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Background: We aimed to assess the clinical behavior of gynecologic large-
cell neuroendocrine carcinoma (LCNEC) via a retrospective analysis of data
from 469 patients.

Methods: Patients diagnosed with gynecologic LCNEC from 1988 to 2015
were identified using the Surveillance, Epidemiology, and End Results database.
Univariate and multivariate Cox hazard regression analyses were performed to
assess independent predictors of overall survival (OS) and cancer-specific
survival (CSS). OS and CSS were also evaluated using the Kaplan—Meier
method, and the effects of different treatment regimens on prognosis were
compared according to disease stage.

Results: Cervical, ovarian, and endometrial LCNEC were observed in 169, 219,
and 79 patients, respectively. The 5-year OS rates for patients with cervical,
ovarian, and endometrial LCNEC were 35.98%, 17.84%, and 23.21%,
respectively, and the median duration of overall survival was 26, 11, and 11
months in each group. The 5-year CSS rates for the three groups were 45.23%,
19.23%, and 31.39%, respectively, and the median duration of CSS was 41, 12,
and 11 months in each group. Multivariate analysis revealed that American Joint
Committee on Cancer stage, lymph node metastasis, and chemotherapy were
independent prognostic factors for OS and CSS in patients with cervical
LCNEC. Lymph node metastasis, surgery, and chemotherapy were
independent prognostic factors for OS and CSS in the ovarian group and for
OS in the endometrial group. Lymph node metastasis and surgery were also
independent prognostic factors for CSS in the endometrial group.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.970985/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.970985/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.970985/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.970985/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.970985/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.970985&domain=pdf&date_stamp=2022-11-15
mailto:13019360812@163.com
https://doi.org/10.3389/fonc.2022.970985
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.970985
https://www.frontiersin.org/journals/oncology

Pang et al.

10.3389/fonc.2022.970985

Conclusion: Surgery alone may help to improve overall survival and CSS in
patients with early-stage cervical LCNEC. In contrast, surgery+chemotherapy
and surgery+radiotherapy may help to improve survival in those with early-
stage ovarian and endometrial LCNEC, respectively. Regardless of subtype,
comprehensive treatment involving surgery, CTX, and RT should be considered
to improve prognosis in patients with advanced-stage gynecologic LCNEC.
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Introduction

Neuroendocrine tumors (NETSs) are neuroendocrine cell-
derived malignancies that can occur in various parts of the body,
most commonly in the lungs. Among them, neuroendocrine
carcinoma is a rare subtype that can be further classified into
four types according to the College of American Pathologists and
the National Cancer Institute: carcinoid, atypical carcinoid,
large-cell carcinoma, and small-cell carcinoma. This
classification is comparable to that used for NETs of the lung
(1). In 2014, the World Health Organization (WHO) updated
the classification of NETs occurring in different areas of the
female genital tract, classifying them as either low-grade or high-
grade NETs. Low-grade NETs include carcinoid and atypical
carcinoid tumors, while high-grade NETs include small-cell
carcinoma and large-cell carcinoma (LCC) (2-6).

The occurrence of gynecologic LCNEC is extremely rare,
with most tumors arising in the cervix and following an
aggressive clinical course (7, 8), followed by the ovary and
endometrium. Previous studies have reported that cervical
LCNEC accounts for only 0.087-0.6% of all cervical cancers
(9, 10). At present, there are no survey-based data regarding the
relative incidence of ovarian or endometrial LCNEC. However,
data extracted from the Surveillance, Epidemiology, and End
Results (SEER) database indicate that incidence rates for LCNEC
of the ovary and endometrium are approximately 0.15% and
0.029%, respectively.

Given the low incidence of gynecologic LCNEC, most
published articles are case reports or small case series. Such
reports have highlighted the aggressive biological behavior and
poor prognosis of gynecologic LCNEC, for which rates of
recurrence and distant metastasis are high even in the early
stages of disease. Gynecologic LCNEC has also been described as
highly invasive and malignant, resulting in low survival rates
(11-13). However, these previous studies examined single
disease entities only, and cross-sectional analyses and
comparisons remain lacking. Furthermore, treatments for
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gynecologic LCNEC are considered experimental. In principle,
surgical treatments for cervical, ovarian, and endometrial
LCNEC are the same as those for cervical squamous cell
carcinoma, epithelial ovarian cancer, and endometrial
adenocarcinoma, respectively. Furthermore, although the
adjuvant chemotherapy scheme for gynecological LCNEC is
similar to that for primary lung LCNEC, there is no consensus
regarding the optimal treatment plan or prognostic factors for
each site. In the present study, we aimed to address these issues
by summarizing and comparing clinical characteristics,
treatment methods, prognosis, and prognostic factors among
cervical, ovarian, and endometrial LCNEC.

Materials and methods
Data source and patient selection

The SEER database of the National Cancer Institute, which
covers 30 percent of the U.S. population across 14 states,
provides cancer statistics including incidence and survival data
for the targeted geographic areas. Using this database, we
identified patients who had been histologically diagnosed with
NETs from 1988 to 2015, selecting those with primary
malignancies of the cervix, ovary, and uterine body (ICD-O-3/
WHO 2008 website code; described as 8012/3: large-cell
carcinoma and 8046/3: non-small-cell carcinoma). The
exclusion criteria were as follows: previous benign or
borderline tumor confirmed via autopsy or based on
information from the patient’s death certificate, diagnosis of
carcinoma in situ, not the first tumor, etc. SEER*Stat 8.3.9
software (https://seer.cancer.gov/data/) was used to generate
the case list. Staging was determined in accordance with the
American Joint Committee on Cancer (AJCC) staging system.
As the SEER database is public and includes de-identified data
only, approval from the local ethics committee was not required
for the current analysis.
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Clinical and demographic characteristics

We analyzed demographic data including race (black, white,
other, unknown), age at diagnosis (=85 years, 65-84 years, 45-64
years, <45 years), marital status (widowed, divorced/separated,
single/unmarried, married, unknown), insurance status
(uninsured, requiring any medical assistance, insured,
unknown), year of diagnosis (<2004, 2004-2009, 2010-2015),
AJCC stage (I, I1, IIL, IV, or unknown), grade (well/moderately/
poorly differentiated, undifferentiated, unknown), lymph node
status (not examined, positive, negative, unknown), and site of
metastasis (bone, brain, liver, and lung [yes/no for each]). Data
were also analyzed in terms of the following treatment patterns:
surgery alone, surgery plus chemotherapy (surgery+CTX),
surgery plus concurrent chemoradiotherapy (surgery+CCRT),
surgery plus radiotherapy (surgery+RT), CTX alone, CCRT, RT
alone, and no treatment.

Statistical analysis

Clinical and demographic characteristics were compared
among sites of gynecologic LCNEC using chi-square tests.
Categorical data are presented as numbers and percentages,
while quantitative data are presented as the means + standard
deviations. Univariate and multivariate Cox risk regression
analyses were performed to identify independent predictors of
overall survival (OS) and cancer-specific survival. OS durations
were calculated using Kaplan-Meier plots and compared using
the log-rank test. All data were analyzed using SPSS 25.0
software (SPSS, Chicago, IL, USA). Kaplan-Meier survival
curves were drawn using GraphPad Prism (9.2.0 GraphPad
Software, San Diego, CA, USA), and P values < 0.05 were
considered statistically significant.

Results
Patients

A total of 467 women with gynecologic LCNEC registered in
the SEER database fulfilled the criteria and were included in our
study (Table 1), including 169 (36.2%), 219 (46.9%), and 79
(16.9%) with cervical, ovarian, and endometrial LCNEC,
respectively. The median ages in the cervical, ovarian, and
endometrial groups were 48.48 + 15.24, 69.79 + 13.54, and
55.37 + 13.39 years, respectively. Patient characteristics,
including AJCC stage, sampled pelvic nodes, grade, age, lymph
node status, year of diagnosis, rates of distant metastasis, and
treatment strategies, are summarized in Table 1.

Age at onset was the highest in the ovarian group (69.79
years) and lowest in the cervical group (48.48 years), and
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significant differences in the prevalence of gynecologic LCNEC
were observed among different age groups (P < 0.001). Most
cases of cervical LCNEC occurred in patients <45 years old,
while most cases of ovarian and endometrial LCNEC occurred in
those who were 65-84 years old (54.8% and 44.4%, respectively).
Most patients in each group were white (75.8% vs. 82.6% vs.
75.9%) (P = 0.028), and roughly 40% in each group were married
(43.8% vs. 42.0% vs. 39.2%) (P < 0.001). Advanced-stage (stages
III-IV) gynecologic LCNEC was more common in the
endometrial group (60.9%) than in the cervical and ovarian
groups (26.1% and 51.7%, respectively). Cervical LCNEC was
primarily diagnosed before 2004 (60.9%), while ovarian and
endometrial LCNEC were commonly diagnosed from 2004-
2009 (44.3%) and from 2010-2015 (43.0%), respectively. The
rate of lymph node dissection was higher in the endometrial
group (25.3%) than in the cervical (23.7%) and ovarian (17.5%)
groups. In terms of treatment strategies, CTX was more
common in the ovarian group (54.8%) than in the cervical and
endometrial groups (42.0% and 45.5%, respectively), while RT
was more common in the cervical group (23.0%) than in the
other two groups (ovarian: 3.1%; endometrial: 13.9%). Distant
metastasis was common in patients with endometrial LCNEC
(endometrial 30.4% vs cervical: 17.8%; ovarian: 7.8%).

Survival curves

The 5-year OS rates for patients with cervical, ovarian, and
endometrial LCNEC were 35.98%, 17.84%, and 23.21%,
respectively, and the median duration of OS was 26, 11, and
11 months in each group. The 5-year CSS rates for the three
groups were 45.23%, 19.23%, and 31.39%, respectively, and the
median duration of CSS was 41, 12, and 11 months in each
group (Figure 1).

We also evaluated OS and CSS curves for various stages of
gynecologic LCNEC (Figure 2). For cervical LCNEC, the 5-year
OS rates for patients with stage I, II, III, and IV disease were
51.14%, 29.17%, 25.71%, and 6.81%, respectively; for ovarian
LCNEC, they were 60.00%, 37.5%, 11.10%, and 6.36%,
respectively; for endometrial LCNEC, they were 57.14%,
40.00%, 20.00%, and 15.41%, respectively. The 5-year CSS
rates for patients with stage I, II, III, and IV cervical LCNEC
were 51.14%, 29.17%, 25.71%, and 7.65%, respectively; for
ovarian LCNEC they were 37.50%, 37.50%, 12.08%, and
9.72%, respectively; for endometrial LCNEC they were 66.67%,
40.00%, 26.67%, and 16.05%, respectively.

Figures 3 and 4 summarize differences in prognosis based on
treatment modality for patients with early- and advanced-stage
LCNEC. Among patients with early-stage cervical LCNEC, the 5-
year OS and CSS rates for cases treated with surgery alone were
95.65% and 95.65%, while those for patients with advanced cervical
LCNEC treated with surgery+CCRT were highest at 66.67% and
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TABLE 1 Demographic and clinical characteristics of patients with gynecologic large-cell neuroendocrine carcinoma (LCNEC).

Patient Cervical LCNEC Ovarian LCNEC Endometrial LCNEC

characteristics N(%) N (%) N (%) P-value
Mean age (years,SD) 48.48 (+15.24) 69.79 (+13.54) 65.37 (£13.39)

ALL (467) 169 (36.2) 219 (46.9) 79 (16.9)

Age at diagnosis (years) <0.001
<45 81 (47.9) 8 (3.7) 5(6.3)

45-64 54 (32.0) 61 (27.9) 33 (41.8)

65-84 32 (18.9) 120 (54.8) 35 (44.4)

>85 2(12) 30 (13.6) 6 (7.5)

Race 0.028
White 128 (75.8) 181 (82.6) 60 (75.9)

Black 28 (16.5) 15 (6.9) 9 (11.3)

Other 12 (7.2) 23 (10.5) 10 (12.8)

Unknown 1 (0.5) 0 (0) 0 (0)

Marital status <0.001
Single/unmarried 36 (21.3) 22 (10.02) 15 (19.0)

Married 74 (43.8) 92 (42.0) 31 (39.2)

Divorced/separated 27 (16.0) 23 (10.5) 11 (14.0)

Widowed 21 (12.4) 77 (35.1) 18 (22.8)

Unknown 11 (6.5) 5(2.2) 4 (5.0)

Insurance status

Insured 30 (17.7) 59 (26.9) 35 (44.3) 0.021
Any Medicaid 15 (8.8) 7 (3.2) 10 (12.6)

Uninsured 4 (2.5) 1 (0.5) 3(3.8)

Unknown 120 (71.0) 152 (69.4) 31 (39.3)

AJCC Stage 0.001
I 14 (8.3) 5(2.3) 8 (10.1)

1I 8 (4.7) 5(2.3) 5(6.3)

I 10 (5.9) 36 (16.4) 10 (12.7)

v 34 (20.2) 77 (35.2) 38 (48.2)

Unknown 103 (60.9) 96 (43.8) 18 (22.7)

Year of diagnosis

<2004 103 (60.9) 83 (37.9) 18 (22.8) <0.001
2004-2009 26 (15.4) 97 (44.3) 27 (34.2)

2010-2015 40 (23.7) 39 (17.8) 34 (43.0)

Grade

Well differentiated 0 (0) 0 (0) 0 (0) 0.11

Moderately differentiated 1 (0.6) 0 (0) 0 (0)

Poorly differentiated 18 (10.7) 54 (24.7) 34 (43.0)

Undifferentiated 4(2.7) 39 (17.8) 18 (22.8)

Unknown 146 (86.4) 126 (57.5) 27 (34.2)

Lymph nodes status

Negative 24 (14.2) 17 (7.8) 15 (19.0) 0.002
Positive 16 (9.5) 21 (9.7) 5(6.3)

No examined 67 (39.6) 161 (73.5) 55 (69.7)

Unknown 62 (36.7) 20 (9.0) 4 (5.0)

Sampled pelvic nodes 0.02
1-9 13 (7.7) 18 (8.4) 7 (8.8)

10-19 10 (5.9) 9 (4.1) 6 (7.6)

=20 16 (9.5) 11 (5.0) 7 (8.8)

(Continued)
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TABLE 1 Continued
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Patient Cervical LCNEC Ovarian LCNEC Endometrial LCNEC

characteristics N(%) N (%) N (%) P-value
Not examined 63 (37.3) 161 (73.5) 55 (69.7)

Unknown 67 (39.6) 20 (9.0) 4 (5.1)

Surgery performed 0.01
Surgery 83 (49.1) 77 (35.2) 38 (48.1)

No surgery 84 (49.7) 141 (64.3) 41 (51.9)

Unknown 2(1.2) 1 (0.5) 0 (0)

Chemotherapy

Yes 71 (42) 120 (57.5) 36 (45.5) 0.037
No 98 (58) 99 (45.2) 43 (54.4)

Radiotherapy

Yes 39 (23) 7 (3.1) 11 (13.9) <0.001
No 130 (77) 212 (96.9) 68 (86.1)

Distant metastasis

bone 9 (5.3) 3 (1.4) 5(6.3) 0.034
brain 3 (1.8) 0 (0) 2 (2.5)

liver 6 (3.6) 10 (4.6) 7 (8.9)

lung 12 (7.1) 4(1.8) 10 (12.7)

No 10 (5.9) 21 (9.6) 9 (11.4)

Unknown 129 (76.3) 181 (82.6) 46 (58.2)

Treatment <0.001
Surgery alone 32 (18.9) 19 (8.7) 14 (17.8)

Surgery + CTX 15 (8.9) 52 (23.8) 13 (16.5)

Surgery + CCRT 17 (10.1) 6(2.7) 6 (7.6)

Surgery + RT 19 (11.2) 0 (0) 5(6.3)

CTX alone 36 (21.3) 62 (28.3) 17 (21.5)

CCRT 3 (1.8) 0 (0) 0 (0)

RT alone 0 (0) 1(0.5) 0 (0)

No treatment 47 (27.8) 79 (36.0) 24 (30.4)

LCNEC, large-cell neuroendocrine carcinoma; RT, radiotherapy; CTX, chemotherapy; CCRT, concurrent chemoradiotherapy; AJCC, American Joint Commission on Cancer; black bold

means p<0.05.
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50.00%, respectively.

Among patients with early-stage ovarian

LCNEC, the 5-year OS and CSS rates for cases treated with
surgery+CTX were highest at 57.14% and 66.67%, while those for
patients with advanced ovarian LCNEC treated with surgery
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+CCRT were highest at 75.00% and 75.00%, respectively. Among
patients with early-stage endometrial LCNEC, the 5-year OS and
CSS rates for cases treated with surgery+RT were 48.14% and
71.43%, respectively, while those for advanced cases treated with
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endometrial LCNEC

surgery+CCRT were 50.00% and 50.00%. These rates were also
higher than those for other treatment options (Table 2).

We also examined the effect of different treatments on
prognosis in the cervical, ovarian, and endometrial groups.
Among patients treated with surgery alone, the 5-year OS
rates were 77.89%, 18.18%, and 60.61%, while the 5-year CSS

Frontiers in Oncology

rates were 81.00%, 18.18%, and 72.73%, respectively. Among
patients treated with surgery+CTX, the 5-year OS rates were
65.44%, 47.64%, and 26.11%, while the 5-year CSS rates were
66.77%, 50.42%, and 26.11%, respectively. Among patients
treated with surgery+CCRT, the 5-year OS rates 43.14%,
44.44%, and 40.00%, while the 5-year CSS rates were 48.23%,
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TABLE 2 Univariate-Prognostic factors for gynecologic large-cell neuroendocrine carcinoma (LCNEC).

10.3389/fonc.2022.970985

Subject Overall survival Cancer-specific survival
Characteristics Cervical LCNEC Ovarian LCNEC Endometrial Cervical LCNEC Ovarian LCNEC Endometrial
LCNEC LCNEC
HR (95% P- HR((95% P- HR(95% P- HR(95% P- HR(@O5% P- HR(95% P-
CI) value CI) value CI) value CI) value CI) value CI) value
Age
<45 1 <0.001 1 <0.001 1 0.01 1 0.001 1 <0.001 1 0.01
45-64 3.068 (1.993- <0.001 1.002 (0.453- 0.996 0.551 (0.189- 0.005 2.515 (1.573- <0.001  0.95 (0.429- 0.899  0.511 (0.174-  0.003
4.721) 2.215) 1.606) 4.020) 2.104) 1,506)
65-84 3.019 (1.846- <0.001 1.298 (0.604- 0.504 0.685 (0.238- 0.012 2.068 (1.177- 0.012  1.126 (0.552- 0.762  0.568 (0.194- 0.013
4.937) 2.791) 1.969) 3.633) 2.428) 1.664)
>85 3.929 (0.942-  0.06  3.061 (1.326- 0.009 0.631 (0.164- 0.006 1.864 (0.254-  0.54  2.819 (1.219- 0.015  0.826 (0.22-  0.007
16.393) 7.063) 2.419) 13.663) 6.518) 3.099)
AJCC stsge
1 1 0.001 1 0.532 1 0.188 1 0.002 1 0.331 1 0.078
11 1.976 (0.529- 0.311  0.557 (0.161- 0.357  1.848 (0.490- 0.365 1.98 (0.530- 0.310 0.44 (0.099- 0.280  2.208 (0.441-  0.335
7.382) 1.932) 6.976) 7.400) 1.954) 11.05)
111 4252 (1.281- 0.018 1.217 (0.655- 0.534  1.220 (0.369- 0.745 4.349 (1.309- 0.016 1.266 (0.654- 0.484 1.617 (0.384- 0.512
14.121) 2.259) 4.026) 14.450) 2.449) 6.804)
v 6.158 (2.351-  <0.001 1.230 (0.701- 0.470  2.403 (0.925- 0.072 5.723 (2.168- <0.001 1.381 (0.760-  0.289 3.672 (1.11- 0.03
16.130) 2.157) 6.246) 15.105) 2.510) 12.152)
Unknown NA NA NA NA NA NA
Lymph nodes status
Negative 1 0.002 1 <0.001 1 0 1 0.003 1 <0.001 1 0.01
Positive 2319 (0.932-  0.071 3.474 (1.418- 0.006 4.942 (1.209- 0.026  2.387 (0.908- 0.078 5.259 (1.738-  0.003 5.172 (1.149-  0.032
5.773) 8.512) 20.209) 6.277) 15.911) 23.289)
No examined 3.667 (1.743-  0.001  6.347 (2.935- <0.001 7.058 (2.504- <0.001 3.848 (1.741- 0.001  9.607 (3.523- <0.001 6.666 (2.046-  0.002
7.715) 13.727) 19.897) 8.505) 26.198) 21.719)
Unknown NA NA NA NA NA NA
Surgery performed
Surgery 1 1 1 1 1 1
No surgery 2.857 (1.954- <0.001 3.565 (2.588- <0.001 3.839 (2.178- <0.001 2.807 (1.823- <0.001 3.555 (2.554- <0.001 3.611 (1.974- <0.001
4.178) 4.910) 6.675) 4.322) 4.948) 6.605)
Unknown NA NA NA NA NA NA
Chemotherapy
Yes 1 1 1 1 1 1
No 1.623 (1.107-  0.013  3.575 (2.625- <0.001 1.402 (0.832- 0.02 1.513 (1.101-  0.003  3.419 (2.490- <0.001 1.179 (0.674- 0.03
2.379) 4.869) 2.354) 2.332) 4.694) 2.062)
Radiotherapy
Yes 1 1 1 1 1 1
No 1.362 (0.87- 0.177  2.197 (0.815- 0.1199 1.647 (0.777-  0.193 1297 (0.790-  0.305 2.082 (0.772-  0.148  1.998 (0.792- 0.143
2.133) 5.921) 3.491) 2.129) 5.615) 5.046)
Distant metastasis
Yes 1 1.000 1.000 1 1.000 1
No 0.187 (0.075- <0.001 0.885 (0.399- 0.763  0.681 (0.282-  0.393  0.239 (0.103- 0.001  0.421 (0.454-  0.960 0.58 (0.224- 0.262
0.466) 1.961) 1.644) 0.555) 2.298 1.502)
Unknown NA NA NA NA NA NA

AJCC, American Joint Commission on Cancer; LCNEC, large-cell neuroendocrine carcinoma; HR, hazard ratio; CI, confidence interval; NA, Not available;black bold means p<0.05.
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44.44%, and 40.00%, respectively. The 5-year OS rates for
patients treated with CTX only were 11.93%, 2.09%, and
6.25%, respectively, while the 5-year CSS rates were 14.91%,
2.13%, and 8.33%, respectively (Figure 5). Among patients
treated with surgery alone, 5-year OS and CSS rates were
highest in the cervical group and lowest in the ovarian group
(OS: P=0.0023, CSS: P < 0.0001). Among patients treated with
surgery+CTX, these rates were also best in the cervical group,
although they were worst in the endometrial group (OS: P =
0.0058, CSS: P = 0075). There were no significant differences in
OS or CSS rates among the three LCNEC sites for patients
treated CTX only or surgery+CCRT (CTX only: OS: P = 0.195,
CSS: P = 0.182; surgery+CCRT: OS: P = 0.415, CSS: P = 0.306).

Prognostic factors

Univariate and multivariate analyses of age, AJCC stage, lymph
node status, surgery, CTX, RT, and distant metastasis were used to
identify prognostic factors for gynecologic LCNEC (Tables 2, 3).
Multivariate analysis revealed that lymph node metastasis,
chemotherapy, and AJCC stage were independent prognostic
factors for OS and CSS in patients with cervical LCNEC. Lymph
node metastasis, chemotherapy, and surgery were independent
prognostic factors for OS and CSS in the ovarian group and for
OS in the endometrial group. Lymph node metastasis and surgery
were also independent prognostic factors for CSS in the endometrial
group (Table 3).
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Discussion

Given our limited understanding regarding the occurrence,
development, and pathogenesis of gynecologic LCNEC, we
examined the clinical behavior of the disease via a
retrospective analysis of data from 469 patients, representing
the largest cohort of patients with gynecologic LCNEC in the
literature to date. No previous studies have performed such
comparisons among different subtypes of gynecologic LCNEC,
highlighting the practical significance of the current results for
guiding clinical work.

Our data suggest that gynecologic LCNEC exhibits a unique
natural history and aggressive clinical course, with the highest
and lowest survival rates occurring in patients with cervical and
ovarian disease, respectively. The results of our analysis suggest
that surgery alone can improve OS and CSS in patients with
early-stage LCNEC (I/II). In contrast, surgery+CTX and surgery
+RT may help improve survival for early-stage ovarian and
endometrial LCNEC, respectively. Moreover, regardless of
subtype, our data suggest that comprehensive treatment with
surgery, CTX, and RT should be considered to improve
prognosis in patients with advanced-stage gynecologic LCNEC.

Embry et al. (11) reported 62 cases of cervical LCNEC,
representing the largest series thus far, in which the median
patient age was 37 years, and the median duration of OS was 16.5
months (0.5-151 months). In their multivariate analysis, early-
stage disease and CTX treatment were associated with improved
survival. The use of platinum agents and platinum plus
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Survival curves for gynecologic LCNEC patients with different treatments: (A) overall survival (OS) in surgery alone with gynecologic LCNEC; (B cancer-
specific survival (CSS) in surgery alone with gynecologic LCNEC; (C) overall survival (OS) in survery+CCRT with gynecologic LCNEC; (D) cancer-specific
survival (CSS) in survery+CCRT with gynecologic LCNEC; (E) overall survival (OS) in surgery+CTX with gynecologic LCNEC (F) cancer-specific survival
(CSS) in surgery+CTX with gynecologic LCNEC; (G) overall survival (OS) in CTX only with gynecologic LCNEC (H) cancer-specific survival (CSS) in CTX

only with gynecologic LCNEC
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TABLE 3 Multivariate-Prognostic factors for gynecologic large-cell neuroendocrine carcinoma (LCNEC).

Subject Overall survival Cancer-specific survival
Characteristics Cervical LCNEC Ovarian LCNEC Endometrial Cervical LCNEC Ovarian LCNEC Endometrial
LCNEC LCNEC
HR (95% P- HR((95% P- HR (95% P- HR (95% P- HR(@Y5% P- HR((95% P-
CI) value CI) value CI) value CI) value CI) value CI) value
Age
<45 1 0.948 1 0.598 1 0.441 1 0.517 1 0.459 0.314
45-64 0.945 (0.309- 0.922 071 (0.313- 0.411 0.411 (0.134- 0.119  0.908 (0.290- 0.868  0.686 (0.301- 0.37 0.338 (0.108-  0.062
2.892) 1.608) 1.258) 2.843) 1.563) 1.056)
65-84 0.798 (0.200- 0.749  0.756 (0.343- 0.488 0.463 (0.156- 0.165 0.368 (0.063- 0.267 0.659 (0.298-  0.303  0.385 (0.127-  0.092
3.186) 1.665) 1.373) 2.151) 1.457) 1.169)
>85 0.959 (0.397-  0.927  0.347 (0.073- 0.184 0.896 (0.369-  0.808  0.447 (0.095-  0.306
2.318) 1.652) 2.177) 2.091)
AJCC stsge
1 1 0.010 - - - - 1 0.01 - - - -
1I 6.799 (0.232- 0.266 - - - 8.208 (0.304- 0.211 - - - -
28.884 21.489)
111 10.898 (5.802-  0.003 - - - 12.820 (9.807-  0.002 - - - -
48.739) 25.969)
v 17.619 (5.125-  0.006 - - - 15.503 (5.120-  0.006 - - - -
68.660) 52.590)
Unknown NA NA NA
Lymph nodes status
Negative 1 0.003 0.004 0.008 ] 0.003 0.028
Positive 1.177 (0.115- 0.891 2425 (0.967- 0.059  9.321 (2.079- 0.004 0 (0-0.054) 0.002 3.607 (1.173- 0.025 8.432 (1.709-  0.009
12.071) 6.081) 41.797) 11.093) 41.602)
No examined 0.001 (0.001- 0.001 3.748 (1.646- 0.002  4.845 (1.528- 0.007  0.896 (0.080- 0.929 5.502 (1.935-  0.001  4.348 (1.149- 0.03
0.059) 8.534) 15.358) 10.046) 15.650) 16.457)
Unknown NA NA NA NA NA NA
Surgery performed
Surgery 1 1 1 1 1 1
No surgery 6.4 (0.487- 0.158 2.157 (1.406- <0.001 2.672 (1.336- 0.005  0.132 (0.009- 0.141  2.158 (1.389- 0.001 2.659 (1.229- 0.013
84.182) 3.310) 5.347) 1.961) 3.350) 5.754)
Unknown NA NA NA NA NA NA
Chemotherapy
Yes 1 1 1 1 1 1
No 20.2 (3.848-  <0.001 3.165 (2.207- <0.001 1.898 (1.053- 0.033 46.514 (5.804- <0.001 2.984 (2.058- <0.001 1.476 (0.780- 0.232
106.034) 4.539) 3.422) 372.76) 4.327) 2.974)
Distant metastasis
Yes 1 - - - 1 - - - -
No 0.806 (0.236- 0.731 - - - - 0.888 (0.254- 0.853 - - - -
2.758) 3.11)
Unknown NA NA

AJCC, American Joint Commission on Cancer; LCNEC, large-cell neuroendocrine; HR, hazard ratio; CI, confidence interval; NA, Not available; black bold means p<0.05.

etoposide treatment were also associated with improved survival.
Nonetheless, recurrence was observed in 70% (38/54) of patients,
and 40% (25/62) of cases were classified as stage IV. In their
study of 45 patients with cervical LCNEC, Burkeen et al. (12)
reported a median age of 36 years and a median OS duration of
16 months, with early cases (I/II) accounting for 73%. Lee and Ji
(13) reported a case of cervical LCNEC treated with radical
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surgery and CCRT. After a disease-free period of 18 months, the
patient experienced three consecutive recurrences in the kidney,
breast, and adrenal gland, respectively, and survived for a total of
63 months. Habeeb and Habeeb (14) reported a case in which a
patient with stage ITA2 disease died 21 months postoperatively
despite treatment with CTX and palliative RT. In the current
study, the median age of patients with cervical LCNEC was 48.48
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(n=169). The median durations of OS and CSS in the cervical
group were 26 and 41 months, respectively, which are longer
than those reported in the two largest studies mentioned above.
However, the OS and CSS rates for cervical LCNEC were still
only 35.98% and 45.23% at 5 years.

The principles of surgical treatment for cervical LCNEC are
the same as those used for cervical squamous cell carcinoma.
Strategies involving postoperative adjuvant systemic CTX
combined with RT have been developed primarily based on
data from patients with LCNEC of the lung (1, 6, 7, 11, 12). Our
results suggest that surgery alone can improve OS and CSS for
early-stage cervical LCNEC, while surgery+CCRT can improve
survival for advanced-stage LCNEC, highlighting the need for a
targeted treatment approach. Some somatostatin receptor
binding is commonly observed in patients with high-grade
NETs. Therefore, Shahabi et al. (15) suggested exploring
targeted therapy with octreotide, a somatostatin analog, while
Kajiwara et al. proposed a somatostatin type 2A analog for the
treatment of tumor cells expressing somatostatin type 2A
receptors (16). However, this strategy has not been
standardized and requires further study.

The metastatic epidemiology of cervical LCNEC remains
unclear, as only a few relevant case reports have been published
(17, 18). Given the aggressive nature of the disease, early
metastases to the peripheral lymph nodes, lung, liver, bone,
and brain have been reported (19, 20). Our study included 12
cases of lung metastasis, nine of bone metastasis, six of liver
metastasis, and three of brain metastasis. Treatment data in cases
of recurrence are limited in the SEER database. Tempfer et al.
(21) demonstrated the potential value of immune checkpoint
inhibitors, while other studies have noted that nivolumab and
the MEK inhibitor trametinib can be considered (22, 23). In their
study, Carroll et al. (24) demonstrated that pure high-grade
neuroendocrine cervical cancer is microsatellite stable, with
most patients exhibiting negative PD-L1 expression. Since
most of the tumors tested expressed PARP-1, future clinical
trials may wish to include PARP inhibitors for patients with
recurrent high-grade neuroendocrine cervical cancer.

The largest case series for ovarian LCNEC included 58
patients, although only 15 cases were classified as pure ovarian
LCNEC, and the median survival time was only 10 months.
These results emphasize that even patients with stage I disease
are likely to experience a very poor prognosis (25). In their study
of 45 patients with ovarian LCNEC, Burkeen et al. reported that
the majority of patients had advanced stage (III/IV) disease (12).
Among the 33 cases reported by Oshita et al., the 5-year OS rate
was only 34.9% (26). Lin et al. also reported a case in which a
patient with stage IV primary pure ovarian LCNEC with liver
metastases was treated with three cycles of postoperative
paclitaxel + carboplatin, noting that she experienced disease
progression with pulmonary metastases and died 3 months after
surgery (27). Ki et al. reported three cases of stage I LCNEC
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characterized by poor survival due to biological invasiveness,
despite extensive surgery and CTX (28). Among the 219 cases of
ovarian LCNEC in our study, median OS and CSS durations
were 11 and 12 months, and the 5-year OS and CSS rates were
only 17.84% and 19.23%, respectively. Among these patients,
113 had advanced disease, accounting for 51.7% of cases. The 5-
year OS and CSS rates were lower for ovarian LCNEC than for
cervical or endometrial LCNEC, and liver metastasis was noted
in 10 cases of ovarian LCNEC. These results highlight the need
to examine factors that place patients at high risk for poor
prognosis following a diagnosis of ovarian LCNEC, as well as
those associated with prognosis.

A previous study reported that the overexpression of
synaptophysin is an independent contributor to poor
prognosis, based on a multivariate analysis that included age,
FIGO stage, and postoperative residual tumors (29). Our
multivariate results indicated that lymph node metastasis,
surgery, and CTX are independent prognostic factors for OS
and CSS in patients with ovarian LCNEC, emphasizing the need
to focus on surgery and postoperative adjuvant CTX in these
patients. In principle, surgery for ovarian LCNEC is equivalent
to that for epithelial ovarian cancer. Our research shows that
surgery+CTX should be recommended for early-stage ovarian
LCNEC, while surgery+CCRT should be recommended for
advanced cases. As the SEER database does not include data
regarding sites of recurrence for ovarian LCNEC, further studies
are required to clarify this issue and identify effective treatments
for recurrent ovarian LCNEC.

Endometrial LCNEC is a rare malignancy that appears to
exhibit an aggressive course even in early stages, with a strong
tendency for distant metastasis and rapid recurrence (6, 7, 30).
Over 19 years, 18 Japanese medical institutions have
accumulated only 14 cases of endometrial LCNEC, including
seven each of the mixed and pure types (31), highlighting the
extremely low incidence of the disease. The prognosis appears to
be significantly worse for pure cases than that for mixed cases
but significantly better for cases treated with surgery than
without and for those in which surgery is incomplete. Radical
surgery should therefore be considered for endometrial LCNEC.
Tu et al. (32) reported that cytoreductive surgery was suboptimal
in a patient with stage IV disease. Despite receiving platinum-
based adjuvant chemotherapy after surgery, the patient
developed obstructive ileus developed 2 months later, and he
died 8 days after ileus surgery. Suh et al. (33) reported a case in
which stage IIIB endometrial LCNEC demonstrated a
progressive course even after surgery, multiple postoperative
CTX and RT regimens (etoposide-cisplatin, irinotecan-
cisplatin), and FOLFIRI (fluorouracil, leucovorin, irinotecan)
treatment. In their case, lymph node metastasis was identified 12
months after surgery, and the patient died 23 months after
surgery. Nguyen et al. (30) reported a stage IVB endometrial
LCNEC in a 71-year-old patient who underwent surgical
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debulking, who survived for only 32 days after surgery. Both
studies described the disease as exhibiting a rapidly
progressive course.

Among the 79 patients with endometrial LCNEC in our
study, 48 had advanced-stage disease, accounting for 60.9% of
cases, and the median age at onset was 55.37 years. In these
patients, the median OS and CSS durations were both 11
months, and the 5-year OS and CSS rates were 23.21% and
31.39%, respectively. Among patients with endometrial LCNEC,
we observed 10 cases of lung metastasis, seven of liver metastasis,
five of bone metastasis, and two of brain metastasis. These results
suggest that endometrial LCNEC often occurs in the advanced
stage, highlighting its strong invasiveness and risk of poor
prognosis. Standard surgical procedures for endometrial
cancer include total hysterectomy, bilateral salpingo-
oophorectomy, and lymph node dissection, although
omentectomy is performed in the absence of endometrioid
histology. Similar surgical procedures have been used in most
patients with endometrial LCNEC. However, given its low
incidence and the apparent risk of metastasis, it seems that a
multimodal treatment approach should be utilized for
endometrial LCNEC. Our results suggest that surgery+RT can
improve OS and CSS in patients with early-stage endometrial
LCNEC, while surgery+CCRT should be considered for
advanced cases. In addition to histologic subtype, only
complete surgery was an important prognostic factor in our
multivariate analysis. In accordance with this finding,
Matsumoto et al. (7) also reported that complete surgery can
improve the prognosis of early to advanced endometrial LCNEC.
Our multivariate analysis for endometrial LCNEC indicated that
lymph node metastasis, surgery, and CTX were independent
prognostic factors for OS, while lymph node metastasis and
surgery were independent prognostic factors for CSS.

Adjuvant chemotherapy options for gynecologic LCNEC are
similar to those for primary pulmonary LCNEC, including
platinum-based chemotherapy and paclitaxel-carboplatin-based
chemotherapy (34). Several strategies have been employed,
including cisplatin+cyclophosphamide, etoposide+cisplatin,
paclitaxel+carboplatin (12, 35). Cisplatin+vinorelbine and other
regimens have been used for tumors that have failed to respond
to first-line therapy (12). Irinotecanplatin or topotecan can be
considered as second-line therapy for gynecologic LCNEC (34-
37), while octreotide, a synthetic somatostatin analog, represents a
therapeutic option for combination CTX (16).

Establishing the diagnosis of gynecologic LCNEC can be
challenging. LCNECs are characterized by the presence of large
polygonal cells as well as a low nucleocytoplasmic ratio and thick
nuclear chromatin, with prominent peripheral palisades and
frequent glandular differentiation. Gynecologic LCNEC must
therefore be assessed via immunohistochemical analysis, as these
tumors exhibit a positive immune response to at least one
neuroendocrine marker such as synaptophysin, chromogranin
A, neuron-specific alkene-positive immunostaining for
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alcoholase or CD56, or p63 (38). Such immune responses are
therefore used to confirm the diagnosis.

Our study had some limitations. Because LCNEC is high-
grade by definition, no variable analyses were performed for
grade. In addition, although the SEER database separates reports
of simple LCNEC and mixed LCNEC, we performed analyses for
simple LCNEC only, which is less common than mixed LCNEC.
Furthermore, specific information on CTX, RT, and disease
recurrence is not included in the SEER database, highlighting
the need to accumulate data from additional cases to guide
future clinical work. Because the incidence rate of cervical
LCNEC is higher than that of ovarian or endometrial LCNEC,
a relatively higher number of cervical LCNEC cases were
included in the current study, and methods for surgical
intervention and postoperative adjuvant treatment are more
standardized for cervical LCNEC than for the other two
disease entities. Indeed, data are largely lacking for recurrent
ovarian and endometrial LCNEC at present. This limitation
underscores the importance of accumulating additional cases to
aid in the development of targeted treatment strategies for cases
for ovarian and endometrial LCNEC, such as immunotherapy or
gene detection. Such data may in turn help to improve survival
among patients with rarer forms of LCNEC.

Conclusion

The current study, which represents the largest analysis of
gynecologic LCNEC thus far, demonstrates that surgery should
be used for initial treatment. Surgery+CTX or RT can be used in
early-stage cases, while both CTX and RT should be used for
advanced cases. Additional studies involving larger numbers of
cases are required to determine the most appropriate strategies
for treating these aggressive tumors. Establishing a global
database of gynecologic LCNEC may aid in designing
retrospective and prospective studies of such strategies.
Furthermore, future studies may wish to focus on the
molecular and genetic aspects of targeting NETs to improve
survival in patients with gynecologic LCNEC.
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