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Background

Owing to its extremely low incidence and the paucity of relevant reports, there is currently no recognized first-line treatment strategy for ovarian large-cell neuroendocrine carcinoma, and there are no statistics related to prognosis derived from large samples. This study aimed to investigate the characteristics, outcomes, and independent predictors of survival for ovarian large-cell neuroendocrine carcinoma and compare them with those of high-grade serous ovarian cancer.



Methods

The Surveillance, Epidemiology, and End Results database was used to identify women diagnosed with ovarian large-cell neuroendocrine carcinoma or high-grade serous ovarian cancer from 1988 to 2015. Clinical, demographic, and treatment characteristics were compared between the groups. Propensity-score matching, Cox risk regression analysis, and Kaplan–Meier survival curves were used to analyze the data.



Results

In total, 23,917 women, including 23,698 (99.1%) diagnosed with high-grade serous ovarian cancer and 219 (0.9%) diagnosed with ovarian large-cell neuroendocrine carcinoma, were identified. Age >77 years, diagnosis before 2003–2010, and advanced-stage disease were more common in patients with ovarian large-cell neuroendocrine carcinoma than in those with high-grade serous ovarian cancer. Women with ovarian large-cell neuroendocrine carcinoma were less likely to receive adjuvant chemotherapy (54.8% vs. 81.9%) but more likely to receive radiotherapy (3.2% vs. 1.5%; both P<0.001) than women with high-grade serous ovarian cancer. Stage, chemotherapy, and tumor size were independent predictors of overall survival, and the risk of death was greater in the advanced stage than in the early stage (P=0.047). Chemotherapy and tumor size were also independent predictors of cancer-specific survival. Overall and cancer-specific survival rates were significantly low for ovarian large-cell neuroendocrine carcinoma than for more malignant high-grade serous ovarian cancer.



Conclusions

Compared to patients with high-grade serous ovarian cancer, those with ovarian large-cell neuroendocrine carcinoma presented more often with advanced-stage disease and had decreased overall and cancer-specific survival rates.
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Introduction

Neuroendocrine tumors, an aggressive form of cancer, develop from neuroendocrine cells and often occur in the gastrointestinal tract, pancreas, and lungs. They are rarely found in other tissues and organs, and reports of them in the female reproductive tract are rare (1). Patients with neuroendocrine tumors often exhibit symptoms of Cushing’s syndrome (2).

Currently, studies regarding the origin of ovarian neuroendocrine tumors are few. Nonetheless, ovarian neuroendocrine tumors can be roughly classified into carcinoid tumors, atypical carcinoid tumors, small-cell carcinoma of the ovary (SCCO), and large-cell neuroendocrine carcinoma of the ovary (LCNEO) (3). According to World Health Organization (WHO) guidelines, non-small-cell neuroendocrine carcinoma (NSCNEC) is synonymous with LCNEC (3). Carcinoid and atypical carcinoid tumors are classified as low-grade neuroendocrine tumors, whereas SCCO, LCNE8O, and NSCNEC are classified as high-grade neuroendocrine carcinomas. Primary LCNEO is a highly malignant and aggressive disease with poor prognosis. In addition, metastasis and recurrence can easily occur even in the early stages of the disease. Primary LCNEO is often accompanied by the presence of other epithelial and germ cell tumors (4–6), and the incidence of simple LCNEO is sporadic (7–11). As of December 2019, only 18 records of pure LCNEO were available on PubMed (12).

Although most patients receive surgical treatment and postoperative adjuvant chemotherapy, the prognosis of LCNEO remains extremely poor (12). The poor prognosis of patients despite early diagnosis demonstrates the high biological aggressiveness of this tumor. Owing to the extremely low incidence of LCNEO and the paucity of relevant reports in the literature, there is currently no recognized first-line treatment strategy, and there are no statistics related to prognosis in large samples.

We aimed to investigate the natural course, treatment options, and outcomes of LCNEO. The overall survival (OS) and cancer-specific survival (CSS) rates were calculated using data from a population-based tumor registry. These data were also used to identify independent predictors of LCNEO. Furthermore, although serous ovarian cancer is a common subtype of ovarian cancer with a high potential for malignancy and poor prognosis, we compared LCNEO with high-grade serous ovarian cancer (HG-GOC) because SCCO, LCNEO, and NSCNEC are classified as high-grade neuroendocrine carcinomas. To date, no population-based study has compared the outcomes of LCNEO and HG-SOC. Therefore, we compared clinical characteristics and outcomes between patients with LCNEO and those with HG-SOC to provide a reference for clinical treatment.



Materials and Methods


Eligibility Criteria and Data Collection

This retrospective observational cohort study utilized the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute (13). The SEER program is the largest population-based tumor registration system in the United States (US). Launched in 1973, the SEER database has operated for more than 40 years and currently covers approximately 34.6% of the US population. It is considered a powerful tool for identifying population characteristics and studying the long-term prognosis of rare tumors. Patients histologically diagnosed with LCNEO or HG-SOC between 1988 and 2015 were identified in the SEER database as follows: Site code: primary malignant tumor in the ovary (ICD-O-3/WHO 2008). The inclusion criteria were as follows: histology code: large-cell carcinoma (8012/3), large-cell neuroendocrine carcinoma (8013/3), non-small-cell carcinoma (8046/3), serous cystadenocarcinoma (8441/3), and papillary serous cystadenocarcinoma (8460/3). The exclusion criteria were as follows: diagnosis of carcinoma in situ or borderline tumors, cases where LCNEO or SOC was not the first tumor, death (missing/unknown cause of death), and low-grade and unknown-grade SOCs (Figure 1). Notably, the SEER database has certain limitations. For example, it provides information on whether the patient received chemotherapy but not on the number of chemotherapy cycles, chemotherapy regimens, or neoadjuvant chemotherapy regimens received. It also does not specify the time and location of recurrence or have patients’ preoperative imaging data.




Figure 1 | Study flow chart.



The diagnostic grades recorded in the SEER database are in accordance with the guidelines of the American Joint Committee on Cancer (AJCC) and the International Federation of Gynecology and Obstetrics and are as follows: G1, well-differentiated; G2, moderately differentiated; G3, poorly differentiated; and G4, undifferentiated. The AJCC pairs G3 and G4. In this study, the SOC grades were classified into two-tiers—low grade (G1, G2) and high grade (G3, G4)—following expert recommendations for diagnostic practice (14, 15).

The de-identified data in the SEER database are publicly available; thus, their use was exempt from review by the Institutional Review Board of Shengjing Hospital Affiliated with China Medical University. The requirement for informed consent was also waived.

SEER*Stat 8.3.8 software (https://seer.cancer.gov/data/) was used to generate case listings and record patient information, including demographics, clinical pathology, and treatment parameters. Staging information was determined based on the AJCC staging system. X-tile software (Yale University, New Haven, CT, USA) was used to assess the optimal cut-off values for age, tumor size, and year of diagnosis (Figure 2). The best minimum and maximum cut-off values for age were 76 and 85 years, respectively, while the best minimum and maximum cut-off values for tumor size were 70 mm and 127 mm, respectively. The best cut-off values for the year of diagnosis were 2002 and 2010.




Figure 2 | Identification of optimal cut-off values for age [(A) best cut-off value for age, (B) survival curves for different ages, (C) best cut-off value for tumor size, and (D) survival curves for different tumor sizes] and year of diagnosis [(E) best cut-off value for tumor size, (F) survival curves for different tumor sizes] via X-tile software analysis. The optimal minimum and maximum cut-off values for age (based on overall survival) are 76 and 84 years, those for tumor size are 70 and 127 mm, and those for the year of diagnosis are 2002 and 2010, respectively.





Clinical and Demographic Characteristics

We analyzed patient demographic data, including age at diagnosis (grouped into ≤76, 77–84, and ≥85 years), race (white, black, other, and unknown), marital status (single/unmarried, married, divorced/separated, widowed, and unknown), insurance status (insured, any form of Medicaid, uninsured, and unknown), AJCC stage (I+II, III+IV, and unknown), and year of diagnosis (≤2002, 2003–2010, and 2011–2015). Further, we assessed clinical characteristics, including grade (poorly differentiated, undifferentiated, and unknown), lymph node status (negative, positive, not examined, and unknown), tumor size (≤70, 70–127, and ≥128 mm), cancer antigen 125 status (negative, positive, and unknown), and laterality (left, right, unilateral with side unspecified, bilateral [single primary], and paired site with no laterality information). In addition, we assessed treatment patterns, including surgery (yes, no, and unknown), chemotherapy (yes and no), and radiotherapy (yes and no). Data on time of follow-up after diagnosis, life status, and cause of death were collected from the database to evaluate survival after the disease (i.e., CSS) and OS.



Statistical Analysis

Chi-squared or Fisher’s exact test was used to compare clinical and demographic characteristics between patients with LCNEO and those with HG-SOC. Categorical data are presented as numbers and percentages (N, %). Optimal cut-off values for age, tumor size, and year of diagnosis were assessed using X-tile software (Figure 2). Propensity-score matching and multivariate analysis were used to evaluate OS and CSS for the LCNEO and HG-SOC groups. Univariate and multivariate Cox risk regression analyses were used to determine independent predictors of OS and CSS in patients with LCNEO. OS and CSS rates were calculated using Kaplan–Meier curves, and the log-rank test was used for comparison. All data were analyzed using IBM SPSS Statistics for Windows/Macintosh, ver. 23 (IBM Corp., Armonk, NY, USA). GraphPad Prism 8.3.0 (GraphPad Software, San Diego, CA, USA) was used to plot Kaplan–Meier survival curves, and P-values <0.05 were considered statistically significant.




Results

We identified 219 cases of LCNEO from the SEER database of the National Cancer Institute that met our eligibility criteria (13). Compared to patients with HG-SOC, those with LCNEO were more likely to be aged 77–84 years (20.5% vs. 11.2%) and ≥85 years (13.7% vs. 2.9%; P<0.0001). They were also more likely to be black (10.5% vs. 6.0%; P=0.043), divorced (35.2% vs. 16.3%; P<0.0001), and have stage III–IV disease (P=0.044). LCNEO was also more likely to be diagnosed between 2003 and 2010 than HG-SOC (64.4% vs. 36.9%; P<0.0001). Lack of lymphadenectomy was more common in patients with LCNEO than in those with HG-SOC (73.5% vs. 47.4%; P<0.001). Patients with LCNEO received radiotherapy more often than those with HG-SOC (3.2% vs. 1.5%; P=0.035; Table 1).


Table 1 | Demographic and clinical characteristics comparing LCNEO and HG-SOC (pre-matching and pos-matching).



In univariate regression models that were restricted to women with LCNEO, age at diagnosis (in years), stage, lymph node status, tumor size, CA125, laterality, surgery, and chemotherapy were independent prognostic factors for OS and CSS. In multivariate Cox regression analysis, stage, chemotherapy, and tumor size were identified as independent predictors of OS (Tables 2 and 3), while chemotherapy and tumor size were identified as independent predictors of CSS (Tables 2 and 3).


Table 2 | Univariable Cox Regression for analyzing the associated factors for developing large cell carcinoma of the ovarian  (LCNEO).




Table 3 | Multivariate Cox Regression for analyzing the associated factors for developing large cell carcinoma of the ovarian (LCNEO).



After propensity-score matching, we evaluated survival in 394 patients (LCNEO group, n=197; HG-SOC group, n=197). Demographic characteristics were well-balanced between the two groups (all standard deviations ≤0.10; Table 1). The median OS for LCNEO was 20 months, while that for HG-SOC was 38 months (hazard ratio [HR], 1.420; 95% confidence interval [CI], 1.022–1.974; P=0.003; Figure 3A). The median CSS for LCNEO was 19 months, while that for HG-SOC was 37 months (HR, 1.285; 95% CI, 0.916–1.801; P=0.0099; Figure 3B). Women with LCNEO had significantly lower OS and CSS rates than those with HG-SOC (3-year OS rates: 37.1% vs. 50.2%, net difference: 13.1%, P=0.003; Figure 3A; 5-year OS rates: 28.7% vs. 35.3%, net difference: 6.6%, P=0.003; Figure 3A; 3-year CSS rates: 38.6% vs. 50.8%, net difference: 12.2%, P=0.0099; Figure 3B; 5-year CSS rates: 32.3% vs. 34.9%, net difference: 1.6%, P=0.0099; Figure 3B). OS and CSS were worse in patients with LCNEO than in those with HG-SOC (P<0.001).




Figure 3 | Survival outcomes following propensity-score matching. (A) Overall survival and (B) cancer-specific survival based on tumor types. Log-rank tests were used to generate P-values. HG-SOC, high-grade serous ovarian cancer; LCNEO, large-cell neuroendocrine carcinoma of the ovary.



Multivariable analysis revealed that LCNEO was associated with a 1.4-fold increased risk of death from ovarian neoplasm when compared with HG-SOC (adjusted HR, 1.408; 95% CI, 1.004–1.976; P=0.047; Table 4). Tumor size, stage, and chemotherapy also remained independent prognostic factors for OS (all adjusted P<0.05). LCNEO remained an independent prognostic factor associated with decreased CSS when compared with HG-SOC. In addition,LCNEO was associated with a 1.5-fold increased risk of death from ovarian neoplasm when compared with HG-SOC (adjusted HR 1.502; 95% CI, 1.013–1.867; P=0.042; Table 4). Moreover, tumor size and chemotherapy remained independent prognostic factors for CSS (all adjusted P<0.05).


Table 4 | Multivariable analysis of survival outcomes after propensity-score matching.





Discussion

This study investigated the natural history, prognosis, and independent predictors of OS and CSS in patients with LCNEO using data from a population-based tumor registry. HG-SOC is a common subtype of ovarian cancer with high malignant potential and poor prognosis. Although LCNEO is relatively rare in clinical practice, some studies have reported its aggressiveness and poor prognosis; however, these studies are majorly case reports or small case series. Because SCCO, LCNEO, and NSCNEC are classified as high-grade neuroendocrine carcinomas, we compared LCNEO and HG-SOC with higher malignant potential to further clarify the malignant degree of LCNEO. Additionally, we compared clinical characteristics and outcomes between patients with LCNECO and those with HG-SOC. Our findings highlight the unique natural history and aggressive clinical course of LCNEO. In patients with LCNEO, advanced disease and tumor size >127 mm were associated with decreased OS, while tumor size >127 mm was associated with decreased CSS. Although chemotherapy significantly reduced the risk of death in patients with LCNEO, OS and CSS were significantly worse among patients with LCNEO than among those with HG-SOC, despite HS-SOC’s greater potential for malignancy. Lack of lymphadenectomy was more common in patients with LCNEO than in those with HG-SOC. Women with LCNEO were less likely to receive adjuvant chemotherapy and more likely to receive radiotherapy than those with HG-SOC.

Our results indicated that compared to patients with HG-SOC, those with LCNEO were more commonly aged >77 years, more often black, divorced, and had stage III–IV disease. In addition, LCNEO was diagnosed more commonly between 2003 and 2010 than HG-SOC. Although these findings indicate that older, divorced, and black patients are more susceptible to LCNEO, the exact reasons for these associations remain unclear.

After comparing rates of radiotherapy (3.2% vs. 1.5%; P=0.035) and chemotherapy (54.8% vs. 81.9%, <0.0001) between patients with LCNEO and those with HG-SOC, we concluded that women with LCNEO were less likely to receive adjuvant chemotherapy but more likely to receive radiotherapy compared to those with HG-SOC. We believe this has something to do with the characteristics and treatment of ovarian neuroendocrine cancer. The treatment plan for HG-SOC often involves a combination of surgery and chemotherapy, and rarely involves radiotherapy. However, in the literature, the comprehensive treatment of LCNEO often involves a combination of surgery, chemotherapy, and radiotherapy to improve the prognosis of patients (12, 16, 17). In addition, because patients with LCNEO were often diagnosed when the disease was at an advanced stage or when they were older, some died of disease progression without receiving any postoperative adjuvant treatment; others died because they did not receive any treatment at all. Therefore, it may be concluded that patients with LCNEO are less likely to receive adjuvant chemotherapy than those with HG-SOC.

Following statistical analysis, we found that patients with LCNEO rarely underwent lymphadenectomy and that more of them (35.2%) no underwent surgery than those with HG-SOC (3.9%). Further, 13.7 and 2.9% of patients in the LCNEO and HG-SOC groups, respectively, were ≥85 years of age. Because patients in the LCNEO group were older, less lymphadenectomy and radical surgery were performed in them; some underwent no surgery at all. It is well-known that satisfactory cytoreduction of ovarian cancer improves patient survival; therefore, we believe that a low rate of cytoreduction affects patient survival and patients with LCNEO are no exception. There were differences in the two groups of patients receiving tumor cytoreduction surgery. We considered the inability to perform satisfactory debulking surgeryor no underwent surgery in the LCNEO group to be due to the advanced age of patients in this group at the time of disease discovery. In addition, we believe that patients with LCNEO were more advanced than those with HG-SOC; therefore, some of them chose palliative care instead of surgical treatment. These factors may also affect the prognosis of patients with LCNEO; therefore, cases need to be accumulated for further analysis and summary in future studies.

Due to its rarity, information regarding LCNEO is limited to case reports and small case series (16–19). The largest report includes one case study and 57 literature reviews (20); 15 of the studies reviewed were on simple LCNEO, while the remaining were on mixed large-cell carcinoma. In this report, the median survival time of patients with LCNEO was 10 months. Although the median survival time of patients in stage I was 48 months, that of patients who had not undergone chemotherapy was only 9.7 months. The disease has a poor prognosis even if diagnosed at an early stage. Most patients received postoperative platinum-based chemotherapy. However, because of the use of platinum-based chemotherapy, the prognosis remains inconclusive. We strongly recommend the establishment of a global LCNEO medical database where international Institutional Clinicopathological Data can be collected and analyzed. Ki et al. (21) reported the case of a patient with LCNEO who survived for only 45 days and that of another patient who had stage Ia disease, underwent six courses of chemotherapy (five after the first course of chemotherapy) with paclitaxel (175 mg/m2) and cisplatin (90 mg/m2) and given the risk of recurrence within months, also underwent a secondary debulking operation, but unfortunately only survived for 17 months. Lin et al. (17) examined one patient with stage IV disease who survived for only 3 months despite receiving chemotherapy. There are also reports of successful LCNEO treatment. Safini et al. reported the case of a 36-year-old patient with advanced-stage LCNEO who underwent surgery and received adjuvant chemotherapy with etoposide and cisplatin and survived for 4 years (22). In our study, OS and CSS for LCNEO were both related to chemotherapy and tumor size;not receiving chemotherapy and tumors >127 mm were associated with poor prognosis in patients with LCNEO. Our results suggest that chemotherapy should be actively considered for patients with LCNEO. We also observed that while chemotherapy could improve the survival rate of patients with LCNEO, the survival rate of the disease remained low. Our research is based on the SEER database, which provides information on whether patients with LCNEO received chemotherapy but does not specify the type of chemotherapy or number of chemotherapy cycles received. Accordingly, our future research will address this concern.

The diagnosis of LCNEO can be confirmed through immunohistochemistry using one or more standard neuroendocrine-positive markers. The most common markers include synaptophysin, CD56, chromogranin A, neuron-specific enolase, and creatine kinase. Ki et al. (21) reported that increases in the levels of CA125 and NEDD8-activating enzymes are not specific to LCNEO. Similarly, we did not observe a significant difference in CA125 levels between patients with LCNEO and those with HG-SOC in our study.

There is no standardized treatment strategy for LCNEO. Most treatments are performed in line with the recommendations for large-cell lung cancer, including surgical resection and postoperative supplementation with platinum-based chemotherapy regimens (e.g., platinum, paclitaxel, etoposide, and bleomycin) (23). A combination of etoposide and cisplatin/carboplatin or taxol and carboplatin is most commonly used to prolong survival. In the case of pure LCNEO, more consideration should be given to a platinum-etoposide chemotherapy regimen targeting neuroendocrine components (21). However, the 5-year survival rates remain high. Although radiotherapy is more commonly administered in patients with LCNEO than in those with HG-SOC (16), no prospective clinical trials have been conducted to determine its effectiveness in treating LCNEO. We believe that if there are no contraindications to surgery, a combination of surgery and postoperative adjuvant chemotherapy should be considered as the first choice for LCNEO treatment; however, the treatment of LCNEO should be individualized, and the patient’s comprehensive situation should be considered to prolong survival. Individualized treatment plans and principles also require gynecological oncologists to accumulate more cases for further research and exploration.

Previous studies have reported a high probability of metastasis and recurrence even in the early stages of LCNEO (24). LCNEO commonly metastasizes to the pelvic and peritoneal cavities, and metastases to the lungs, brain, and bones are relatively rare (25, 26). Cokmert et al. (27) reported that LCNEO had metastasized to the abdominal skin and limbs at 2 months after surgery. In addition, Agarwal et al. (28) reported the metastasis of LCNEO to the cervix, which is exceedingly rare. A second surgery is often considered to prevent the recurrence and metastasis of LCNEO, and comprehensive postoperative adjuvant treatment is mainly platinum-based. Because cases of pure LCNEO are rare, only a few cases of recurrence have been reported so far. The survival rate of patients with recurrence and metastasis is reportedly very low (1–12 months) (21). Another limitation of the SEER database is that it does not have detailed information on the time and location of recurrence of LCNEO. Therefore, further research cannot be conducted on patients with disease recurrence. Nevertheless, further studies and additional case reports are required to explore factors that can influence LCNEO outcomes and facilitate the development of effective treatment strategies.

This study has several strengths that must be acknowledged. LCNEO is commonly considered a mixed large-cell carcinoma (4–6), and cases of pure LCNEO are rare. An advantage of the SEER database is that it separates pure and mixed large-cell carcinomas, providing us with sufficient data to study simple LCNEO. The SEER database provides information on whether patients with LCNEO received chemotherapy; however, it does not specify the type of chemotherapy or number of chemotherapy cycles received, neither does it contain information on radiotherapy. The database also does not have detailed information on the time and location of LCNEO recurrence; these shortcomings are the limitations of this study. Further research is needed to address these limitations. In addition, to the best of our knowledge, this is the first population-based study comparing LCNEO and HG-SOC, and the data included long-term follow-up records spanning approximately 30 years, increasing the reliability of our analyses. Additionally, propensity-score matching was used to enhance the quality of the analyses by accounting for significant differences in baseline characteristics between the LCNEO and HG-SOC groups. Nevertheless, although our study provides considerable insight and has substantial reliability, the rare occurrence of LCNEO necessitates additional studies with larger sample sizes to draw more convincing conclusions. Therefore, we recommend that a global LCNEO database be used to conduct retrospective and prospective studies designed to identify and develop suitable treatment strategies.



Conclusion

Given the rarity of LCNEO and lack of systematic population-based research or registration data, there is no consensus regarding its treatment. Clinically, surgical resection is the mainstay, followed by platinum-based chemotherapy. Since the SEER database does not contain information related to disease recurrence or specific radiotherapy and chemotherapy regimens, there are certain limitations to treating patients with LCNEO. In the present study, compared to patients with HG-SOC, those with LCNEO presented more often with advanced-stage disease. Moreover, LCNEO was associated with decreased OS and CSS, compared with HG-SOC. However, based on our analysis of 219 patients, comprehensive treatment may improve the prognosis of patients with LCNEO.
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