
8558 |     Cancer Medicine. 2021;10:8558–8569.wileyonlinelibrary.com/journal/cam4

Received: 9 August 2021 | Revised: 1 October 2021 | Accepted: 7 October 2021

DOI: 10.1002/cam4.4368  

R E S E A R C H  A R T I C L E

Primary neuroendocrine tumors of the ovary: Management 
and outcomes

Li Pang  |   Zhiqiang Guo

This is an open access article under the terms of the Creat ive Commo ns Attri bution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited.
© 2021 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Department of Obstetrics and 
Gynecology, Shengjing Hospital of 
China Medical University, Shenyang, 
Liaoning, China

Correspondence
Zhiqiang Guo, Department of 
Obstetrics and Gynecology, Shengjing 
Hospital of China Medical University, 
No. 39, Huaxiang Road, Tiexi District, 
Shenyang, Liaoning 110004, China.
Email: r4849330330@163.com

Abstract
Background: There is currently no recognized first- line treatment strategy for 
ovarian neuroendocrine tumors (NETs). Furthermore, because of the low inci-
dence of ovarian NETs, no studies have reported prognostic statistics derived 
from large samples. This retrospective study aimed to investigate the clinical be-
havior 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 sur-
vival (OS), cancer- specific 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 treat-
ment (surgery  +  chemotherapy  +  radiotherapy), the 5- year OS and CSS rates 
were 72.9% and 70.00%, respectively. When comparing low-  and high- grade neu-
roendocrine carcinoma, 5- year OS rates were 93.96% and 7.01%, 5- year CSS rates 
were 97.44% and 7.31%, 10- year OS rates were 93.56% and 2.34%, and 10- year CSS 
rates were 97.44% and 4.88%, respectively.
Conclusion: Age, AJCC stage, treatment, and histological type are independent 
prognostic factors of ovarian NETs. OS and CSS are relatively good for early- stage 
cases treated with surgery alone, whereas more comprehensive treatment is re-
quired to improve OS and CSS in the advanced stage.
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1  |  INTRODUCTION

Derived from neuroendocrine cells, neuroendocrine tu-
mors (NETs) are aggressive diseases that often occur in 
the gastrointestinal tract, pancreas, and lungs. Cases oc-
curring 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, atyp-
ical carcinoid (ACT), small- cell carcinoma, and large- cell 
neuroendocrine carcinoma (LCNEC) types.3 According 
to World Health Organization (WHO) regulations, non- 
small- cell neuroendocrine carcinoma (NSCNEC) is similar 
to LCNEC.4 Carcinoid and ACT are classified as low- grade 
NETs, whereas the small- cell carcinoma, LCNEC, and 
NSCNEC are classified as high- grade neuroendocrine 
carcinomas.4 High- grade neuroendocrine carcinomas are 
considered more aggressive than low- grade NETs.4– 6

Due to the low incidence of ovarian NETs, clinicians 
may be unaware of appropriate treatments for the dis-
ease and factors influencing 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 first- line treatment strategy, and no stud-
ies have reported prognostic statistics derived from large 
samples.

The Surveillance, Epidemiology, and End Results 
(SEER) database is considered a powerful tool for identify-
ing 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 ovar-
ian NET treatment on prognosis. Finally, we compared the 
data between low- grade NETs and high- grade neuroendo-
crine carcinomas.

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 reg-
istration system in the United States. It was launched in 
1973 and has a history of more than 40  years of opera-
tion, 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 iden-
tified 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), ACT (8249/3), large- cell 
carcinoma (8012/3), LCNEC (8013/3), non- small- cell car-
cinoma (8046/3), and small- cell carcinoma (8041/3). The 
exclusion criteria were as follows: diagnosis of benign or 
borderline tumors and cases in which the ovarian NET 
was not the first tumor.

Notably, the use of the SEER database has some lim-
itations. For example, the SEER database does not include 
information regarding the number of chemotherapy cy-
cles, specific chemotherapy regimens, or neoadjuvant 
chemotherapy regimens. In addition, the database does 
not specify the time or location of recurrence, nor does it 
mention the treatments used in such cases. Preoperative 
imaging data are also currently unavailable in the SEER 
database. Lastly, the SEER database lacks objective indi-
cators of carcinoid involvement of the heart and does not 
distinguish between transabdominal and laparoscopic 
surgery.

SEER*Stat 8.3.8 software (https://seer.cancer.gov/
data/) was used to generate case listings. The deidentified 
data in the SEER database are publicly available; thus, 
their use is exempt from review by the Shengjing Hospital 
of China Medical University Institutional Review Board. 
The same software was used to record patient information, 
including demographic characteristics, clinical pathology 
findings, 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 diag-
nosis (≤49, 50– 69, and ≥70 years), AJCC stage (I, IA, IB, 
IC, II, IIA, IIB, IIC, III, IIIA, IIIB, IIIC, and IV), year 
of diagnosis (2004– 2009 and 2010– 2015), grade (well- 
differentiated, moderately differentiated, poorly differ-
entiated, and undifferentiated), tumor size (≤5.0  cm, 
>5.0 cm, and unknown), nodal metastasis (negative, posi-
tive, not examined, and unknown), sampled pelvic nodes 
(1– 9, 10– 19, ≥20, not examined, and unknown), distant 
metastasis (bone, brain, liver, lung, none, and unknown), 
and treatment (surgery alone, surgery  +  chemotherapy 
[CTX], surgery + concurrent chemoradiotherapy [CCRT], 
CTX alone, radiotherapy [RT] + CTX, RT alone, and no 
treatment). Follow- up time after diagnosis, life status, and 

https://seer.cancer.gov/data/
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cause of death were collected from the database to evalu-
ate survival due to disease (i.e., cancer- specific survival 
[CSS] and overall survival [OS]).

2.3 | Statistical analysis

Categorical data are presented as numbers and percent-
ages (N, %). The chi- square test or Fisher's exact test was 
used to compare the clinical and demographic character-
istics of women with low- grade NETs and high- grade neu-
roendocrine carcinomas. 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). 
GraphPad Prism (8.3.0 GraphPad Software) was used to 
draw Kaplan– Meier survival curves, and p values < 0.05 
were considered statistically significant.

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 charac-
teristics of patients with ovarian NETs, including age, year 
at diagnosis, AJCC stage, tumor size, grade, nodal metas-
tasis, sampled pelvic nodes, distant metastasis, and treat-
ment. There were 123 cases of low- grade NETs (carcinoid: 
118, ACT: 5), 254 cases of high- grade neuroendocrine car-
cinomas (SCNEC: 124, LCNEC: 130), and 54 cases of NET 
(not classified). Table 1 shows the proportion of patients 
in each AJCC stage. Stage I disease was observed in 36.4% 
of patients, while the proportion of patients with poorly 
differentiated and undifferentiated types was greater by 
approximately 22.3%. The treatment strategy accounting 
for the largest proportion of patients was surgery alone 
(37.6%). The findings also indicated that more patients 
with stage I ovarian neuroendocrine cancer underwent 
separate surgical treatments, and that poorly differenti-
ated and undifferentiated cases were most common in 
this group.

The treatment for each stage is summarized in 
Table S1. Among the 431 included patients, 162 under-
went 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 sur-
gery + CTX (69.8%) were in the advanced stage, with 46 
in stage III and 35 in stage IV. Seventeen patients un-
derwent surgery + CCRT, whereas 62 patients received 

T A B L E  1  Patient characteristics of neuroendocrine tumors of 
the ovary

Subject n = 431 (%)

Hystological type

LGNET 123 28.5

Carcinoid 118 27.4

ACT 5 1.1

HGNEC 254 58.9

SCNEC 124 28.8

LCNEC 130 30.1

NET, not elsewhere classified 54 12.6

Age (years)

≤49 173 40.1

50– 69 139 32.3

≥70 119 27.6

Year at diagnosis

2004– 2009 154 35.7

2010– 2015 277 64.3

AJCC stage

I

IA 123 28.5

IB 2 0.5

IC 27 6.3

INOS 7 1.6

II

IIA 5 1.2

IIB 12 2.8

IIC 6 1.4

III

IIIA 3 0.7

IIIB 3 0.7

IIIC 61 14.2

IIINOS 34 7.8

IV 148 34.3

Grade

Well differentiated 35 8.1

Moderately differentiated 17 3.9

Poorly differentiated 44 10.2

Undifferentiated differentiated 52 12.1

Unknown 283 65.7

Tumor size (cm)

≤5.0 79 18.3

>5.0 207 48

Unknown 145 33.7

Nodal metastasis

Negative 73 16.9

(Continues)
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CTX only, and most of these patients (91.9%) were also 
in the advanced stage (stage III: 18, stage IV: 39). Only 
eight patients in stage IV received RT + CTX. Four pa-
tients received RT only, including two patients in stage 
III and two patients in stage IV (Table S1).

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. The 5- year CSS rates for patients 
with stages I, II, III, and IV were 85.6%, 41.7%, 21.2%, 
and 9.8%, respectively. Figure  S1  shows the survival 
curves for patients in different stages. The figure shows 

that survival time still gradually decreased as the stage 
increased.

Figure 2 shows the OS and CSS curves of patients with 
low- grade NETs and high- grade neuroendocrine carcino-
mas. The 5- year OS rates for low- grade NETs and high- 
grade neuroendocrine carcinomas were 93.96% and 7.01%, 
respectively. The 5- year CSS rates for low- grade NETs and 
high- grade neuroendocrine carcinomas were 97.43% and 
7.31%, respectively.

3.3 | Prognostic factors

To determine factors influencing prognosis in patients 
with ovarian NET, we selected histological type (low- 
grade NETs vs. high- grade neuroendocrine carcinomas), 
age, AJCC stage, tumor size, nodal metastasis, distant 
metastasis, and treatment as variables for univariate and 
multivariate analyses (Table 2). Multivariate analysis re-
vealed 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-
fied as prognostic factors.

3.4 | Treatment and prognosis

The main surgical treatments included unilateral salpingo- 
oophorectomy, bilateral salpingo- oophorectomy, total 
hysterectomy  +  bilateral salpingo- oophorectomy  +  pel-
vic lymph node dissection, ovarian cancer cytoreductive 
surgery, and adjuvant treatments, such as chemotherapy 
and radiotherapy. Only 16 of the 431 patients underwent 
resection of the adnexa of the affected side, which pre-
served the endocrine function. Among them, 14 had ovar-
ian carcinoid, one had large- cell carcinoma, and one had 
an ACT.

In the early stages (I– II), 132 patients received surgical 
treatment only. Their 5- year OS and CSS rates were 97.03% 
and 96.90%, respectively. Thirty- five patients underwent 
surgery and CCRT. Five- year OS and CSS rates in these 
patients were 65.5% and 57.1%, respectively. Ten patients 
in the advanced stage received surgery + CTX + RT, and 
the 5- year OS and CSS rates were 72.9% and 70.0%, respec-
tively, in patients receiving such comprehensive treatment. 
However, the 5- year OS and CSS rates were only 17.5% 
and 19.3% after surgery alone (Table 3). Among patients 
with early- stage disease, 159 were in stage I, whereas 23 
were in stage II. These findings indicate that OS and CSS 
were relatively good for early- stage cases treated with sur-
gery alone, whereas more comprehensive treatment (sur-
gery + CTX + RT) was required to improve OS and CSS in 
the advanced stage (Figure 3).

Subject n = 431 (%)

Positive 50 11.6

Not examined 301 69.8

Unknown 7 1.7

Sampled pelvic nodes

1– 9 59 13.7

10– 19 34 7.9

≥20 30 7

Not examined 301 69.8

Unknown 7 1.6

Distant metastasis

Bone 10 2.3

Brain 2 0.5

Liver 33 7.7

Lung 12 2.8

No 231 53.5

Unknown 143 33.2

Treatment

Surgery alone 162 37.6

Surgery + CTX 116 26.9

Surgery + CCRT 17 3.9

CTX alone 62 14.4

RT + CTX 8 1.9

RT alone 4 0.9

No treatment 62 14.4

Note: n: Number.
Abbreviations: ACT, atypucal carcinoid tumor; AJCC, American Joint 
Commission on Cancer; CCRT, concurrent chemoradiation; CTX, 
chemotherapy; HGNEC, high- grade neuroendocrine carcinoma; LCNEC, 
large cell neuroendocrine carcinoma; LGNET, low- grade neuroendocrine 
tumor; NET, neuroendocrine tumor; NOS, not otherwise specified; RT, 
radiation; SCNEC, small- cell neuroendocrine carcinoma.

T A B L E  1  (Continued)
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3.5 | Comparison between 
histological subtypes

The low- grade NET (n = 123) and high- grade neuroendo-
crine carcinoma groups (n = 254) were compared in terms 
of patient age, AJCC stage, grade, tumor size, nodal metas-
tasis, sampled pelvic nodes, distant metastasis, treatment, 
and survival rate (Table 4). Most patients with low- grade 
NETs were in stage I (92.7% low- grade vs. 14.2% high- grade 
neuroendocrine carcinomas), whereas most patients with 
high- grade neuroendocrine carcinomas were in stage III 
or IV (5.7% low- grade vs. 79.9% high- grade neuroendo-
crine carcinomas). In addition, the low- grade NET was as-
sociated with lower rates of distant and nodal metastasis 
than high- grade neuroendocrine carcinoma (p  <  0.001). 
Most patients with low- grade NETs were treated with sur-
gery alone (94.35%), whereas the most common treatment 
among patients with high- grade neuroendocrine carcino-
mas was surgery + CTX (37.8%). The 5-  and 10- year OS 
and CSS rates were much higher for low- grade NETs than 
for high- grade neuroendocrine carcinomas.

4  |  DISCUSSION

In this study, we investigated the treatment strategies, 
prognostic factors, and outcomes in the largest cohort of 
patients with ovarian NETs to date. Our key finding is that 
age, AJCC stage, treatment method, and histological type 
were identified as independent prognostic factors for ovar-
ian NET. In addition, our analysis revealed that OS and 
CSS are relatively good for early- stage cases treated with 
surgery alone, whereas more comprehensive treatment is 
required to improve OS and CSS for cases in the advanced 
stage. Prognosis was also poorer for patients with high- 
grade neuroendocrine carcinomas than for those with 
low- grade NETs.

Given the rare incidence of ovarian NETs, most of the 
published literature consists of case reports and small 
case series.8– 11 Moreover, this disease entity encom-
passes several tumor types, with the largest single se-
ries reporting 58 cases of ovarian large- cell carcinoma.12 
The median survival time for patients with LCNEC of 
the ovary is 10  months. In their analysis of 329 cases, 

F I G U R E  1  Survival curves at each stage: (A) overall survival; and (B) cancer- specific survival

F I G U R E  2  Survival curves for 
patients with low- grade neuroendocrine 
tumors (LGNET) and high- grade 
neuroendocrine carcinoma (HGNEC): (A) 
overall survival; and (B) cancer- specific 
survival
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T A B L E  2  Prognostic factors for NETs of the ovary

Subject 
characteristics

Overall survival Cancer- specific survival

Univariate Multivariate Univariate Multivariate

HR (95% CI) p value HR (95% CI)
p 
value HR (95% CI) p value HR (95% CI) p value

Age (years)

≤49 1 1 1 1

50– 69 0.936 
(0.669– 1.308)

0.698 0.525 
(0.345– 0.798)

0.003 0.903 
(0.644– 1.267)

0.555 0.493 
(0.323– 0.752)

0.001

≥70 2.387 
(1.766– 3.228)

＜0.001 0.660 
(0.439– 0.991)

0.045 2.156 
(1.582– 2.937)

＜0.001 0.572 
(0.378– 0.867)

0.008

AJCC stage

I 1 1 1 1

II 6.221 
(2.956– 13.091)

＜0.001 2.718 
(1.168– 6.323)

0.020 5.768 
(2.568– 12.956)

＜0.001 2.753 
(1.134– 6.684)

0.025

III 10.241 
(6.175– 16.983)

＜0.001 3.025 
(1.600– 5.718)

0.001 10.715 
(6.292– 18.247)

＜0.001 3.403 
(1.767– 6.552)

＜0.001

IV 13.94 
(8.570– 22.690)

＜0.001 3.441 
(1.745– 6.784)

＜0.001 15.432 
(9.255– 25.732)

＜0.001 4.039 
(2.006– 8.131)

＜0.001

Tumor size (cm)

≤5.0 1 1 1 1

>5.0 3.505 
(2.009– 6.117)

＜0.001 1.650 
(0.858– 3.173)

0.133 3.612 
(2.029– 6.431)

＜0.001 1.650 
(0.836– 3.254)

0.149

Unknown 6.347 
(3.631– 11.096)

＜0.001 1.615 
(0.848– 3.076)

0.145 6.518 
(3.654– 11.626)

＜0.001 1.641 
(0.841– 3.203)

0.147

Nodal metastasis

Negative 1 1 1 1

Positive 3.044 
(1.795– 5.160)

＜0.001 1.407 
(0.732– 2.704)

0.306 3.225 
(1.870– 5.562)

＜0.001 1.327 
(0.683– 2.578)

0.403

Not examined 2.609 
(1.694– 4.019)

＜0.001 1.884 
(1.094– 3.244)

0.022 2.679 
(1.710– 4.197)

＜0.001 1.873 
(1.079– 3.253)

0.026

Unknown 9.910 
(4.210– 23.329)

＜0.001 3.589 
(1.304– 9.883)

0.013 10.790 
(4.544– 25.623)

＜0.001 3.585 
(1.293– 9.937)

0.014

Distant metastasis

Yes 1 1 1 1

No 0.203 
(0.132– 0.312)

＜0.001 1.020 
(0.568– 1.831)

0.948 0.186 
(0.120– 0.288)

＜0.001 0.976 
(0.540– 1.764)

0.937

Unknown 0.856 
(0.582– 1.261)

0.432 1.080 
(0.651– 1.794)

0.765 0.823 
(0.558– 1.214)

0.326 1.014 
(0.609– 1.689)

0.957

Histological type

LGNET 1 1 1 1

HGNEC 36.849 
(13.681– 99.254)

＜0.001 26.270 
(8.173– 84.438)

＜0.001 47.582 
(15.197– 148.98)

＜0.001 34.525 
(9.385– 127.015)

＜0.001

Treatment

Surgery alone 1 1 1 1

Surgery + CTX 3.462 
(2.258– 5.308)

＜0.001 0.384 
(0.229– 0.644)

＜0.001 3.529 
(2.288– 5.444)

＜0.001 0.357 
(0.212– 0.602)

＜0.001

Surgery + CCRT 0.933 
(0.328– 2.652)

0.898 0.081 
(0.023– 0.280)

＜0.001 0.724 
(0.221– 2.378)

0.595 0.073 
(0.021– 0.256)

＜0.001

(Continues)
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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 re-
ports,14 all of which involved patients who underwent 
primary surgery. Five of these patients received adju-
vant CTX with platinum therapy. The median OS time 
among 11 patients was 20 months. Preda et al.8 reported 
34 cases of primary ovarian NETs. The average fol-
low- up time was 4.5 years, 22 out of 34 patients showed 
no signs of recurrence, and the disease remained static; 
12 out of 34 patients had metastases. Five patients re-
ceived somatostatin analogs or chemotherapy, and eight 
patients (23.5%) died of the disease. However, no pre-
vious large- sample studies have investigated ovarian 

NETs, highlighting the practical clinical significance of 
the current study.

Establishing a diagnosis of ovarian NET can be chal-
lenging. Immunohistochemistry can help identify these 
tumors because they express markers of neuroendocrine 
differentiation, such as neuron- specific enolase, synap-
tophysin, chromogranin CD56, vimentin, and epithelial 
membrane antigen.4,15 The diagnosis can be confirmed 
by immunohistochemistry using one or more standard 
neuroendocrine markers. At present, SMARCA416– 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.

Primary ovarian NET can develop in any form; it is 
related to teratomas and originates from endocrine cells, 

Subject 
characteristics

Overall survival Cancer- specific survival

Univariate Multivariate Univariate Multivariate

HR (95% CI) p value HR (95% CI)
p 
value HR (95% CI) p value HR (95% CI) p value

CTX alone 8.128 
(5.18512.743)

＜0.001 0.683 
(0.370– 1.258)

0.221 8.235 
(5.220– 12.993)

＜0.001 0.634 
(0.340– 1.180)

0.150

RT + CTX 6.992 
(3.060– 15.979)

＜0.001 0.607 
(0.220– 1.669)

0.333 7.233 
(3.156– 16.573)

＜0.001 0.549 
(0.198– 1.521)

0.249

RT alone 9.084 
(2.744– 30.082)

＜0.001 1.385 
(0.398– 4.819)

0.608 9.457 
(2.849– 31.387)

＜0.001 1.419 
(0.407– 4.947)

0.583

No treatment 17.578 
(11.151– 27.711)

＜0.001 2.066 
(1.105– 3.864)

0.023 16.302 
(10.196– 26.063)

＜0.001 1.787 
(0.941– 3.394)

0.076

Abbreviations: AJCC, American Joint Commission on Cancer; CCRT, concurrent chemoradiation; CTX, chemotherapy; CI, confidence interval; HGNEC, high- 
grade neuroendocrine carcinoma; HR, hazard ratio; LGNET, low- grade neuroendocrine tumor; NET, neuroendocrine tumor; RT, radiation.

T A B L E  2  (Continued)

Treatments N
5- year 
OS (%) p

5- year 
CSS (%) p

Stage I– II

Surgery alone 132 97.03 <0.001 96.90 <0.001

Surgery + CTX 35 39.30 44.80

Surgery + CCRT 7 65.50 57.10

CTX alone 5 0 0

CCRT 0 0 0

Stage III– IV

Surgery alone 30 17.50 0.019 19.30 0.011

Surgery + CTX 81 21.80 21.80

Surgery + CCRT 10 72.90 70.00

CTX alone 57 0 9.60

CCRT 8 0 0

RT alone 4 0 0

Abbreviations: CCRT, concurrent chemoradiotherapy; CSS, cancer- specific survival; CTX, chemotherapy; 
OS, overall survival; RT, radiotherapy.

T A B L E  3  Five- year OS and CSS 
according to stage and treatment in 
patients with ovarian neuroendocrine 
tumors
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whether ovarian or teratoma. Such NETs are divided 
into several groups according to their histopathologi-
cal type: island, trabecular, mucinous (goblet), and stro-
mal. However, patients usually present with two or more 
types.19,20 Because they usually contain teratoma compo-
nents, primary ovarian NETs are considered “specialized 
teratomas.” As the SEER database does not include mo-
lecular or histopathological data, we are unable to iden-
tify patients with de novo or teratoma- related ovarian 
carcinoids.

Reed21 published a comprehensive review that de-
scribes a significant relationship between primary ovar-
ian carcinoids and ovarian teratoma. The patients in their 
study were mostly in stage I and had non- specific symp-
toms that could not be distinguished from ordinary epithe-
lial ovarian cancer before surgery. The long- term survival 
rate in these patients after surgery was >90%. However, 
such cases are different because they can be accompanied 
by cancer syndromes without metastatic disease. This is 
because the ovarian vein can drain directly into the in-
ferior vena cava, which can lead to carcinoid syndrome 

and even occasional carcinoid heart disease, which may 
in turn be accompanied by right- sided heart failure. 
Echocardiography is recommended to assess the presence 
of carcinoid heart disease. Measurement of N- terminal 
pro- B- type natriuretic peptide (NT- proBNP) can also be re-
garded as a screening test for carcinoid heart disease when 
carcinoid symptoms are present. Preda et al.8 reported 34 
cases of primary ovarian NETs, including two cases (6%) 
of cardiac involvement. In 2000, Soga et al.13 noted that 6% 
of all patients and 25% of those with carcinoid symptoms 
exhibited cardiac involvement. Pelvic magnetic resonance 
imaging (MRI) can be considered the ideal local imaging 
technique, as it can aid surgeons in evaluating the feasi-
bility of the operation. Fluorodeoxyglucose positron emis-
sion tomography (FDG- PET)/computed tomography (CT) 
may be the best imaging technique for detecting metas-
tasis. However, due to the high cost of PET/CT, a whole- 
body CT scan is preferred when PET/CT is not available.20

Our multivariate analysis revealed that treatment op-
tions were related to prognosis. Patients with early- stage 
ovarian NETs experienced good survival outcomes after 

F I G U R E  3  Survival curves for patients with early-  and advanced- stage disease for different treatment regimens: (A) overall survival 
(OS) in the early stage; (B) OS in the advanced stage; (C) cancer- specific survival (CSS) in the early stage; and (D) CSS in the advanced stage
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T A B L E  4  Comparison between LGNET and HGNEC

Subject characteristics

LGNET HGNEC

p 
value

n (%) n (%)

123 (32.6) 254 (67.4)

Age <0.001

≤49 58 (47.1) 98 (38.6)

50– 69 54 (43.9) 67 (26.3)

≥70 11 (9.0) 89 (25.1)

AJCC stage <0.001

I 114 (92.7) 36 (14.2)

II 2 (1.6) 15 (5.9)

III 3 (2.4) 81 (31.9)

IV 4 (3.3) 122 (48.0)

Grade

Well/moderately differentiated 42 (34.1) 0 (0.0) <0.001

Poorly/undifferentiated differentiated 2 (1.6) 111 (43.7)

Unknown 79 (64.3) 143 (56.3)

Tumor size (cm) <0.001

≤5.0 52 (42.3) 18 (7.1)

>5.0 44 (35.8) 131 (51.6)

Unknown 27 (21.9) 105 (41.3)

Nodal metastasis

Negative 18 (14.6) 47 (18.5)

Positive 1 (0.8) 37 (14.6)

Not examined 102 (83.0) 165 (65.0)

Unknown 2 (1.6) 5 (1.9)

Sampled pelvic nodes 0.003

1– 9 8 (6.5) 43 (16.9)

10– 19 9 (7.3) 19 (7.5)

≥20 3 (2.4) 22 (8.7)

Not examined 102 (83.0) 165 (65.0)

Unknown 1 (0.8) 5 (1.9)

Distant metastasis <0.001

Yes 3 (2.4) 24 (9.4)

No 120 (97.6) 76 (30.0)

Unknown 0 (0) 154 (60.6)

Treatment <0.001

Surgery alone 116 (94.3) 31 (12.2)

Surgery + CTX 2 (1.6) 96 (37.8)

Surgery + CCRT 0 (0) 15 (5.9)

CTX alone 2 (1.6) 54 (21.3)

RT + CTX 1 (0.8) 6 (2.4)

RT alone 0 (0) 3 (1.2)

No treatment 2 (1.6) 49 (19.2)

Survival rate

(Continues)
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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 (sur-
gery + CTX + RT) was associated with improved OS and 
CSS. Ovarian carcinoids were also often small and uni-
lateral tumors were confined to the ovaries. Unilateral 
salpingo- oophorectomy also appears to be associated with 
high recovery rates,20 although other gastrointestinal me-
tastases must be excluded. For patients with metastatic 
disease,22 it is recommended to conduct a thorough eval-
uation using MRI, or 68  Ga- octreotate PET scanning to 
rule out the presence of other major sources (such as the 
gastrointestinal tract),23 and to ensure prompt initiation of 
appropriate treatment. Some scholars1 believe that soma-
tostatin analogs (such as lanreotide and octreotide) should 
be considered if carcinoids are diagnosed, and that soma-
tostatin analogs should be used before and during tumor 
resection to prevent carcinoid crisis complications.24 In a 
study by Nasioudis et al,22the authors were unable to ver-
ify that CTX can prolong survival time in patients with 
stages II– IV carcinoids, although another study noted that 
the Ki- 67 proliferation index may aid in the selection of 
patients likely to benefit from CTX.25 However, reports 
on ACT are rare. Indeed, there were only five cases in 
our study. Since ACT is an extremely rare disease, infor-
mation regarding its biological behavior is scarce.26 Our 
results indicated that treatments were carried out in ac-
cordance with the carcinoid regimen and that large-  and 
small- cell carcinomas of the ovary were uncommon and 
classified as high- grade neuroendocrine carcinomas. The 
literature reports that prognosis is poor, and that progres-
sion is rapid among these patients. Even when discovered 
early, the probability of metastasis or recurrence remains 
high.12,15,20,27– 30 Thus, CTX, RT, or adjuvant treatment is 
recommended even in the early stage. Harrison et al.31 re-
ported that the combination of RT and CTX provides the 
best chance of long- term survival for patients with high- 
grade neuroendocrine carcinomas. However, even with 
comprehensive treatment, the prevalence of relapse within 

2 years remains high among patients with advanced- stage 
disease.27,28,32

Since ovarian NETs are rare, there are no clear recom-
mendations regarding the surgical treatment of ovarian 
carcinoid or ovarian NET. For ovarian carcinoids, fertility- 
preserving surgery is allowed because these tumors are 
usually unilateral and have a good prognosis. Moreover, 
information regarding the safety of conservative treat-
ment 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 As there were only 16 cases of fertility- preserving 
surgery in our analysis, further studies are required to ex-
plore the safety of the procedure.

Due to the rarity of the disease and the lack of sys-
tematic population- based research or registration data, 
treatment strategies for ovarian NETs have not been stan-
dardized. It is relatively unlikely that the tumor will be 
identified as NET prior to surgery; therefore, treatment 
will depend on surgical findings. In addition, most adju-
vant treatments are based on the treatment plan for lung 
NETs, which comprise a combination of surgical resection 
and postoperative supplementation with platinum- based 
CTX. The most commonly used drugs include cisplatin, 
carboplatin, doxorubicin, epirubicin, and etoposide.27,32 
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 prog-
nosis, especially for those with advanced ovarian NETs. 
Taken together, the available evidence highlights the 
need to develop novel drug treatments, such as molecu-
lar targeting strategies. Pembrolizumab has been used 
in patients with recurrent cervical and vulvar NETs and 
has shown promise in phase II clinical trials.33 Therefore, 
clinical trials investigating the use of pembrolizumab for 
ovarian NETs are warranted.

Subject characteristics

LGNET HGNEC

p 
value

n (%) n (%)

123 (32.6) 254 (67.4)

5 year- OS 93.56% 7.01%

5 year- CCS 97.44% 7.31%

10 year- OS 93.56% 2.34%

10 year- CCS 97.44% 4.88%

Note: n (%): Number (%).
Abbreviations: AJCC, American Joint Commission on Cancer; CCRT, concurrent chemoradiation; CCS, cancer- specific survival; CTX, chemotherapy; HGNEC, 
high- grade neuroendocrine carcinoma; LGNET, low- grade neuroendocrine tumor; OS, overall survival; RT, radiation.

T A B L E  4  (Continued)



8568 |   PANG and GUO

We compared the characteristics of patients with dif-
ferent histological subtypes of ovarian NETs (low- grade 
NETs vs. high- grade neuroendocrine carcinomas). Low- 
grade NETs were milder, more frequently presented as 
stage I disease, more often involved tumors with diam-
eters <5  cm, and were associated with lower rates of 
lymph node positivity and distant metastasis than high- 
grade neuroendocrine carcinomas. Among patients with 
low- grade NETs, 94.3% were treated with surgery alone, 
and the 5- year survival rate was as high as 93.56%. These 
findings indicate that prognosis is relatively better among 
patients with ovarian low- grade NETs than among those 
with high- grade neuroendocrine carcinomas.

The present study has some limitations. Importantly, 
the SEER database does not include information regarding 
the number of chemotherapy cycles, specific chemother-
apy regimens, or neoadjuvant chemotherapy regimens. In 
addition, the time and location of recurrence are not speci-
fied, nor does it mention the treatments used in such cases, 
and the SEER database does not currently provide preop-
erative imaging data. Nonetheless, the use of the SEER 
database was also the major strength of our study, as it 
provides a large amount of data regarding cases of ovarian 
NETs over the past 12 years. To our knowledge, our study 
is the largest investigation of ovarian NETs conducted to 
date. Moreover, our data provide valuable clinical infor-
mation 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 OS and CSS are rela-
tively good for early- stage cases treated with surgery alone, 
whereas a more comprehensive treatment strategy involv-
ing surgery, CTX, and RT is required to improve OS and 
CSS in the advanced stage. Future studies should focus on 
the development of individualized treatment strategies to 
prolong survival time in patients with ovarian NETs.
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