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Abstract
Background: Neuroendocrine carcinoma of the cervix is rare and aggressive disease, of which prognosis
information and the effectiveness of the therapies is unclear.

Methods: A retrospective study using data from the SEER database for the �rst diagnosed
Neuroendocrine carcinoma of the cervix patients was conducted. We performed univariate and
multivariate Cox models to screen for independent prognostic factors for overall survival. Subgroup
analysis and sensitive analysis were performed for further study, then again univariate and multivariate
analyses of Cox regression analysis were performed based on the sensitivity analysis data set.

Results: A total of 250 Neuroendocrine carcinoma of the cervix cases was included, tumor subtype, age,
marriage, race, number of regional lymph nodes, number of positive lymph nodes, radiotherapy, surgery,
and FIGO stage were all factors affecting OS, and multivariate analysis identi�ed FIGO staging (HR, 2.4;
95% CI, 1.505-3.828, P < 0.001) and surgery (HR, 0.467; 95% CI, 0.358-0.609, P < 0.001) treatment as
independent indicators. With respect to the factors associated with treatments, we found that patients
who underwent surgery (yes vs. no vs. unknown) or radiation (yes vs. no) experienced prolonged survival,
both P < 0.001

Conclusions: Our investigation shows that for patients with NECC surgery seems to be the effective
treatment. Chemotherapy cannot improve the prognosis of NECC patients, and the effectiveness of
radiation should be further veri�ed.

Introduction
Cervical cancer is the fourth most common malignancy diagnosed and the fourth leading cause of
cancer death in women worldwide, with an estimated 530,000 new cases and 270,000 deaths every year.
Primary treatment options for patients with cervical cancer may include surgery, a concurrent
chemoradiotherapy, radiotherapy and brachytherapy. [1] Cervical neuroendocrine carcinomas are
considered rare, aggressive neuroendocrine neoplasms within the neuroendocrine cell lineage spectrum,
which has many characteristics distinguished from all the other subtypes of cervical cancers.
Considering their rarity, data of histological and clinical features consistent with current classi�cation are
scant or lacking, and our current understanding of the disease is very limited. A review of articles was
published in 2017 by Angiolo G, they summarized histology, pathogenesis, prognosis and the mainly
approached therapeutic of cervical neuroendocrine tumors, and suggested treatment algorithm tailored to
tumor stage. They also strongly recommended that treatment guidelines, based on prospective, well-
designed clinical trials need needed urgently. [2] Other related articles of medium or large scale of cases
were really limited in the exiting public literature database. So, the analysis of the public database in order
to get more knowledge of the clinical characteristics of the disease is necessary.

In this study, we analyze a total of 250 cervical neuroendocrine carcinoma cases with full treatment
information included in the Surveillance, Epidemiology, and End Results (SEER) database during the year



Page 3/17

2000 to 2018. This approach allows us to have the largest patient number of this kind of disease, with
information included patient demographics, tumor data and treatment data, until now. We aimed to
retrospectively analyze and identify the clinicopathologic features and independent prognostic factors of
patients with cervical neuroendocrine carcinoma. Based on the identi�ed prognostic factors by regression
analysis methods, the nomograms were constructed to evaluate the OS of each individual. Based on the
identi�ed prognostic factors by regression analysis methods, our �nding may identify the comprehensive
clinical features of patients with NECC.

Materials And Methods
The SEER Program database is currently the largest publicly available cancer database, covering about
28% of the US population. In this study, patients were recruited from the SEER Program of the United
States National Cancer Institute, released in 2021. Data were extracted using the SEER Stat version 8.3.8
of National Cancer Institute (NCI). Available data included patient demographics (e.g., age, gender, race,
marital status), tumor data (histology, stage), and treatment data (surgery, radiation, chemotherapy).
However, some data elements (e.g., The International Federation of Gynecology and Obstetrics (FIGO)
staging, details of surgical therapy, tumor size, lymph node involvement) are consistently available only
in more recent time periods.

Histologically diagnosed cases were identi�ed by the speci�c codes (8041/3, 8013/3, 8246/3, 8240/3) of
the International Classi�cation of Diseases for Oncology, 3rd edition (ICD-O-3) for small cell
neuroendocrine carcinoma (SCNEC), large cell neuroendocrine carcinoma (LCNEC), neuroendocrine
carcinoma NOS and atypical carcinoid, the amount of which is so small that it is calculated together with
neuroendocrine carcinoma NOS, respectively. The primary end point of our study is overall survival (OS).
OS was measured from the date of diagnosis to the date of death occurring as a result of all causes or
the last follow-up.

Only the �rst diagnosis of cervical cancer was included, and the cases with previous malignant tumor
history were excluded. For each case, the following information from SEER was also obtained: race, age,
marital status, primary site, FIGO staging (version 2009), radiation, chemotherapy, surgery, number of
regional lymph nodes found during surgery, number of regional positive lymph nodes and histological
subtype. In addition, cases were excluded from the study if they had incomplete information on any of
these characteristics. Patients who were followed up for less than one month were also excluded.
Considering that the number of cases with FIGO staging is available only during 2010-2016, in order to
further demonstrate the robustness of the prognostic differences of pathological types, the �rst
diagnosed Neuroendocrine carcinoma of the cervix cases available in SEER database are used as a new
dataset for sensitivity analysis, all the cases between 1975-2016 are included (a total of 250 cases).

We made the following adjustments to variables violating this assumption: age was converted into a
grade variable through the quartile method (ages 0 to 39, 40 to 44, 45 to 59 and 60 years older). The
number of regional lymph nodes found is a continuous variable. Through the survMisc package in R
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version 4.0, the optimal cutoff value is determined to be 12, and converted to negative (0), 0 to 12 and 13
and above; Positive lymph nodes are also continuous variables. Through the survMisc package in R, the
optimal cutoff value is determined to be 3, then we converse it into 3 categorical variables, 0, 0 to 3 and 4
and more; Marital status is a multi-category data, uniformly converted into: single/unmarried, married,
divorced and other status; The primary lesions are divided into C53.0, C53.1, C53.8, C53.9, considering the
frequency distribution, the variables are sorted and converted into 2 categorical variables, C53.0 (cervix)
and others; The FIGO staging is converted to three categories, I~IIA, IIB~IVA and IVB.

In this article we use overall survival (OS) as the �rst outcome indicator. Survival curves were plotted by
Kaplan–Meier method. The proportional hazard Cox model was used for univariate and multivariate
survival analysis. Characteristics with P<0.05 in the univariate logistic regression analysis were then
further analyzed using the Cox regression model. Interaction test for single factor and multi-factor results
adjusted for other factors were also performed. Then, sensitivity analysis with the aforementioned data
set was conducted. The predictive performance of the data set was measured by Expect value(E-value).
We explored the potential for unmeasured confounding between subgroups of potential predictors by
calculating E-value. The E-value quanti�es the required magnitude of un unmeasured confounder that
could negate the observed association. The sensitivity analysis of both multivariate and univariate Cox
regression analysis was carried out, the result of which were performed by forest plot, and each variable
satis�es the Ph test. The survival package in R was used to draw the Kaplan-Meier survival curves based
on the median survival time and time-point survival rate of all variables in the sensitivity analysis data
set.

Results
Demographic and clinical characteristics

From 2000 to 2018, our study cohort included a total of 250 cases. Among them, 150 patients with SCC,
27 with LCC and 73 with other types of cancer. The demographic and clinical characteristics of cervical
neuroendocrine carcinoma patients are shown in Table 1. In this cohort, 143(57%) of patients are dead of
the disease, 99(40%) are alive or dead of other causes, and 8(3%) remained unknown. Moreover, there
were 71(28%) patients with FIGO stage I~IIA, 80(32%) with stage IIB~IVA, and 99(40%) with FIGO stage
IVB. Chi-square test showed no signi�cant differences in some variables and treatment patterns,
including diagnosis age, race, marital status, primary sites, number of regional lymph nodes, primary
lesions, and FIGO stage.

Table 1 The demographic and clinical characteristics of cervical neuroendocrine carcinoma patients
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Variables Total (n =
250)

SCC (n =
150)

LCC (n = 27) Others (n =
73)

p      

Outcome, n (%) 0.781

     Dead 161 (64) 95 (63) 19 (70) 47 (64)  

     Live 89 (36) 55 (37) 8 (30) 26 (36)  

Outcome2, n (%) 0.655

     Dead 143 (57) 81 (54) 17 (63) 45 (62)  

     Live. or Died other
causes

99 (40) 63 (42) 9 (33) 27 (37)  

     Unknown 8 (3) 6 (4) 1 (4) 1 (1)  

Outcome3, n (%) 0.664

     Died of cervical
cancer

143 (57) 81 (54) 17 (63) 45 (62)  

     Died other causes 10 (4) 8 (5) 1 (4) 1 (1)  

     Live 89 (36) 55 (37) 8 (30) 26 (36)  

     Unknown 8 (3) 6 (4) 1 (4) 1 (1)  

Age, Median (IQR) 46.0 (36.0,
57.0)

46.0 (35.0,
56.8)

45.0 (38.0,
63.0)

43.0 (36.0,
53.0)

0.368

Race, n (%) 0.103

     Black 46 (18) 34 (23) 1 (4) 11 (15)  

     Others 32 (13) 16 (11) 5 (19) 11 (15)  

     White 172 (69) 100 (67) 21 (78) 51 (70)  

Primary.site, n (%) 0.672

     Cervix uteri 213 (85) 125 (83) 24 (89) 64 (88)  

     Others 37 (15) 25 (17) 3 (11) 9 (12)  

Surgery, n (%) 0.696

     NO 130 (52) 80 (53) 12 (44) 38 (52)  

     YES 120 (48) 70 (47) 15 (56) 35 (48)  

Radiation, n (%) 0.491

     NO 182 (73) 106 (71) 22 (81) 54 (74)  

     YES 68 (27) 44 (29) 5 (19) 19 (26)  
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Chemotherapy, n (%) 0.277

     NO 37 (15) 27 (18) 3 (11) 7 (10)  

     YES 213 (85) 123 (82) 24 (89) 66 (90)  

Marital, n (%) 0.661

     Divorced 57 (23) 37 (25) 6 (22) 14 (19)  

     Married 100 (40) 55 (37) 14 (52) 31 (42)  

     Single/UnMarried 83 (33) 53 (35) 6 (22) 24 (33)  

     Unknown 10 (4) 5 (3) 1 (4) 4 (5)  

Regional.nodes, n (%) 0.209

0 156 (62) 99 (66) 12 (44) 45 (62)  

     0~12 38 (15) 23 (15) 5 (19) 10 (14)  

     13~ 56 (22) 28 (19) 10 (37) 18 (25)  

Nodes.positive, n (%) 0.832

0 215 (86) 127 (85) 23 (85) 65 (89)  

     0~3 28 (11) 19 (13) 3 (11) 6 (8)  

     4~ 7 (3) 4 (3) 1 (4) 2 (3)  

FIGO, n (%) 0.136

     I~IIA 71 (28) 38 (25) 10 (37) 23 (32)  

     IIB~IVA 80 (32) 53 (35) 3 (11) 24 (33)  

     IVB 99 (40) 59 (39) 14 (52) 26 (36)  

Age.cat, n (%) 0.066

     ~39 90 (36) 55 (37) 8 (30) 27 (37)  

     40~44 30 (12) 15 (10) 5 (19) 10 (14)  

     45~59 73 (29) 45 (30) 3 (11) 25 (34)  

     60~ 57 (23) 35 (23) 11 (41) 11 (15)  

Survival analysis and prognostic factors for NECCs

Kaplan-Meier analysis determined the impact of variables on survival. As expected, there were
signi�cantly lower rates of death in patients with lower FIGO staging (I-IIA vs. IIB~IVA vs. IVB; P < 0.001)
(Figure 1A). We also found that patients with less regional lymph nodes had poorer survival outcomes in
cervical neuroendocrine carcinoma (0 vs. 0-12 vs. 13 and above; P < 0.001) (Figure 1B). But the number
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of positive lymph nodes showed no signi�cant effect on survival (P=0.403) (Figure 1C). Among all age
groups, young age (0-39 vs. 40-44 vs. 45-59 vs. >60 years; P < 0.001) was associated with better
prognosis (Figure 1D). More interestingly, married people showed better outcomes than the other groups
(single/unmarried vs. married vs. divorced vs. other status; P < 0.001) (Figure 1E). Among all tumor
subtypes, SCC had the most favorable survival, whereas LCC was associated with the worst prognosis
(Figure 1F). With respect to the factors associated with treatments, we found that patients who
underwent surgery (yes vs. no), or chemotherapy (yes vs. no), or radiation (yes vs. no) all experienced a
signi�cantly prolonged survival (Figure 2A-C) (All P ≤0.01). 

Table 2 shows univariate and multivariate analyses of potential predictors for the OS. Higher FIGO
staging, more regional lymph nodes, age above 60, no radiation, no chemotherapy, and no surgery were
signi�cantly associated as risk factors for the OS in the univariate analysis. Therefore, these signi�cant
risk factors were included in the multivariate analysis. Multivariate analysis identi�ed that higher FIGO
staging (IIB~IVA [hazard ratio (HR), 1.934; 95% CI, 1.02–3.668], IVB [HR, 4.465; 95% CI, 2.349–8.487]), no
chemotherapy treatment (HR, 0.356; 95% CI, 0.224–0.568), were independent indicators of poor
prognosis.

Table 2 Univariate and multivariate analyses of potential predictors

Subgroup analysis and sensitive analysis for risk factors
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Subgroup analysis and sensitive analysis were then performed. Table 3 shows the P value for interaction
for those variables, and multivariate analysis identi�ed that patients, who had radiation therapy (HR,
0.886; 95% CI, 0.338-2.32), may contribute to better survival outcomes than those who did not have that
(HR, 0.468; 95% CI, 0.317-0.692), the P value for interaction is 0.019. The situation for those who had
surgery (HR, 0.831; 95% CI, 0.473-1.464) is the similar, compared with those who didn’t (HR, 0.381; 95% CI,
0.24-0.603), the P value for interaction is 0.004. All E-value for sensitivity analysis with the
aforementioned data set was performed in Figure 3. The primary �nding was robust between the groups
who underwent surgery (YES vs. NO, Unknown vs. NO); later FIGO staging (IVB vs. I-IIA, IIB~IVA vs. I~IIA);
older aging (60~ vs. ~39); a larger number of regional positive lymph nodes (0~3 vs. 0).

Table 3 P value for interaction of potential predictors

Survival analysis for risk factors

Then we calculated the median survival time and overall survival rate of all variables in the sensitivity
analysis data, and plotted the KM curve. The survival curve was grouped for �ve: 0-, 120-, 240-, 360-, 480-.
We found that patients with the tumor subtype of LCC had poorer survival than patients whose tumor
subtype was SCC (median OS, 15 vs. 21 months; P = 0.022) (Figure 4A). Among all age groups, young
age was associated with better prognosis (P < 0.001) (Figure 4B). And interestingly, the median OS of
patients who were married was 23 months (95% CI, 20-26), while the median OS of patients who were
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single /unmarried was 18 months (95% CI, 16-25) and 14 (95% CI, 11-16) for those who were divorced (P
< 0.001) (Figure 4C). Among all races, subtype of other races had the most favorable survival, whereas
black was associated with the worst prognosis (P = 0.001) (Figure 4D). Patients, whose FIGO staging is
IVB or regional lymph nodes were more than 13, had worst survival than other groups (Figure 4E, 4F).
With respect to the factors associated with treatments, we found that patients who underwent surgery
(yes vs. no vs. unknown) or radiation (yes vs. no) experienced prolonged survival, both P < 0.001 (Figure
4G, 4H). However, there was no statistical signi�cance between patients who underwent chemotherapy
(yes vs. no) (P = 0.843). 

We then again performed univariate and multivariate analyses of Cox regression analysis based on the
sensitivity analysis data set, the results were shown in Table 3. Higher FIGO staging, more regional lymph
nodes, older age, no radiation, and no surgery were signi�cantly associated as risk factors for the OS. And
multivariate analysis identi�ed that higher FIGO staging (IVB vs. IA~IIA [HR, 2.4; 95% CI, 1.505-3.828], P <
0.001), no surgery treatment (Unknown vs. NO [HR, 0.569; 95% CI, 0.443-0.731], YES vs. NO [HR, 0.467;
95% CI, 0.358-0.609], both P < 0.001), were independent indicators of poor prognosis.

Discussion
Neuroendocrine carcinoma of the cervix is a rare but highly malignant primary carcinoma of the cervix,
which represents 0.9–1.5% of all cervical carcinomas.[3] The biology characteristics of NECC are
different from squamous cell carcinoma or adenocarcinoma of the cervix. For example, local and distant
relapses occur more frequently in NECC, and the 5-year overall survival rates for patients with NECC at
early (I–IIA) and advanced stage (IIB–IVB) were 30–63% and 0–18% respectively, compared to > 65% for
cervical squamous cell carcinoma and adenocarcinoma. [2–4] The management of NECC is di�cult and
is associated with uncertainty. Until now there is no standardized therapy for this type of malignancy
based on controlled trials. Evaluating the clinical features and prognostic factors may assist gynecologic
oncologists in early diagnosis and treatment decision-making, whereas those have not been explored
comprehensively

In this study, clinical parameters were used for predicting OS. As discovered based on the SEER database,
tumor subtype, age, marriage, race, number of regional lymph nodes, number of positive lymph nodes,
radiotherapy, surgery, and FIGO stage were all factors affecting OS,[5] and multivariate analysis identi�ed
FIGO staging and surgery treatment as independent indicators. Older age was an unfavorable predictor
for OS. The poor physical condition of aging patients might reduce the patient's tolerance to surgery and
other treatment, and subsequently decrease the survival time. People with married status showed a better
prognosis for NECCs. The reason may be that married people could get more social and economic
support. However, the effect of these prognostic factors on OS was limited.

Surgery, especially in the case of primary NECCs, is the primary therapeutic option. Agreed well with those
of previous study, we found that surgery signi�cantly improves the prognosis in patients with NECCs, the
median OS of which was 40 months (95% CI, 26-82), while the median OS of the non-surgery group was
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11 months (95% CI, 10-23) and 22 (95% CI, 17-32) for those whose surgery status was unknown (P <
0.001). Currently, the most common primary treatment was radical surgery combined with either
neoadjuvant or adjuvant chemotherapy. However, for patients with end-stage disease, radical
hysterectomy with lymphadenectomy brings more postoperative and long-term complication, which
showed negative effect on the prognosis.[6–10]

Radiotherapy can effectively improve the prognosis of NECC patients according to our result. However,
another analysis of the SEER database of patients with High-Grade Neuroendocrine cancer of cervix
concluded that primary treatment by radical surgery or external beam radiotherapy with or without
brachytherapy yielded equally poor survival. [11] Radiotherapy is often used as an adjuvant after surgery
to improve the prognosis of patients, and sometimes as an alternative to radical surgical resection for
end-stage patients.[12] The reason for this con�ict may be some subtypes of NECCs were low sensitive to
radiotherapy[9]. And all the patients they included in the research had a higher degree of malignancy and
were less sensitive to treatment.

Chemotherapy is often used to improve the prognosis of NECCs patients. In our analysis, chemotherapy
had a negative prognostic impact. However, Cohen et al. reviewed 188 patients with SCNEC,
chemotherapy improved the 3-year OS in patients with stages IIB–IVA and the use of chemotherapy was
independent prognostic variable for improved OS.[13] The reason for this contradiction may be that no
treatment guidelines are currently available due to the rarity of the disease. Many chemotherapy regimens
have been described in the treatment, among them, cisplatin/carboplatin in combination with other
chemotherapy regimens have been described most frequently published studies. But the exact dosage
and therapy duration varied considerably. [14, 15] In addition, chemotherapeutic drugs are cytotoxic,
causing pain and relatively high mortality in patients. Nevertheless, future clinical trials should continue
to explore the role of chemotherapy in NECC patients.

The number of regional lymph nodes, instead of the number of positive lymph nodes showed effect on
overall survival rates according to our analysis. This may give us an early warning of poor survival
outcomes during the treatment, as patients with cervical NECCs are more likely to have lymph node
involvement, compared with those who suffer from squamous cell carcinomas or adenocarcinomas of
the cervix. [16]

To our knowledge, this study is the �rst to offer a comprehensive analysis of the �rst diagnosed
Neuroendocrine carcinoma of the cervix cases available in the SEER database. Altogether, 250 NECC
patients complied with the standard. We included demographic characteristics, FIGO stage, and treatment
strategies in our analysis. As a result, our data have good generalizability and do not need to be limited
by race, age, and marriage. Moreover, our data were tested by ROC analysis, K-M analyses, and Cox
proportional-hazards model, to predict the survival of NECC patients.

The present study has several limitations. Firstly, although the SEER-Medicare linked database provides a
large sample size with diverse demographic data, most patients from the SEER database were white race,
so there was potential racial heterogeneity that could not be extrapolated to other human species.
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Secondly, some important data associated with patients’ prognosis are missing, such as resection mode,
chemotherapy strategy, and radiotherapy dose, the effectiveness of the therapies in White patients with
NECCs cannot be fully elucidated. Thirdly, it has all the limitations inherent in retrospective studies, which
have a lower level of evidence than prospective studies. Finally, as the pathogenesis of the disease
continues to be explored, and new treatment options continue to be improved, such as the application of
targeted drugs like Bevacizumab the prognosis of patients will certainly change. The information data of
this nomogram would also need to be updated. In the future, more important variables would be collected
and incorporated into the nomogram.

In conclusion, NECC is a rare disease with highly aggressive features and poor survival. Despite the lack
of more prospective randomized clinical trials, our retrospective investigation based on the SEER
database shows that for patients with NECC surgery and radiotherapy seems to be the effective
treatment, while chemotherapy has a negative prognostic impact. We hope that our study can deepen
people's understanding of this rare disease and inspires more studies to help de�ne optimal local
management for NECC.
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Figures

Figure 1

Kaplan-Meier analysis of overall survival (OS) among patients with cancer of the cervical neuroendocrine
carcinomas. (A) Overall survival (OS) strati�ed by FIGO staging. (B) Overall survival (OS) strati�ed by the
number of regional lymph nodes. (C) Overall survival (OS) strati�ed by the number of positive lymph
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nodes. (D) Overall survival (OS) strati�ed by age. (E) Overall survival (OS) strati�ed by marital status. (F)
Overall survival (OS) strati�ed by histological grade of the cervical carcinoma.

Figure 2

Kaplan-Meier analysis of overall survival (OS) among patients with cervical neuroendocrine carcinomas
with respect to the factors associated with treatments. (A) Overall survival (OS) strati�ed by surgery
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operation. (B) Overall survival (OS) strati�ed by chemotherapy. (C) Overall survival (OS) strati�ed by
radiation therapy.

Figure 3

Expect value(E-value) for sensitivity analysis to data set of the �rst-diagnosed neuroendocrine carcinoma
of the cervix.
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Figure 4

Median survival time and Kaplan-Meier analysis of overall survival (OS) among patients with cancer of
the cervical neuroendocrine carcinomas after sensitivity analysis. (A) Overall survival (OS) strati�ed by
histological grade of the cervical carcinoma. (B) Overall survival (OS) strati�ed by age. (C) Overall
survival (OS) strati�ed by marital status. (D) Overall survival (OS) strati�ed by race. (E) Overall survival
(OS) strati�ed by FIGO staging. (F) Overall survival (OS) strati�ed by the number of regional lymph nodes.
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(G) Overall survival (OS) strati�ed by surgery operation. (F) Overall survival (OS) strati�ed by radiation
therapy.


