeib M, Chang J, Bristow RE. Survival impact of complete cytoreduction to no gross
residual disease for advanced-stage ovarian cancer: A meta-analysis. Gynecol Oncol. 2013;
130:493-498. [PubMed: 23747291]

2. Suidan RS, Ramirez PT, Sarasohn DM, Teicher JB, Mironov S, lyer RB, et al. A multicenter
prospective trial evaluating the ability of preoperative computed tomography scan and serum
CA-125 to predict suboptimal cytoreduction at primary debulking surgery for advanced ovarian,
fallopian tube, and peritoneal cancer. Gynecol Oncol. 2014; 134:455-461. [PubMed: 25019568]

3. Chang SJ, Hodeib M, Chang J, Bristow RE. Survival impact of complete cytoreduction to no gross
residual disease for advanced-stage ovarian cancer: a meta-analysis. Gynecol Oncol. 2013;
130:493-8. [PubMed: 23747291]

4. Horowitz NS, Miller A, Rungruang B, Richard SD, Rodriguez N, Bookman MA, et al. Does
aggressive surgery improve outcomes? Interaction between preoperative disease burden and
complex surgery in patients with advanced-stage ovarian cancer: An analysis of GOG 182. J Clin
Oncol. 201510.1200/JC0.2014.56.3106

5. Chi DS, Venkatraman ES, Masson V, Hoskin WJ. The ability of preoperative serum CA-125 to
predict optimal primary tumor cytoreduction in stage 111 epithelial ovarian carcinoma. Gynecol
Oncol. 2000; 77:227-31. [PubMed: 10785469]

6. Chi DS, Zivanovic O, Palayekar MJ, Eisenhauer EL, Abu-Rustum NR, Sonoda Y, et al. A
contemporary analysis of the ability of preoperative serum CA-125 to predict primary cytoreductive
outcome in patients with advanced ovarian, tubal and peritoneal carcinoma. Gynecol Oncol. 2009;
112:6-10. [PubMed: 19100916]

Gynecol Oncol. Author manuscript; available in PMC 2016 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gomez-Hidalgo et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 11

. Kang S, Kim T-J, Nam B-H, Seo S-S, Kim B-G, Bae D-S, et al. Preoperative serum CA-125 levels

and risk of suboptimal cytoreduction in ovarian cancer: a meta-analysis. J Surg Oncol. 2010;
101:13-7. [PubMed: 20025071]

. Nelson BE, Rosenfield AT, Schwartz PE. Preoperative abdominopelvic computed tomographic

prediction of optimal cytoreduction in epithelial ovarian carcinoma. J Clin Oncol. 1993; 11:166-72.
[PubMed: 8418230]

. Bristow RE, Duska LR, Lambrou NC, Fishman EK, O'Neill MJ, Trimble EL, et al. A model for

predicting surgical outcome in patients with advanced epithelial ovarian carcinoma using computed
tomography. Cancer. 2000; 89:1532-40. [PubMed: 11013368]

. Dowdy SC, Mullany SA, Brandt KR, Huppert BJ, Cliby WA. The utility of computed tomography
scans in predicting suboptimal cytoreductive surgery in women with advanced ovarian carcinoma.
Cancer. 2004; 101:346-52. [PubMed: 15241833]

Hynninen J, Kempainen J, Lavonius M, Virtanen J, Matoméki J, Oksa S, et al. A prospective
comparison of integrated FDG-PET/contrast-enhanced CT and contrast-enhanced CT for
pretreatment imaging of advanced epithelial ovarian cancer. Gynecol Oncol. 2013; 131:389-94.
[PubMed: 23994535]

Fruscio R, Sina F, Dolci C, Signorelli M, Crivellaro C, Dell'Anna T, et al. Preoperative 18F-FDG
PET/CT in the management of advanced epithelial ovarian cancer. Gynecol Oncol. 2013; 131:689-
693. [PubMed: 24076062]

Suidan RS, Ramirez PT, Sarasohn DM, Teitcher JB, Mironov S, lyer RB, et al. A multicenter
prospective trial evaluating the ability of preoperative computed tomography scan and serum
CA-125 to predict suboptimal cytoreduction at primary debulking surgery for advanced ovarian,
fallopian tube, and peritoneal cancer. Gynecol Oncol. 2014; 134:455-61. [PubMed: 25019568]
Vergote I, De Wever |, Tjalma W, Van Gramberen M, Decloedt J, van Dam P. Neoadjuvant
chemotherapy or primary debulking surgery in advanced ovarian carcinoma: A retrospective
analysis of 285 patients. Gynecol Oncol. 1998; 71:431-6. [PubMed: 9887245]

Fagotti A, Fanfani F, Ludovisi M, Lo Voi R, Bifulco G, Testa AC, et al. Role of laparoscopy to
assess the chance of optimal cytoreductive surgery in advanced ovarian cancer: a pilot study.
Gynecol Oncol. 2005; 96:729-35. [PubMed: 15721418]

Fagotti A, Ferrandina G, Fanfani F, Ercoli A, Lorusso D, Rossi M, et al. A laparoscopy-based score
to predict surgical outcome in patients with advanced ovarian carcinoma: a pilot study. Ann Surg
Oncol. 2006; 13:1156-61. [PubMed: 16791447]

Angioli R, Innocenza P, Marzio AZ, Ludovico M, Natalina M, Marco C, et al. Diagnostic open
laparoscopic in the management of advanced ovarian cancer. Gynecol Oncol. 2006; 100:455-461.
[PubMed: 16325244]

Brun JL, Rouzier R, Uzan S, Darai E. External validation of a laparoscopic-based score to evaluate
resectability of advanced ovarian cancers: clues for a simplified score. Gynecol Oncol. 2008;
110:354-59. [PubMed: 18572226]

Fagotti A, Ferrandina G, Fanfani F, Garganese G, Vizzielli F, Carone V, et al. Prospective
validation of a laparoscopic predictive model for optimal cytoreduction in advanced ovarian
carcinoma. Am J Obstet Gynecol. 2008; 199:642.e1-642.e6. [PubMed: 18801470]

Fagotti A, Vizzielli G, Constantini B, Lecca A, Gallota V, Gagliardi ML, et al. Learning curve and
pitfalls of a laparoscopic score to describe peritoneal carcinomatosis in advanced ovarian cancer.
Acta Obstet Gynecol Scand. 2011; 90:1126-31. [PubMed: 21707553]

Fagotti A, Vizzielli G, De laco P, Surico D, Buda A, Mandato VD, et al. A multicentric trial
(Olympia-MITO13) on the accuracy of laparoscopy to assess peritoneal spread in ovarian cancer.
Am J Obstet Gynecol. 2013; 209:462, e1-11. [PubMed: 23891632]

Fagotti A, Fanfani F, Vizzielli G, Gallota V, Ercoli A, Paglia A, et al. Should laparoscopy be
included in the work up of advanced ovarian cancer patients attempting interval debulking
surgery? Gynecol Oncol. 2010; 116:72-7. [PubMed: 19846211]

Chéreau E, Lavou V, Ballester M, Coutant C, Selle F, Cortez A, et al. External validation of a
laparoscopic-based score to evaluate resectability for patients with advanced ovarian cancer
undergoing interval debulking surgery. Anticancer Res. 2011; 12:4469-74. [PubMed: 22199317]

Gynecol Oncol. Author manuscript; available in PMC 2016 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gomez-Hidalgo et al.

24.

25.

26.

27.

28.

29.

30.

Page 12

Fagotti A, Vizzielli G, Fanfani F, Costantini B, Ferrandina G, Gallotta V, et al. Introduction of
staging laparoscopy in the management of advanced epithelial ovarian, tubal and peritoneal cancer:
impact on prognosis in a single institution experience. Gynecol Oncol. 2013; 131:341-6.
[PubMed: 23938372]

Vizzielli G, Costantini B, Tortorella L, Petrillo M, Fanfani F, Chiantera V, et al. Influence of
intraperitoneal dissemination assessed by laparoscopy on prognosis of advanced ovarian cancer: an
exploratory analysis of a single-institution experience. Ann Surg Oncol. 2014; 21:3970-7.
[PubMed: 24849521]

Scambia G. Surgical complications related to primary or interval debulking in ovarian neoplasm
(SCORPION). NCT0146185.

Scambia G, Fagotti A, Fanfani F, Gueli Alletti S. Minimally invasive interval debulking surgery in
ovarian neoplasm: a feasibility study. PROTOCOL ID: MISSION.

Rutten MJ, Gaarenstroom KN, Van Gorp T, van Meurs HS, Arts HJ, Bossuyt PM, et al.
Laparoscopy to predict the result of primary cytoreductive surgery in advanced ovarian cancer
patients (LapOvCa-trial): a multicentre randomized controlled study. BMC Cancer. 2012 Jan
20.12:31.10.1186/1471-2407-12-31 [PubMed: 22264278]

Rutten MJ, Leeflang MMG, Kenter GG, Mol BWJ, Buist M. Laparoscopy for diagnosing
resectability of disease in patients with advanced ovarian cancer. Cochrane Database of Systematic
Reviews. 2014; (2) Art. No.: CD009786. 10.1002/14651858.CD009786.pub2

Nick AM, Ramirez PT, Sood AK. A framework for personalized surgical approach to ovarian
cancer. Nature Rev Clin Oncol. 2015 In Press. 10.1038/nrclinionc.2015.26

Gynecol Oncol. Author manuscript; available in PMC 2016 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Gomez-Hidalgo et al.

Page 13

1. Laparoscopy offers assessment for optimal surgery in advanced ovarian cancer
2. Fagotti laparoscopy-based score is a useful predictor of optimal cytoreduction

3. APIV of =2 8 is best predictor of suboptimal cytoreduction in advanced ovarian
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cancer
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Table 1
CT-based models to predict the likelihood of optimal cytoreduction in patients with

advanced ovarian cancer

Model CT Findings Included in Model

Nelson (7) . Attachment of the omentum to the spleen
. Disease >2 cm in:

- Mesentery

- Liver surface or parenchyma

- Diaphragm

Gallbladder fossa
- Suprarenal paraaortic nodes

Pericardial nodes

- Pulmonary or pleural nodules

Bristow (8) . 2 points for each of the following:

- Peritoneal thickening

- Peritoneal implants =2 cm

- Small bowel mesentery disease =2 cm

- Large bowel mesentery disease =2 cm

Omental disease extension to stomach, spleen, or lesser sac
- Extension to pelvic sidewall, parametria, or hydroureter
- Large-volume ascites (seen on all cuts)
- Suprarenal paraaortic lymph nodes =1 cm
. 1 point for each of the following:
- Diaphragm or lung disease =2 cm or confluent plaque
- Inguinal canal disease or lymph nodes =2 cm
- Liver lesion =2 cm on surface or parenchymal lesion of any size
- Porta hepatic or gallbladder fossa disease =1 cm

- Infrarenal paraaortic lymph nodes =2 cm

Dowdy (9) . Diffuse peritoneal thickening, defined as peritoneum >4 mm thick in at least 2 of the following 5 areas:
- Lateral colic gutters

- Lateral conal fascia

- Anterior abdominal wall

- Diaphragm

- Pelvic peritoneal reflections

. Ascites present on at least two-thirds of the CT cuts
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Laparoscopic features and corresponding scores used to calculate the Fagotti score to
predict the likelihood of optimal cytoreduction [20]

Laparoscopic Feature

Score 0

| Score 2

Peritoneal carcinomatosis

Diaphragmatic disease

Mesenteric disease

Omental disease

Bowvel infiltration

Stomach infiltration

L iver metastases

Carcinomatosis involving a limited area (along the
paracolic gutter or the pelvic peritoneum) and surgically
removable by peritonectomy.

No infiltrating carcinomatosis and no nodules confluent
with the most part of the diaphragmatic surface.

No large infiltrating nodules and no involvement of the
root of the mesentery as would be indicated by limited
movement of the various intestinal segments.

No tumor diffusion observed along the omentum up to the
large stomach curvature.

No bowel resection was assumed and no miliary
carcinomatosis on the ansae observed.

No obvious neoplastic involvement of the gastric wall.

No surface lesions.

Unresectable massive peritoneal involvement as
well as with a miliary pattern of distribution.

Widespread infiltrating carcinomatosis or nodules
confluent with the most part of the diaphragmatic
surface.

Large infiltrating nodules or involvement of the root
of the mesentery indicated by limited movement of
the various intestinal segments.

Tumor diffusion observed along the omentum up to
the large stomach curvature.

Bowel resection assumed or miliary carcinomatosis
on the ansae observed.

Obvious neoplastic involvement of the gastric wall.

Any surface lesion.
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