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We classified clinical phenotypes based on tumor separability from the rectosigmoid colon and then evaluated the effect of these clinical phenotypes on surgical outcomes and prognosis of advanced ovarian cancer. We collected data of patients with stage IIIB-IVB disease who either underwent visceral segmental serosectomy (VSS) or low anterior resection (LAR) during maximal debulking surgery. All patients were divided into the following, according to the resection types of tumors involving the rectosigmoid colon: the focal (tumor-involved length <18 cm) and separable (FS) group that received VSS, the focal and inseparable (FI) that received LAR, or the diffuse (tumor-involved length ≥18 cm) group (D) that also received LAR. A total of 83 patients were included in FS (n=44, 53%), FI (n=18, 21.7%), and D (n=24, 25.3%) groups. FS and D groups with more extensive tumors were related to wider extent of surgery and more tumor infiltration except for bowels, whereas FI and D groups with more invasive tumors were associated with wider extent of surgery, more tumor infiltration to bowels, longer operation time, more blood loss, more transfusion, longer hospitalization, and higher surgical complexity scores. Moreover, FS and FI groups showed better progression-free survival than D group, whereas FS group demonstrated better overall survival than FI and D groups. Clinical phenotypes based on tumor separability from the rectosigmoid colon may depend on tumor invasiveness and extensiveness in advanced ovarian cancer. Moreover, these clinical phenotypes may affect surgical outcomes and survival.
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Introduction

Maximal cytoreduction in advanced ovarian cancer is crucial (1, 2), however, removing tumors involving the rectosigmoid colon is burdensome for gynecologic oncologists during debulking surgery for advanced ovarian cancer. Only a few gynecologic oncologists themselves perform the removal of the tumor located in the rectosigmoid colon in clinical practice, while others commonly rely on colorectal surgeons in 80-90% of cases (3). However, tumors involving the rectosigmoid colon frequently appears in about 24-64% of patients undergoing debulking surgery in ovarian cancer (4, 5), and the incorporation of resecting tumors involving the rectosigmoid colon is still important to improve survival by complete resection of tumors (5–8).

For removing tumors involving the rectosigmoid colon, low anterior resection (LAR) is a popular method with no risk of leaving microscopic residual tumor. Nevertheless, anastomosis site leakage occurs in 2.3-6.8% of cases (9–11), and bowel diversion is required in 17-18% of patients undergoing LAR (10, 12). Also, it has been reported that 40% of patients who underwent LAR develop the low anterior resection syndrome, deteriorating quality of life (13, 14).

Even though stripping tumors involving the rectosigmoid colon can be an alternative to LAR because the rectosigmoid colon can be preserved, and it is more feasible for gynecologic oncologists to conduct stripping tumors, controversy about its safety has been raised in several studies. Such studies argue that the removal of tumors without resecting the rectosigmoid colon can leave microscopic tumors, leading to a decreased survival rate (15, 16). On the contrary, recent studies support that stripping tumors involving the rectosigmoid colon may not worsen the prognosis of advanced ovarian cancer when compared to LAR (17–19).

Thus, we initially designed this study to evaluate the safety and feasibility of visceral segmental serosectomy (VSS), one of the methods for stripping tumors and compared it to LAR in advanced ovarian cancer. However, we found that LAR was inevitably required in some cases despite the attempt to perform VSS because the rectosigmoid colon could not be preserved due to tumor invasiveness and extensiveness, which was associated with the prognosis of advanced ovarian cancer (20).

Finally, we hypothesized that the possibility of exfoliating tumors while preserving the rectosigmoid colon might depend on clinical phenotypes based on tumor separability rather than the skill of surgeons, and these clinical phenotypes depending on tumor invasiveness and extensiveness might be associated with surgical outcomes and the prognosis of advanced ovarian cancer. Therefore, this study aims to show the effect of these clinical phenotypes according to tumor separability from the rectosigmoid colon on surgical outcomes and survival in patients with advanced ovarian cancer.



Materials and Methods


Patient Selection

We identified patients diagnosed with epithelial ovarian cancer from August 2014 to June 2020 at Seoul National University Hospital. Among those, we included only patients who; had International Federation of Obstetrics and Gynecology (FIGO) stage IIIB and IVB disease; underwent maximal debulking surgery for primary disease by one experienced gynecologic oncologist (HSK) only to control the quality of the data; was assessed for tumor separability in the rectosigmoid colon during debulking surgery with the attempt of preserving it. Seoul National University Hospital Institutional Review Board (IRB) approved this study (H-1707-079-869), and the patient consent was waived due to a retrospective design.



Surgical Procedure

All patients underwent debulking surgery for optimal cytoreduction according to the procedure described in the previous study (21). During the surgery, the operator (HSK) evaluated the length of tumor involvement in the rectosigmoid colon. When the tumor-involved length was less than 18cm, we initially attempted VSS to leave the rectosigmoid colon intact according to the surgical procedure reported previously (Figure 1) (20). When the tumor could be separated easily without inflicting mucosal defect by VSS, it was defined as the focal and separable (FS) type. On the other hand, we converted from VSS to LAR when a mucosal defect occurred during the procedure, defined as the focal and inseparable (FI) type. Lastly, we performed LAR when the tumor-involved length exceeded 18 cm due to the risk of leakage at the serosa repair site by excessive tension, which was defined as the diffuse (D) type (Figure 2). The tumor separability depending on tumor invasiveness and extensiveness was verified by two independent gynecologic oncologists (SJP and EJL), and the third gynecologic oncologist (JM) resolved disagreement between the two verifiers during debulking surgery. Three gynecologic oncologists performed verification using surgical records, pathology reports, and videos and photographs of the surgical fields uploaded to electronic medical records.




Figure 1 | Step-by-step procedures of visceral serosal segmentectomy. (A) Gross evaluation of the length of tumors involving the rectosigmoid colon; (B) Stripping of the tumors by electrocauterization; (C) Both right and left anterolateral edges are tagged, and the stripped surface of the bowel is folded; (D) Edges of the stripped area are closed with 3-0 vicryl sutures.






Figure 2 | Clinical phenotypes by tumor separability (A) Focal and separable type (B) Focal and inseparable type (C) Diffuse type.





Data Collection

Depending on the resection types of tumors involving the rectosigmoid colon, we divided all patients into FS, FI, and D groups. Then, we collected data of the three groups as follows: age, FIGO stage, histologic types, treatment types, use of bevacizumab, duration of follow-up, surgical extent, tumor infiltration, operative outcomes, progression-free survival (PFS), and overall survival (OS). We calculated the surgical complexity score (SCS) to evaluate the complexity and the extent of debulking surgery (22) and assessed surgical complications by using the Memorial Sloan Kettering Cancer Center (MSKCC) surgical secondary event grading classifications (23). Tumor response was assessed by the Response Evaluation Criteria In Solid Tumors (RECIST) criteria (version 1.1) (24). FS was defined as the time interval from the treatment start date to the disease recurrence or last follow-up date, while OS was defined as the time interval from the treatment start date to the cancer-related death or last follow-up date. The recurrence pattern was classified into the tumor resection site on the rectosigmoid colon, the pelvic cavity, the abdominal cavity, and distant metastasis.



Statistical Analysis

The Chi-squared test was done for categorical variables, and the Kruskal-Wallis test was done for continuous variables. Survival outcome was estimated by the Kaplan-Meier method with the log-rank and Breslow tests, and factors related to survival were identified by the Cox proportional hazard regression method using hazard ratio (HR) and 95% confidence interval (CI). We performed all statistical analysis using SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA).




Results


Baseline Characteristics

A total of 83 patients underwent maximal debulking surgery, including the resection of the tumors involving the rectosigmoid colon for advanced ovarian cancer. Among them, 44 (53%), 18 (21.7%), and 24 (25.3%) patients were assigned to FS, FI, and D groups, respectively. There were no differences in age, FIGO stage, histology, treatment types, use of bevacizumab, and follow-up duration among the three groups (Table 1).


Table 1 | Clinicopathologic characteristics.





Surgical Extent and Tumor Infiltration

Table 2 reveals the surgical extent and tumor infiltration in the resected areas. Splenectomy, cholecystectomy, portal triad stripping, left diaphragm peritonectomy, and right and left paracolic peritonectomy were performed more commonly in D group than in FI group. However, there was no difference in small and large bowel resection between D and FI groups. On the other hand, FS group underwent right and left paracolic peritonectomy more commonly than FI group and received small bowel resection and prophylactic ileostomy more frequently than D group.


Table 2 | Surgical extent and tumor infiltration.



In pathologic examination, D group showed tumor infiltration more commonly in the left diaphragm, left paracolic peritoneum, and appendix than FI group. However, there was no difference in tumor infiltration in the small and large bowel segments between the two groups. On the other hand, FS group showed tumor infiltration more frequently in the right and left paracolic peritoneum than FI group and demonstrated it less common in the small and large bowel segments than D group.



Operative Outcomes

Table 3 depicts the comparison of operative outcomes between the three groups. First, FI and D groups showed the tendency of longer operation time, more blood loss, more transfusion, and longer hospitalization than FS group. The SCS was highest in D group, followed by FI and FS groups. However, there were no differences in the residual tumor size and the time interval from surgery to adjuvant chemotherapy among the three groups.


Table 3 | Operative outcomes.



Regarding surgical complications, grade 3-4 infection was more common in the FI group than in FS and D groups, whereas there were no differences in gastrointestinal and thromboembolic complications among the three groups. Moreover, there were no differences in leakage and bleeding at the tumor resection site of the rectosigmoid colon among the three groups.



Survival

Median values of PFS were 23.9, 52.6, and 17.8 months, and mean values of OS were 56.6, 81.1, and 49.6 months in FS, FI, and D groups, respectively (Figure 3). The Kaplan-Meier curve for PFS showed significant differences between FS and FI groups (p=0.048) and between FI and D groups (p=0.013). Although the Kaplan-Meier curve for OS of the three groups did not show significant differences, a significant difference was shown between FS and D groups (p=0.046), and the marginal difference was shown between FS and FI groups (p=0.074). When we evaluated hazards of disease progression and cancer-related death, D group showed a higher hazard of disease progression than FS and FI groups, while FI and D groups demonstrated a higher hazard of cancer-related death than FS group (Figure 3).




Figure 3 | Comparison of survival using Kaplan-Meier method with log-rank and Breslow tests among the focal and separable (FS), focal and inseparable (FI), and diffuse groups (D) based on the resection types of tumor involving the rectosigmoid colon: (A) Progression-free survival; (B) Overall survival; Comparison of the survival proportion by Cox proportional hazards regression analysis among the focal and separable (FS), focal and inseparable (FI), and diffuse groups (D) based on the resection types of tumor involving the rectosigmoid colon: (C) Progression-free survival; (D) Overall survival.



Table 4 presents the factors affecting PFS and OS. Primary debulking surgery, no gross residual tumor, and D type affected PFS (adjusted HRs, 0.44, 0.52, and 2.06; 95% CIs, 0.23-0.85, 0.25-1.08 and 1.01-4.20). Furthermore, stage III disease, no gross residual tumor, and FI and D types affected OS (adjusted HRs, 0.25. 0.24, 4.59 and 3.34; 95% CIs, 0.08-0.81, 0.08-0.70, 1.31-16.08, and 1.06-10.54).


Table 4 | Factors affecting progression-free survival and overall survival.





Recurrence Pattern

Among 48 patients (57.8%) with disease recurrence, 26 (59.1%), 6 (33.3%), and 16 (76.2%) were included in FS, FI, and D groups. There was no difference in the recurrence pattern among the three groups, and disease recurrence at the rectosigmoid colon tumor resection site was not observed (Table 5).


Table 5 | Recurrence pattern.






Discussions

This study demonstrates three clinical phenotypes of advanced ovarian cancer, showing differences in operative outcome, surgical extent, and survival. Table 6 summarizes the main findings of three clinical phenotypes based on resection types of tumors involving the rectosigmoid colon, which may affect surgical extent, tumor infiltration, operative outcomes, and even the prognosis of advanced ovarian cancer in this study.


Table 6 | Clinical phenotypes based on the resection types of tumors involving the rectosigmoid colon.



Like this study, the association between the invasion depth of tumors involving the rectosigmoid colon and the prognosis of advanced ovarian cancer has been discussed in previous studies (25–27). Although a previous study has shown no difference in survival between the invasion to the serosal or subserosal layer and that to the mucosal or muscularis mucosal layer in patients with advanced ovarian cancer who underwent LAR with no residual tumor (25), other studies have demonstrated that tumor invasion to no deeper than the serosal layer was related with a better prognosis (26, 27).

However, our study focused on tumor separability, not the depth of tumor invasion in the rectosigmoid colon, because tumor separability may be more critical in determining whether the rectosigmoid colon can be preserved. Even though the invasion of tumors to the longitudinal or circular muscle layer was often observed, we could preserve the rectosigmoid colon without opening the mucosal layer in FS group, whereas it could not be preserved in FI group (20). This means that separable tumors were mainly distributed in FS group, where gynecologic oncologists could have less burden and try to preserve the rectosigmoid colon during debulking surgery for advanced ovarian cancer. On the other hand, tumors in FI and D groups were more invasive than those in FS group, which needed LAR instead of VSS. Moreover, FI group was considered to be in the initial stage, whereas D group was in the progressive stage in terms of tumor extensiveness despite the similar characteristics of tumor invasiveness.

Among these clinical phenotypes, FS and D groups with more extensive tumors were related to wider extent of surgery and more tumor infiltration except bowels in this study. Only one study compared the surgical extent between patients who underwent conservative surgery on the rectosigmoid colon and those treated with LAR (19), which showed no difference in the surgical extent between the two groups, suggesting that the resection types of tumors involving the rectosigmoid colon may not be related with the surgical extent. However, more relevant studies are needed because the rate of upper abdominal surgery, reflecting a large volume of tumors, was low in the previously mentioned study when compared with our study (16 vs. 68.2%).

On the other hand, FI and D groups with more invasive tumors were associated with wider extent of surgery and more tumor infiltration to bowels. Moreover, the two groups were related to longer operation time, more blood loss, more transfusion, and longer hospitalization, reflecting that debulking surgery was more complex than FS group. Previous studies can support these findings where patients treated with LAR showed longer operation time, more blood loss, and longer hospitalization than those treated with conservative surgery (18, 19).

There were no differences in leakage and bleeding among the three groups in terms of complications at the rectosigmoid colon tumor resection site. Previous reports showed that the increasing number of bowel resections might be associated with higher morbidity (28, 29), suggesting that a higher risk of complications such as leakage may increase after LAR. Our study also found that three patients (7.7%) resulted in leakage and bleeding after LAR, whereas there was no leakage and bleeding after VSS. This means that VSS can be effective and safe for resecting tumors and preserving the rectosigmoid colon in patients with advanced ovarian cancer.

In terms of survival, we found that tumor invasiveness rather than tumor extensiveness was related to PFS and OS in patients. In a previous study, stripping tumors was associated with worse PFS than LAR, suggesting that the remnant microscopic disease by partial resection of tumors involving the rectosigmoid colon can act as a disease recurrence point (15). However, no gross residual tumor instead of R0 resection is the goal of optimal debulking surgery for advanced ovarian cancer (3, 30), and there was no difference in survival between conservative surgery and LAR based on this goal in other studies (17–19). Another previous study revealed the association between metastasis of mesenteric lymph node and rectosigmoid colon resection, but survival was not affected (31). Also, our study suggests that less invasive tumors involving the rectosigmoid colon may be one of the most important factors related to better PFS and OS in patients with advanced ovarian cancer, and less extensive tumors may be associated with better PFS in patients with more invasive tumors involving the rectosigmoid colon.

These clinical phenotypes based on resection types of tumors involving the rectosigmoid colon can have different gene expressions. Previous studies have suggested the differences of 21 gene expressions in ovarian cancer presenting bowel metastasis (32) and molecular features reflecting clinical phenotypes such as complete cytoreduction and survival (33). The results from our study also suggest that clinical phenotypes with regard to resection types of tumors involving the rectosigmoid colon are worthy of being investigated up to the molecular levels of ovarian cancer. The added value of our results on current literature is that the novel concept of clinical phenotypes dividing advanced ovarian cancer and the patient groups based on clinical phenotypes showed different surgical outcomes and prognoses in terms of PFS and OS. Therefore, further studies based on finding molecular biomarkers associated with the clinical phenotype is warranted.

In conclusion, clinical phenotypes based on the invasiveness and extensiveness of tumors in the rectosigmoid colon may affect the surgical extent, tumor infiltration, operative outcomes, and prognosis of advanced ovarian cancer. The strength of our study is that we presented a novel concept of clinicHal phenotyping of advanced ovarian cancer, verified by independent gynecologic specialists. Also, we showed the clinical significance of the phenotypes with operative and prognostic outcomes within patients who underwent consistent surgical techniques. When we consider the limitations of this study, such as a small number of patients and a retrospective design, further studies are needed to prove the significance of these clinical phenotypes and to find relevant biomarkers reflecting those.
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