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h i g h l i g h t s
� Neuroendocrine carcinoma of the endometrium is a rare and aggressive uterine carcinoma.
� Compared to patients with poorly differentiated endometrioid tumors, patients with neuroendocrine carcinomas present with later stage disease.
� Survival for neuroendocrince carcinomas is inferior to that of high grade endometrioid carcinomas.
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a b s t r a c t

Objective: Neuroendocrine carcinoma of the endometrium (NECE) is a rare malignancy. We exam-
ined the natural history and outcomes of women with NECE compared to patients with poorly differ-
entiated endometrioid endometrial cancer (EC).

Methods: The National Cancer Database (NCDB) was used to identify women with NECE and women
with poorly differentiated EC from 2004 to 2015. Clinical, demographic, and treatment characteristics
were compared between groups. Kaplan-Meier survival curves and multivariable Cox proportional
hazard regression models were used to identify associations between tumor histology and survival.

Results: A total of 28,291 women with EC and 364 women with NECE were identified. Patients with
NECE were more often non-white and presented with later stage disease compared to patients with EC.
Women with NECE were more likely to receive adjuvant chemotherapy (60.2% vs. 29.6%), but were less
likely to receive radiation (28.0% vs. 47.6%) (P< 0.001 for both). Median survival was 17months (95% CI,
12e23) for NECE and 144months (95% CI, 140e148) for EC. 5-year survival was 38.3% (95% CI, 32.7
e43.8%) for NECE vs. 68.8% (95% CI, 68.2e69.4%) for EC. In a multivariable model, the hazard ratio for
death for women with NECE compared to EC was 2.32 (95% CI, 1.88e2.88). Similar findings were noted
when the analysis was limited to women with stage I (HR¼ 1.62; 95% CI, 1.01e2.61), and stage III
(HR¼ 2.57; 95% CI, 1.88e3.53) neoplasms.

Conclusions: NECE is a rare and aggressive uterine carcinoma. Compared to patients with poorly
differentiated EC, patients with NECE present with later stage disease and have decreased survival.

© 2019 Elsevier Inc. All rights reserved.
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Neuroendocrine carcinomas of the endometrium (NECE) are
rare tumors accounting for just 0.8% of endometrial carcinomas [1].
NECE falls under neuroendocrine tumors (NETs) which represent a
spectrum of tumors all arising from the neuroendocrine cell system
with prognosis determined by histology and site of origin [2]. NETs
are subdivided into well-differentiated low-grade tumors,
including carcinoid and atypical carcinoid, and poorly-
differentiated high-grade tumors, including small cell carcinoma
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(SCC) and large cell carcinoma (LCC) which together are neuroen-
docrine carcinomas (NECs) [2,6e9]. Histologically, poorly-
differentiated NECs (SCC and LCC) have a high mitotic rate, nu-
clear atypia, frequent lymphovascular space invasion, and necrosis.
In the gynecologic tract, these tumors most commonly arise in the
cervix and follow an aggressive clinical course [2,3].

NECE are generally considered aggressive tumors and often
present with advanced-stage disease [12,13]. Their presenting
symptoms are usually abnormal uterine bleeding or symptomatic
metastases [2,11,12]. Histologically, NECE is often in admixture with
other endometrial malignancies, most commonly endometrioid
carcinoma [4,10,12,14,15]. While the literature on NECE is limited,
prior reports have suggested that prognosis is poor with most pa-
tients recurring within two years of diagnosis [2,5,10]. The mean
overall survival has been reported as 22 and 12months for stage
IeII and stage IIIeIV disease, respectively [5].

Given the paucity of data describing the outcomes of women
with NECE, we performed an analysis to examine the natural his-
tory and outcomes of women with neuroendocrine carcinomas of
the endometrium. Specifically, we compared the clinical and de-
mographic characteristics and survival of women with NECE to
womenwith poorly differentiated endometrioid adenocarcinomas.

2. Methods

2.1. Data source and patient selection

The National Cancer Database (NCDB) was used for analysis. The
NCDB is a registry developed and sponsored by the American Col-
lege of Surgeons and American Cancer Society [23,24]. The NCDB
Fig. 1. Flowchart of c
captures all patients with newly diagnosed invasive cancers from
over 1500 Commission on Cancer (CoC) affiliated hospitals across
the United States. NCDB collects data on patient characteristics,
cancer staging and tumor histological characteristics, first course of
treatment, and outcomes. Incident tumor cases are compiled by
trained registrars and the data is audited regularly to confirm ac-
curacy [23,24].

We identified all women with stage IeIV neuroendocrine car-
cinoma of the endometrium (NECE) and endometrioid endometrial
carcinoma (EC) from 2004 to 2015. We excluded all patients
without histological confirmation, those who received neoadjuvant
therapies, and those who did not undergo hysterectomy. We
limited our cohort of women with endometrioid adenocarcinoma
to those with poorly differentiate EC (Fig. 1).

2.2. Clinical and demographic characteristics

Demographic data in this analysis included age at diagnosis
(<50, 50e59, 60e69, 70e79, �80 years), race (white, black, His-
panic, other, or unknown), insurance status (uninsured, private,
Medicaid, Medicare, or other government/unknown), median
household income for the patient's zip code (<$38,000,
$38,000e$47,999, $48,000e$62,999, �$63,000, or unknown), ed-
ucation which was measured as percent of adults in the patient's
zip code who did not graduate from high school (�21%, 13e20%,
7e12.9%, <7%, or unknown), location (metropolitan, urban, rural,
unknown), comorbidity (0, 1, �2) and year of diagnosis
(2004e2015). Tumor stage (IAeIVB or unknown) and grade (well,
moderate, poorly, or unknown) were recorded for each patient.
Hospital data included region (Northeast, Midwest, South, orWest).
ohort selection.



Table 1
Demographic, clinical and treatment characteristics comparing NECE and EC.

Endomeitrioid
adencocaricnoma

Neuroendocrine
carcinoma

P-value

N (%) N (%)

All 28,291 (98.7) 364 (1.3)
Age 0.62
<50 2695 (9.5) 41 (11.3)
50e59 7389 (26.1) 88 (24.2)
60e69 9417 (33.3) 114 (31.3)
70e79 5916 (20.9) 82 (22.5)
�80 2874 (10.2) 39 (10.7)

Race 0.02
White 22,300 (78.8) 265 (72.8)
Black 3038 (10.7) 50 (13.7)
Hispanic 1492 (5.3) 29 (8.0)
Other 1118 (4.0) 18 (4.9)
Unknown 343 (1.2) * *

Year 0.01
2004 2061 (7.3) 22 (6.0)
2005 2173 (7.7) 24 (6.6)
2006 2306 (8.2) 17 (4.7)
2007 2278 (8.1) 19 (5.2)
2008 2414 (8.5) 32 (8.8)
2009 2385 (8.4) 34 (9.3)
2010 2531 (8.9) 41 (11.3)
2011 2766 (9.8) 30 (8.2)
2012 2399 (8.5) 36 (9.9)
2013 2391 (8.5) 27 (7.4)
2014 2339 (8.3) 36 (9.9)
2015 2248 (7.9) 46 (12.6)

Insurance status 0.21
Private 12,704 (44.9) 146 (40.1)
Medicare 12,239 (43.3) 165 (45.3)
Medicaid 1497 (5.3) 20 (5.5)
Uninsured 1124 (4.0) 21 (5.8)

Other government/
unknown

727 (2.6) 12 (3.3)

Income 0.91
<$38,000 4958 (17.5) 62 (17.0)
$38,000e$47,999 6501 (23.0) 86 (23.6)
$48,000e$62,999 7557 (26.7) 101 (27.7)
$63,000þ 8996 (31.8) 113 (31.0)
Unknown 279 (1.0) * *

Education 0.89
�21% 4799 (17.0) 62 (17.0)
13e20% 7201 (25.5) 92 (25.3)
7.0e12.9% 9300 (32.9) 126 (34.6)
<7% 6726 (23.8) 82 (22.5)
Unknown 265 (0.9) * *

Location 0.79
Metropolitan 22,619 (80.0) 294 (80.8)
Urban 4254 (15.0) 49 (13.5)
Rural 537 (1.9) * *
Unknown 881 (3.1) 13 (3.6)

Comorbidity 0.52
0 21,208 (75.0) 282 (77.5)
1 5717 (20.2) 65 (17.9)
�2 1366 (4.8) 17 (4.7)

Hospital type 0.51
Academic/research 11,960 (42.3) 162 (44.5)
Community cancer 1414 (5.0) 13 (3.6)
Comprehensive
community
cancer

11,725 (41.4) 145 (39.8)

Integrated network
cancer

3192 (11.3) 44 (12.1)

Hospital region 0.98
Northeast 6544 (23.1) 84 (23.1)
Midwest 7457 (26.4) 95 (26.1)
South 9515 (33.6) 126 (34.6)
West 4775 (16.9) 59 (16.2)

Stage <0.001
IA 9278 (32.8) 35 (9.6)
IB 5465 (19.3) 24 (6.6)
I NOS 845 (3.0) * *
II 2270 (8.0) 22 (6.0)
IIIA 903 (3.2) 19 (5.2)

Table 1 (continued )

Endomeitrioid
adencocaricnoma

Neuroendocrine
carcinoma

P-value

N (%) N (%)

IIIB 450 (1.6) * *
IIIC 3883 (13.7) 85 (23.4)
III NOS 313 (1.1) * *
IVA 278 (1.0) 11 (3.0)
IVB 1539 (5.4) 67 (18.4)
IV NOS 195 (0.7) 10 (2.7)
Unknown 2872 (10.2) 72 (19.8)

Grade <0.001
Well � � * *
Moderate � � * *
Poorly 28,291 (100.0) 301 (82.7)
Unknown � � 50 (13.7)

Chemotherapy <0.001
No 18,871 (66.7) 134 (36.8)
Yes 8385 (29.6) 219 (60.2)
Unknown 1035 (3.7) 11 (3.0)

Radiation <0.001
No 14,550 (51.4) 260 (71.4)
Yes 13,470 (47.6) 102 (28.0)
Unknown 271 (1.0) * *

* Cell size< 10.
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Additionally, hospitals were classified by CoC criteria as academic/
research centers, community cancer center, comprehensive com-
munity cancer center, or integrated network cancer center [25].
Treatment patterns included chemotherapy and radiation.
2.3. Statistical analysis

Clinical and demographic characteristics of women with NECE
and EC were compared using Chi-square tests. Kaplan-Meier sur-
vival curves were generated to compare survival between women
with NECE and EC and compared using log-rank tests. Marginal Cox
proportional hazard regression models were developed to analyze
the associations between overall survival and histology while
adjusting for clinical and demographic differences and hospital
level clustering. The model included age, race, year of diagnosis,
insurance, income, location, comorbidity, facility type and region,
stage, histology, chemotherapy and radiation. Similar models were
fitted among stage I and stage III tumors. A separate model limited
to womenwith NECE was also developed. All hypothesis tests were
two-sided. To examine differences in outcomes among women
with various histologic subtypes of NECE, we performed a stratified
analysis to analyze women with small cell and large cell
Table 2
Five-year survival rate by stage, comparing NECE and EC.

EC, % (95% CI) NECE, % (95% CI)

Overall 68.8% (68.2%e69.4%) 38.3% (32.7%e43.8%)
Stage
IA 85.4% (84.5%e86.2%) 76.4% (56.5%e88.0%)
IB 72.7% (71.2%e74.1%) 65.0% (40.3%e81.5%)
I NOS 83.5% (80.4%e86.2%) 83.3% (27.3%e97.5%)
II 67.1% (64.9%e69.2%) 37.5% (15.4%e59.8%)
IIIA 58.2% (53.6%e62.4%) 16.1% (1.0%e48.3%)
IIIB 46.4% (40.7%e51.9%) 45.0% (10.8%e75.1%)
IIIC 53.1% (51.3%e54.9%) 34.2% (22.9%e45.8%)
III NOS 61.6% (55.0%e67.6%) 33.3% (0.9%e77.4%)
IVA 28.8% (23.0%e35.0%) 0.0% (0.0%e0.0%)
IVB 27.7% (25.2%e30.3%) 15.4% (6.9%e27.0%)
IV NOS 27.5% (20.6%e35.0%) 12.0% (0.7%e40.8%)
Unknown 63.4% (61.6%e65.2%) 42.2% (30.4%e53.5%)



Fig. 2. Kaplan-Meier curves comparing NECE and EC. (A) Overall (P-value< 0.001); (B) stage IA (P-value¼ 0.02); (C) stage IIIC (P-value< 0.001). Shade represented 95% CI.
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Table 3
Multivariable model for predictors of all-cause mortality among the overall cohort, and stratified by stage.

Overall aHR Stage I aHR Stage III aHR

Age
<50 Referent Referent Referent
50e59 1.14 (1.03e1.26)* 1.14 (0.92e1.41) 1.23 (1.02e1.49)*
60e69 1.49 (1.34e1.65)* 1.73 (1.40e2.14)* 1.51 (1.25e1.82)*
70e79 2.09 (1.88e2.34)* 2.74 (2.18e3.45)* 2.03 (1.65e2.49)*
�80 3.49 (3.09e3.94)* 5.28 (4.17e6.70)* 2.80 (2.23e3.50)*

Race
White Referent Referent Referent
Black 1.34 (1.24e1.45)* 1.49 (1.31e1.68)* 1.23 (1.08e1.40)*
Hispanic 0.86 (0.76e0.97)* 0.92 (0.75e1.14) 0.72 (0.58e0.89)*
Other 0.94 (0.81e1.08) 0.96 (0.76e1.20) 0.86 (0.66e1.13)
Unknown 0.94 (0.74e1.19) 0.71 (0.48e1.05) 0.95 (0.57e1.57)

Year
2004 Referent Referent Referent
2005 1.06 (0.96e1.17) 1.08 (0.93e1.25) 1.14 (0.91e1.42)
2006 0.99 (0.90e1.09) 0.97 (0.83e1.14) 0.89 (0.72e1.11)
2007 1.01 (0.92e1.12) 1.00 (0.86e1.17) 0.94 (0.74e1.18)
2008 1.01 (0.91e1.12) 1.03 (0.86e1.22) 0.99 (0.79e1.23)
2009 0.91 (0.82e1.01) 0.77 (0.64e0.92)* 1.02 (0.81e1.28)
2010 0.95 (0.85e1.07) 1.00 (0.84e1.18) 0.97 (0.79e1.21)
2011 0.99 (0.89e1.11) 1.03 (0.86e1.23) 0.94 (0.76e1.16)
2012 1.00 (0.88e1.12) 1.03 (0.85e1.25) 1.02 (0.81e1.27)
2013 1.06 (0.94e1.20) 1.19 (0.98e1.44) 1.04 (0.83e1.30)
2014 1.04 (0.91e1.19) 1.11 (0.87e1.41) 1.06 (0.83e1.36)

Insurance status
Private Referent Referent Referent
Medicare 1.27 (1.20e1.35)* 1.38 (1.24e1.53)* 1.18 (1.05e1.33)*
Medicaid 1.36 (1.22e1.52)* 1.61 (1.32e1.96)* 1.32 (1.09e1.61)*
Uninsured 1.29 (1.13e1.47)* 1.32 (1.01e1.72)* 1.39 (1.12e1.72)*
Other government/unknown 1.15 (1.004e1.32)* 1.31 (1.04e1.65)* 0.98 (0.71e1.34)

Income
<$38,000 Referent Referent Referent
$38,000e$47,999 0.99 (0.92e1.06) 0.95 (0.86e1.06) 0.95 (0.82e1.09)
$48,000e$62,999 0.99 (0.92e1.07) 0.91 (0.81e1.01) 0.98 (0.85e1.12)
$63,000þ 0.87 (0.80e0.93)* 0.79 (0.70e0.89)* 0.88 (0.76e1.01)
Unknown 2.09 (1.69e2.59)* 2.02 (1.38e2.95)* 3.27 (2.19e4.87)*

Location
Metropolitan Referent Referent Referent
Rural 0.99 (0.86e1.15) 1.04 (0.82e1.34) 1.02 (0.75e1.39)
Unknown 0.98 (0.85e1.13) 0.95 (0.75e1.20) 0.80 (0.58e1.09)
Urban 1.02 (0.94e1.10) 1.03 (0.93e1.14) 1.04 (0.91e1.19)

Comorbidity
0 Referent Referent Referent
1 1.24 (1.17e1.31)* 1.23 (1.13e1.35)* 1.12 (1.01e1.26)*
�2 1.66 (1.53e1.81)* 1.80 (1.57e2.06)* 1.78 (1.50e2.13)*

Hospital type
Academic/research Referent Referent Referent
Community cancer 1.05 (0.94e1.18) 1.20 (1.02e1.41)* 1.00 (0.83e1.20)
Comprehensive community cancer 1.06 (0.999e1.13) 1.10 (1.01e1.19)* 1.07 (0.96e1.18)
Integrated network cancer 1.02 (0.92e1.13) 1.09 (0.95e1.25) 1.09 (0.92e1.28)

Hospital region
Northeast Referent Referent Referent
Midwest 1.07 (0.98e1.17) 1.01 (0.91e1.12) 1.08 (0.94e1.25)
South 1.06 (0.98e1.16) 1.00 (0.89e1.11) 1.08 (0.94e1.24)
West 1.05 (0.96e1.16) 0.98 (0.87e1.12) 1.11 (0.95e1.29)

Stage
IA Referent Referent �
IB 1.90 (1.77e2.03)* 1.79 (1.66e1.93)* �
I NOS 1.16 (0.99e1.36) 1.17 (0.99e1.39) �
II 2.42 (2.21e2.65)* � �
IIIA 3.73 (3.26e4.26)* � Referent
IIIB 5.53 (4.74e6.45)* � 1.53 (1.27e1.85)*
IIIC 4.61 (4.25e5.00)* � 1.27 (1.11e1.46)*
III NOS 3.52 (2.94e4.21)* � 0.93 (0.75e1.14)
IVA 9.55 (7.90e11.56)* � �
IVB 9.77 (8.78e10.87)* � �
IV NOS 8.81 (7.03e11.03)* � �
Unknown 2.76 (2.55e2.99)* � �

Histology
Endometrioid Referent Referent Referent
Neuroendocrine 2.32 (1.88e2.88)* 1.62 (1.01e2.61)* 2.57 (1.88e3.53)*

Chemotherapy
No Referent Referent Referent
Yes 0.80 (0.74e0.85)* 0.93 (0.82e1.06) 0.68 (0.62e0.76)*
Unknown 0.73 (0.64e0.84)* 0.68 (0.55e0.85)* 0.61 (0.48e0.77)*

K. Schlechtweg et al. / Gynecologic Oncology 155 (2019) 254e261258



Table 3 (continued )

Overall aHR Stage I aHR Stage III aHR

Radiation
No Referent Referent Referent
Yes 0.77 (0.73e0.80)* 0.89 (0.83e0.97)* 0.63 (0.58e0.69)*
Unknown 0.76 (0.60e0.97)* 0.74 (0.50e1.09) 1.11 (0.76e1.61)

Marginal Cox proportional model was fitted including age, race, year, insurance status, income, location, comorbidity, hospital type and region, stage, histology, chemotherapy
and radiation, accounting for hospital level of clustering. Separate models were fitted for stage I and stage III tumors.

* P-value< 0.05.
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neuroendocrine tumors. A P-value of <0.05 was considered statis-
tically significant. All analyses were conducted using SAS version
9.4 (SAS Institute Inc., Cary, North Carolina).
3. Results

A total of 28,655 women including 28,291 (98.7%) diagnosed
with poorly differentiated EC and 364 (1.3%) with NECE were
identified (Table 1). Patients with NECE were more often black
(13.7% NECE vs. 10.7% EC), Hispanic (8.0% NECE vs. 5.3% EC)
(P¼ 0.02), and present with stage III or IV disease (55.7% NECE vs.
26.7% EC) (P< 0.001). Womenwith NECE were less likely to receive
a diagnosis prior to 2008 (22.5% NECE vs. 31.3% EC) (P¼ 0.01) and
present with stage I disease (18.4% NECE vs. 55.1% EC) (P< 0.001).

Treatment patterns differed between the NECE and EC groups
(Table 1). Patients with NECE were more likely to receive adjuvant
chemotherapy than those with EC (60.2% NECE vs. 29.6% EC)
(P< 0.001). Additionally, patients with NECE were less likely to
receive adjuvant radiotherapy than those with EC (28.0% NECE vs.
47.6% EC) (P< 0.001) (Table 1). Among women with stage I tumors,
48.8% of NECE received chemotherapy compared to 13.0% of those
with EC.

The median follow-up time for the cohort was 49months. Me-
dian survival in women with NECE was 17months (95% CI,
12e23months) compared to 144months (95% CI,
140e148months) for women with EC (Table 2). In women with
NECE, five-year survival was 38.3% (95% CI, 32.7%e43.8%) while
five-year survival in women with EC was 68.8% (95% CI, 68.2%e
69.4%). In a series of Kaplan-Meier analyses, survival was worse for
NECE patients compared to EC patients overall (P< 0.001), for stage
IA disease (P¼ 0.02), and for stage IIIC disease (P< 0.001, Fig. 2).

The risk of death for women with NECE was higher than that
of women with EC (Table 3). For all stages, the hazard ratio for
death for patient with NECE was 2.32 (95% CI, 1.88e2.88)
compared to those EC. Compared to women with EC, the hazard
ratio for death for women with stage I NECE was 1.62 (95% CI,
1.01e2.61) and 2.57 (95% CI, 1.88e3.53) for those with stage III
disease. Advanced stage disease, advanced age, greater comor-
bidity and non-private insurance were also associated with an
increased risk of death.

In models that were restricted to women with NECE, several
factors were identified as independent predictors of death
(Table 4). Risk of death was significantly increased in patient
with NECE diagnosed at 80 years of age or older with hazard
ratio of death 2.41 (95% CI, 1.17e4.99). All patients with NECE
who presented with stage II disease or higher had increased risk
of death compared to those presenting with stage I disease.
Patient with NECE who were treated with adjuvant chemo-
therapy had decreased risk of death seen in a hazard ratio of
death of 0.36 (95% CI, 0.23e0.56) compared to patients who did
not receive adjuvant chemotherapy. In an analysis of just women
with small cell (N¼ 135) and large cell (N¼ 56) NECE there was
no difference in survival in either an unadjusted model
(HR¼ 0.85; 95% CI, 0.57e1.26) or after adjustment for the other
clinical and demographic characteristics (HR¼ 0.91; 95% CI,
0.49-1.69).
4. Discussion

Our data demonstrate that NECE has a distinctive natural history
and follows an aggressive clinical course. Survival for women with
NECE is worse than the survival of women with poorly differenti-
ated EC. The decreased survival associated with NECEwas noted for
women with both early and advanced stage disease. Additionally,
for women with NECE, chemotherapy reduced their risk of death
while radiotherapy did not.

Given the rarity of NECE, the literature consists of only case
reports and small-case series, the largest of which includes 25
patients [12,13]. Prior studies reported mean survival of approxi-
mately 22months for stage IeII disease and approximately
12months for stage III-IV tumors respectively [5]. Few long term
survivors have been reported in the literature with an overall sur-
vival between 2 and 11 years [5,10e13,16e19]. The cohort of long
term survivors in the literature had consisted of mostly stage I
disease until a recent study by Pocrnich and colleagues reported on
a cohort of 25 patients with NECE. They had 10 long-term survivors,
of whom 6 had stage III or IV disease [13]. Seven patients in their
cohort attained 5-year survival of whom 3 had stage I disease and 4
had stage III disease. These patients received surgical resection,
radiotherapy, and chemotherapy [13]. Our data confirm that sur-
vival for women with NECE is poor overall. For all women with
NECE, five-year survival was 38.3% and median survival was
17months from diagnosis.

Patients with NECE tumors are at increased risk for metastatic
disease at the time of diagnosis. Several reports in the literature
report similar findings, with 56% presenting with stage III or IV
[12,13]. These tumors likely are highly proliferative with early
spread outside of the endometrium which may hinder early
detection. We noted similar findings, 31% of women in our study
were diagnosed with stage III neoplasms while 21% had stage IV
tumors.

Treatment strategies for NECE are not standardized. Prior se-
ries describe a variety of treatments including surgical resection,
radiotherapy, and platinum-based chemotherapy
[5,10e13,16e19]. These treatment options are based in part on
small cell lung cancer data, but no large studies or prospective
clinical trials have been performed to guide treatment of NECE.
Extrapolating from other tumor sites, chemotherapy for NECE
often consists of etoposide and a platinum analog. In our cohort,
all patients underwent surgical resection and 60% received
chemotherapy while 28% underwent radiotherapy. Additionally,
patients with NECE were more likely to receive chemotherapy and
less likely to receive radiotherapy than patients with EC. Our data
demonstrated a significantly decreased risk of death when patient
with NECE were treated with chemotherapy, but no decreased risk
of death was found for radiotherapy.

Given the poor prognosis for patients with neuroendocrine tu-
mors, targeted therapeutic approaches have been described for
these tumors at other sites. Recent studies of neuroendocrine cer-
vical cell lines and neuroendocrine carcinoma of the cervix (NECC)
case studies have identified potential targeted therapies including
PD-1, PI3K, and MEK inhibitors [20e22]. Specifically, cell growth
was significantly inhibited when a PI3K inhibitor was combined



Table 4
Multivariable model for predictors of all-cause mortality among womenwith NECE.

aHR

Age
<50 Referent
50e59 1.43 (0.70e2.91)
60e69 1.22 (0.65e2.29)
70e79 1.35 (0.66e2.77)
�80 2.41 (1.17e4.99)*

Race
White Referent
Black 1.16 (0.67e2.00)
Hispanic 0.78 (0.41e1.50)
Other 0.94 (0.40e2.25)
Unknown 0.90 (0.18e4.43)

Year
2004 Referent
2005 1.47 (0.64e3.36)
2006 0.84 (0.28e2.49)
2007 2.37 (0.94e5.97)
2008 2.26 (0.96e5.30)
2009 1.06 (0.43e2.62)
2010 1.77 (0.78e4.04)
2011 1.62 (0.66e3.95)
2012 1.94 (0.88e4.28)
2013 2.44 (0.97e6.14)
2014 1.85 (0.76e4.45)

Insurance status
Private Referent
Medicare 1.13 (0.72e1.77)
Medicaid 1.12 (0.40e3.14)
Uninsured 1.37 (0.63e3.01)
Other government/unknown 1.10 (0.33e3.72)

Income
<$38,000 Referent
$38,000e$47,999 1.44 (0.77e2.69)
$48,000e$62,999 1.61 (0.89e2.93)
$63,000þ 1.25 (0.65e2.41)
Unknown 7.04 (1.15e43.04)*

Location
Metropolitan Referent
Rural 1.12 (0.30e4.10)
Unknown 0.34 (0.07e1.56)
Urban 0.99 (0.57e1.73)

Comorbidity
0 Referent
1 1.24 (0.79e1.95)
�2 1.19 (0.58e2.42)

Hospital type
Academic/research Referent
Community cancer 1.21 (0.52e2.81)
Comprehensive community cancer 1.02 (0.70e1.49)
Integrated network cancer 0.75 (0.41e1.37)

Hospital region
Northeast Referent
Midwest 0.93 (0.51e1.71)
South 1.05 (0.59e1.87)
West 0.90 (0.51e1.59)

Stage
IA Referent
IB 2.69 (0.98e7.35)
I NOS 0.58 (0.15e2.31)
II 5.00 (1.84e13.55)*
IIIA 4.74 (1.64e13.73)*
IIIB 8.46 (2.39e29.92)*
IIIC 7.16 (3.02e16.98)*
III NOS 16.39 (5.08e52.87)*
IVA 18.92 (7.41e48.33)*
IVB 14.94 (6.29e35.48)*
IV NOS 10.04 (3.51e28.67)*
Unknown 5.14 (2.04e12.99)*

Chemotherapy
No Referent
Yes 0.36 (0.23e0.56)*
Unknown 0.33 (0.08e1.39)

Radiation
No Referent
Yes 0.78 (0.53e1.15)
Unknown 2.67 (0.79e9.04)
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with etoposide and cisplatin [20]. Paraghamian and co-workers
reported a case of NECC treated with nivolimumab, a PD-1 inhibi-
tor, that resulted in a “complete response” [21]. Another report
described a patient with a NECC with a KRAS mutation that was
treated with trametininb, a MEK inhibitor, and the patient is
currently living disease free [22]. Additionally, multiple targeted
therapies are being studied for pulmonary small cell tumors
including angiogenesis inhibitors, mTOR inhibitors, and PARP in-
hibitors [25e29]. Afibercept, a VEGF inhibitor, when combined
with topotecan improved survival in patients with recurrent small
cell lung cancer [25]. Given that small cell lung cancer highly ex-
presses PARP1, PARP inhibitors seem to be another possible strategy
currently under investigation [28]. Given rarity of NECE, it is un-
likely that trials of these targeted therapies will be performed in
women with neuroendocrine uterine tumors.

While the use of a large, nationwide dataset allowed us to
include a large sample of women with NECE, the use of adminis-
trative data has important limitations. The data set lacks specific
information regarding chemotherapy regimens, radiation pro-
tocols, and disease recurrence and treatment. Additionally, the
NCDB only captures 70% of newly diagnosed cancers in the US
which could hinder its generalizability. Given the rarity of NECE and
the commonly admixed histology it is possible that patients’ in this
cohort weremisclassified as therewas no central pathology review.
Finally, the data cannot capture individual patient and physician
preferences.

In this study, we demonstrated that NECE is a rare and aggres-
sive histological subtype of uterine cancer with poor survival.
Survival is inferior for NECE compared to women with EC at all
stages of disease. Most treatment strategies for NECE are based
upon case reports and small-cohort case series that utilize multi-
modal therapy based on pulmonary SCC treatment. Further studies
are needed to prospectively analyze the natural history, treatment
regimens, and survival of women with NECE.
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