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Clinicopathologic features, incidence, and survival
trends of gynecologic neuroendocrine tumors: a SEER
database analysis
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BACKGROUND: Primary gynecologic neuroendocrine tumors are Poorly differentiated tumors represented 65.0% of cervical tumors,
uncommon malignant neoplasms associated with poor prognosis. Clini-

cally, these tumors present a significant challenge because of the lack of

standardized management guidelines.

OBJECTIVE: The objective of this study is to evaluate the clinico-

pathologic features, incidence, and survival trends in gynecologic

neuroendocrine tumors.

MATERIALS AND METHODS: The Surveillance, Epidemiology and
End Results (SEER) cancer registry was queried for women diagnosed with

primary gynecologic neuroendocrine tumors from 1987 to 2012. Data

regarding stage, grade, presence of extrauterine disease, receipt of

adjuvant radiation, surgical intervention, incidence, and overall survival

were extracted. Patients were classified as having early-stage disease

(International Federation of Gynecology and Obstetrics Stage I/II) or

advanced-stage disease (Stage III/IV). Extrauterine disease was defined as

either regional or distant metastasis. c2 Tests, Pearson correlation, and
KaplaneMeier curves were used for statistical analysis.

RESULTS: In all, 559 cases of gynecologic neuroendocrine tumors

were identified during the study period: 242 cervical, 160 ovarian, 118

uterine, and 39 vulvar/vaginal. The majority of patients in all subsets of

gynecologic neuroendocrine tumors presented with poorly differentiated

tumors, extrauterine disease spread, and advanced-stage disease.
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45.3% of ovarian tumors, and 57.4% of uterine tumors. Extrauterine

disease at the time of diagnosis was present in the case of 66.9% of

cervical tumors, 83.5% of ovarian tumors, and 83.6% of uterine tumors.

The overall incidence of gynecologic neuroendocrine tumors increased

4-fold during the study period, from 0.3 in 1987 to 1.30 per million in

2012. The study period was divided into two 13-year periods

(1987e1999 and 2000e2012) for time trend mean survival analysis.

We observed no significant change in overall survival across all gyne-

cologic neuroendocrine tumor subtypes. The mean survival time of

cervical neuroendocrine tumors was 74.3 vs 45.4 months (P ¼ .31),

ovarian neuroendocrine tumors 47.8 vs 41.2 months (P ¼ .56), and

uterine neuroendocrine tumors 42.9 vs 47.7 months (P ¼ .44) for each

time period, respectively.

CONCLUSION: Neuroendocrine tumors of the gynecologic tract are

uncommon aggressive malignancies. These poorly differentiated tumors

present at advanced stage, with a high incidence of extrauterine disease.

Despite 25 years of advances in cancer therapy, we observed no

improvement in overall survival.
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rimary gynecologic neuroendo-
P crine tumors (gNET) are uncom-
mon, representing approximately 2% of
all gynecological malignancies. Themost
common site is the cervix, followed by
the ovaries and uterus.1e3 The histo-
logical classification of gNET is derived
from small cell carcinoma of the lungs
and consists of 4 categories: typical
carcinoid, atypical carcinoid, small
cell neuroendocrine carcinoma, and
large cell neuroendocrine carcinoma.
Prognosis is based largely on histologic
subtype. Typical and atypical carcinoid
tumors are well differentiated and
follow an indolent course. However,
most gNET are small cell carcinomas,
and a smaller portion are large cell
carcinomas, which are classified as
high-grade tumors that behave
aggressively.1e3 Although well and
poorly differentiated tumors exhibit
dramatically different clinical courses,
they are grouped together because of the
expression of neuroendocrine makers
detected by immunohistochemistry,
specifically synaptophysin and
chromogranin.4,5

In recent years, there has been an in-
crease in the reported incidence of
neuroendocrine tumors across all organ
sites, including gNET.2,6,7 This upward
trend is likely due to an improvement in
diagnosis, as opposed to a true in-
crease.1,2 Despite this, there is a lack of
standardized management guidelines for
gNET because of its overall rarity. At
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present, treatment is extrapolated from
small cell carcinoma of the lung and
focuses on a multimodal therapeutic
approach including surgery, chemo-
therapy, and radiation.1,8 The objective
of this study is to evaluate the incidence
and survival trends in gNET.

Materials and Methods
This study was approved by the Institu-
tional Review Board at SUNY (State
University of New York) Downstate
Medical Center. Patients were identified
using the Surveillance, Epidemiology
and End Results (SEER) cancer registry
database. We identified women with
gNET from 1987 to 2012 using the In-
ternational Statistical Classification of
Diseases and Related Health Problems,
10th Revision (ICD-10) codes of C53.9
(malignant neoplasm of the cervix
uteri), C54.1 (malignant neoplasm of the
corpus uterus), C56.9 (malignant
rican Journal of Obstetrics & Gynecology 53.e1
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Why was this study conducted?
This study was conducted to investigate the clinicopathologic features, incidence,
and survival trends in gynecologic neuroendocrine tumors.

Key findings
Gynecologic neuroendocrine tumors represent an aggressive form ofmalignancy.
Although these tumors are uncommon, their incidence is on the rise, without any
signs of improvement in overall survival.

What does this add to what is known?
To our knowledge, this is the largest single review of gynecologic neuroendocrine
tumors. Here we present 25 years of retrospective data that demonstrate an
increasing incidence of these tumors with no change in overall survival. The
present study illustrates the need for prospective data to better guidemanagement
of these challenging tumors.
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neoplasm of the ovary), C57.0 (malig-
nant neoplasm of the fallopian tube),
C52.0 (malignant neoplasm of the va-
gina), and C51.9 (malignant neoplasm
of the vulva). We then limited our study
to include only patients with high-grade
neuroendocrine tumors (small cell or
large cell carcinoma), code C7A.1.
Exclusion criteria included benign or in
situ neoplasms. Patient characteristics
including year of diagnosis, age, race/
ethnicity, stage, grade, surgery, receipt of
radiation therapy, and survival were
obtained. Race was classified into white,
black, and other. Patients were classified
as having either early-stage disease (In-
ternational Federation of Gynecology
and Obstetrics [FIGO] stage I/II) or
advanced-stage disease (FIGO stage III/
IV). Data for staging were available only
from 2004 to 2012 for gNET. Type of
surgery included all therapeutic exci-
sions, but those done for diagnostic
purposes only were excluded. Thec2 and
t tests were used to compare frequency
distribution among categorical and nu-
merical variables, respectively.
KaplaneMeier curves were used to
analyze survival outcomes. The study
period was divided into two 13-year
periods (1987e1999 and 2000e2012)
for time trend mean survival analysis.
Pearson correlation tests were used to
analyze trends in gNET. Statistical
significance was defined as P < .05.
Analyses were performed using
SPSS, Version 22.0. (IBM Corp.,
Armonk, NY).
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Results
A total of 559 cases of gNET were iden-
tified using the SEER database from 1987
to 2012; these comprised 242 cervical
NET (cNET), 160 ovarian NET (oNET),
and 118 uterine NET (uNET). The
remaining 39 patients had NET of the
vulva, vagina, or an unspecified gyne-
cological site. We observed a 4-fold in-
crease in the incidence of all gNET
during the study period, from 0.3 per
million in 1987 to 1.30 per million in
2012. Notably, the majority of tumors
were diagnosed after 1999. Only 59
(24.4%) cNET, 24 (15.0%) oNET, and 14
(11.9%) uNET were diagnosed prior to
2000. The current study will focus on the
3 most common forms of gNET.

Cervical NET
A total of 242 patients with cNET were
identified. Themean age at diagnosis was
48.1 years (range, 21e89 years). The
majority of patients (77.7%) were white.
Of the patients, 56% presented with
advanced-stage disease. Distant meta-
stasic disease was present in 37.5% of
patients at the time of diagnosis. In all,
54.6% and 24.4% of patients with cNET
received surgery and radiation, respec-
tively. A total of 65% presented with
poorly differentiated tumors (Table 1).
During the study period, we observed an
increased incidence of cNET from 0.3
per million in 1987 to 0.5 per million in
2012 (R ¼ 0.87; P � .01) (Figure 1). The
mean survival time of cNETwas 74.3 vs
45.4months for each of the time periods,
gy JULY 2019
respectively (P ¼ .31). However, there
were 3 years within the 1987e1999
cohort (1987, 1988, and 1996) with
significantly longer OS (163.0 months)
compared to the median OS of all other
years (median, 39.1 months), which
likely skewed data toward improved
survival (Table 2).When extracting these
3 outliers, the median OS for the cohort
was 54.0 months.

Ovarian NET
A total of 160 patients with oNET were
identified. Themean age at diagnosis was
61.4 years (range, 20e95 years). The
majority of patients were white (83.1%)
and presented with advanced-stage dis-
ease (72.5%). Distant metastasis was
present in 73.3% of patients at the time
of diagnosis, with 83.5% of patient pre-
senting with extrauterine disease,
defined as both regional and distant
metastatic spread. Of the patients with
oNET, 70.9% and 4.4% underwent sur-
gery and radiation, respectively. A total
of 45.3% presented with poorly differ-
entiated tumors (Table 1). During the
study period, we observed an increased
incidence of oNET from 0 per million in
1987 to 0.38 per million in 2012 (R ¼
0.86, P � 0.01) (Figure 1). The mean
survival time for oNET was 47.8 vs 41.2
months, for each of the time periods
(P ¼ .56). Similarly to cNET, the trend
toward decreased OS in the 1987e1999
cohort is attributed to an outlier within
the dataset. Specifically, the year 1991
demonstrated dramatically greater OS
(199.0 months) compared to all other
years. When excluding this year, the
median OS for the cohort was 30.9 years.

Uterine NET
A total of 118 patients with uNET were
identified. Themean age at diagnosis was
64.8 years (range, 30e97 years). The
majority of patients (77.1%) were white
and presented with advanced-stage dis-
ease (82.1%). Distant metastasis was
present in 49.1% of patients at the time
of diagnosis, and 83.6% of all patients
presented with extrauterine disease. In
all, 69.2% and 22.9% of patients with
uNET underwent surgery and radiation,
respectively. Of the patients, 57.4% pre-
sented with poorly differentiated tumors
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TABLE 1
Patient demographics and characteristics

cNET oNET uNET

n % n % n %

Total Number 242 160 118

Mean age (range) 48.1 (21e89) 61.4 (20e95) 64.8 (930e97)

Race

White 188 77.7% 133 83.1% 91 77.1%

Black 26 10.7% 14 8.8% 11 9.3%

Other 28 11.6% 13 8.1% 16 13.6%

Ethnicity

Hispanic 40 16.5% 16 10.0% 21 17.8%

Non-Hispanic 202 83.5% 144 90.0% 97 82.2%

Stagea

Early (I/II) 106 43.7% 44 27.5% 21 17.9%

Advanced (III/IV) 136 56.3% 116 72.5% 97 82.1%

Grade

Moderately Differentiated 7 3.8% 19 17.9% 3 3.0%

Poorly Differentiated 121 66.5% 48 45.3% 58 57.4%

Undifferentiated 54 29.7% 39 36.8% 40 39.6%

Summary staging

Local 78 33.2% 26 16.6% 19 16.4%

Regional 69 29.4% 16 10.2% 40 34.5%

Distant 88 37.5% 115 73.3% 57 49.1%

Surgery

Yes 130 54.6% 112 70.9% 81 69.2%

No 108 45.4% 46 29.1% 36 30.8%

Radiation

Yes 59 24.4% 7 4.4% 27 22.9%

No 183 75.6% 153 95.6% 91 77.1%

cNET, cervical neuroendocrine tumors; gNET, gynecologic neuroendocrine tumors; oNET, ovarian neuroendocrine tumors; uNET, uterine neuroendocrine tumors.

a Data for staging only available between 2004 and 2012

Gibbs et al. Incidence and survival trends in gNET. Am J Obstet Gynecol 2019.
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(Table 1). During the study period, we
observed an increase incidence of uNET
from 0 per million in 1987 to 0.41 per
million in 2012 (R ¼ 0.90; P � .01)
(Figure 1). The mean survival time
uNETwas 42.9 vs 47.7 months, for each
time period (P ¼ .44).

Comment
gNET are rare malignant neoplasms
associated with a poor prognosis. Cor-
responding to recently published data,
we observed a 4-fold increase in gNET
during the study period. Many authors
propose that this is due to the devel-
opment of a standardized classification
system and improved diagnostic recog-
nition rather than a true increase in
incidence.1,2,9,10 Small and large cell
gNET are often mixed with other his-
tological types, most commonly squa-
mous cell carcinoma or
adenocarcinoma. Prior to clarification
of terminology in 1997, these tumors
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with mixed components were often
misclassified. By current standards,
unless the neuroendocrine histology is
present only as isolated tumors cells,
the primary classification should be
neuroendocrine, as this is most likely to
determine the clinical outcome.11 This
may account for the underrepresenta-
tion of gNET prior to 1997. Fitting with
this explanation, we observed an
increased incidence in each subtype of
gNET (Figure 1).
rican Journal of Obstetrics & Gynecology 53.e3
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FIGURE 1
Trends in the incidence of gynecologic neuroendocrine tumors (gNET) from 1987 to 2012

Gibbs et al. Incidence and survival trends in gNET. Am J Obstet Gynecol 2019.
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The study time frame was divided
into two 13-year periods (1987e1999
and 2000e2012) to analyze trends in
mean survival time. We observed no
statistically significant difference in
overall survival (OS) between the two
study periods. However, we did detect a
trend toward decreased mean survival
in cNET and oNET between the 2 time
periods. There are several plausible ex-
planations for these findings. uNET
were more likely to be treated with any
modality compared to cNET and oNET.
Of the uNET patients, 92.1% received
underwent surgery, radiation, or both,
compared to 79.0% of cNET and 75.3%
of oNET patients. When examining
survival trends in cNET and oNET,
careful interpretation must be used. In
the cNET cohort, there were 3 years
(1987, 1988, and 1996) with signifi-
cantly longer OS (163.0 months)
compared to the median OS of all other
years (median, 39.1 months), which
likely skewed data toward improved
survival in the 1987e1999 cohort
(Table 2). When removing these 3
outliers, the median OS for the cohort
was 54.0 months, which was just
marginally greater than that observed in
the 2000e2012 cohort. Similarly, 1 year
in the oNET cohort (1999) demon-
strated dramatically longer OS (199.0
months) compared to all other years.
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When excluding this year, the median
OS for the 1987e2012 cohort was 30.9
years. The significantly longer OS
among these outliers may be explained
by inappropriate classification, as most
outliers were noted prior to the clari-
fication of terminology to define
neuroendocrine tumors in 1997.
In the present study, the majority of

patients across all subtypes were non-
Hispanic white, corresponding to
published literature on NET. In a
recent large SEER database analysis of
all NETs, this group represented 79.2%
of affected patients.12 By definition,
small and large cell carcinoma are high
grade, but they may exist as moder-
ately, poorly, or undifferentiated tu-
mors, consistent with our findings.
Recent studies of gastrointestinal NET
have led to further classification, stag-
ing, and grading systems: specifically, a
grading system based on Ki67 prolif-
eration, which has guided new bio-
logical and targeted therapies, showing
promising results in preliminary
studies.6,7 Perhaps this could be
applied to gNET.
There are limited data regarding the

clinicopathologic features and manage-
ment oNET and uNET. At present,
there are no prospective studies to
guide management, and the literature is
based on small studies and case reports
gy JULY 2019
with findings mirroring those of
cNET.1,2,13 Current therapies are
extrapolated from cNET, which is based
on data arising from pulmonary litera-
ture, focusing on the use of multi-
modality therapy including surgery,
chemotherapy, and radiation.14e16 In
the current study, the majority of pa-
tients with oNET and uNET underwent
surgical management; however, few
received radiation therapy (Table 1).
These findings are likely in part attrib-
utable to the low rate of radiation use
to treat more common ovarian carci-
noma histologies. However, literature
on NET at other sites support positive
responses and decreased recurrence
with the use of radiation, suggesting
that this treatment modality should be
further explored across gNET, including
oNET.17

The most extensively studied type of
gNET is cNET. In this setting, concur-
rent etoposide/cisplatin chemotherapy
and radiation has yielded initial response
rates as high as 50e79%.15,18 A study of
cervical large cell NETshowed improved
survival with platinum as a single agent
and when given in combination with
etoposide.19 However, recurrence and
progression frequently occur, leading to
a lower OS at all stages compared to that
for squamous cell carcinoma of the cer-
vix.20,21 A recent SEER database analysis

http://www.AJOG.org


TABLE 2
Incidence and median overall survival (OS) of patients with gynecologic neuroendocrine tumors by year

Year

oNET uNET cNET

n Median OS (mo) n Median OS (mo) n Median OS (mo)

1987 0 n/a 0 n/a 1 209.0

1988 0 n/a 0 n/a 1 172.0

1989 0 n/a 0 n/a 0 n/a

1990 1 2.0 0 n/a 1 45.0

1991 1 199.0 0 n/a 2 13.0

1992 0 n/a 0 n/a 6 87.3

1993 0 n/a 1 1.0 6 86.3

1994 4 61.7 1 15.0 6 13.0

1995 5 46.4 1 6.0 9 76.6

1996 1 13.0 1 2.0 6 108.0

1997 3 34.3 4 8.0 8 77.0

1998 4 3.8 2 90.5 5 75.0

1999 3 55.3 4 83.5 8 13.3

2000 10 42.7 6 38.5 10 36.5

2001 13 36.2 5 63.2 12 24.2

2002 7 60.0 7 11.3 14 45.1

2003 9 50.4 4 37.8 14 10.4

2004 6 8.5 6 37.0 11 48.3

2005 11 24.5 5 64.6 14 56.4

2006 11 16.1 7 36.0 16 31.7

2007 7 18.1 9 27.1 6 26.2

2008 14 21.2 6 22.7 19 15.5

2009 15 26.4 14 17.3 13 27.2

2010 10 11.4 14 11.4 17 17.6

2011 10 14.9 5 4.4 17 16.1

2012 15 6.9 16 8.4 20 8.1

Totals 160 52.8 118 54.6 242 65.4

cNET, cervical neuroendocrine tumors; oNET, ovarian neuroendocrine tumors; OS, overall survival; n/a, no data available; uNET, uterine neuroendocrine tumors.

Gibbs et al. Incidence and survival trends in gNET. Am J Obstet Gynecol 2019.
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demonstrated equally poor outcomes in
cNET patients undergoing surgery alone
and those undergoing primary radio-
therapy. The 5-year OS of the entire
cohort (stage IeIV) was 51%, declining
to a dismal 9% in stage IV disease.20

Because of differences in methodology,
this review featured a larger number of
patients than the current study, as we
excluded patients with incomplete sur-
vival data. However, like the present
study, this report demonstrates the
aggressive nature of these tumors and
stresses that single-modality treatment is
inadequate.
In addition, data suggest that there is a

promising future in the incorporation of
targeted therapeutics in the treatment of
gNET. Frumovitz et al observed a sta-
tistically significant PFS benefit in pa-
tients with recurrent small-cell
carcinoma of the cervix who received a
combination of topotecan, paclitaxel,
and bevacizumab compared to those
JULY 2019 Ame
who received other regimens, the ma-
jority of which did not contain bev-
acizumab.22 Similarly, a recent report of
cNET reported a complete response to
immunotherapy with nivolumab even in
the absence of PD-L1 tumor expression,
again highlighting the potential role of
targeted therapy in these aggressive
tumors.23

Themajor limitation of our study is its
retrospective nature. Furthermore, the
SEER database encompasses only
rican Journal of Obstetrics & Gynecology 53.e5
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approximately 28% of the United States
population and does not include infor-
mation on chemotherapy use. Despite
these limitations, this is the largest study
to date to examine the clinicopathologic
features of gNET.

In conclusion, high-grade neuroen-
docrine tumors of the gynecologic tract
are rare and aggressive tumors. Despite
25 years of advances in cancer therapy,
we have seen no improvement in sur-
vival. Prospective studies are needed to
define optimal treatment strategies and
to explore targeted therapy options. n
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