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Abstract

Background
Due to the low incidence of ovarian neuroendocrine tumors (NETs), clinicians may be unaware of
appropriate treatments for the disease and factors in�uencing patient prognosis, which may cause them
to miss the window of opportunity for treatment. Moreover, there is currently no recognized �rst-line
treatment strategy, and no studies have reported prognostic statistics derived from large samples. This
retrospective study aimed to investigate the clinical behavior of ovarian NETs.

Methods
The Surveillance, Epidemiology, and End Results database was used to identify women diagnosed with
ovarian NETs from 2004 to 2015. Overall survival (OS), cancer-speci�c survival (CSS), and independent
prognostic factors for ovarian NETs were evaluated. The effects of different treatments on prognosis
were also compared, as were OS and CSS rates for histological subtypes.

Results
The 5-year OS rates were 83.3%, 30.0%, 20.3%, and 9.8% for patients in stages I (n = 159), II (n = 23), III (n 
= 101), and IV (n = 148), respectively. The 5-year CSS rates were 85.6%, 41.7%, 21.2%, and 9.8% for
patients in stages I–IV, respectively. Age, American Joint Committee on Cancer (AJCC) stage, lymph node
metastasis, treatment, and histological type were related to poor OS and CSS. In the early stage, the 5-
year OS and CSS rates were 97.03% and 96.90%, respectively. For patients in the advanced stage
receiving comprehensive treatment (surgery + chemotherapy + radiotherapy), 5-year OS and CSS rates
were 72.9% and 70.00%, respectively. When comparing low- and high-grade neuroendocrine carcinoma,
the 5-year OS rates were 93.96% vs. 7.01%, 5-year CSS rates were 97.44% vs. 7.31%, 10-year OS rates
were 93.56% vs. 2.34%, and 10-year CSS rates were 97.44% vs. 4.88%, respectively.

Conclusion
Age, AJCC stage, treatment, and histological type are independent prognostic factors of ovarian NETs.
Prognosis is relatively good for early-stage cases treated with surgery alone, whereas more
comprehensive treatment is required to improve prognosis for advanced cases. Future studies should
focus on the development of individualized treatment strategies for prolonging survival time in patients
with ovarian NETs.

1. Background
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Derived from neuroendocrine cells, neuroendocrine tumors (NETs) are aggressive diseases that often
occur in the gastrointestinal tract, pancreas, and lungs. Cases occurring in other tissues and organs are
rare, especially in the female reproductive tract [1]. Ovarian NETs account for only 1–2% of malignant
ovarian tumors [2, 3]. At present, these tumors can be roughly divided into carcinoid, atypical carcinoid
(ACT), small-cell carcinoma (SCCO), and large-cell neuroendocrine carcinoma (LCNEC) types [3].
According to World Health Organization (WHO) regulations, non-small-cell neuroendocrine carcinoma
(NSCNEC) is synonymous with LCNEC [4], and the �rst two types are classi�ed as low-grade
neuroendocrine tumors (LGNET), whereas the latter two are classi�ed as high-grade neuroendocrine
carcinoma (HGNEC) [4]. HGNEC is considered more aggressive than LGNET [4–6].

Due to the low incidence of ovarian NETs, clinicians may be unaware of appropriate treatments for the
disease and factors in�uencing patient prognosis, which may cause them to miss the window of
opportunity for treatment. Furthermore, few cases of ovarian NETs have been reported in the literature,
and such cases are often reported in small series only. Moreover, there is currently no recognized �rst-line
treatment strategy, and no studies have reported prognostic statistics derived from large samples.

The Surveillance, Epidemiology, and End Results (SEER) database is considered a powerful tool for
identifying population characteristics and studying the long-term prognosis of rare tumors [7]. In the
present study, we used the SEER database to extract relevant patient information and analyze the clinical
behavior and prognostic factors of ovarian NETs. In addition, we systematically assessed the prognosis
of ovarian NET and evaluated the effect of ovarian NET treatment on prognosis. Finally, we compared our
�ndings between LGNET and HGNEC.

2. Materials And Methods

2.1 Eligibility criteria and data collection
This retrospective observational cohort study utilized the SEER database of the National Cancer Institute
[7]. The SEER program is the largest population-based tumor registration system in the United States. The
SEER database was launched in 1973 and has a history of more than 40 years of operation, covering
approximately 34.6% of the U.S. population in the most recent update. It is considered a powerful tool for
identifying population characteristics and studying the long-term prognosis of rare tumors. Patients were
identi�ed using the SEER database, and those histologically diagnosed with ovarian NETs from 2004 to
2015 who met the following criteria were considered eligible: primary malignant tumor in the ovary (ICD-
O-3/WHO 2008 site code), carcinoid tumor (8240/3), atypical carcinoid tumor (8249/3), large-cell
carcinoma (8012/3), large-cell neuroendocrine carcinoma (8013/3), non-small-cell carcinoma (8046/3),
and small-cell carcinoma (8041/3). The exclusion criteria were as follows: diagnosis of carcinoma in situ
and cases in which the ovarian NET was not the �rst tumor.

SEER*Stat 8.3.8 software (https://seer.cancer.gov/data/) was used to generate case listings. The
deidenti�ed data in the SEER database are publicly available, and thus their use is exempt from review by
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the Shengjing Hospital of China Medical University Institutional Review Board. The same software was
used to record patient information, including demographic characteristics, clinical pathology �ndings,
and treatment parameters. Staging information was determined based on the American Joint Committee
on Cancer (AJCC) staging system.

2.2. Clinical and demographic characteristics
Demographic data in this analysis included age at diagnosis (≤ 49, 50–69, and ≥ 70 years), AJCC stage
(I, IA, IB, IC, II, IIA, IIB, IIC, III, IIIA, IIIB, IIIC, IV), year of diagnosis (2004–2009, 2010–2015), grade (well-
differentiated, moderately differentiated, poorly differentiated, undifferentiated, differentiated), tumor size
(≤ 5.0 cm, > 5.0 cm, unknown), nodal metastasis (negative, positive, not examined, and unknown),
sampled pelvic nodes (1–9, 10–19, ≥ 20, not examined, unknown), distant metastasis (bone, brain, liver,
lung, none, unknown), treatment (surgery alone, surgery + chemotherapy [CTX], surgery + concurrent
chemoradiotherapy [CCRT], CTX alone, radiotherapy [RT] + CTX, RT alone, no treatment). Follow-up time
after diagnosis, life status, and cause of death were collected from the database to evaluate survival due
to disease (i.e., cancer-speci�c survival [CSS]) and overall survival (OS).

2.3. Statistical analysis
Categorical data are presented as numbers and percentages (N, %). The chi-square test or Fisher's exact
test was used to compare the clinical and demographic characteristics of women with LGNET and
HGNEC. Univariate and multivariate Cox regression analyses were used to determine independent
predictors of OS and CSS in patients with ovarian NETs. OS and CSS were calculated using Kaplan–
Meier curves, and the log-rank test was used for comparison. All data were analyzed using SPSS
software (version 23.0; SPSS, Chicago, IL, USA). GraphPad Prism (8.3.0 GraphPad Software, San Diego,
California, USA) was used to draw Kaplan–Meier survival curves, and P values < 0.05 were considered
statistically signi�cant.

3. Results

3.1. Patients
A total of 431 cases of ovarian NETs in the SEER registry met the inclusion criteria. Table 1 summarizes
the characteristics of patients with ovarian NETs, including age, year at diagnosis, AJCC stage, tumor
size, grade, nodal metastasis, sampled pelvic nodes, distant metastasis, and treatment. There were 124
cases of LGNET (carcinoid: 118, ACT: 5) and 254 cases of HGNEC (SCNEC: 124, LCNEC: 130, NET–not
classi�ed: 54).

The treatment for each stage is summarized in Additional File 1. Among the 431 included patients, 162
underwent surgery alone. Among the 159 patients in stage I, surgery alone was the primary treatment in
125 patients (78.6%). Most of the 116 patients who underwent surgery + CTX (69.8%) were in the
advanced stage, with 46 in stage III and 35 in stage IV. Seventeen patients underwent surgery + CCRT,
whereas 62 patients received CTX only, and most of these patients (91.9%) were also in the advanced
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stage (stage III: 18, stage IV: 39). Only eight patients in stage IV received RT + CTX. Four patients received
RT only, including two patients in stage III and two patients in stage IV (Additional File 1).

3.2 Survival curves
Figure 1 shows the OS and CSS curves for patients in each stage. The 5-year OS rates for patients with
stage I, II, III, and IV disease were 83.3%, 30.0%, 20.3%, and 9.8%, respectively. Relative to stage I, hazard
ratios (HR) for death at stages II, III, and IV were 6.389 (95% con�dence interval [CI]: 1.631–25.03), 9.32
(95% CI: 5.745–15.130), and 12.12 (95% CI: 8.252–17.79). The 5-year CCS rates for patients with stages
I, II, III, and IV were 85.6%, 41.7%, 21.2%, and 9.8%, respectively. Relative to stage I, HRs for death at stages
II, III, and IV were 5.794 (95% con�dence interval [CI]: 1.320–25.44), 10.10 (95% CI: 6.123–16.67), and
13.45 (95% CI: 9.095–19.88). The �gure in Additional File 2 shows the survival curves for patients in
different stages. Although few patients were in stages IB and IIB, the �gure shows that survival time still
gradually decreased as stage increased.

Figure 2 shows the OS and CSS curves of patients with LGNET and HGNEC. The 5-year OS rates for
LGNET and HGNEC were 93.96% and 7.01%, respectively. Relative to LGNET, the HR for death due to
HGNEC was 69.26 (95% con�dence interval [CI]: 48.82–98.26). The 5-year CSS rates for LGNET and
HGNEC were 97.43% and 7.31%, respectively. In addition, relative to LGNET, the HR for death due to
HGNEC was 135.7 (95% con�dence interval [CI]: 94.82–194.3) (P < 0.001).

3.3 Prognostic factors
To determine factors in�uencing prognosis in patients with ovarian NET, we selected histological type
(LGNET vs. HGNEC), age, AJCC stage, tumor size, nodal metastasis, distant metastasis, and treatment as
variables for univariate and multivariate analyses (Table 2). Multivariate analysis revealed that age, AJCC
stage, nodal metastasis, treatment, and histological type were associated with poor OS and CSS. Tumor
size and distant metastasis were not identi�ed as prognostic factors.

3.4 Treatment and prognosis
The main surgical treatments included unilateral appendectomy, total double appendectomy, total
hysterectomy + double appendectomy + pelvic lymph node dissection, ovarian cancer cytoreductive
surgery, and adjuvant treatments, such as chemotherapy and radiotherapy.

In the early stage, 132 patients received surgical treatment only. Their 5-year OS and CCS rates were
97.03% and 96.90%, respectively. Thirty-�ve patients underwent surgery and CCRT. Five-year OS and CCS
rates in these patients were 65.5% and 57.1%, respectively. The survival rates of these two treatment
regimens were better than those of the other treatment regimens. Ten patients in the advanced stage
received surgery + CTX + RT, and 5-year OS and CCS rates were 72.9% and 70.0% in patients with
advanced disease receiving comprehensive treatment. However, the 5-year OS and CCS rates were only
17.5% and 19.3% after surgery alone. Among patients with early-stage disease, 159 were in stage I,
whereas 23 were in stage II. These �ndings indicate that prognosis was relatively good among patients
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with early-stage disease treated with surgery alone, whereas more comprehensive treatment was required
(surgery + CTX + RT) to improve prognosis in patients with advanced-stage disease (Fig. 3).

3.5 Comparison between histological subtypes
LGNET (n = 123) and HGNEC (n = 254) were compared in terms of patient age, AJCC stage, grade, tumor
size, nodal metastasis, sampled pelvic nodes, distant metastasis, treatment, and survival rate (Table 4).
LGNET progressed slowly, and most patients with LGNET were in stage 1 (92.7% LGNET vs. 14.2%
HGNEC), whereas most with HGNEC were in stage III or IV (5.7% LGNET vs. 79.9% HGNEC). In addition,
well- or moderately differentiated grades were observed more frequently in patients with LGNET (34.1%)
than in those with HGNEC (0.0%, P < 0.001). Tumor size ≤ 5.0 cm was also more common in patients with
LGNET (42.3%) than in those with HGNEC (7.1%). In addition, LGNET was associated with lower rates of
distant (2.4% LGNET vs. 9.4% HGNEC, P < 0.001) and nodal metastasis (0.8% LGNET vs. 14.6% HGNEC, P 
< 0.001) than HGNEC. Most patients with LGNET were treated with surgery alone (94.35%), whereas the
most common treatment among patients with HGNEC was surgery + CTX (37.8%). The 5- and 10-year OS
and CSS rates were much higher for LGNET than for HGNEC (5-year OS: 93.56% LGNET vs. 7.01% HGNEC;
5-year CSS: 97.44% LGNET vs. 7.31% HGNEC; 10-year OS: 93.56% LGNET vs. 2.34% HGNEC; 10-year CSS:
97.44% LGNET vs. 4.88% HGNEC).

4. Discussion
In this study, we investigated treatment strategies, prognostic factors, and outcomes in the largest cohort
of patients with ovarian NETs to date. The key �nding of the current study is that our data reveal that age,
AJCC stage, treatment method, and histological type were identi�ed as independent prognostic factors
for ovarian NET. In addition, our analysis revealed that prognosis was relatively good among patients
with early-stage disease treated with surgery alone, whereas more comprehensive treatment (surgery + 
CTX + RT) was required to improve prognosis in patients with advanced-stage disease. Prognosis was
also poor for patients with HGNEC than for those with LGNET.

Given the rarity of ovarian NETs, the literature consists mostly of case reports and small case series [8–
11]. Moreover, this disease entity encompasses several tumor types, with the largest single series
reporting 58 cases of ovarian large-cell carcinoma [12]. The median survival time for patients with large-
cell neuroendocrine carcinoma of the ovary is 10 months. In their analysis of 329 cases, Soga et al. [13]
divided patients into two carcinoid groups based on the presence or absence of a related dermoid. The
authors reported 5-year survival rates of 84–93.7% for these two groups. In addition, there are 11 case
reports [14], all of which discuss patients who underwent primary surgery. Five of these patients received
adjuvant CTX with platinum therapy. The median overall survival time among 11 patients was 20
months. However, no previous large-sample studies have investigated ovarian NETs, highlighting the
practical clinical signi�cance of the current study.
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Establishing a diagnosis of ovarian NET can be challenging. Immunohistochemistry can help identify
these tumors because they express markers of neuroendocrine differentiation, such as neuron-speci�c
enolase (NSE), synaptophysin, chromogranin CD56, vimentin, and epithelial membrane antigen (EMA) [4,
15]. The diagnosis can be con�rmed by immunohistochemistry using one or more standard
neuroendocrine markers. At present, SMARCA4 [16–18] is recognized as a biological marker of
hypercalcemic-type small-cell carcinoma. Unfortunately, there are currently no candidate drugs for
targeted therapy in these patients.

Our multivariate analysis revealed that treatment options were related to prognosis. Patients with early-
stage ovarian NETs experienced good survival outcomes after surgery alone. The 5-year OS and CSS
rates were as high as 97.03% and 96.90%, respectively. For patients with advanced-stage disease,
comprehensive treatment (surgery + CTX + RT) was associated with improved survival rates, regardless of
the type of ovarian NET. Ovarian carcinoids were also often small and unilateral tumors con�ned to the
ovaries. Unilateral salpingo-oophorectomy also appears to be associated with high cure rates [19],
although other gastrointestinal metastases must be excluded. For patients with metastatic disease [20], it
is recommended to conduct a thorough evaluation using magnetic resonance imaging (MRI) or 111-
pentetide indium scanning to rule out the presence of other major sources (such as the gastrointestinal
tract) [21], and to ensure prompt initiation of appropriate treatment. Some scholars [1] believe that
somatostatin analogs (such as lanreotide and octreotide) should be considered if carcinoids are
diagnosed, and that somatostatin analogs should be used before and during tumor resection to prevent
carcinoid crisis complications [22]. In a study by Nasioudis et al. [19], the authors were unable to verify
that CTX can prolong survival time in patients with stage II–IV carcinoids, although another study noted
that the Ki-67 proliferation index may aid in the selection of patients likely to bene�t from CTX [23].
However, reports on ACT are rare. Indeed, there were only �ve cases in our study. Because ACT is an
extremely rare disease, little is known regarding its biological behavior [24]. Our results indicated that
treatments were carried out in accordance with the carcinoid regimen, and that large-cell carcinoma and
small-cell carcinoma of the ovary were uncommon and classi�ed as HGNEC. The literature reports that
prognosis is poor and that progression is rapid among these patients. Even when discovered early, the
probability of metastasis or recurrence remains high [12, 15, 20, 25–27]. Thus, CTX, RT, or adjuvant
treatment is recommended even in the early stage. Harrison et al. [28] reported that the combination of RT
and CTX provides the best chance of long-term survival for patients with HGNEC. However, even with
comprehensive treatment, the prevalence of relapse within 2 years remains high among patients with
advanced-stage disease [25, 26, 29].

Because ovarian NETs are rare, information regarding the safety of conservative treatment designed to
preserve fertility in young women is very limited. However, if the patient recognizes the risk, fertility-
preserving surgery can be considered in the early stage [1, 6].

Due to the rarity of the disease and the lack of systematic population-based research or registration data,
treatment strategies for ovarian NETs have not been standardized. It is relatively unlikely that the tumor
will be identi�ed as an NET prior to surgery, meaning that the treatment will be based on surgical �ndings.
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In addition, most adjuvant treatments are based on the treatment plan for lung NETs, which consists of a
combination of surgical resection and postoperative supplementation with platinum-based CTX. The
most commonly used drugs include cisplatin, carboplatin, doxorubicin, epirubicin, and etoposide [25, 29].
Even in patients with relapse, the current treatment plan is still a comprehensive treatment based on
platinum CTX, and postoperative adjuvant CTX is more common in patients with ovarian epithelial
tumors, with relatively fewer patients receiving adjuvant RT. Surgery combined with RT and CTX plays an
important role in patient prognosis, especially for those with advanced ovarian NETs. Taken together, the
available evidence highlights the need to develop novel drug treatments such as molecular targeting
strategies. Pembrolizumab has been used in patients with recurrent cervical and vulvar NETs and has
shown promise in phase II clinical trials [30]. Therefore, clinical trials investigating the use of
pembrolizumab for ovarian NETs are warranted.

We compared the characteristics of patients with different histological subtypes of ovarian NETs (LGNET
vs. HGNEC). LGNET was milder, more frequently presented as stage I disease, more often involved tumors
with diameters < 5 cm, and was associated with lower rates of lymph node positivity and distant
metastasis than HGNEC. Among patients with LGNET, 94.3% were treated with surgery alone, and the 5-
year survival rate was as high as 93.56%. These �ndings indicate that prognosis is relatively better
among patients with ovarian LGNET than among those with HGNEC.

The present study has some limitations. Importantly, the SEER database does not include information
regarding the number of chemotherapy cycles, speci�c chemotherapy regimens, or neoadjuvant
chemotherapy regimens. In addition, the time, location, and treatments for disease recurrence are not
speci�ed, and the SEER database does not yet provide preoperative imaging data. Nonetheless, use of the
SEER database was also the major strength of our study, as it provides big data regarding cases of
ovarian NETs over the past 12 years. To our knowledge, our study is the largest investigation of ovarian
NET conducted to date. Moreover, our data provide valuable clinical information regarding different
treatment regimens and related prognostic information for patients with ovarian NETs.

In conclusion, the current research reveals that age, AJCC stage, treatment method, and histological type
are independent prognostic factors for ovarian NETs. Moreover, our results indicate that prognosis is
relatively good among patients with early-stage disease treated with surgery alone. However,
comprehensive treatment involving surgery, CTX, and RT is required to improve prognosis in patients with
advanced disease. Future studies should focus on the development of individualized treatment strategies
for prolonging survival time in patients with ovarian NETs.
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Due to technical limitations, table 1 to 4 is only available as a download in the Supplemental Files
section.
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Figure 1

Survival curves at each stage: (A) overall survival (OS); (B) cancer-speci�c survival (CSS).

Figure 2

Survival curves for patients with low-grade neuroendocrine tumors (LGNET) and high-grade
neuroendocrine carcinoma (HGNEC): (A) overall survival (OS); (B) cancer-speci�c survival (CSS).
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Figure 3

Survival curves for patients with early- and advanced-stage disease for different treatment regimens: (A)
overall survival (OS) in the early stage; (B) overall survival (OS) in the advanced stage; (C) cancer-speci�c
survival (CSS) in the early stage; (D) cancer-speci�c survival (CSS) in the advanced stage.
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