International Journal of Surgery Publish Ahead of Print
DOI: 10.1097/359.0000000000002306

OPEN

Risk factors for anastomotic leakage and its impact on survival outcomes in

radical multivisceral surgery for advanced ovarian cancer: An AGO-
OVAR.OP3/LION Exploratory analysis

Fabian Trillsch MD'*; Bastian Czogalla MD'*; Sven Mahner MD*; Verena Loidl MPH?
Alexander Reuss MSc®; Andreas du Bois MD* Jalid Sehouli MD®; Francesco Raspagliesi
MD® Werner Meier MD’; David Cibula MD?; Alexander Mustea MD®; Ingo B. Runnebaum
MD™: Barbara Schmalfeldt MD*; Giovanni Aletti MD'%; Rainer Kimmig MD'3; Giovanni
Scambia MD™; Felix Hilpert MD**; Annette Hasenburg MD'®; Uwe Wagner MD'"; Philipp
HarterMD**’

1Department of Obstetrics and Gynecology, LMU University Hospital, LMU Munich, Munich, Germany; ?|nstitute
for Medical Information Processing, Biometry, and Epidemiology - IBE, Faculty of Medicine, LMU Munich, Munich,
Germany;

3Coordinating Center for Clinical Trials, Philipps University Marburg, Marburg, Germany;

4Department of Gynecology and Gynecologic Oncology, Ev. Kliniken Essen-Mitte, Essen, Germany;

5Department of Gynecology, Charité—Universitatsmedizin Berlin, Berlin, Germany;

6 Gynecologic Oncology Unit Fondazione IRCCS Istituto Nazionale Tumori, Milan, Italy;

7Department of Obstetrics and Gynecology, Heinrich-Heine-University Dusseldorf, Germany;

8 Department of Obstetrics, Gynaecology and Neonatology, General University Hospital in Prague, First Faculty of
Medicine, Charles University, Czech Republic;

9Department of Gynecology and Gynecological Oncology, Bonn University Hospital, Bonn, Germany;
10Department of Gynecology and Reproductive Medicine and Center for Gynecologic Oncology, Jena University
Hospital, Jena, Germany;

"Department of Gynecology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany;

12Department of Gynecologic Oncology, European Institute of Oncology, University of Milan, Italy;

13Department of Gynecology and Obstetrics, University of Duisburg-Essen, Essen, Germany;

4 Fondazione Policlinico Universitario A. Gemelli IRCCS, Universita Cattolica del S. Cuore Rome, Rome, Italy;
*0ncologic Medical Center at the Jerusalem Hospital Hamburg, Hamburg, Germany;

16University Medical Center Mainz, Department of Gynecology and Obstetrics, Mainz, Germany;

17Department of Gynecology and Obstetrics, University Hospital Giessen and Marburg, Marburg, Germany
18Department of Gynecology and Obstetrics, University Hospital Giessen and Marburg, Marburg, Germany
19Department of Gynecology and Obstetrics, University Hospital Giessen and Marburg, Marburg, Germany

# Contributed equally to the work

Corresponding author:
Prof. Dr. Fabian Trillsch, MD

Department of Obstetrics and Gynecology

Copyright©2025 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of 1JS Publishing
Group Ltd. This is an open access article distributed under the Creative Commons Attribution License
4.0 (CCBY), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.



LMU University Hospital
Marchioninistral3e 15

81377 Munich, Germany
Fabian.Trillsch@med.uni-muenchen.de
telephone number: +49 89 4400 74531

Acknowledgements statement:

Assistance with the study: We thank all AGO-OVAR.OP3/LION patients and trial investigators for
participating in the LION trial and the according data collection.

Financial support and sponsorship: AGO-OVAR.OP3/LION trial was supported by the Deutsche

Forschungsgemeinschaft (project WA 740/4) and the Austrian Science Fund (project KLI 176-

B00). The presented subgroup analysis did not receive a further support.

Conflicts of interest: FT: research support, advisory board, honoraria and travel expenses from

AstraZeneca, Clovis, Medac, PharmaMar, Roche, Tesaro. BC: honoraria from AstraZeneca. SM:
research support, advisory board, honoraria and travel expenses from AstraZeneca, Clovis, Eisai,
GlaxoSmithKline, Medac, MSD, Novartis, Olympus, PharmaMar, Roche, Sensor Kinesis, Teva,
Tesaro. AdB: advisory board and honoraria from Roche, BIOCAD, AstraZeneca, Zodiac,
GSK/Tesaro, Amgen, Clovis, Genmab/Seattle Genetics, MSD. PH: research support, advisory
board, honoraria and travel expenses from Amgen, AstraZeneca, GSK, Roche, Sotio, Stryker, Zai
Lab, MSD, Clovis, Eisai, Mersana, Exscientia, Immunogen, Miltenyi, Novartis, Eisai, Genmab,
Seagen

All other authors declare that they have no conflicts of interest.

Presentation: 2023 ASCO Annual Meeting

Risk factors for anastomotic leakage and its impact on survival outcomes in

radical multivisceral surgery for advanced ovarian cancer: An AGO-
OVAR.OP3/LION Exploratory analysis

Structured Abstract:

Background: Anastomotic leakage is a significant complication following bowel resection in
cytoreductive surgery for ovarian cancer. Previous studies have highlighted the detrimental

effects of anastomotic leakage on patients' postoperative course. However, there is still a



lack of precise identification of the high-risk population and established strategies for
preventing its occurrence.

Materials and Methods: Patients who underwent bowel resection within the surgical phase Il

trial AGO-OVAR.OP3/LION investigating the impact of systematic pelvic and paraaortic
lymphadenectomy in cytoreductive surgery for primary ovarian cancer were included in this
analysis. All patients in the AGO-OVAR.OP3/LION trial had undergone complete
cytoreduction with no macroscopic residual disease. We analyzed the occurrence of
anastomotic leakage regarding surgical procedure (Non-lymphadenectomy vs.
lymphadenectomy and Non-Stoma vs. Stoma) using the Fisher test. Risk factors for
anastomotic leakage and its prognostic impact on survival were analyzed.

Results: Overall rate of anastomotic leakage was 7.1%. Notably, the Non-lymphadenectomy
subgroup had a lower anastomotic leakage rate of 3.0% compared to the lymphadenectomy
subgroup (11.2%, p=0.005). The use of protective stoma placement resulted in an
anastomotic leakage rate of 5.5% regardless of lymphadenectomy compared to the Non-
Stoma subgroup (7.5%, p=0.78). Increased blood loss (odds ratio [OR] 1.04 per 100cc, 95%
confidence interval [CI] 1.0001-1.09) and lymphadenectomy (OR 3.67, 95% CI 1.41-11.40)
were associated with a higher risk of anastomotic leakage. Although anastomotic leakage
demonstrated a numerical detrimental impact on median progression-free survival (PFS) (18
months with anastomotic leakage vs. 19 months with Non-anastomotic leakage, hazard ratio
[HR] 0.86; 95% CI 0.5 to 1.4, p=0.53) and median overall survival (OS) (31 months with
anastomotic leakage vs. 58 months with Non-anastomotic leakage, HR 0.69; 95% CI 0.4 to
1.2, p=0.17), the differences were not statistically significant.

Conclusion: Anastomotic leakage rates were lower in the Non-lymphadenectomy arm, the
current standard of care. Blood loss and lymphadenectomy, as surrogate markers for
extensive surgery, were associated with increased risk for anastomotic leakage. These
findings highlight the importance of strategies to reduce surgical complexity and

perioperative risk to improve clinical outcomes.

Highlights:

e Overall rates for anastomotic leakage were low in highly specialized centers for
gynecological oncology radical surgery performing the AGO-OVAR.OP3/LION trial.
No significant protective effects for stoma placement in case of bowel surgery could
be demonstrated in the analyzed cohort.

e Although anastomotic leakage showed a numerical trend towards worse outcomes,
no statistically significant impact was observed, highlighting the need for further

investigation and strategies to evaluate this perioperative complication.



e Blood loss and systematic pelvic and paraaortic lymphadenectomy, as surrogate
markers for extensive surgery, are associated with higher anastomotic leakage rates.

Keywords:
ovarian cancer, multivisceral surgery, stoma formation, anastomotic leakage, risk factors,

survival

INTRODUCTION:

Ovarian cancer is the most lethal gynecologic malignancy and is mostly diagnosed in
advanced stage disease, resulting in a poor prognosis for patients despite recent advances
in systemic treatment(1,2). Radical debulking surgery aiming at complete cytoreduction to
microscopic disease is considered the most important prognostic factor for survival(3-5).
Bowel surgery is frequently performed as a standard procedure in multivisceral surgery to
achieve complete tumor resection. However, it is associated with a significant overall risk for

life-threatening complications and specifically anastomotic leakage(6—9). Reported



incidences in ovarian cancer surgery range from 1.2% to 16.9%(6,9-21). Anastomotic
leakage not only leads to prolonged hospitalization but also causes delays in initiating
chemotherapy which might have negative impact on prognosis(6,8—12,14-17,20). In contrast
to colorectal cancer, reliable risk factors for anastomotic leakage in ovarian cancer surgery
have not yet been identified. Retrospective analyses suggest risk factors as age, poor
nutritional status, low albumin level, bevacizumab treatment, previous pelvic irradiation, the
distance of the anastomosis from the anal verge, multiple bowel resections and handsewn
anastomosis(8—10,21-25). However, validation of these mostly monocentric findings from
retrospective analyses is pending and investigation in larger cohorts from prospective
surgical clinical trials in ovarian cancer has not yet been performed.

As possible protective measures to reduce the incidence and consequences of anastomotic
leakage, stoma placement has been proposed in the past(26—29). However, studies suggest
that protective stoma placement does not specifically reduce rates of anastomotic leakage
but mainly decreases the rates of overall complications such as sepsis and the need for re-
laparotomy(17). Specific effects of stoma formation in ovarian cancer surgery have not been
demonstrated so far.

AGO-OVAR.OP3/LION was a randomized controlled phase Ill trial investigating the impact of
systematic lymphadenectomy in advanced ovarian cancer patients who had undergone
complete cytoreduction with no macroscopic residual disease and were intraoperatively
confirmed to have non-suspicious lymph nodes(30). For this cohort, no impact on
progression-free (PFS) or overall (OS) survival was identified but higher surgical burden and
morbidity have been described so that this study subsequently defined the standard of care
in ovarian cancer surgery with omission of systematic lymphadenectomy in advanced stage
disease. In this prospective surgical trial, all patients were treated in quality assured and
centrally certified experienced surgical centers for gynecologic oncology. The included study
population consisted of patients experiencing the highest benefit from surgery through
complete cytoreduction and had a median OS of 69.2 months in the Non-lymphadenectomy
group(30). This exploratory subgroup analysis evaluated the impact and risk factors of

anastomotic leakage.

MATERIAL AND METHODS:

Patients and centers:

All analyses of the present exploratory subgroup were carried out on data of patients
undergoing bowel surgery within the AGO-OVAR.OP3/LION trial. In brief, AGO-
OVAR.OP3/LION trial intraoperatively randomized 647 patients with advanced ovarian

cancer following complete cytoreduction with non-suspicious lymph nodes to either undergo



systematic pelvic and paraaortic lymphadenectomy or not. Eligible patients for this clinical
trial met the following criteria: confirmed histological diagnosis of advanced epithelial ovarian
cancer, ranging from Fédération Internationale de Gynécologie et d'Obstétrique (FIGO) stage
[IB to IV. In cases of FIGO stage IIB to Il disease, the cancer was confined to the peritoneal
cavity, while patients with metastases outside the peritoneal cavity (FIGO stage 1V) could be
included if metastases in the pleura, liver, spleen, or abdominal wall were considered to be
resectable. Additional inclusion criteria were age between 18 and 75 years, option of
complete cyotreduction following clinical evaluation, and good Eastern Cooperative Oncology
Group (ECOG) performance status score of 0 or 1. Intraoperative randomization within the
trial was only performed if surgical cytoreduction to microscopic disease was achieved and
no suspicious lymph nodes were found following evaluation of the retroperitoneal space up to
the renal vein.

All surgeries were performed by experienced gynecologic oncologists in high-volume centers
adhering to standardized surgical protocols. An independent review of anonymized surgical
and pathological reports was conducted, detailing systematic pelvic and paraaortic
lymphadenectomy procedures performed within the preceding 12 months. To qualify, centers
were required to demonstrate that at least 12 operations conducted in the prior year met the
predefined quality criteria outlined in the original trial protocol (chapter 6.4) (30).

Of the original 647 patients randomized in the trial, 311 patients were excluded from this
exploratory subgroup analysis as they did not undergo bowel surgery. Only patients with
confirmed bowel resections and complete clinical follow-up were included in this analysis.
Patients were excluded if they did not require bowel surgery or if relevant postoperative data
were unavailable.

Anastomotic leakage was assessed during the postoperative period using clinical signs (e.g.,
fever, peritonitis), laboratory markers (e.g., elevated inflammatory markers), and imaging
studies (e.g., contrast-enhanced CT) when clinically indicated. In specific circumstances,
endoscopic evaluation may be performed to confirm or rule out clinical suspicion before
proceeding with re-laparotomy.

Written informed consent was required for participation in the trial. A more detailed
description including the trial protocol and statistical analysis plan can be found in original

publication(30). The analysis has been reported in line with the CONSORT criteria.(31)

Statistics:

Categorical variables were assessed with Chi-Squared or Fisher exact tests as well as
continuous variables with Mann—Whitney U test, as appropriate.

Potential prognostic impact of anastomotic leakage on survival probabilities was analyzed by

Kaplan-Meier method and compared using the log-rank test. OS was calculated from date of



randomization to the date of death, PFS from randomization to date of first disease
progression, or date of death (whichever occurred first). Survival time of patients alive at the
last follow-up was censored. Risk factors for anastomotic leakage were evaluated by
calculating odds ratio (OR) with 95% profile-likelihood confidence interval (Cl) in univariate
and multivariate logistic regression models. Stepwise variables selection algorithm using the
Akaike’s Information Criteria were used for identification of the final logistic regression
model. The logistic regression model was built using a stepwise selection approach. The
initial null model included only the intercept (Al ~ 1), and the full model included all candidate
variables of interest. The stepwise selection was performed bidirectionally (both forward and
backward) using the step() function in R, which iteratively evaluates the inclusion or
exclusion of variables based on Akaike’s Information Criterion. P values presented two-
tailed, and p values <0.05 were considered statistically significant. Due to the exploratory
character of this analysis, no p value adjustment was applied. Thus, the results have to be
interpreted descriptively. All analyses were performed using the statistical programming

software packages R version 4.2.2 (R Corporation for Statistical Computing)(32,33).

RESULTS:

Patients’ characteristics:

In this data set of 336 patients undergoing bowel surgery within the AGO-OVAR.OP3/LION
trial, 24 patients were diagnosed with anastomotic leakage during postoperative clinical
follow-up within 60 days after surgery. In Table 1, detailed demographic and
clinicopathological characteristics of patients experiencing anastomotic leakage are opposed
to patients without anastomotic leakage. Possible risk factors as age, BMI, FIGO stage,
surgery duration and type of bowel resection did not significantly differ between subgroups.
In addition, placement of a protective stoma was found to be more frequent in the Non-
anastomotic leakage group with 16.7% compared to 12.5% in the anastomotic leakage
group, albeit not significantly different (p=0.81).

In contrast, significantly higher volume of blood loss was found for patients with anastomotic
leakage compared to patients without anastomotic leakage (median (range): 1000 cc (O-
6000) vs. 700 cc (0-4800)), p=0.007). Lymphadenectomy was significantly more common
with 79.2% in the anastomotic leakage group compared to 48.1% in the Non-anastomotic

leakage group (p=0.006).

Anastomotic leakage rate and stoma placement:
A total of 24 out of all 336 patients who underwent bowel surgery were diagnosed with

anastomotic leakage, resulting in an overall anastomotic leakage rate of 7.1%. In the entire



AGO-OVAR.OP3/LION trial cohort of 647 patients, including those who did not undergo
bowel surgery, the anastomotic leakage rate was 3.7%. Among patients undergoing
lymphadenectomy 19 of 169 patients (11.2 %) had anastomotic leakage compared to 5 of
167 patients without lymphadenectomy (3.0%, p=0.005).

Overall, the majority of 281 patients (83.6%) underwent radical surgery including bowel
resection but did not receive a protective stoma and were found to have an anastomotic
leakage rate of 7.5% (21 out of 281 patients). Among the 55 patients with stoma placement,
the anastomotic leakage rate was 5.5% (3 out of 55 patients), and this difference was not
statistically significant (p=0.78).

Within the 167 patients randomized to the Non-lymphadenectomy arm, 5 of the 145 patients
(3.5%) without a stoma experienced an anastomotic leakage, while none of the 22 patients

with stoma was diagnosed with anastomotic leakage (p=1.0) (Table 2).

Risk factors for anastomotic leakage:

In univariate analysis, blood loss (OR 1.05 per 100cc; 95% ClI 1.01-1.10) and
lymphadenectomy (OR 4.10; 95% CI 1.61-12.63) were the only two characteristics identified
as potential predictive factors for anastomotic leakage, while all other analyzed
characteristics (age, BMI, ECOG, ASA physical status classification system, CA-125, cancer
origin, FIGO, duration of surgery, ascites, small bowel resection, stomach resection, stoma
placement, splenectomy) were not (Figure 1). Both factors (blood loss [OR 1.04 per 100cc,
95% CI 1.0001-1.09], lymphadenectomy [OR 3.67, 95% CI 1.41-11.40]) were found to
remain significant independent factors in step-back evaluation for multivariate analysis
(Figure 1).

Accordingly, blood loss and lymphadenectomy are parameters associated with anastomotic
leakage rate. For all patients and the Non-lymphadenectomy subgroup, anastomotic leakage
rate increased with higher blood loss, reaching the highest rates when blood loss exceeded
1500 cc (all patients: <500 cc: 5.8%, 500-1500 cc: 6.0%, >1500 cc: 14.5%, p=0.11; Non-
lymphadenectomy: <500 cc: 0.0%, 500-1500 cc: 2.0%, >1500 cc: 13.6%, p=0.03). In
contrast, anastomotic leakage rate in the lymphadenectomy subgroup remains over 10%
regardless of the amount of blood loss (<500 cc: 12.5%, 500-1500 cc: 10.2%, >1500 cc:
15.2%, p=0.70) (Table 3).

Survival:

In Kaplan Meier analysis, median PFS was comparable with 18 months in patients with
anastomotic leakage vs. 19 months in the Non-anastomotic leakage group (hazard ratio (HR)
0.86; 95% CI 0.5 to 1.4, p=0.53). Regarding OS, a median of 31 months was estimated in the

anastomotic leakage group compared to 58 months in the Non-anastomotic leakage group,



although the difference did not reach statistical significance (HR 0.69; 95% CI 0.4 to 1.2,
p=0.17) (Figure 2).

DISCUSSION

This exploratory subgroup analysis of the prospective surgical phase I1lI AGO-
OVAR.OP3/LION trial with a homogeneously treated cohort of patients undergoing
multivsiceral surgery for ovarian cancer surgery underscores the critical importance of
addressing anastomotic leakage as a serious perioperative complication following bowel
surgery for advanced ovarian cancer. The significantly lower anastomotic leakage rate
observed in the Non-lymphadenectomy subgroup with 3.0%, which represents the current
standard of care, highlights the potential impact of reducing surgical complexity to minimize
risk for anastomotic leakage. These findings emphasize the need to carefully balance the
extent of surgical interventions with the associated risks of complications, particularly
anastomotic leakage, to improve overall patient outcomes and ensure optimal perioperative
management.

Several studies have provided compelling evidence of the significant and adverse effects of
anastomotic leakage on the postoperative course of ovarian cancer patients, resulting in
extended hospital stays, reduced likelihood of initiating chemotherapy or delays in the
initiation of chemotherapy, which may have negative implications for patients' overall survival
(6,9,11,12,14-17,24). In our analysis, while anastomotic leakage demonstrated a numerical
trend toward worse outcomes for PFS and OS, these trends did not exhibit statistical
significance. This distinction is critical because numerical differences alone are not sufficient
to establish causal or prognostic associations. Nevertheless, these observations contribute to
previously published data being ambivalent regarding a significant effect on postoperative
mortality rate and 0S(9,11,14,23,24,34).

Currently, there is still a lack of identification of the specific population at the highest risk for
anastomotic leakage, as well as established strategies to effectively prevent its occurrence.
The assessment of anastomotic leakage risk factors in the ovarian cancer literature appears
heterogeneous, potentially due to the rarity of anastomotic leakage and the individual
surgical techniques wused for intestinal resection and anastomosis (6,9-12,14—
17,19,22,24,25).

In our analysis, two independent factors, blood loss and lymphadenectomy were identified as
potential risk factors for anastomotic leakage, while an impact of other documented
clinicopathological characteristics could not be validated. Higher volumes of blood loss are
associated with an increased rate of anastomotic leakage, particularly in the Non-
lymphadenectomy subgroup. In colorectal cancer surgery, former studies have proposed that

intraoperative blood loss can be considered as an independent risk factor for anastomotic



leakage (35—38). Among the multiple factors involved in gastrointestinal anastomotic healing,
guaranteeing continuous blood supply plays a central role in the development of anastomotic
leakage, and the effect of ischemia on anastomotic healing disturbances is widely accepted.
Therefore, meticulous surgical technique including precise dissection within tissue layers is
crucial for ovarian cancer surgery to prevent large volume shifts. The use of indocyanine
green fluorescence angiography may help to reduce risk for anastomotic leakage in bowel
surgery and could become an approach in ovarian cancer surgery as well(39). Additionally,
timely intraoperative and anesthetic interventions to minimize blood loss, such as
administering anti-fibrinolytic agents along with optimized preoperative patient management,
play essential roles to improve patient outcomes and reducing complications (40). Both the
Enhanced Recovery After Surgery (ERAS®) Society and the European Society of
Gynaecological Oncology (ESGO) are actively pursuing efforts to enhance the perioperative
management protocols for patients diagnosed with ovarian cancer. This focus on
optimization reflects a commitment to improving surgical outcomes and overall patient care.
In line with these objectives, comprehensive guidelines have been developed and published,
aiming to standardize and elevate the quality of care provided to this patient population (41—
44).

The observation that lymphadenectomy may be associated with a higher risk of anastomotic
leakage in this exploratory analysis suggests several potential explanations that warrant
further investigation. One possibility is that systematic pelvic and paraaortic
lymphadenectomy increases the complexity and duration of surgery, as it involves
meticulous dissection and removal of lymphatic tissue from the pelvic and paraaortic regions.
Prolonged surgical time has been proposed to contribute to higher rates of postoperative
complications, including anastomotic leakage, potentially due to cumulative tissue trauma,
prolonged ischemia, and heightened inflammation(45,46). Additionally, the extensive
dissection required for lymphadenectomy might reduce the blood supply to adjacent bowel
segments, which could impair anastomotic healing(47). Another consideration is the potential
impact of lymphatic disruption on the postoperative environment. Manipulation and removal
of lymph nodes during lymphadenectomy may lead to lymph leakage or the accumulation of
lymphatic fluid in the retroperitoneal space. This fluid, which is rich in inflammatory cytokines
and proteins, might impair the healing of an anastomosis by promoting a local inflammatory
milieu or increasing the risk of secondary infections(48). While these hypotheses are
plausible, further studies are needed to confirm these potential mechanisms.

As the primary analysis of AGO-OVAR.OP3/LION revealed that in advanced stage disease
and in case of non-suspicious lymph nodes following complete cytoreduction,
lymphadenectomy did not have a prognostic effect on neither OS nor on PFS, omission of

lymphadenectomy has become standard of care as reflected in current guidelines. This may
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not only reduce surgical morbidity but also minimize the risk of complications like
anastomotic leakage (30,49,50). This finding reinforces the importance of critically evaluating
the necessity of lymphadenectomy in surgical oncology, particularly in cases where it does
not alter oncological outcomes. Surgeries performed in alignment with current
recommendations for advanced ovarian cancer demonstrated acceptable rates of
anastomotic leakage.

Our study did not find any statistically significant difference in anastomotic leakage rates
among patients undergoing protective stoma placement and are in line with other published
data (24,51). To date, the decision-making process for performing a protective stoma
placement is mostly based on individual intraoperative aspects and based on personal
experience rather than objective risk factors for anastomotic leakage.

Contrary to the intended protective effect, stoma formation can also be associated with
increased morbidity like dehydration, malnutrition and renal impairment due to increased
outflow debit(19). Furthermore, it can affect the patient’s self-image and has been associated
with serious psychological effects and a decrease in quality of life(52). Otherwise, protective
stoma placement decreases the rates of overall complications such as sepsis and the need
for re-laparotomy(17). Thus, there is a group of patients, which certainly benefits from stoma
placement.

Nevertheless, based on the present data, bowel surgery without stoma formation can be
regarded as an appropriate approach regarding anastomotic leakage rate in advance ovarian
cancer surgery as no significant differences and impact have been seen. Further studies are
needed to better define this population and to make intraoperative decision-making as
objective as possible.

Our study has several potential limitations. The study cohort of the AGO-OVAR.OP3/LION
trial was not statistically powered for our exploratory analysis. Thus, we are aware that the
limited number of anastomotic leakage events makes the risk factor analysis less reliable.
Furthermore, we could analyze only a limited panel of clinicopathological characteristics,
collected in AGO-OVAR.OP3/LION, and were not able to evaluate other former reported risk
factors (i.e. surgical technique, distance from anal verge, additional blood tests like albumin
levels) (8—10,21-25). Moreover, analysis of risk factors associated with surgery like surgery
duration or blood loss is quite complex due to missing standardized cut-offs. The potential
strength of our study is the data quality as a subgroup analysis of a prospective phase llI
multicenter trial with surgery performed in high volume centers for ovarian cancer surgery
defining a homogenous, well-treated cohort - a thorough database which has not been

available for detailed analyses of surgical aspects so far.

CONCLUSION
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In conclusion, our subgroup analysis of the AGO-OVAR.OP3/LION trial indicates that
anastomotic leakage rates in surgeries for advanced ovarian cancer appear acceptable when
performed under the current standard surgical approach in high-volume centers. Bowel
surgery without stoma formation can be considered as an appropriate approach regarding
anastomotic leakage rate in these patients, although final decision has to be made based on
individual intraoperative findings and patient-specific risk factors. In our analysis, anastomotic
leakage demonstrated a humerical trend toward worse PFS and OS; however, these trends
did not reach statistical significance. This underscores that anastomotic leakage remains a
serious perioperative complication requiring meticulous postoperative patient care. The lack
of statistical significance highlights the necessity of cautious interpretation of these findings
and emphasizes the need for further research to validate these observations and develop
targeted strategies for the prevention and management of anastomotic leakage.

Blood loss and lymphadenectomy, as potential surrogate markers for the extent of surgical
intervention, should be carefully considered in the context of perioperative management for
patients with advanced ovarian cancer. In contrast, no significant association was identified
between anastomotic leakage and other evaluated clinicopathological characteristics in this
analysis.

Provenance and peer review not commissioned, externally peer-reviewed.

Consent: Written informed consent was obtained from the patient for publication and any
accompanying images. A copy of the written consent is available for review by the Editor-in-Chief

of this journal on request.

REFERENCES:

1. McMullen M, Karakasis K, Rottapel R, Oza AM. Advances in ovarian cancer, from
biology to treatment. Vol. 2, Nature Cancer. 2021.

2. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin.
2023;73(1).

3. du Bois A, Reuss A, Pujade-Lauraine E, Harter P, Ray-Coquard I, Pfisterer J. Role of
surgical outcome as prognostic factor in advanced epithelial ovarian cancer: A
combined exploratory analysis of 3 prospectively randomized phase 3 multicenter

12



10.

11.

12.

13.

14.

15.

trials. Cancer [Internet]. 2009 Mar 15;115(6):1234—44. Available from:
https://doi.org/10.1002/cncr.24149

Harter P, Heitz F, Ataseven B, Prader S, Schneider S, Baert T, et al. Impact of a
structured quality management program on survival of patients with advanced (AOC)
and relapsed ovarian cancer (ROC) treated in a dedicated tertiary gynecologic-
oncology (GO) center. Journal of Clinical Oncology. 2019;37(15_suppl).

Colombo N, Sessa C, du Bois A, Ledermann J, McCluggage WG, McNeish |, et al.
ESMO&#x2013;ESGO consensus conference recommendations on ovarian cancer:
pathology and molecular biology, early and advanced stages, borderline tumours and
recurrent disease®*?*?% Annals of Oncology [Internet]. 2019 May 1;30(5):672—705.
Available from: https://doi.org/10.1093/annonc/mdz062

Peiretti M, Bristow RE, Zapardiel I, Gerardi M, Zanagnolo V, Biffi R, et al. Rectosigmoid
resection at the time of primary cytoreduction for advanced ovarian cancer. A multi-
center analysis of surgical and oncological outcomes. Gynecol Oncol. 2012;126(2).
Bristow RE, del Carmen MG, Kaufman HS, Montz FJ. Radical Oophorectomy with
Primary Stapled Colorectal Anastomosis for Resection of Locally Advanced Epithelial
Ovarian Cancer. J Am Coll Surg [Internet]. 2003;197(4). Available from:
https://journals.lww.com/journalacs/Fulltext/2003/10000/Radical_Oophorectomy_wi
th_Primary_Stapled.10.aspx

Fagotti A, Ferrandina G, Vizzielli G, Fanfani F, Gallotta V, Chiantera V, et al. Phase Il
randomised clinical trial comparing primary surgery versus neoadjuvant
chemotherapy in advanced epithelial ovarian cancer with high tumour load
(SCORPION trial): Final analysis of peri-operative outcome. Eur J Cancer. 2016;59.
Grimm C, Harter P, Alesina PF, Prader S, Schneider S, Ataseven B, et al. The impact of
type and number of bowel resections on anastomotic leakage risk in advanced ovarian
cancer surgery. Gynecol Oncol. 2017;146(3).

Lago V, Fotopoulou C, Chiantera V, Minig L, Gil-Moreno A, Cascales-Campos PA, et al.
Risk factors for anastomotic leakage after colorectal resection in ovarian cancer
surgery: A multi-centre study. Gynecol Oncol. 2019;153(3).

Costantini B, Vargiu V, Santullo F, Rosati A, Bruno M, Gallotta V, et al. Risk Factors for
Anastomotic Leakage in Advanced Ovarian Cancer Surgery: A Large Single-Center
Experience. Ann Surg Oncol. 2022;29(8).

Peiretti M, Zanagnolo V, Aletti GD, Bocciolone L, Colombo N, Landoni F, et al. Role of
maximal primary cytoreductive surgery in patients with advanced epithelial ovarian
and tubal cancer: Surgical and oncological outcomes. Single institution experience.
Gynecol Oncol. 2010;119(2).

Fotopoulou C, Zang R, Gultekin M, Cibula D, Ayhan A, Liu D, et al. Value of tertiary
cytoreductive surgery in epithelial ovarian cancer: An international multicenter
evaluation. In: Annals of Surgical Oncology. 2013.

Kalogera E, Dowdy SC, Mariani A, Weaver AL, Aletti G, Bakkum-Gamez JN, et al.
Multiple large bowel resections: Potential risk factor for anastomotic leak. Gynecol
Oncol. 2013;130(1).

Chi DS, Zivanovic O, Levinson KL, Kolev V, Huh J, Dottino J, et al. The incidence of
major complications after the performance of extensive upper abdominal surgical
procedures during primary cytoreduction of advanced ovarian, tubal, and peritoneal
carcinomas. Gynecol Oncol. 2010;119(1).

13



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Braicu El, Sehouli J, Richter R, Pietzner K, Denkert C, Fotopoulou C. Role of histological
type on surgical outcome and survival following radical primary tumour debulking of
epithelial ovarian, fallopian tube and peritoneal cancers. Br J Cancer. 2011;105(12).
Tseng JH, Suidan RS, Zivanovic O, Gardner GJ, Sonoda Y, Levine DA, et al. Diverting
ileostomy during primary debulking surgery for ovarian cancer: Associated factors and
postoperative outcomes. Gynecol Oncol. 2016;142(2).

Clayton RD, Obermair A, Hammond IG, Leung YC, McCartney AJ. The western
Australian experience of the use of en bloc resection of ovarian cancer with
concomitant rectosigmoid colectomy. Gynecol Oncol. 2002;84(1).

Obermair A, Hagenauer S, TamandlI D, Clayton RD, Nicklin JL, Perrin LC, et al. Safety
and efficacy of low anterior en bloc resection as part of cytoreductive surgery for
patients with ovarian cancer. Gynecol Oncol. 2001;83(1).

Mourton SM, Temple LK, Abu-Rustum NR, Gemignani ML, Sonoda Y, Bochner BH, et
al. Morbidity of rectosigmoid resection and primary anastomosis in patients
undergoing primary cytoreductive surgery for advanced epithelial ovarian cancer. In:
Gynecologic Oncology. 2005.

Koscielny A, Ko A, Egger EK, Kuhn W, Kalff JC, Keyver-Paik MD. Prevention of
anastomotic leakage in ovarian cancer debulking surgery and its impact on overall
survival. Anticancer Res. 2019;39(9).

Richardson DL, Mariani A, Cliby WA. Risk factors for anastomotic leak after recto-
sigmoid resection for ovarian cancer. Gynecol Oncol. 2006;103(2).

Bartl T, Schwameis R, Stift A, Bachleitner-Hofmann T, Reinthaller A, Grimm C, et al.
Predictive and Prognostic Implication of Bowel Resections during Primary
Cytoreductive Surgery in Advanced Epithelial Ovarian Cancer. International Journal of
Gynecological Cancer. 2018;28(9).

Fornasiero M, Geropoulos G, Kechagias KS, Psarras K, Katsikas Triantafyllidis K,
Giannos P, et al. Anastomotic Leak in Ovarian Cancer Cytoreduction Surgery: A
Systematic Review and Meta-Analysis. Vol. 14, Cancers. 2022.

Kim JH, Han WH, Lee DE, Kim SY, You K, Park SS, et al. Anastomotic leakage after
resection of the rectosigmoid colon in primary ovarian cancer. J Ovarian Res
[Internet]. 2023;16(1):85. Available from: https://doi.org/10.1186/s13048-023-01153-
X

Chude GG, Rayate N V., Patris V, Koshariya M, Jagad R, Kawamoto J, et al.
Defunctioning loop ileostomy with low anterior resection for distal rectal cancer:
Should we make an ileostomy as a routine procedure? A prospective randomized
study. Hepatogastroenterology. 2008;55(86—87).

Hanna MH, Vinci A, Pigazzi A. Diverting ileostomy in colorectal surgery: when is it
necessary? Vol. 400, Langenbeck’s Archives of Surgery. 2015.

Ulrich AB, Seiler C, Rahbari N, Weitz J, Blichler MW. Diverting stoma after low anterior
resection: More arguments in favor. Dis Colon Rectum. 2009;52(3).

Matthiessen P, Hallbook O, Rutegard J, Simert G, Sjodahl R. Defunctioning stoma
reduces symptomatic anastomotic leakage after low anterior resection of the rectum
for cancer: A randomized multicenter trial. Ann Surg. 2007;246(2).

Harter P, Sehouli J, Lorusso D, Reuss A, Vergote |, Marth C, et al. A Randomized Trial of
Lymphadenectomy in Patients with Advanced Ovarian Neoplasms. New England
Journal of Medicine. 2019;380(9).

14



31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Moher D, Schulz KF, Altman DG, Lepage L. The CONSORT statement: Revised
recommendations for improving the quality of reports of parallel-group randomised
trials. Vol. 357, Lancet. 2001.

R Core Team (2022). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. 2020.

RStudio T. RStudio: Integrated Development for R. RStudio, Inc, Boston, MA. 2020;42.
Mirnezami A, Mirnezami R, Chandrakumaran K, Sasapu K, Sagar P, Finan P. Increased
local recurrence and reduced survival from colorectal cancer following anastomotic
leak: Systematic review and meta-analysis. Ann Surg. 2011;253(5).

Hu X, Cheng Y. A clinical parameters-based model predicts anastomotic leakage after
a laparoscopic total mesorectal excision: A large study with data from China. Medicine
(United States). 2015;94(26).

Simillis C, Charalambides M, Mavrou A, Afxentiou T, Powar MP, Wheeler J, et al.
Operative blood loss adversely affects short and long-term outcomes after colorectal
cancer surgery: results of a systematic review and meta-analysis. Tech Coloproctol.
2023;27(3).

Fukada M, Matsuhashi N, Takahashi T, Imai H, Tanaka Y, Yamaguchi K, et al. Risk and
early predictive factors of anastomotic leakage in laparoscopic low anterior resection
for rectal cancer. World J Surg Oncol. 2019;17(1).

Leichtle SW, Mouawad NJ, Welch KB, Lampman RM, Cleary RK. Risk factors for
anastomotic leakage after colectomy. Vol. 55, Diseases of the Colon and Rectum.
2012.

Lucarini A, Guida AM, Orville M, Panis Y. Indocyanine green fluorescence angiography
could reduce the risk of anastomotic leakage in rectal cancer surgery: a systematic
review and meta-analysis of randomized controlled trials. Colorectal Disease.
2024;26(3).

van Rooijen SJ, Huisman D, Stuijvenberg M, Stens J, Roumen RMH, Daams F, et al.
Intraoperative modifiable risk factors of colorectal anastomotic leakage: Why
surgeons and anesthesiologists should act together. Vol. 36, International Journal of
Surgery. 2016.

Fotopoulou C, Planchamp F, Aytulu T, Chiva L, Cina A, Ergéniil O, et al. European
Society of Gynaecological Oncology guidelines for the peri-operative management of
advanced ovarian cancer patients undergoing debulking surgery. International Journal
of Gynecologic Cancer [Internet]. 2021 Sep 1;31(9):1199. Available from:
http://ijgc.bmj.com/content/31/9/1199.abstract

Nelson G, Altman AD, Nick A, Meyer LA, Ramirez PT, Achtari C, et al. Guidelines for
pre- and intra-operative care in gynecologic/oncology surgery: Enhanced Recovery
After Surgery (ERAS&#xae;) Society recommendations &#x2014; Part |I. Gynecol Oncol
[Internet]. 2016 Feb 1;140(2):313—22. Available from:
https://doi.org/10.1016/j.ygyno.2015.11.015

Nelson G, Bakkum-Gamez J, Kalogera E, Glaser G, Altman A, Meyer LA, et al.
Guidelines for perioperative care in gynecologic/oncology: Enhanced Recovery After
Surgery (ERAS) Society recommendations—2019 update. International Journal of
Gynecologic Cancer [Internet]. 2019 May 1;29(4):651. Available from:
http://ijgc.bmj.com/content/29/4/651.abstract

Nelson G, Fotopoulou C, Taylor J, Glaser G, Bakkum-Gamez J, Meyer LA, et al.
Enhanced recovery after surgery (ERAS&#xae;) society guidelines for gynecologic

15



45.

46.

47.

48.

49.

50.

51.

52.

oncology: Addressing implementation challenges - 2023 update. Gynecol Oncol
[Internet]. 2023 Jun 1;173:58-67. Available from:
https://doi.org/10.1016/j.ygyno.2023.04.009

Buchs NC, Gervaz P, Secic M, Bucher P, Mugnier-Konrad B, Morel P. Incidence,
consequences, and risk factors for anastomotic dehiscence after colorectal surgery: a
prospective monocentric study. Int J Colorectal Dis [Internet]. 2008;23(3):265-70.
Available from: https://doi.org/10.1007/s00384-007-0399-3

Foster ME, Brennan SS, Morgan A, Leaper DJ. Colonic Ischaemia and Anastomotic
Healing. European Surgical Research [Internet]. 2008 Apr 18;17(3):133-9. Available
from: https://doi.org/10.1159/000128458

Vignali A, Gianotti L, Braga M, Radaelli G, Malvezzi L, Di Carlo V. Altered
microperfusion at the rectal stump is predictive for rectal anastomotic leak. Dis Colon
Rectum. 2000;43(1).

Reeves N, Vogel I, Ghoroghi A, Ansell J, Cornish J, Torkington J. Peritoneal cytokines as
a predictor of colorectal anastomotic leaks on postoperative day 1: a systematic
review and meta-analysis. Tech Coloproctol [Internet]. 2022;26(2):117-25. Available
from: https://doi.org/10.1007/s10151-021-02548-y

Armstrong DK, Alvarez RD, Backes FJ, Bakkum-Gamez JN, Barroilhet L, Behbakht K, et
al. NCCN Guidelines® Insights: Ovarian Cancer, Version 3.2022: Featured Updates to
the NCCN Guidelines. Journal of the National Comprehensive Cancer Network
[Internet]. 2022;20(9):972-80. Available from:
https://jnccn.org/view/journals/jnccn/20/9/article-p972.xml

Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft, Deutsche Krebshilfe,
AWMF): S3-Leitlinie Ovarialkarzinom, Version 5.1, Mai 2022, AWMF-Registernummer:
032/0350L.

Santana BN, Torralba EG, Soriano JV, Laseca M, Martinez AM. Protective ostomies in
ovarian cancer surgery: a systematic review and meta-analysis. J] Gynecol Oncol.
2022;33(2).

Vonk-Klaassen SM, de Vocht HM, den Ouden MEM, Eddes EH, Schuurmans MJ.
Ostomy-related problems and their impact on quality of life of colorectal cancer
ostomates: a systematic review. Vol. 25, Quality of Life Research. 2016.

FIGURE LEGEND:

Figure 1. Risk factors for anastomotic leakage in univariate and multivariate analysis
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Legend:

OR: odds ratio, 95% CI: 95% confidence interval, OC: ovarian cancer, cc: cubic centimeter

Figure 2. Progression-free survival and overall survival in patients with anastomotic leakage

vs. Non-anastomotic leakage

Legend:
AL: anastomotic leakage, PFS: progression-free survival, OS: overall survival, 95% CI: 95%

confidence interval
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Table 1. Clinical characteristics of all patients undergoing bowel surgery

Clinical characteristics

Median age (range) - yr

Median BMI (range) - kg/m?2

ECOG performance status score — no. (%)

0

1
ASA physical status classification system — no.
(%)

1

2

3

Median CA-125 level before surgery (range) -
U/ml

Final histologic diagnosis — no. (%)
Ovarian, fallopian tube, or peritoneal cancer
Other diagnosis, including borderline tumor
Final FIGO stage — no. (%)
IA/IB/IC/IIA
11B/IIC/INA

nB/NIc/1v

Median surgery duration (range) - min

Ascites > 500 cc — no. (%)

Median blood loss — per 100cc (range)
Small bowel resection — no. (%)

Large bowel resection — no. (%)
Stomach resection — no. (%)

Stoma placement — no. (%)

none

Anastomotic
leakage
(N =24)

63 (47-74)

24.3 (17.9-32.7)

20 (83.3)

4(16.7)

11 (45.8)
9 (37.5)

4(16.7)

342 (11-3310)

23 (95.8)

1(4.2)

24 (100)

382 (210-720)

13 (54.2)
1000 (0-6000)
5 (20.8)

24 (100.0)

1(4.2)

21(87.5)

No Anastomotic
leakage
(N =312)

62 (21-79)

24.5 (16.4-55.0)

260 (83.3)

52 (16.7)

103 (33.0)
170 (54.5)

39 (12.5)

450 (9-28850)

290 (92.9)

22 (7.1)

5(1.6)
20 (6.4)

279 (89.4)

360 (97-720)

139 (44.6)
700 (0-4800)
89 (28.5)
292 (93.6)

21(6.7)

260 (83.3)

Overall
Population
(N =336)
62 (21-78)

24.5 (16.38-
55.0)

280 (83.4)

56 (16.7)

114 (33.9)
179 (53.3)
43 (12.8)

447
(9-28850)

313(93.2)

23 (6.8)

5(1.5)

20 (6.0)

303 (90.2)
360
(97-720)
152 (45.2)
800 (0-6000)
94 (28.0)
316 (94.0)

22 (6.5)

281 (83.6)

value

0.32

0.55

1.00

0.27

0.58

0.91

0.42

0.09

0.48
0.007
0.57
0.41

0.95

0.81
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temporary/permanent

Splenectomy — no. (%)

Lymphadenectomy — no. (%)

3(12.5) 52 (16.7) 55 (16.4)
6 (25.0) 84 (26.9) 90 (26.8)
19 (79.2) 150 (48.1) 169 (50.3)

yr: years, SD: standard deviation, no.: number, cc: cubic centimeter

Table 2. Number of patients with anastomotic leakage and rate according to the surgical

procedures lymphadenectomy and stoma placement

Stoma placement

anastomotic leakage (rate) according to surgical procedure

All patients lymphadenectomy | Non-lymphadenectomy

(n=336) (n=169) (n=167)
Regardless 24/336 (7.1 %) 19/169 (11.2 %) 5/167 (3.0 %)
No 21/281 (7.5 %) 16/136 (11.8 %) 5/145 (3.5 %)
Yes 3/55 (5.5%) 3/33 (9.1%) 0/22 (0.0 %)
p-value* 0.78 1.0 1.0

*Fisher’s Exact Test

n: number of patients

Table 3. Number of patients with anastomotic leakage and rate according to the surgical

procedures lymphadenectomy and blood loss

Blood loss anastomotic leakage (rate) according to surgical procedure
All patients lymphadenectomy | Non-lymphadenectomy
(n=323) (n=163) (n=160)
<500 cc 4/69 (5.8 %) 4/32 (12.5 %) 0/37 (0.0 %)
500-1500 cc 12/199 (6.0 %) 10/98 (10.2 %) 2/101 (2.0 %)
>1500 cc 8/55 (14.5 %) 5/33 (15.2 %) 3/22 (13.6 %)
p-value* 0.11 0.70 0.03

*Fisher’s Exact Test

n: number of patients, cc: cubic centimeter




Figure 1:

Figure 2:
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Highlights:

o Overall rates for anastomotic leakage were low in highly specialized centers for
gynecological oncology radical surgery performing the AGO-OVAR.OP3/LION trial.
No significant protective effects for stoma placement in case of bowel surgery could
be demonstrated in the analyzed cohort.

¢ Although anastomotic leakage showed a numerical trend towards worse outcomes,
no statistically significant impact was observed, highlighting the need for further
investigation and strategies to evaluate this perioperative complication.

e Blood loss and systematic pelvic and paraaortic lymphadenectomy, as surrogate
markers for extensive surgery, are associated with higher anastomotic leakage rates.
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