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Abstract

Purpose: Neuroendocrine cervical carcinoma (NECC) is an uncommon malignancy of the female reproductive
system. This study aimed to evaluate cancer-specific mortality and to construct prognostic nomograms for predicting
the survival of patients with NECC.

Methods: we assembled the patients with NECC diagnosed between 2004 to 2015 from the Surveillance, Epidemiol-
ogy, and End Results (SEER) database. Meanwhile, we identified other patients with NECC from the Wenling Maternal
and Child Health Care Hospital between 2002 to 2017. Fine and Gray's test and Kaplan—Meier methods were used to
evaluate cancer-specific mortality and overall survival (OS) rates, respectively. Nomograms were constructed for pre-
dicting cancer-specific survival (CSS) and OS for patients with NECC. The developed nomograms were validated both

internally and externally.

Results: a total of 894 patients with NECC were extracted from the SEER database, then classified into the training
cohort (n=628) and the internal validation cohort (n=266). Besides, 106 patients from the Wenling Maternal and
Child Health Care Hospital served as an external validation cohort. Nomograms for predicting CSS and OS were con-
structed on clinical predictors. The validation of nomograms was calculated by calibration curves and concordance
indexes (C-indexes). Furthermore, the developed nomograms presented higher areas under the receiver operating
characteristic (ROC) curves when compared to the FIGO staging system.

Conclusions: we established the first competing risk nomograms to predict the survival of patients with NECC. Such
a model with high predictive accuracy could be a practical tool for clinicians.
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Introduction

Neuroendocrine cervical carcinoma (NECC) is a rare
neoplasm, making up only 1-5% of all cervical cancers
and<1% of all neuroendocrine tumors [1-3]. In the
USA, there are approximately 100-250 cases diagnosed
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with NECC each year [4]. A large portion of diseases is
due to carcinogenic HPV, primarily 18 and 16 subtypes
[5]. The histological classification of NECC consists of 4
categories: typical and atypical carcinoid (low-grade with
well differentiated), small cell and large cell neuroendo-
crine carcinoma (high-grade with poorly differentiated or
undifferentiated). To date, high-grade NECC was more
common and is due to a higher incidence of metastasis
than low-grade [3, 6]. Resulting from the rarity of this
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disease, the optimal treatment of NECC is still uncer-
tain. Current clinical experience is mostly based on mul-
timodal management extrapolated from small cell lung
carcinoma. The prognosis of most patients remains dis-
mal even in an early stage of the disease, with a mean OS
of 22 to 40 months and 5-year CSS rates less than 30% to
45% [1, 6-9].

At present, the International Federation of Gynecology
and Obstetrics (FIGO) staging system is the most com-
mon model for predicting survival in patients with NECC
[10]. However, the FIGO system only considers the ana-
tomic characteristic of the tumor while ignoring other
factors with prognostic values regarding age, race, histo-
logical grade, and treatment patterns [1, 11, 12]. Moreo-
ver, the prognosis is influenced by many variables with
reciprocal influences, while few studies had incorporated
all prognostic factors into a predictive system. Therefore,
it is necessary to develop an accurate prediction model to
evaluate the prognoses of NECC patients. The nomogram
is a convenient prognostic tool to calculate the survival
outcomes, which can help clinicians making personalized
options for patients through an intuitive graphic model
[13]. It has been widely used in various neuroendocrine
tumors and proven to be effective [14, 15].

As cancer progression, several comorbidities have
occurred with increasing age. For example, older patients
are more likely to face cardiovascular disease, liver dis-
ease, and metabolic diseases than the younger ones.
Deaths caused by these non-cancer comorbidities have
become the competing events of NECC [16]. Failure to
evaluate such risks would make incorrect conclusions
[17]. Besides, consideration of competing risks can cor-
respond to the informative character of censoring and
independently calculate the incidence of each factor [18].
Most previous studies were based on the Kaplan—Meier
method and Cox regression hazard model, which may
overestimate the portion of cancer-specific death and
prolong the follow-up time [19]. Therefore, traditional
methods are inappropriate and should be replaced by the
competing risk model. However, for all we know, a com-
peting risk nomogram for NECC is yet to be reported.
Based on the Surveillance, Epidemiology, and End Results
(SEER) database, the objective of this study was to con-
struct competing nomograms for predicting CSS and OS
in patients with NECC.

Materials and methods

Study cohorts

We identified patients diagnosed with NECC between
2004 and 2015 from the SEER-18 database, using
SEER*Stat software (version 8.3.6; National Cancer
Institute, USA). The SEER database collects cancer
information of 18 registries in the US and accounts for
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approximately 28% of the US population, which offers
considerable data for detail analysis [20, 21]. Depending
on the International Classification of Diseases for Oncol-
ogy, Third Edition (ICD-O-3), Cases were selected based
on the primary site code (C53.0-C53.1, C53.8-C53.9)
and associated histology codes (8010-8053). All eligible
patients were those who had only one primary malig-
nancy, complete clinicopathological information, and full
follow-up results. The exclusion criteria included (1) mul-
tiple tumors, (2) diagnosed only with clinical manifesta-
tion or radiography, lack of important clinical pathology
result (3) clinical information missed or unknown, (4)
survival data were unavailable or incomplete. Besides, we
retrieved information of patients with NECC who met
the same criteria at the department of gynecology and
obstetrics of Wenling Maternal and Child Health Care
Hospital from 2002 to 2017 using medical management
systems, and all participated patients are informed con-
sent. Patients from the SEER database were randomly
assigned to the training set and the internal validation
set in a 7:3 split ratio. Patients from our database served
as an independent external validation set. Our study had
received the approval of the Institutional Review Board of
Wenling Maternal and Child Health Care Hospital, and
we had access to the SEER program data after obtaining
permission from the US National Cancer Institute (user-
name number: 17620-Nov2018).

Data collection

Demographic and clinical variables, including age, year
at diagnosis, marital status, race, histology grade, FIGO
stage, tumor size, distant metastasis, treatment strat-
egy, vital status, cause of death, and survival time were
extracted and analyzed. We utilized the X-tile program
(Yale University, New Haven, USA) to obtain opti-
mal cut-off points then divided patients age into three
groups: <44 years, 44—67 years,>67 years (Figure S1).
Subsequently, we also classified patients with tumor
size:<2 cm, 2—4 c¢m, and >4 cm. In our study, “Married”
was defined as married or unmarried but having domes-
tic partner, while widowed, divorced, and separated were
recorded as “others” Metastasis defined as lymphatic
or distant organ metastasis. Surgery and radiotherapy
referred to local treatment for the primary tumor. OS
and CSS were calculated as the period from diagnosis to
death owing to any causes or NECC, respectively. Cases
were censored if alive at last follow-up.

Statistical analysis

We treated death from cancer and death from non-cancer
as two competing events. The cumulative incidence func-
tion (CIF) was estimated using the Fine and Gray’s test
to compare the single-factor incidence of each competing
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event at different time points (1-, 3-, and 5-year). The
proportional sub-distribution hazard model was used to
identify the significant variables of CSS, and competing
risk nomogram was developed based on these predictors.
OS rates were evaluated using the Kaplan—Meier method
and compared using the Log-rank test. Prognostic vari-
ables identified from the multivariate Cox analysis were
combined to construct the nomogram for OS.

The performance of nomograms was measured by con-
cordance indexes (C-indexes) and calibration curves.
A C-index greater than 0.7 indicates a relatively strong
discrimination ability. The calibration plots were applied
using a bootstrap approach with 1000 resamples to show

the consistency between observation and prediction.
Furthermore, prognostic precision comparisons between
the developed nomograms and the FIGO staging sys-
tem were visualized by the receiver operating character-
istic (ROC) curves and quantified by the area under the
ROC curve (AUC) values. All the statistical analysis was
conducted using R software version 3.6.1. The P-value of
two-sided < 0.05 was deemed statistically significant.

Results

Patients baseline characteristics

A total of 894 eligible patients with NECC were assem-
bled from the SEER database and assigned to the
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training cohort (n=628) and the internal validation
cohort (#=266) (Table 1). Based on the same inclu-
sion criteria, another 106 patients with NECC from our
dataset were treated as the external validation cohort
(Table S1). Of the total SEER group, there was no
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statistical distinction in the demographic and clinical
characteristics between the two subgroups. A substantial
portion of patients (n="749, 83.8%) were under 67 years
old, and most patients were married status (n=401,
44.9%). Regarding to the disease features, the majority of

Table 1 Demographics and Clinicopathologic Characterisitcs of SEER Patients With cNET

Cetegory Trainning cohort (n=628) Internal validation cohort Total cohort (n=894) P
(n=266)
No. of patients (%) No. of patients (%) No. of patients (%)

Age(year) 0.498
<44 (42.7%) 104 104 (39.1%) 372 (41.6%)
44-67 263 (41.9%) 114 (42.9%) 377 (42.2%)
>67 97 (15.4%) 48 (18.0%) 145 (16,2%)

Year at diagnosis 0.188
2004-2009 294 (46.8%) 138 (51.9%) 432 (48.3%)
2010-2015 334 (53.2%) 128 (48.1%) 462 (51.7%)

Marital status 0.901
Married 281 (44.7%) 120 (45.1%) 401 (44.9%)
Single 247 (39.4%) 101 (38.0%) 348 (38.9%)
Other 100 (15.9%) 45 (16.9%) 145 (16.2%)

Race 0.275
White 456 (72.6%) 180 (67.7%) 636 (71.1%)
Black 101 (16.1%) 47 (17.6%) 148 (16.6%)
Other® 71 (11.3%) 39 (14.7%) 110 (12.3%)

Grade® 0208
Low 44 (7.0%) 14 (5.3%) 58 (6.5%)
High 584 (93.0%) 252 (94.7%) 836 (93.5%)

Stage 0.501
| 298 (47.5%) 113 (42.5%) 411 (46.0%)
Il 143 (22.8%) 69 (25.9%) 212 (23.7%)
Il 136 (21.6%) 64 (24.1%) 200 (22.4%)
% 51 (8.1%) 20 (7.5%) 71 (7.9%)

Tumor size 0.726

<2cm 142 (22.6%) 54 (20.3%) 196 (21.9%)
2-4.cm 121 (19.3%) 51(19.2%) 172 (19.2%)
>4.cm 365 (58.1%) 161 (60.5%) 526 (58.8%)

Metastasis 0.625
Absent 455 (72.5%) 188 (70.7%) 643 (71.9%)
Present 173 (27.5%) 78 (29.3%) 251 (28.1%)

Surgery 0.714
Performed 293 (46.7%) 120 (45.1%) 413 (46.2%)
None 335 (53.3%) 146 (54.9%) 481 (53.8%)

Radiotherapy 0.653
Yes 247 (39.3%) 100 (37.6%) 347 (38.8%)
No 381 (60.7%) 166 (62.4%) 547 (61.2%)

Chemotherapy 0917
Yes 406 (64.6%) 171 (64.3%) 577 (64.5%)
No 222 (354%) 95 (35.7%) 317 (35.5%)

2 American Indian/Alaskan Native, Asian/Pacific Islander, ®Low: Grade | (well differentiated) and Grade Il (moderately differentiated); High: Grade Ill (poorly

differentiated) and Grade IV (undifferentiated anaplastic)
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patients were high grade (1 =836, 93.5%), stage  (1=411, chemotherapy (n=>577, 64.5%), and did not have surgery
46.0%), greater than 4 cm in tumor size (n=>526, 58.8%), (n=481, 53.8%) and radiotherapy (n =547, 61.2%).

and absent of metastasis (n=643, 71.9%). Concerning In the SEER group, the median follow-up duration was
the treatment strategy, more than half patient received 20 months (ranges, 1-155 months). A total of 504/894

Table 2 Overall survival rates and cumulative incidences of mortality among SEER patients with cNET

Characteristic  Patients Overall survival rate (%) P Cancer-specific mortality P Non-cancer-specific P
(%) mortality (%)
No (%) 1year 3year 5year 1year 2year 3year Tyear 2year 3year
Total 894 100 692 45.5 419 246 443 46.9 6.1 10.1 111
Age(years)
<44 372 416 850 61.8 60.0 <0.001 136 357 375 <0.001 13 25 26 <0.001
45-67 377 422 625 389 344 302 49.5 529 7.2 11.5 12.7
>67 145 162 465 20.8 15.2 382 53.1 559 152 26.1 28.8
Year
2004-2009 432 483 725 494 455 0.025 22.1 419 444 0.096 53 8.6 10.1 0.353
2010-2015 462 517  66.1 414 384 27.1 46.7 49.7 6.8 1.8 1.9
Marital Status
Married 348 389 773 527 484 <0.001 191 40.2 439 0.064 34 7.1 7.5 <0.001
Single 401 449 664 428 41.2 283 486 499 53 85 89
Other 145 162 577 356 289 277 427 46.1 14.5 216 25.1
Race®
White 636 711 708 479 436 0.002 229 419 451 0.025 6.2 10.2 1.3 0.843
Black 148 166 628 34.7 321 29.8 54.3 56.0 74 109 1.9
Other' 110 123 687 46.1 454 276 45.0 452 36 8.8 89
Grade®
Low 58 65 89.7 824 80.5 <0.001 86 15.8 159 <0.001 1.7 1.8 19 0.008
High 836 935 678 428 389 258 46.4 49.2 6.4 10.7 1.8
FIGO Stage
I 411 460 891 70.0 65.7 <0.001 84 246 273 <0.001 24 53 6.9 <0.001
Il 212 237 722 354 329 20.6 503 528 7.1 14.2 14.3
Il 200 224 420 184 14.5 489 68.2 72.1 9.1 134 135
% 71 79 225 4.8 0 619 76.7 76.8 155 184 10.8
Tumor Size
<2 196 220 948 849 82.8 <0.001 4.1 124 13.1 <0.001 1.1 26 4.1 0.001
2-4 172192 807 50.3 44.5 15.2 415 44.8 4.1 8.1 10.6
>4 526 588 560 289 254 353 574 60.6 86 13.6 139
Metastasis
Absent 643 719 824 5838 54.8 <0.001 122 316 345 <0.001 53 9.5 106 0418
Present 251 281 353 11.0 8.2 56.6 77.2 79.3 8.1 11.7 124
Surgery
Performed 413 462 882 67.1 63.1 <0.001 9.8 293 325 <0.001 1.9 35 4.2 <0.001
None 481 538 529 264 23.1 374 575 59.6 9.6 16.1 17.2
Radiotherapy
Yes 347 388 721 553 529 <0001 212 352 36.7 <0.001 6.6 94 10.2 0.380
No 547 612 674 388 343 26.8 504 539 57 10.6 1.7
Chemotherapy
Yes 577 645 719 40.6 357 0.018 24.2 51.2 554 <0.001 38 8.1 8.9 0.006
No 317 355 644 533 518 254 327 33.1 10.2 139 15.1

2 American Indian/Alaskan Native, Asian/Pacific Islander, ®Low: Grade | (well differentiated) and Grade Il (moderately differentiated); High: Grade Ill (poorly
differentiated) and Grade IV(undifferentiated anaplastic)
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(56.4%) deaths occurred during follow-up, of which 401
deaths were ascribed to NECC, and 103 died from com-
peting events. The 1, 3, and 5-year cancer-specific mor-
tality were 24.6, 44.3, 46.9%, respectively. As showed
in Fig. 1, CIF curves indicated that patients with char-
acteristics of older age, higher grade, more advanced
stage, larger tumor size, and no surgical treatment were
all likely to die from both NECC and competing events.
Patients with characteristics of black people, the absence
of radiotherapy, the presence of metastasis, and receiving
chemotherapy were observed with increasing cumulative
mortality from NECC, while not associated with compet-
ing causes. There is no statistical difference in cancer-
specific mortality of the characteristics regarding marital
status and year at diagnosing (Table 2).

For OS, the 1-, 3-, and 5-year survival rates were 69.2,
45.5, 41.9%, respectively. The survival curves of OS
based on each variable were shown in Fig. 2. Variables
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regarding with older age, diagnosed after 2010, divorced
or widowed status, black race, higher grade, advanced
stage, enlarged tumor, the presence of metastasis, and
receiving chemotherapy all had an inferior OS, while
patients who underwent surgery and radiotherapy had a
better OS (Table 2).

Independent predictors of patients with NECC

Factors including age, marital status, grade, stage, tumor
size, metastasis, surgery, radiotherapy, and chemother-
apy were significantly related to CSS through univariate
competing analysis. While age, year at diagnosis, marital
status, histology grade, FIGO stage, tumor size, distant
metastasis, surgery, radiotherapy, and chemotherapy
were significantly associated with OS through univariate
analysis. The race was not a risk factor for both CSS and
OS (Table 4). The variables identified from the univariate
analysis were further analyzed by multivariate analysis
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of CSS and OS (Table 3). After adjusting the confound-
ing factors, multivariate analysis revealed that age, FIGO
stage, tumor size, metastasis, and chemotherapy were
independent predictors for both CSS and OS (Table 4).

Construction and validation of nomograms

The nomograms for CSS and OS were constructed based
on incorporating five prognostic variables from the train-
ing cohort. As shown in Fig. 3, tumor size contributed
most while chemotherapy accounted for the least contri-
bution to CSS and OS. By summing up the specific point
of each predictor then measuring the total points to the
CSS and OS, the individual survival probability can be
calculated easily. The nomograms were validated inter-
nally and externally and indicated an excellent predic-
tive ability. The C-indexes of nomograms in the training

Table 3 Univariate analysis for OS and CSS in training cohort

Cetegory Overall survival Cancer-specific survival
P (Log-rank test) P (grey’s test)

Age(year)
<44 vs. 44-67 <0.001 <0.001
<44 vs.>67 <0.001 <0.001
Year at diagnosis

2004-2009 vs. 0.023 0.076

2010-2015
Marital status

Married vs. Single 0.009 0.012

Married vs. Other <0.001 0.031
Race

White vs. Black 0.025 0.034

White vs. Other® 0.549 0.264
Grade®

Low vs. High <0.001 <0.001
Stage

lvsll <0.001 <0.001

Ivs Il <0.001 <0.001

Ivs IV <0.001 <0.001
Tumor size
<2cmvs. 2-4cm <0.001 <0.001
<2cmvs.>4cm <0.001 <0.001
Metastasis

Absent vs. Present <0.001 <0.001
Surgery

Performed vs. None <0.001 <0.001
Radiotherapy

No <0.001 <0.001
Chemotherapy

Yes vs. No 0.034 <0.001

2 American Indian/Alaskan Native, Asian/Pacific Islander, "Low: Grade | (well
differentiated) and Grade Il (moderately differentiated, High: Grade Ill (poorly
differentiated) and Grade IV (undifferentiated anaplastic).
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cohort for CSS and OS were 0.784 (95% CI: 0.758—-0.809),
and 0.787 (95% CI, 0.765-0.808), respectively. Addi-
tionally, based on the internal and external cohort, the
C-indexes of nomograms were also presented more
powerful discrimination than those of the FIGO stage
(Table 5. The calibration curves of each group revealed
a prominent consistency between prediction and obser-
vation (Figs. 4 and 5 showed the results of training and
internal validation cohort, respectively, and Figure S2
showed the results of external validation cohort).

Comparison with the FIGO staging system

Compared against the FIGO stage, established nomo-
grams had a relatively higher discrimination ability
(Fig. 6). The AUC values of nomograms in the training
cohort for 3- and 5-year OS rates were 0.836 and 0.845,
respectively, while the AUC values of the FIGO stage for
those were 0.769 and 0.711, respectively. Likewise, the
AUC values of nomograms for 3- and 5-year CSS rates
were higher than those of the FIGO staging system. For
the internal and external validation cohort, the similar
results were shown in Table 6.

Discussion

Several studies have analyzed the prognosis of NECC.
However, such data were mainly were primarily small
sample sizes [1, 3, 8, 11]. Predictors of NECC are still
limited, and efficient treatments to prolong survival for
patients are also elusive [20]. In the present study, we first
evaluated the cancer-specific mortality and established
practical nomograms to predict the survival outcomes
of patients with NECC. The developed nomograms were
built on selected patients from the SEER database, reveal-
ing ideal differentiation and calibration both internally
and externally. Based on the hazard ratio in the compet-
ing risk model, we determined that factors in terms of
stage, tumor size, and metastasis were the most impor-
tant prognostic factors, which should be the important
consideration in making clinical decisions. Moreover,
higher AUC values of nomograms demonstrated that
nomograms have a superior prediction ability than the
FIGO staging system.

In previous studies, age was commonly recognized
as an independent predictor of NECC. Based on the
National Cancer Database analysis, Benjamin et al. con-
cluded that patients with NECC, compared to patients
with squamous cell cervical cancer, were more likely
diagnosed before 30 years old and tended to observe
adverse survival as increasing age [2]. In another retro-
spective study, Reem et al. suggested that younger age
(<40 years) was significantly related to improved sur-
vival, with a 3-year PFS of 80% versus 40.9% (p=0.044)
[22]. In current data, we indicated that 44 and 67 years
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Table 4 Multivariate analysis for OS and CSS in training cohort
Cetegory Overall survival Cancer-specific survival P
Hazard Ratio (95% Cl) Hazard Ratio (95% Cl)

Age(year)
<44 Reference Reference

44-67 1.372(1.051-1.790) 0.019 1.285 (0.964-1.713) 0.086
>67 1.738 (1.209-2.498) 0.002 1.659 (1.091-2.524) 0018
Year at diagnosis

2004-2009 Reference NI

2010-2015 1.081 (0.864-1.353) 0.492 NI NI
Marital status

Married Reference Reference

Single 1.043 (0.816-1.332) 0.738 1.104 (0.846-1.440) 0.464

Other 1.207 (0.861-1.691) 0.274 0.916 (0.608-1.381) 0.677
Grade®

Low Reference Reference

High 1.749 (0.912-3.356) 0.092 1.501 (0.753-2.989) 0.248
Stage

| Reference Reference

Il 1.630 0.002 1.545 (1.081-2.209) 0.016

Il 2.256 <0.001 2403 (1.665-3.467) <0.001

Y 2.760 <0.001 2.652 (1.648-4.628) <0.00
Tumor size
<2cm Reference Reference

2-4cm 2487 (1.512-4.092) <0.001 2.127(1.213-3.732) 0.008
>4.cm 3.104 (1.916-5.028) <0.001 2.763 (1.609-4.744) <0.001
Metastasis

Absent Reference Reference

Present 2.778(2.151-3.587) <0.001 3.029 (2.293-4.001) <0.001
Surgery

Performed Reference Reference

None 1.173 (0.881-1.561) 0.274 0.955 (0.702-1.298) 0.769
Radiotherapy

Yes Reference Reference

No 1.083 (0.831-1.410) 0.556 1.224 (0.910-1.648) 0.180
Chemotherapy

Yes Reference Reference

No 1.979 (1.485-2.637) <0.001 1.489 (1.059-2.095) 0.022

Cl confidence interval, °Low: Grade | (well differentiated) and Grade Il (moderately differentiated); High: Grade Ill (poorly differentiated) and Grade

IV (undifferentiated anaplastic)

might be the best cut-off points to make a precise group-
ing for OS and CSS of NECC patients. Furthermore, the
present study also indicated that older patients were at
higher risk of competing risk of death. Thus, it is required
to take competing event into consideration for predicting
cancer-related prognoses.

Our study showed that stage and metastasis are the
most prognostic variables for OS and CSS of patients
with NECC, which is consistent with prior retrospective

reports on a large size cohort [1, 23]. In current data, the
most patient diagnosed NECC were early-stage while had
poor survival. Similarly, Lee et al. reported that 67.2% of
61 patients were diagnosed at early-stage, with a 5-year
survival of only 42.1% [7]. In a recent multi-center study
of 193 patients with NECC [24], the risk of progres-
sion or death increased with advanced-stage (stage I vs.
stage IV, HR=8.98, 95% CI: 5.25-14.49). NECC tended
to widespread hematogenous and lymphatic metastasis
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despite aggressive therapies [25]. Nagao et al. reported
that the most sites of metastasis at primary diagnosis
were pelvic lymph, followed by liver, bone, and breast [9].
Tumor size has also been considered as an independent
predictor of NECC [7, 26]. We found that most tumors
were larger size, and 2 cm was a cut-oft for decreased OS
and CSS. A previous study, including 115 NECC patients,

documented that 80% of patients had tumor > 2 cm while
had only 28.6% for 5-year CSS [1]. A meta-analysis con-
taining 1901 patients further confirmed larger tumor
size was associated with poor OS (>4 c¢cm vs.<4 cm,
HR=1.76;>2 cm vs. <2 cm, HR=1.61) [26].

Currently, there is still no consensus on the first line
therapeutic regimen for NECC, and multimodality

Table 5 C-indexes for the Nomogram and FIGO stage systems in patients with cNET

Survival Training cohort P

Internal validation P
cohort

External validation P
cohort

Overall survival Nomogram 0.787 (95%Cl, 0.765— <0.001

0.808)
0.711 (95%Cl, 0.685-0.736

0.784 (95%Cl, 0.758-
0.809)

0.709 (95%Cl, 0.681—
0.736)

FIGO stage

Cancer -specific surviva  Nomogram <0.001

FIGO stage

0.789 (95%Cl, 0.764-0.822)  <0.005 0.761 (95%Cl, 0.702-0.819) <0.001

0.724 (95%Cl, 0.684-0.763)
0.798 (95%Cl, 0.758-0.837)

0.723 (95%Cl, 0.664-0.781)

<0.005 0.770 (95%Cl, 0.707-0.832) <0.001

0.734 (95%Cl, 0.691-0.773) 0.737 (95%Cl, 0.674-0.799)

Cl confidence interval, FIGO the International Federation of Gynecology and Obstetrics
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treatment is advocated [19, 20, 27]. Our data showed
that surgery and radiotherapy were associated with
improved survival, but they failed to be prognostic pre-
dictors in multivariate analysis. Another prior SEER data-
base analysis revealed that radical surgery and primary
radiation yielded equally poor survival (5-year OS rates

were: 25% vs. 32%, p=0.636) [28]. In China, radical hys-
terectomy-based surgery followed by adjuvant therapy is
the primary treatment for patients with NECC in early
FIGO stages [29]. On the contrary, a multi-center study
consisted that primary radiotherapy followed by chemo-
therapy was associated with better survival than primary
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Table 6 Comparison of AUC values between Nomogram and

FIGO stage
Patients Overall Cancer-
surviva specific
survival

3year 5year 3year 5year

Training cohort Nomogram 0.836 0845 0822 0.838

FIGO stage 0.769 0.771 0.758 0.769
Internal validation Nomogram 0.861 0854 0875 0877
cohort FIGO stage 0773 0760 0793 0.789
External validation Nomogram 0.832 0833 0827 0826
cohort FIGO stage 0770 0774 0791 0.786

FIGO the International Federation of Gynecology and Obstetrics

surgical treatment for early-stage patients (5-year OS
rates were 78% vs. 46%, P=0.046) [30]. Whether the
use of surgery for locally advanced-stage NECC patients
remains unclear [19]. For cervical cancer, it has been
widely recognized that post-radiation hysterectomy did
not improve survival while risking the injury of the uri-
nary tract. However, Pauline et al. suggested that inten-
sive primary chemoradiotherapy for such patients can
enable them to benefit from surgery, with complete sur-
gical margins and improved prognosis [31].

In our study, survival curves of OS demonstrated that
performing chemotherapy was associated with poor sur-
vival. However, it was found to be independent predic-
tors after adjusting confounding factors in multivariate
analysis. This can partly explain more prone to chemo-
therapy with elderly or metastatic patients, due to low
tolerability or unacceptance to surgery. The commonly
used chemotherapy regimens were TPB (topotecan,
paclitaxel, and bevacizumab) or EP (etoposide and cispl-
atin) [5]. Other tested regimes include VAC (vincristine,
adriamycin, and cyclophosphamide), CPT-P (irinote-
can, platinum), and TC (taxane, platinum) [32, 33]. A
large cohort study by Cohen et al. [1] reported that the
use of platinum-based chemotherapy or chemoradiation
was associated with better survival in NECC patients
(OR=0.62, 95%CI1:0.41-0.92, P=0.019). For recurrent
NECC, targeted therapies and immunologic inhibitors,
such as bevacizumab, nivolumab, and trametinib, might
be the new options [34-36]. However, patients with
NECC have a poor survival irrespective of the aggressive
schemes used. The development of novel drugs for NECC
is urgently needed.

Based on the SEER database, we conducted the com-
peting risk model and predicted survival outcomes
for patients with NECC. These developed nomograms
include easily obtained variables from clinical prac-
tice, which can help clinicians with access to patients’
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counseling and decision-making. The C-index and cali-
bration plots of nomograms at different time points show
excellent performance in prediction ability. Furthermore,
compared with the traditional FIGO staging system,
this current model displays more accuracy in survival
outcomes.

There are several limitations to our study. First, selec-
tion bias might be unavoidable because of the nature
of the retrospective study. Second, some prognostic
information, such as invasion depths, lymph-vascular
invasion, and biologic markers, could not be included.
Besides, more-specific data such as the dose, type, and
the course of treatment of adjuvant therapy were unavail-
able in the SEER database, which could restrict further
analysis. Third, although a single-center cohort validation
was applied in this study, prospective external validation
is still required.

Conclusion

We constructed the prognostic nomogram using pop-
ulation-based data to estimate the survival outcomes of
patients with NECC. The developed nomogram main-
tained high predictive accuracy, which could facilitate
clinicians to make appropriate assessments. Future stud-
ies should aim to further validated this nomogram by a
larger population.
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