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Introduction

To evaluate the survival impact of supradiaphragmatic lymphadenectomy as part of debulking surgery in stage IVB ovarian cancer with thoracic lymph node metastasis (LNM).





Methods

We retrospectively enrolled patients diagnosed with stage IVB ovarian, fallopian or primary peritoneal cancer between 2010 and 2020, carrying cardiophrenic, parasternal, anterior mediastinal or supraclavicular lymph nodes ≥5 mm on axial chest computed tomography. All tumors were classified into the abdominal (abdominal tumors and cardiophrenic lymph nodes) and supradiaphragmatic (parasternal, anterior mediastinal or supraclavicular lymph nodes) categories depending on the area involved. Residual tumors were classified into <5 vs ≥5 mm in the abdominal and supradiaphragmatic areas. Based on the site of recurrence, they were divided into abdominal, supradiaphragmatic and other areas.





Results

A total of 120 patients underwent primary debulking surgery (PDS, n=68) and interval debulking surgery after neoadjuvant chemotherapy (IDS/NAC, n=53). Residual tumors in the supradiaphragmatic area ≥5 mm adversely affected progression-free survival (PFS) and overall survival (OS) with marginal significance after PDS despite the lack of effect on survival after IDS/NAC (adjusted hazard ratios [HRs], 6.478 and 6.370; 95% confidence intervals [CIs], 2.224-18.864 and 0.953-42.598). Further, the size of residual tumors in the abdominal area measuring ≥5 mm diminished OS after IDS/NAC (adjusted HR, 9.330; 95% CIs, 1.386-62.800).





Conclusion

Supradiaphragmatic lymphadenectomy during PDS may improve survival in patients diagnosed with stage IVB ovarian cancer manifesting thoracic LNM. Further, suboptimal debulking surgery in the abdominal area may be associated with poor OS after IDS/NAC.





Trial registration

ClinicalTrials.gov (NCT05005650; https://clinicaltrials.gov/ct2/show/NCT05005650; first registration, 13/08/2021).

Research Registry (Research Registry UIN, researchregistry7366; https://www.researchregistry.com/browse-the-registry#home/?view_2_search=researchregistry7366&view_2_page=1).
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1 Introduction

Early diagnosis of ovarian cancer is known to be very important, with a five-year survival rate of over 80% expected (1, 2). However, screening using a combination of transvaginal ultrasound and serum CA-125 levels may not reduce death in the general population significantly, and most patients with ovarian cancer are still diagnosed with stage III-IV disease associated with a fatal prognosis (3, 4).

In particular, stage IVB disease with parenchymal metastasis involving liver and extra-abdominal lymph node metastasis (LNM) ranges from 12% to 15% (1). Since patients with stage IVB disease often carry unresectable tumors during primary debulking surgery (PDS), 25-30% of gynecologic oncologists prefer interval debulking surgery after neoadjuvant chemotherapy (IDS/NAC) due to similar survival benefit but lower rates of complication (5, 6).

However, thoracic LNM, involving cardiophrenic, mediastinal or supraclavicular LNM, is sometimes resectable in collaboration with thoracic surgeons. Thus, supradiaphragmatic lymphadenectomy can lead to optimal debulking surgery (ODS) in patients with stage IVB ovarian cancer and thoracic LNM. Despite this surgical feasibility, comparative evidence of survival benefit associated with supradiaphragmatic lymphadenectomy in these patients is unavailable. Thus, we investigated the effect of supradiaphragmatic lymphadenectomy as a component of ODS on survival of patients in stage IVB ovarian cancer along with thoracic LNM.




2 Methods



2.1 Patient selection

We searched an institutional database of patients with ovarian, fallopian, or primary peritoneal cancers between 2010 and 2020. The study was designed as a retrospective study, which included only patients with epithelial ovarian, fallopian, or primary peritoneal cancers; underwent PDS or IDS/NAC; International Federation of Obstetrics and Gynecology (FIGO) stage IVB disease; transthoracic LNM such as cardiophrenic, parasternal, anterior mediastinal, or supraclavicular LNM. However, we excluded stage IVB patients with posterior LNM, including middle or posterior mediastinal LNM, pleural seeding, and lung parenchymal metastasis. The Institutional Review Board of Seoul National University Hospital approved this study in advance (No. 1908-173-1059, September 3rd 2019), and we waived the patients’ consent because of a retrospective design. Moreover, this study has been registered in the ClinicalTrials.gov (NCT05005650; https://clinicaltrials.gov/ct2/show/NCT05005650) and the Research Registry (Research Registry UIN, researchregistry7366; https://www.researchregistry.com/browse-the-registry#home/?view_2_search=researchregistry7366&view_2_page=1).

In the earlier years of the study period, our institution followed a standardized protocol for the assessment of patients’ eligibility for complete cytoreduction based on CT and PET-CT scans to evaluate the disease extent and feasibility of ODS. In the later years of the study period, refinements were made to our assessment protocol by incorporating multidisciplinary team approaches to achieve maximal cytoreduction, especially for stage IVB patients presenting supradiaphragmatic metastasis.




2.2 Surgical procedures

Abdominal tumors were resected using debulking surgery as described in our previous report (7). First, we performed laparotomic staging operations, including hysterectomy, bilateral salpingo-oophorectomy, and pelvic or para-aortic lymphadenectomy. In this study, we removed enlarged lymph nodes selectively during pelvic or para-aortic lymphadenectomy. In addition, we conducted ultra-radical procedures including appendectomy, splenectomy, distal pancreatectomy, superficial liver mass excision or liver wedge resection, portal triad stripping, bowel resection, and anastomosis with or without prophylactic ileostomy in individual cases as needed. We performed en bloc pelvic resection or parietal peritonectomy to remove peritoneal metastasis.

Cardiophrenic lymph node dissection was performed trans-abdominally via diaphragmatic incision or trans-thoracically using video-assisted thoracic surgery (VATS) to remove thoracic LNM. Parasternal or anterior mediastinal lymph nodes were dissected via VATS. In particular, en bloc excision of internal mammary vessels near the metastatic lymph nodes was performed. Supraclavicular lymph nodes were dissected via 4 cm lateral supraclavicular incision. Bilateral approaches were adopted if indicated. ODS was defined as the size of residual tumors in the abdominal or supradiaphragmatic areas <5 mm after debulking surgery, whereas suboptimal debulking surgery (SDS) was defined as the size ≥5 mm.




2.3 Data collection

We collected the following clinical and pathologic parameters: age, American Society of Anesthesiology (ASA) score, treatment types such as PDS and IDS/NAC, tumor origin, histology, use of bevacizumab adjuvant chemotherapy, the size of residual tumors and recurrent sites. We further evaluated the extent of surgical resection and surgical outcomes, including operation time, estimated blood loss, hospitalization, and acute grade 3 or 4 complications based on Memorial Sloan Kettering Cancer Center (MSKCC) grading criteria (8). Moreover, we used the modified Surgical Complexity Score (SCS) system by adding distal pancreatectomy, cholecystectomy, portal triad stripping, adrenalectomy, and lymphadenectomy in the cardiophrenic, internal mammary, and supraclavicular regions to evaluate the level of surgical complexity (9). In the modified SCS system, 18 procedures were scored from 1 to 3, and total scores divided all patients into the following three complexity score groups: low, ≤3; intermediate, 4–7; high, ≥8 (Supplementary Table 1).

In this study, we divided the surgical resection area into two compartments. The first compartment included the abdominal area, including abdominal tumors and cardiophrenic lymph nodes because cardiophrenic lymph node dissection was performed by either gynecologic oncologists or thoracic surgeons. The second compartment involved the supradiaphragmatic area, including parasternal, anterior mediastinal, or supraclavicular lymph nodes. Enlarged lymph nodes in the supradiaphragmatic area were resected if they were 5 mm or larger on axial chest computed tomography (CT) before surgery according to the criteria specified in previous studies (10, 11). Thus, based on size, the residual tumors in the adnominal and supradiaphragmatic areas were classified into two groups: <5 and ≥5 mm.

Survival outcomes included progression-free survival (PFS) and overall survival (OS). PFS was defined as the time interval from the treatment start date to the recurrence or last follow-up date. OS was defined as the duration from the treatment start date to cancer-related death or last follow-up date. Further, we investigated the recurrence pattern in the abdominal, supradiaphragmatic, and other areas.




2.4 Statistical analysis

The primary outcome of this study is survival outcomes of PFS in patients according to the size of residual disease in the supradiaphragmatic area. The secondary outcome include OS, subgroup analysis in high-grade serous type, surgical outcome, and recurrent sites. Chi-squared or Fisher’s exact test was used to analyze categorical variables and Student’s T-test for continuous variables. Survival outcomes were determined via Kaplan-Meier method with log-rank or Breslow test and identified independent factors affecting PFS and OS via Cox proportional-hazards regression analysis using hazard ratios (HRs) and 94% confidence intervals (CIs). SPSS software version 25.0 (SPSS Inc., Chicago IL, USA) was used for statistical analysis in this study.





3 Result



3.1 Patient characteristics

A total of 120 eligible patients were included in our institutional database: 68 (56.2%) patients received PDS, and 53 (43.8%) patients underwent IDS/NAC. Supradiaphragmatic LNM <5 mm without resection, <5 mm with resection and 5 mm were identified in 41 (33.9%), 11 (9.1%) and 16 patients (13.2%) treated with PDS, and 29 (24%), 8 (6.6%) and 16 (13.2%) treated NAC/IDS, respectively. In 100 patients with HGSC of the ovary, supradiaphragmatic LNM <5 mm without resection, <5 mm with resection and 5 mm were identified in 32 (32%), 9 (9%) and 13 patients (13%) treated with PDS, and 26 (26%), 7 (7%) and 13 (13%) treated NAC/IDS, respectively (Figure 1).




Figure 1 | Diagram establishing the study population.



Table 1 depicts the clinical and pathological characteristics of all patients. There was no difference in age, ASA score, tumor origin, histology, use of bevacizumab, the size of residual tumors in the abdominal area or the supradiaphragmatic area between patients treated with PDS and those treated with IDS/NAC. Among patients who underwent PDS, 82.4% had histologic type of HGSC, while among patients who underwent IDS, 90.6% had HGSC histologic type.


Table 1 | Clinico-pathologic characteristics.






3.2 Surgical extents and outcomes

Supplementary Table 2 shows locations of enlarged and resected lymph nodes, and Supplementary Table 3 demonstrates the pathologic outcomes of resected lymph nodes in the cardiophrenic, parasternal, anterior mediastinal and supraclavicular regions. There was no difference in the distribution of enlarged and resected lymph nodes and the rate of metastatic lymph nodes among resected cases.

Table 2 shows the extent of surgical resection during both PDS and IDS/NAC. The two groups did not differ in terms of surgical procedures, including hysterectomy, bilateral salpingo-oophorectomy, pelvic or para-aortic lymphadenectomy, omentectomy, appendectomy, splenectomy, distal pancreatectomy, liver wedge resection, cholecystectomy, portal triad stripping, bowel resection and anastomosis, prophylactic ileostomy, parasternal, anterior mediastinal and supraclavicular lymphadenectomy. However, superficial liver mass excision, diaphragmatic peritonectomy, and cardiophrenic lymphadenectomy were more common in PDS than in IDS/NAC. When we compared the modified SCS between the two groups, high scores ≥8 was more frequent in PDS than in IDS/NAC (77.8% vs 49.1%).


Table 2 | Extent of surgical resection.



In terms of surgical outcomes, operation time was longer, and the estimated blood loss was higher in PDS than in IDS/NAC. However, hospitalization and acute grade 3 or 4 complications did not differ between the two groups (Supplementary Table 4).




3.3 Prognostic factors

When we divided all patients according to the criteria for ODS in the abdominal and supradiaphragmatic areas, no use of bevacizumab after PDS and non-high-grade serous carcinoma (non-HGSC) after IDS/NAC were factors affecting poor PFS and OS (adjusted HRs, 4.214 and 11.445; 95% CIs, 1.648-10.772 and 2.498-52.437), whereas the size of residual tumors in the abdominal and supradiaphragmatic areas ≥5 mm after PDS was a factor affecting poor PFS and OS (adjusted HRs, 1.726 and 2.097; 95% CIs, 0.968-3.077 and 0.665-6.615; Supplementary Tables 5, 6).

For clarifying the effect of supradiaphragmatic lymphadenectomy in these patients, we divided the size of residual tumors in the supradiaphragmatic area into the three groups as follows: <5 mm without resection; <5 mm with resection; ≥5 mm. Supplementary Table 7 shows the comparison of clinicopathologic characteristics according to the size of residual tumors in the diaphragmatic area. There were no differences in age, ASA score and histology among the three groups, whereas bevacizumab was used more commonly in patients treated with PDS who had the size of residual tumors in the supradiaphragmatic area <5 mm after resection (54.5%), and the size of residual tumors in the abdominal area ≥5 mm was more common when the size of residual tumors in the supradiaphragmatic area was 5 mm or more after IDS/NAC (62.5%).

In terms of PFS, there were no differences based on the size of residual tumors in the supradiaphragmatic area in patients treated with IDS/NAC and those with HGSC of the ovary (median, 17.1 vs 10 vs 14.7 months; 17.1 vs 22.2 vs 18.2 months in < 5 mm without resection, <5 mm with resection, and ≥5 mm; P = 0.19 and 0.48). However, PFS was different according to the size of residual tumors in the supradiaphragmatic area in patients treated with PDS and those with HGSC of the ovary with marginal significance (mean, 26.6 vs 36.9 vs 28.4 months; 23.2 vs 43.8 vs 26.3 months in <5 mm without resection, <5 mm with resection, and ≥5 mm; P = 0.09 and 0.05; Figure 2).




Figure 2 | Subgroup analysis in comparison of progression-free survival based on the size of residual tumors in the supradiaphragmatic area (<5 mm without resection vs>5 mm with resection vs≥5 mm) in (A) stage IVB patients with thoracic lymph node metastasis who underwent primary debulking surgery (PDS) and in (B) those who underwent PDS with high-grade serous carcinoma of the ovary.



In terms of OS, there was no difference in OS based on the size of residual tumors in the supradiaphragmatic area in patients treated with PDS and those with HGSC of the ovary (mean, 64.8 vs 48.7 vs 103.4 months; 61 vs 47.8 vs 73.5 months in < 5 mm without resection, <5 mm with resection, and ≥5 mm; P=0.94 and 0.88). Moreover, OS was not different according to the size of residual tumors in the supradiaphragmatic area in patients treated with IDS/NAC and those with HGSC of the ovary (mean, 56.8 vs 48.3 vs 74.2 months; 57.1 vs 52 vs 86.8 months in <5 mm without resection, <5 mm with resection, and ≥ 5 mm; P=0.79 and 0.31).

In patients treated with PDS, no use of bevacizumab was an unfavorable factor for PFS (adjusted HR, 7.240; 95% CI, 2.249-23.304), and the size of residual tumors in the supradiaphragmatic area ≥5 mm was an adverse factor for PFS and OS (adjusted HRs, 6.478 and 6.370; 95% CIs, 2.249-23.304 and 2.224-18.864; Table 3). When we performed subgroup analyses for only patients with HGSC of the ovary, no use of bevacizumab was also a factor related with decreased PFS (adjusted HR, 7.408; 95% CI, 2.044-26.846), and the size of residual tumors in the supradiaphragmatic area ≥5 mm was also a factor associated with decreased PFS and OS (adjusted HRs, 5.945 and 19.685; 95% CIs, 1.805-19.579 and 1.756-220.660; Table 4). However, the size of residual tumors in the supradiaphragmatic area ≥5 mm was not related to survival in those treated with IDS/NAC, whereas the size of residual tumors in the abdominal area was related to decreased OS in patients treated with IDS/NAC and those with HGSC of the ovary (adjusted HRs, 9.330 and 6.209; 95% Cis, 1.386-62.800 and 1.110-34.738; Supplementary Tables 8, 9).


Table 3 | Factors affecting progression-free and overall survivals in patients treated with primary debulking surgery.




Table 4 | Factors affecting progression-free survival in patients with high-grade serous carcinoma of the ovary who underwent primary debulking surgery.






3.4 Recurrence patterns

Supplementary Table 10 depicts specific recurrence sites between PDS and IDS/NAC, which shows no difference in them between the two groups. Table 5 shows recurrence sites based on the size of residual tumors in the supradiaphragmatic area. As a result, there was no difference in recurrence sites according to the size of residual tumors in the supradiaphragmatic area after PDS and IDS/NAC.


Table 5 | Recurrence pattern.







4 Discussion

VATS has been used to detect unexpected LNM or pulmonary metastasis with surgical feasibility and safety in various types of malignancies (12). Even though VATS has been shown to increase survival by facilitating resection of solitary metastases in some cancers, including colon and pancreatic cancers (13–15), the therapeutic role of resection of multiple metastatic tumors in the intrathoracic area has yet to be reported.

In ovarian cancer, the diagnostic and prognostic roles of VATS are also becoming increasingly important. Based on previous studies, VATS is expected to lead to cancer upstaging and change of management in 41% of patients with advanced ovarian cancer (16). Also, enlarged cardiophrenic lymph nodes may predict upper abdominal disease involvement but still benefit from complete resection of abdominal disease (17, 18). Further, macroscopic intrathoracic disease detected on VATS represents an unfavorable prognostic factor (18, 19). However, the therapeutic effect of tumour resection via VATS is also limited and controversial in ovarian cancer (20). Therefore, this study is the first study of its kind evaluating the therapeutic effect of supradiaphragmatic lymphadenectomy, and the well-known effect of ODS on improved survival may not be apparent in stage IVB ovarian cancer with transthoracic LNM.

In terms of lymphatic drainage, the transthoracic and posterior lymphatic pathways contribute to LNM from the abdomen to the supradiaphragmatic lymph nodes. In particular, lymphatic tumour cells of the abdominal surface of the diaphragm invade the parasternal or anterior mediastinal lymph nodes and further into the supraclavicular lymph nodes via the transthoracic pathway. However, lymphatic tumour cells can diffuse through the diaphragm into the aortic hiatus and the thoracic duct via the posterior lymphatic pathway (21). In this study, we selected only stage IVB patients with transthoracic LNM because LNM via the transthoracic pathway is dominant, and lymphadenectomy by VATS is feasible, compared with LNM via posterior lymphatic pathway, which can lead to ODS in these patients (21–23).

In this study, we defined ODS as the size of residual tumor <5 mm in the abdominal and supradiaphragmatic areas due to the two following reasons. First, lymph nodes <5 mm in the supradiaphragmatic area are not resected with VATS generally because it is difficult to localize them (24). Second, cardiophrenic, parasternal and anterior mediastinal lymph nodes are not palpable or visually notable during VATS because they are located in the extrapleural space (25). Third, thoracic procedures should be performed within a short time without serious complications not to interrupt subsequent abdominal debulking surgery and not to reduce the delivery rate of adjuvant chemotherapy (26). Thus, we conducted VATS as a minimally invasive procedure instead of thoracotomy.

As a result, the rate of ODS was similar between PDS and IDS/NAC in the abdominal and supradiaphragmatic areas, whereas operation time was longer, estimated blood loss was more, and the modified SCS was higher in PDS than in IDS/NAC. However, there was no difference in the rate of grade 3 or 4 complications between the two groups. It means that recovery speed after surgery was similar between the two treatments, which could be supported by the finding of no difference in hospitalization between the two groups. In particular, there was no serious complication related to VATS, requiring subsequent intervention in this study.

In terms of survival, ODS in the supradiaphragmatic area improved PFS and OS, especially in patients undergoing PDS. These findings were also observed in those with HGSC of the ovary after PDS. Even though the results of Lymphadenectomy in Ovarian Neoplasms (LION) included stage IIB-IV disease, and thereby did not reveal the effect of lymphadenectomy in stage IVB disease definitely, it emphasizes that the standard procedure may be to remove only suspicious lymph nodes in a case where complete resection may be reached (27). In this study, we also found that PFS could be improved if you could resect tumors ≥5 mm in the supradiaphragmatic area during PDS, suggesting that supradiaphragmatic lymphadenectomy may be important during ODS for complete resection in stage IVB disease with thoracic LNM.

However, the therapeutic effect of supradiaphragmatic lymphadenectomy was not apparent in patients who underwent IDS/NAC, suggesting that NAC has the potential to decrease the size of enlarged lymph nodes but does not eliminate hidden LNMs, which cannot be resected due to size less than 5 mm on axial chest CT before IDS. This hypothesis is supported by previous studies where radiologic lymph node status after NAC differed from pathologic lymph node status and did not affect survival in advanced ovarian cancer (28, 29).

As the other prognostic factors, no use of bevacizumab decreased PFS after PDS, suggesting that these patients should be included in a high-risk group requiring bevacizumab therapy to decrease the risk of disease recurrence (30). Furthermore, the study findings suggest that SDS in the abdominal area remained associated with poor OS after IDS/NAC. Interestingly, no significant impact on OS was observed after PDS. Although ODS is determined by the size of residual tumors, it is clearly distinct from maximal debulking surgery, defined as the removal of resectable lesions if possible. Previous studies have shown that SDS may reflect a lack of effort to perform maximal debulking surgery, leading to poor prognosis in stage IIIC to IVB disease (31–33). Conversely, the attempt to reduce tumour burden via maximal debulking surgery can be expected to increase OS in stage IVB patients with transthoracic LNM during IDS/NAC. Furthermore, tumors that did not respond well to the NAC and remained after surgery may have a more aggressive biology, leading to a greater negative impact on overall survival.

However, this study has some limitations. First, a retrospective study design is associated with an inherent bias for evaluating the effect of supradiaphragmatic lymphadenectomy. Second, the small number of stage IVB patients with only supradiaphragmatic LNM act as a bias to evaluate the surgical effect. When we consider that the number of stage IVB patients with only supradiaphragmatic LNM is relatively small, and the efficacy of thoracic surgery for these patients has not been reported yet, so there are various positions on surgical resection, which makes it difficult to conduct a multi-center retrospective study, large-scale prospective studies are essential to validate these findings. Third, we excluded patients with stage IVB harboring supradiaphragmatic LNM via the posterior lymphatic pathway because it is relatively rare, and the surgical resection is not facilitated by VATS. Fourth, only a small subset of patients received first-line PARP inhibitors, and a significant number of patients did not undergo genetic testing, conducting a meaningful subgroup analysis based on maintenance therapies and BRCA status becomes challenging. Fifth, modifications to our assessment protocol may have influenced the outcomes observed in our study. It is essential to recognize the evolving nature of advanced ovarian cancer surgical management during the specified time interval. Future research should aim to investigate the impact of these changes on patient outcomes. Sixth, it is important to note that including the cardiophrenic area within the abdominal region for analysis could introduce a potential bias, and therefore, the interpretation of our findings should be approached with caution.

In conclusion, the findings of this study highlight the potential therapeutic benefit of supradiaphragmatic lymphadenectomy during PDS in improving PFS and OS of stage IVB ovarian cancer patients with thoracic LNM. It is important to consider that the impact of supradiaphragmatic lymphadenectomy may diminish during IDS/NAC. Furthermore, SDS in the abdominal area remains associated with poor OS after IDS/NAC. These results emphasize the significance of PDS with no residual tumor as the optimal approach for these patients and highlight the importance of considering these factors in clinical practice and treatment decision-making. Further studies are warranted to validate these findings and optimize the management strategies for stage IVB ovarian cancer patients with thoracic LNM.
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