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Editorial on the Research Topic
Methods in gynecological oncology

Introduction

Gynecological oncology deals with the 360-degree management of the woman suffering
from a neoplasm of the female genital tract. Its research field is oriented towards an
improvement of diagnostic, therapeutic and prognostic techniques aimed at improving the
survival and quality of life of women affected by gynecological cancers.

The correct staging and prognostic stratification of cancer patients is the basis for
tracing an adequate treatment strategy at the same time radical enough to guarantee the
cancer safety and minimally invasive to minimize the negative effects on the quality of life
of cancer survivors.

This Research Topic aimed at widening the knowledges on the methods used for
scientific advancement in the gynecological oncology field. The issue currently includes 9
papers on the diagnosis, prognostic stratification, treatment strategy of gynecological
cancers patients. All contributions to this Research Topic focus on one or more of the
research areas highlighted above, evidenced below by reference to the designated
areas’ letters.

The gynecological tumors affect female population with different incidences and
features. Data from the National Cancer Institute Surveillance, Epidemiology and End
Results Program (NCI SEER) reported that the more frequent gynecological malignancy is
represented by uterine cancer with 65950 new cases in 2022 and a 5-year relative survival of
81.3%, followed by ovarian cancer with 19880 new cases in 2022 and a 5-year relative
survival of 49.7%, cervical cancer with 14100 new cases in 2022 and a 5-year relative
survival of 66.7%, vulvar cancer with 6330 new cases in 2022 and a 5-year relative survival
of 70.3% (1). Primary vaginal cancer is very rare, showing a prevalence of approximately 1
in 100,000 women (typically of squamous cell histology) (2).

Ovarian tumors show the worst prognosis between gynecological cancers and they can
be divided into epithelial, germ cell or sex cord-stromal tumors based on the type of cell
from which they originate. Epithelial ovarian cancer (EOC) can be categorized according to
their invasiveness and biological features into borderline or malignant.
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Gynecological neuroendocrine tumors are rare, there are no
clear guidelines for their clinical management and they can
originate from cervical, endometrial and ovarian tissue. Ovarian
neuroendocrine tumors account for about 2% of all gynecological
tumors and they are divided into carcinoid, small cell
neuroendocrine tumor (SCNET), and large cell neuroendocrine
tumor (LCNET) (3).

Diagnostic methodology in
gynecological oncology

This thematic issue aims to show current advances in diagnosis
and screening of gynecologic malignancies.

Xu et al. proposed a radiomics nomogram to distinguish
borderline ovarian cancer from malignant epithelial ovarian
cancer (EOC). In classifying early-stage type I and type II EOC,
the radiomics signature exhibited superior diagnostic performance
over the clinical model, based on patient age, menopausal status,
CA-125 level, bilaterality, MR-reported pelvic fluid, tumor
configuration, and peritoneal involvement. Radiomics has recently
emerged as a powerful approach for non-invasively capturing the
inter-lesion heterogeneity that can be used to build an objective and
accurate decision support systems for cancer patients. The
diagnostic efficacy of the nomogram was the same as that of the
radiomics model. Xu et al. used imaging features to characterize the
properties of adnexal masses with the aim of improving the
diagnostic characterization of EOC and providing to tailor
specialized treatment plans on different patients. The authors
concluded that the radiomics model and combined model had
higher benefits than the clinical model to distinguish borderline
from EOC.

Concerning diagnostic improvement to better characterize a
pelvic mass suspected for malignancy Yang et al. reported a model
based on the combination between the marker’s value HE4 and the
already proposed ADNEX (Assessment of Different NEoplasias in
the adneXa) model proposed by Timmerman et al. in the research
conducted by the IOTA (International Ovarian Tumor Analysis)
(4-6). The authors concluded that the ADNEX model performs
excellently to determine the benignity or malignancy of a ovarian
tumor, with higher specificity when combined with HE4. This
combination can improve the differential diagnosis ability and the
sensitivity of an ovarian borderline tumor and a Stage II-IV OC.

Wang et al. reported a case of superficial myofibroblastoma
(SMF) of the lower female genital tract, a relatively rare benign
mesenchymal tumor, arose in a 71-year-old Chinese female patient
with postmenopausal vaginal bleeding. The authors described a
diagnostic path based on gynecological examination and
colposcopic evaluation, color Doppler flow imaging, magnetic
resonance and the final diagnosis by histopathological analysis.
For the first time, colposcopy was used for auxiliary diagnosis and
evaluation before surgery for SMF and revealed a lesion covered
with normal squamous epithelium with a wide pedicle and a
mushroom-like appearance.
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Prognostic stratification in
gynecological oncology

This section aims to underline the importance of prognostic
classification of gynecological cancer patients in order to tailor them
the more appropriate therapeutic and surveillance programme.

Xu et al. with their radiomics nomogram aimed at differentiate
borderline ovarian cancer from malignant EOC identified a tool for
imaging-based prognostic stratification of patients affected by
ovarian malignancies.

Jiang et al. presented a nomogram based on clinical and non-
clinical features that affect the prognosis of patients with cervical
cancer to develop an accurate prognostic model that correlate with
overall survival and cancer-specific survival. The authors
constructed nomograms including the following factors: insurance
status, grade, histology, chemotherapy, metastasis number, tumor
size, regional node examination, LVSI, and radiation.

Pang et al. conducted a retrospective analysis of data from 469
patients affected by gynecologic LCNET to describe prevalence,
survival outcomes, and associated factors with this rare neoplasm.
Their analysis revealed that American Joint Committee on Cancer
stage, lymph node metastasis, and chemotherapy were independent
prognostic factors for overall survival and cancer-specific survival in
patients with cervical LCNEC. Lymph node metastasis, surgery, and
chemotherapy were independent prognostic factors for overall
survival and cancer-specific survival in the ovarian group and for
overall survival in the endometrial group. Lymph node metastasis
and surgery were also independent prognostic factors for cancer-
specific survival in the endometrial group.

Li and Cao developed nomograms to predict progression-free
survival and overall survival in patients with ovarian clear cell
carcinoma after primary treatment. Their analysis included several
features studied on 358 Chinese patients. The most predictive
nomogram for progression-free survival considered the following
variables: thrombosis, the FIGO staging, residual of the tumor and
distant metastasis. The most predictive nomogram for overall
survival considered the following variables: thrombosis, lymph
node metastasis, residual of the tumor, malignant ascites/washing,

and platinum resistance.

Innovative therapeutic strategies in
gynecological oncology

This thematic issue aims to propose new treatment strategies for
women affected by a neoplasm of the female genital tract.

Pang et al. thanks to their retrospective analysis of data from
469 patients affected by gynecologic LCNET found that surgery
alone may help to improve overall survival and cancer-specific
survival in patients with early-stage cervical LCNET. In contrast,
surgery+chemotherapy and surgery+radiotherapy may help to
improve survival in those with early-stage ovarian and
endometrial LCNET, respectively. Regardless of subtype,
comprehensive treatment involving surgery, chemotherapy, and
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radiotherapy should be considered to improve prognosis in patients
with advanced-stage gynecologic LCNET.

Restaino et al. reported a brilliant and innovative treatment using
human amniotic membrane for myocutaneous dehyscence after a
radical surgical treatment for vulvar cancer. The authors described
the first case of using human amniotic membrane to promote healing
of a surgical wound in a patient with gynecological oncology. The
implantation of amniotic membranes on surgical wounds appears to be
safe, moreover, the psychological impact of the treatment on the
patient was acceptable, with an improvement also in terms of pain.

Wang et al. showed the success of the surgical resection
treatment of a patient affected by vaginal SMF.

Li et al. compared the survival outcomes among 590 stage IB3
cervical cancer patients who undergo abdominal radical hysterectomy
+pelvic lymphadenectomy + para-aortic lymph node dissection versus
radiochemotherapy. The authors concluded that for FIGO 2018 stage
IB3 cervical cancer patients, surgery based on abdominal radical
hysterectomy and lymphadenectomy resulted in better overall
survival and disease-free survival than radiochemotherapy.

Li et al. reported the successful surgical treatment of an ovarian
SCNET patients, alive after two years from surgery who underwent
laparoscopic total uterine double attachment resection, bilateral
ovarian arteriovenous high ligation, abdominal catheterization and
postoperative adjuvant chemotherapy.

Conclusion

In conclusion, this Research Topic provided several investigations
focusing on relevant oncological aspects as diagnosis, prognostic
stratification and therapeutic strategy of gynecological cancer patients.

Advances in oncological research provide the development of tools
for conducting the patient counseling, her postoperative management,
and her follow-up to tailor diagnostic, prognostic and therapeutic
pathway on each different patient by multidisciplinary approach.
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Objective: This study aimed to compare the survival outcomes among stage IB3 cervical
cancer patients who undergo abdominal radical hysterectomy (ARH)+pelvic
lymphadenectomy + para-aortic lymph node dissection versus radiochemotherapy (R-CT).

Methods: Based on the large number of diagnoses and treatments for cervical cancer in
the Chinese database, propensity score matching (PSM) was used to compare the 5-year
overall survival (OS) and disease-free survival (DFS) rates of the ARH group and R-CT group.

Results: There were 590 patients with stage IB3 cervical cancer according to the FIGO
2018 staging system, with 470 patients in the ARH group and 120 patients in the R-CT
group. The ARH and R-CT groups showed different 5-year OS and DFS rates in the total
study population, and the 5-year OS and DFS rates in the R-CT group (n = 120) were
lower than those in the ARH group (n = 470) (OS: 78.1% vs. 92.1%, p < 0.001; DFS:
71.6% vs. 90.3%, p < 0.001). R-CT was associated with a worse 5-year OS rate (hazard
ratio [HR] = 3.401; 95% confidence interval [Cl] = 1.875-6.167; p < 0.001) and DFS rate
(HR = 3.440; 95% Cl = 2.075-5.703; p < 0.001) by Cox multivariate analysis. After 1:3
PSM, the 5-year OS and DFS rates in the R-CT group (n = 108) were lower than those in
the RH group (n = 280) (OS: 76.4% vs. 94.0%, p < 0.001; DFS: 69.3% vs. 92.6%, p <
0.001, respectively). R-CT was associated with a worse 5-year OS rate (HR = 4.071; 95%
Cl =2.042-8.117; p < 0.001) and DFS rate (HR = 4.450; 95% Cl = 2.441-8.113; p <
0.001) by Cox multivariate analysis.
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Lietal Treatment Strategy for Stage IB3 Cervical Cancer
Conclusion: Our study found that for FIGO 2018 stage IB3 cervical cancer patients, ARH
resulted in better OS and DFS than R-CT.

Keywords: cervical cancer, abdominal radical hysterectomy, radiochemotherapy, overall survival, disease-free
survival, stage IB3 cervical cancer

INTRODUCTION ARH with postoperative standard therapy group (ARH

Cervical cancer is a common malignant tumor of the female
genital tract and the fourth leading cause of cancer death among
women worldwide, especially in developing countries (1). In
2018, FIGO updated their clinical classification system. The
following main changes were incorporated: the use of any
imaging modality and/or pathological findings for judging the
stage. For stage IB disease, the width of the lesion is no longer
taken into consideration. Stage IB now includes three subgroups
based on tumor size increases of 2 cm: stage IB1 (<2 cm), stage
IB2 (>2 to <4 cm) and stage IB3 (>4 cm). The most relevant
modification was the introduction of the lymph node (LN)
status; indeed, LN involvement (via histological or radiological
assessment) was specifically designated as stage IIIC disease
(IIIC1 pelvic LN metastasis and IIIC2 para-aortic LN
metastasis) (1, 2). As a result, a new problem has arisen—that
is, whether stage IB2 treatment recommendations based on the
old staging system are still suitable based on the new staging
system. Based on the clinical diagnoses and treatments for
cervical cancer in the Chinese (Four C) database, this paper
compared ARH versus R-CT for stage IB3 cervical cancer
patients based on the new FIGO 2018 staging system and
explored appropriate treatment strategies for this
patient population.

MATERIALS AND METHODS

Data Source

The establishment of the cervical cancer database was reviewed
by the Ethics Committee of Nanfang Hospital, Southern Medical
University (ethics number NFEC-2017-135), and written
informed consent was waived by the ethics committee. The
clinical trial identifier is CHiCTR1800017778 (International
Clinical Trials Registry Platform Search Port, http://apps.who.
int/trialsearch/). For the data collection methods and database
establishment methods, please refer to the previously published
articles by our team (3-7). General patient clinical data, surgery-
related data, pathological information, and 315 other parameters
were used for the standardized training of gynecologists and by
the participating units after training for prognostic follow-up.
Follow-up was mainly carried out via outpatient and telephone
follow-up, and survival, recurrence, and other information were
recorded. From 2004 to 2018, 63,926 cases of cervical cancer
were collected across 47 hospitals in China.

Inclusion and Exclusion Criteria
In this study, the inclusion and exclusion criteria were as follows.

group) (1): aged > 18 years old (2); FIGO (2018) stage IB3 (3);
histological type of squamous cell carcinoma, adenocarcinoma,
or adenosquamous carcinoma (4); primary treatment with open
surgery (5); no use of neoadjuvant therapy (6); QM-B or QM-C
hysterectomy + pelvic lymphadenectomy + para-aortic lymph
node resection; and (7) postoperative standard adjuvant
treatment according to the pathological factors described by
the guidelines.

R-CT group (1): aged > 18 years old (2); FIGO (2018) stage
IB3 (3); histological type of squamous cell carcinoma,
adenocarcinoma, or adenosquamous carcinoma (4); primary
treatment with R-CT; and (5) a radiotherapy dose > 45 Gy.

The exclusion criteria were as follows (1): patients who did
not meet the above inclusion criteria and (2) pregnant
patients with cervical cancer, and patients with the accidental
discovery of cervical cancer, stump cancer, or other types of
malignant tumors.

Observation Indicators

The observation endpoints were overall survival (OS) and
disease-free survival (DFS), and the cutoff point for long-term
oncological outcomes was 5 years. OS was defined as the date of
diagnosis until death from any cause or the last effective follow-
up, and DFS was defined as the date of diagnosis until death,
recurrence, or the last effective follow-up.

Statistical Methods

SPSS software (Version 22.0, SPSS Inc., Chicago, IL, USA) was
used for statistical analysis, and the PSM extension of SPSS 22.0
software was used to perform propensity score matching (PSM).
Measurement data are expressed as the mean * standard
deviation, and an independent sample t test was used for
comparisons between groups. Count data are expressed as
percentages (%), and the chi-square test was used to compare
intergroup rates. Kaplan-Meier curves were drawn to analyze
survival, and log-rank tests were used to compare differences in
the survival curves. Multivariate Cox regression was used to
analyze and determine the independent risk factors, relevant
risks, and confidence intervals. In this study, p < 0.05 was
considered statistically significant.

RESULTS

Case Screening Results
A total of 590 patients met the inclusion and exclusion criteria
(470 in the RH group and 120 in the R-CT group) (Figure 1).
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[ 63,926 patients in Four C database |

l 60,284 Were excluded

‘ 3,642 patients with stage IB3 of FIGO 2018

590 patients were included in this study
470 in ARH group and 120 in R-CT group

3052 Were excluded

1 case <18 years

88 Did not meet histological type criteria
571 Other treatment options

202 Did not undergo Q-M type B or type C
radical hysterectomy or the type of
hysterectomy was unknown

30 Did not undergo pelvic lymphadenectomy
or had unknown lymphadenectomy status
738 Follow-up was lost

9 Patients with pregnancy or other tumours
748 Not open surgery

665 Did not undergo postoperative standard
adjuvant treatment

After propensity score matching
280 in ARH group and 108 in R-CT grou

FIGURE 1 | Flow diagram of recruitment and exclusions. ARH, abdominal radical

Oncological Outcome Comparison of the
ARH Group and the R-CT Group Before
and After Matching

A total of 590 patients met the entry criteria: 470 were included
in the ARH group, and 120 were included in the R-CT group.
Baseline analysis showed that there were differences in the
baseline parameter of age between the two groups (Table 1).
Patients in the ARH group (47.11 + 8.294 years) were younger
than those in the R-CT group (50.54 + 10.855 years) (p < 0.001).
The baseline distribution of histological type and age was not
balanced among the 590 patients who were included. To reduce
the influence of confounding factors, we performed 1:3 PSM and

hysterectomy; R-CT, radio-chemotherapy.

then performed a survival analysis. After 1:3 PSM, 280 patients
were included in the ARH group, and 108 patients were included
in the R-CT group. The baseline analysis between the two groups
was not statistically significant (p > 0.05) (Table 1). Among the
total study population, the difference in survival outcomes was
statistically significant between the ARH group (n = 470) and the
R-CT group (n =120) (OS 92.1% vs. 78.1%, p < 0.001; DES 90.3%
vs. 71.6%, p < 0.001) (Figure 2). Cox multivariate analysis
indicated that the risk of death in the R-CT group was higher
than that in the ARH group; for the R-CT group, the 5-year OS
and DFS outcomes were independent risk factors (OS: HR =
3.401; 95% CI, 1.875-6.167; p = 0.001; HR = 3.440; 95% CI,

TABLE 1 | Data of the ARH group and R-CT group patients before and after matching.

Variables

Unmatched Matched
ARH (n = 470) R-CT (n =120) p-value ARH (n = 280) R-CT (n = 108) p-value
Age (years) 47.11 £ 8.294 50.54 + 10.855 <0.001 48.10 + 8.003 48.59 + 8.715 0.410
Histological type 0.142 0.838
Squamous cell carcinoma 411 (87.5%) 112 (93.4%) 258 (92.2%) 101 (93.5%)
Adenocarcinoma 42 (8.9%) 7 (5.8%) 20 (7.1%) 6 (5.6%)
adenosquamous carcinoma 17 (3.6%) 1(0.8%) 2 (0.7%) 1(0.9%)
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FIGURE 2 | The 5-year OS and DFS in ARH group and R-CT group before PSM.
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TABLE 2 | COX Multivariate analysis of the overall study population according to group.

Variables 5-year OS
Before matching p HR

ARH group vs. R-CT group <0.001 3.401 1.875
Age 0.030 0.965 0.934
Histological type

Squamous cell carcinoma 0.030

Adenocarcinoma 0.948 1.040 0.320
Adenosquamous carcinoma 0.008 4.090 1.439

95% Cl%

6.167
0.996

3.385
11.626

<0.001
0.041

0.058
0.310
0.025

5-year OS
HR
3.710 2.219
0.971 0.944
1.554 0.663
3.244 1.160

95% ClI

6.204
0.999

3.641
9.070

2.075-5.703, p < 0.001) (Table 2). After 1:3 PSM, survival
analysis showed that the 5-year OS and 5-year DFS in the
ARH group were higher than those in the R-CT group (OS:
94.0% vs. 76.4%, p < 0.001; DFS: 92.6% vs. 69.3%, p < 0.001)
(Figure 3). Cox multivariate analysis indicated that for the R-CT
group, the 5-year OS and DFS outcomes were independent risk
factors (OS: HR = 4.071, 95% CI: 2.042-8.117, p < 0.001; DFS:
HR = 4.450, 95% CI: 2.441-8.113, p < 0.001) (Table 3).

DISCUSSION

The NCCN guidelines for stage IB3 cervical cancer recommend
the first-choice treatment of concurrent radiotherapy and
chemotherapy (evidence level 1) and the secondary-choice
treatment of extensive hysterectomy PL + PAL (evidence level

2B) (8, 9). Some controversy remains regarding neoadjuvant
chemotherapy, and conflicting findings have been reported. The
NCCN guidelines do not recommend neoadjuvant
chemotherapy for cervical cancer (10) The FIGO guidelines
also recommend that neoadjuvant chemotherapy be used only
in areas lacking radiotherapy equipment and in clinical trials.
Our study shows that patients with stage IB3 cervical cancer
(FIGO 2018) treated with radical hysterectomy have good
survival outcomes. Based on a sufficiently large sample size,
long-term effective follow-up, and strict control of bias through
tendency score matching in the analysis process, the analysis of
this study has high credibility.

Although there are no studies discussing the survival
outcomes of ARH versus R-CT in patients diagnosed based on
the new 2018 FIGO stage IB3 classification system, previous
research on patients diagnosed based on the 2009 FIGO stage IB2

100 3 100
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Z : Z ]
E 40-: § 40-:
= ] - ]
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— RCT  928%  87.6%  83.3%  812%  78.1% — RCT  859%  80.5%  77.3%  750%  T71.6%
FIGURE 3 | The 5-year OS and DFS in ARH group and R-CT group after PSM.
TABLE 3 | COX multifactor analysis of matched patients.
Variables 5-year OS 5-yearDFS
After matching p-value HR 95% ClI p-value HR 95% ClI
ARH group vs. R-CT group <0.001 4.071 2.042 8.117 <0.001 4.450 2.441 8.113
Age 0.005 0.940 0.900 0.982 0.035 0.951 0.925 0.997
Histological type
Squamous cell carcinoma 0.090 0.159
Adenocarcinoma 0.514 1.623 0.379 6.950 0.185 2.025 0.713 5.754
Adenosquamous carcinoma 0.032 9.317 1.205 72.049 0.140 4.541 0.609 23.876
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classification system also has reference value. Stage IB2 (>4 cm)
in the original staging system was changed to stage IB3 (>4 cm)
in the 2018 system and did not include lymph node metastasis
(11). Previous studies have shown that the 5-year OS rate of
patients classified as having FIGO 2009 stage IB2 disease after
ARH was 72% to 72.8% (12). The Melissa Bradbury study found
that the OS rate of women with stage IB2 disease who underwent
ARH during the 2009 FIGO staging period was higher than that
of women who underwent R-CT (74.6%:60.0%, p = 0.05), which
is consistent with the results of this study to some extent (13).
The 5-year OS of patients with stage IB3 disease in this study was
higher than that of patients with stage IB2 based on the previous
(2009) staging system, which may explain the elimination of
lymph node metastasis in the new staging system (14).

Considering time and economic costs, direct radical
hysterectomy is preferred for FIGO 2018 stage IB3 disease,
offering a new direction for the treatment of this patient
population. Rocconi’s cost-benefit analysis of the treatment of
2009 FIGO stage IB2 cervical cancer showed that, compared with
primary radiotherapy or neoadjuvant chemotherapy, early
radical hysterectomy is the most cost-effective strategy,
followed by radical hysterectomy and adjuvant radiotherapy
and chemotherapy (15). The current study also provides
evidence to support this finding.

Compared with previous research reports and articles on the
treatment of cervical cancer, this study has some advantages,
but there is still a lack of international literature on treatment
strategies for patients with FIGO 2018 stage IB3 disease. First,
this is one of a few large, international real-world cervical
cancer studies, contributing to a more complete clinical
diagnosis and treatment database for cervical cancer. Second,
due to the sufficient number of included patients, cervical
cancer at each stage could be analyzed from many angles,
levels, and directions. Third, we used the PSM method to
balance baseline differences on the basis of real-world
research methods, making the results more accurate. Fourth,
only open-surgery cases were included because the LACC study
found that laparoscopic surgery had worse oncological
outcomes than open surgery (16), for possible reasons
including tumor spillage, CO, circulation of tumor cells, and
other factors (17). Our study was one of the first population-
based studies to compare the 5-year OS and DES rates between
ARH and R-CT in stage IB3 cervical cancer patients. A strength
of the present study was its large sample size. Our study
analyzed a large cohort of cervical cancer patients across 47
hospitals over a 14-year period. This study may be the first to
discuss the survival outcomes of FIGO 2018 stage IB3 cervical
cancer patients who undergo ARH and R-CT.

However, our research inevitably has some limitations. First,
this is a retrospective study that may have confounding factors
and bias; for example, patients in the R-CT group were older
than those in the ARH group. However, we tried to balance these
differences by PSM. Second, although this study comprised 590
hospitalized patients with cervical cancer in China, it did not
fully cover all regions of China; however, the database is still
representative of the diagnoses and treatments of cervical cancer
patients in China. Third, this study did not take into account

preoperative cervical conization, which has been found to affect
oncological outcomes (18).

In summary, the 5-year OS and DEFS rates of patients with
stage IB3 cervical cancer, according to the FIGO 2018
classification system, who underwent ARH were superior to
those of patients who underwent R-CT, indicating that ARH
may offer better oncologic outcomes to patients with cervical
cancer. This finding is different from the radiotherapy
recommendations described in the NCCN guidelines. More
prospective clinical studies are needed to confirm the optimal
treatment strategy for patients with FIGO 2018 stage IB3
cervical cancer.
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Performance of the IOTA
ADNEX model combined with
HE4 for identifying early-stage
ovarian cancer

Suying Yang*'?, Jing Tang“*, Yue Rong*?, Min Wang*?,
Jun Long™?, Cheng Chen'? and Cong Wang*?

'Department of Ultrasonography, Chongging Health Center for Women and Children, Chonggqing,
China, 2Department of Ultrasonography, Women and Children’s Hospital of Chongging Medical
University, Chongging, China

Objective: This work was designed to investigate the performance of the
International Ovarian Tumor Analysis (IOTA) ADNEX (Assessment of Different
NEoplasias in the adneXa) model combined with human epithelial protein 4
(HE4) for early ovarian cancer (OC) detection.

Methods: A total of 376 women who were hospitalized and operated on in
Women and Children’s Hospital of Chongqging Medical University were
selected. Ultrasonographic images, cancer antigen-125 (CA 125) levels, and
HE4 levels were obtained. All cases were analyzed and the histopathological
diagnosis serves as the reference standard. Based on the IOTA ADNEX model
post-processing software, the risk prediction value was calculated. We
analyzed receiver operating characteristic curves to determine whether the
IOTA ADNEX model alone or combined with HE4 provided better diagnostic
accuracy.

Results: The area under the curve (AUC) of the ADNEX model alone or
combined with HE4 in predicting benign and malignant ovarian tumors was
0.914 (95% ClI, 0.881-0.941) and 0.916 (95% ClI, 0.883-0.942), respectively.
With the cutoff risk of 10%, the ADNEX model had a sensitivity of 0.93 (95% Cl,
0.87-0.97) and a specificity of 0.73 (95% CI, 0.67-0.78), while combined with
HE4, it had a sensitivity of 0.90 (95% CI, 0.84-0.95) and a specificity of 0.81
(95% ClI, 0.76-0.86). The IOTA ADNEX model combined with HE4 was better at
improving the accuracy of the differential diagnosis between different OCs than
the IOTA ADNEX model alone. A significant difference was found in separating
borderline masses from Stage II-1V OC (p = 0.0257).

Conclusions: A combination of the IOTA ADNEX model and HE4 can improve
the specificity of diagnosis of ovarian benign and malignant tumors and
increase the sensitivity and effectiveness of the differential diagnosis of Stage
[I-1V OC and borderline tumors.
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Introduction

Ovarian cancer (OC), one type of gynecologic malignancy
with a high mortality rate, has seriously threatened the life and
health of women, whose incidence and mortality rate are
gradually increasing over the years (1-4). The 5-year survival
rate of advanced OC is about 30%, according to past reports. In
contrast, postoperative survival rates of early-stage OC can reach
92.6%, while early diagnosis accuracy is just 16.3% (5). To
enhance the accuracy of ovarian tumor ultrasound diagnosis, a
number of prediction models have been developed by the
International Ovarian Tumor Analysis (IOTA) group utilizing
logistic regression analysis, which include the LR1, LR2, and
IOTA ADNEX (Assessment of Different NEoplasias in the
adneXa) models (6-8). As per related studies, the IOTA
ADNEX model is the most effective in differentiating benign
from malignant ovarian tumors.

Performing a suitable first surgical procedure is crucial for
OC patients, which depends on the correct staging of the tumor
before surgery. The IOTA group delivered the ADNEX model in
2014, which was the first to distinguish between benign ovarian
tumors, borderline, invasive, and secondary metastatic cancers.
An explanation of how to apply the ADNEX model from the
IOTA group for discriminating between different subtypes of
adnexal tumors was provided by Van Calster et al. (9). Related
research shows that the model discriminated well between
benign tumors and each of the four types of malignancy, with
AUCs ranging between 0.85 and 0.99. Nevertheless, an ovarian
borderline, a Stage I OC, or a metastatic ovarian tumor cannot
be accurately differentiated with it (9-14). In addition, with
regard to the IOTA ADNEX cutoff risk, the guidelines merely
recommended the selection according to the type of center and
the clinical characteristics of the patient, without an accurate
value. A cutoff risk of 10% was mostly recommended in research,
which has a high sensitivity (>90%) despite its low specificity
(approximately 62%) (15, 16).

Detecting ovarian epithelial cancer at an earlier stage may be
possible by combining tumor markers (17). Human epithelial
protein 4 (HE4) is a highly recognized clinical marker for
epithelial ovarian tumors after CA125 and usually applied in
combination with CA125 to determine the benignity and
malignancy of ovarian tumors. Specifically, it is superior to
CA125 in detecting borderline and early-stage OC, and has
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been approved for evaluating follow-up and recurrence of OC
patients (18-23).

At present, there is a lack of reports on the combined
diagnosis of the IOTA ADNEX model and HE4. Therefore,
this work proposed to combine the IOTA ADNEX model
containing CA125 with HE4 to analyze its diagnostic efficacy
and provide a reference for OC early detection.

Methods and materials
Setting of study and patients

An evaluation of diagnostic accuracy was conducted
retrospectively in one hospital, a tertiary referral oncology
center located in Chongqing, China, the Women and
Children’s Hospital of Chongqing Medical University. This
study consecutively enrolled 405 women diagnosed with an
adnexal mass via ultrasound from August 2017 to September
2020. The following were the inclusion criteria (1): patients were
older than 14 years old (2); patients were all examined at the
Women and Children’s Hospital of Chongqing Medical
University before surgery, and the serum CA125 and HE4
levels, ultrasound image workstation and report data were
complete; and (3) patients’ postoperative pathological
diagnosis was definite. Exclusion criteria were patients with
adnexal masses not derived from ovarian tissue. Ethics
approval for research is provided by the Institutional Ethics
Committee of Women and Children’s Hospital of Chongqing
Medical University.

Most of these patients have abdominal masses, abdominal
pain, abdominal distension, and vaginal bleeding, while others
are found accidentally during physical examinations. The
examination was performed by a gynecologic ultrasonographer
at the Women and Children’s Hospital of Chongqing Medical
University. Ultrasound machines used in the study were the GE
Voluson E8 or E10 (GE Healthcare, Zipf, Austria), with
transvaginal probes measuring 5.0-9.0 MHz and
transabdominal probes measuring 2-7 MHz. For patients with
no sexual history, transabdominal exploration was performed
after filling the bladder, and transrectal ultrasonography was
performed if necessary. Transvaginal ultrasonography was used
for patients with a history of sexual intercourse. For larger
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tumors, a combination of transcavitary and transabdominal
ultrasound is used. According to the IOTA group’s
terminology and methods to evaluate the morphology of
ultrasonographic tumors (24), if a patient has a number of
adnexal masses, we choose the mass exhibiting the most
complicated ultrasound morphology, and if masses are
morphologically similar, the larger mass is used (15).

During the ultrasound examination, we collected the
patient’s age, menopausal status, and chemiluminescence
measurements (Abbott i2000 analyzer, USA) of CA125 and
HE4 before surgery.

ADNEX model

Cell phone applications for the IOTA ADNEX model are
available. There are six ultrasound variables as well as three
clinical variables in the model: age (years), referral center for an
oncology or a non-oncology center, serum CA125 level (U/ml),
maximum lesion diameter (mm), lesion diameter at its largest
solid component (mm), cyst locules exceeding 10 (yes/no),
amount of papillary projections (0, 1, 2, 3, or >3), ascites, or
acoustic shadows present (yes/no). After inputting all the
predictors objectively, as a result of the model, an absolute risk
(in percentage terms) estimate is generated for five types of
lesions in the adnexa. Furthermore, a malignancy risk estimate
that incorporates all subtypes of malignancy is presented.

Reference standard

Reference standard was the histological pathological
diagnosis results of the surgical specimens. These samples
were examined by pathologists of our hospital and the
ultrasound results were unknown. Tumors were classified
based on guidelines of the World Health Organization for the
classification of tumors (25). Stages of malignant tumors were
determined by the new International Federation of Gynecology
and Obstetrics criteria (26). A final diagnosis identified the five
types of masses: benign, a borderline ovarian tumor (BOT), a
Stage I OC, a Stage II-IV OC, and an ovarian metastatic
cancer (Table 1).

Statistical analysis

MedCalc Statistical Software version 19.4.1 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2020) and IBM SPSS Statistics for Windows, Version 20.0
(Armonk, NY: IBM Corp) were used for statistical analysis.
For statistical purposes, a borderline tumor was categorized
as malignant.

An analysis of the ADNEX model and its combination with
HE4 is based on receiver operating characteristic (ROC) curves.
The area under the curve (AUC) with 95% confidence intervals
(CIs) was calculated and the total risk of malignancy was used to
distinguish benign from malignant tumors. AUC values of the
different subclassification of malignant tumors were also
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calculated for analysis. The cutoft risks of 5%, 10%, and 15%
of the ADNEX model were selected as the total risk of
malignancy (for instance, calculate the risk of four different
malignancies as a sum) in separating benign from malignant
ovarian tumors, and the sensitivity and specificity, as well as the
predictive values and likelihood ratios, were calculated.
Additionally, DeLong’s test was applied to compare the
performance in identifying different subtypes of ovarian
tumors when the ADNEX model was used alone or was
combined with HE4.

In this work, tumor ultrasonographic characteristics, brief
population statistics of patients, a description of the clinical
features, and an analysis of tumor markers were conducted. If
data are categorical, the chi-square test and Fisher’s exact test
should be used, and if data are continuous, the Mann-Whitney
U test should be used. All comparisons were statistically
significant at p < 0.05.

Results
Pathologic diagnosis and clinical findings

There were 405 patients with adnexal masses undergoing
pre-operative ultrasound between August 2017 and September
2020. A total of 29 of these women were not included in this
work because they were under 14 years old, the mass originated
from the fallopian tube, insufficient clinical data, a broad
ligament tumor on histology, failure to undergo surgery at our
hospital, and they had not yet undergone surgery. Thus, 376
patients made up the final cohort (Figure 1).

Here is a listing of the histological results of the population
studied in Table 1. Of these 376 women, 259 (68.9%) had benign
ovarian tumors, whereas 117 (31.1%) had malignant ovarian
tumors. There were 62 (16.5%) cases of BOT, 25 (6.6%) cases of
Stage I OC, 26 (6.9%) cases of Stage II-IV OC, and 4 (1.1%) cases
of metastatic ovary. Plasmacytoid cystadenoma and mucinous
cystadenoma are the most commonly diagnosed benign tumors.
On the other hand, clear cell carcinoma and serous high-grade
carcinoma are the most common primary ovarian malignancies.

The clinical and ultrasonic characteristics of these women
are summarized in Table 2. Those women with borderline
tumors are younger than those with benign tumors, while
their percentage in all malignant tumors is 52% (62/117).
These findings showed that malignant tumors were slightly
0.074). All patients were
predominantly premenopausal (p = 0.000). Malignant tumors

older than benign ones (p =

had a significantly higher maximum diameter, incidence of solid
tissue, and incidence of papillary projections (p < 0.05 for all).
More than triple the number of patients in the malignant group
had more than 10 cyst locules (p = 0.005). A higher percentage of
malignant patients had ascites than benign patients did (p =
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TABLE 1 Pathological types of ovarian tumors in 376 patients.

Tumor pathology n (%)
Benign 259 (68.9)
Mucinous cystadenoma 87 (23.0)
Serous cystadenoma 64 (17.0)
Cystadenofibroma 6 (1.6)
Seromucinous cystadenoma 12 (3.2)
Parovarian cyst 3(0.8)
Endometriosis cyst 6 (1.6)
Serous adenofibroma 13 (3.5)
Serous surface papilloma 2 (0.5)
Theca cell tumor 11 (2.9)
Teratoma 35(9.3)
Brenner tumor 2 (0.5)
Fibroma 7 (1.9)
Corpus luteum hematoma 1(0.3)
Other ovarian benign lesion 10 (2.7)
Borderline ovarian tumor 62 (16.5)
Mucinous 23 (6.1)
Serous 35(9.3)
Serous micropapillary type 1(0.3)
Seromucinous 3(0.8)
Primary ovarian malignant 55 (14.6)
Mucinous adenocarcinoma 3(0.8)
Serous high-grade carcinoma 13 (3.5)
Clear cell carcinoma 8 (2.1)
Immature teratoma 2(0.5)
Dysgerminoma 2 (0.5)
Endometrioid adenocarcinoma 4 (1.1)
Large cell neuroendocrine Carcinoma 1(0.3)
Ovarian gonadal sex cord stromal tumor 1(0.3)
Keratinizing squamous cell carcinoma 1(0.3)
Granulosa-cell tumor 1(0.3)
Yolk sac tumor 1(0.3)
Poorly differentiated carcinoma 2 (0.5)
Carcinosarcoma 1(0.3)
Seromucinous carcinoma 5(1.3)
Adult granulose cell tumor 2 (0.5)
Rare primary invasive pathologies 4(1.1)
Ovarian metastasis 4 (1.1)

0.031). We observed acoustic shadows only in one patient with
malignant tumors.

Table 3 lists the results of analyzing serum CA125 and HE4
levels among different subtypes of ovarian tumors. For the
CA125 level, the differences were statistically significant
between benign and subtypes of malignant tumors except the
ovarian metastasis (p < 0.05 for them), and between a Stage II-
IV OC and an ovarian borderline tumor (p = 0.019). For the HE4
level, the differences were also statistically significant between
the groups above except that between a benign tumor and an
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ovarian borderline tumor (p = 0.075). In addition, the differences
in the HE4 level were also statistically significant between a Stage
I OC and a Stage II-IV OC (p = 0.011), while no statistically
significant differences were observed between an ovarian
borderline tumor, a Stage I OC, and an ovarian metastasis
tumor either in CA125 or in HE4 levels.

Assessing the differential diagnostic
ability of the IOTA ADNEX model
combined with HE4

Figure 2 shows that the AUC of the ADNEX model alone or
combined with HE4 in predicting benign tumors and malignant
OCs was 0.914 (95% CI, 0.881-0.941) and 0.916 (95% CI, 0.883-
0.942). The differences between them were not significant (p
= 0.0925).

As the cutoff risk increases, the specificity gradually increases
and the sensitivity gradually decreases simultaneously when the
ADNEX model was used alone (Table 4). The sensitivity (0.87)
and specificity (0.86) were balanced at the cutoff risk of 30.8%.
The specificity was 0.81 when the ADNEX model was combined
with HE4, which was higher than that when the cutoff risk of
ADNEX model was 10% (0.73) or 15% (0.78).

Results of the IOTA ADNEX model alone or combined with
HE4 for discriminating between different subclassifications of
ovarian tumors are listed in Table 5. Their performance in
discriminating benign from the different subtypes of malignant
tumors is excellent. The AUCs vary between 0.860 and 0.975
when the ADNEX model was combined with HE4 and between
0.841 and 0.977 when the ADNEX model was used alone. The
difference between the groups above was not statistically
significant (p > 0.05 for all). For the differential diagnosis
ability between subclassifications of malignant tumors, the
AUCs vary between 0.697 and 0.838 when ADNEX was used
alone and increased to between 0.760 and 0.903 when the
ADNEX model was combined with HE4. The difference in the
differential diagnostic ability between an ovarian borderline
tumor and a Stage II-IV OC was statistically significant (p =
0.0257). However, both of them have poor differential
diagnostics for a Stage I OC and an ovarian metastasis, with
an AUC of 0.71 and 0.76, respectively.

Regarding the differential diagnosis of an ovarian borderline
tumor and a Stage II-IV OC, the AUC from 0.838 increased to
0.903 after the ADNEX model in combination with HE4, and the
sensitivity increased from 0.73 to 0.85, while the specificity was
maintained (Table 6).

Discussion

A correct and early diagnosis of OC can significantly
increase the patient’s chances of survival (27, 28). As
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Eligible patients with an ultrasound
diagnosis (n=405)

Excluded (n=29):

Age below 14 years old (n=3)

Broad ligament myoma (n=2)

I iplete clinical data (missing CA125 or HE4 levels) (n=13)
No surgery performed at our hospital (n=5)

oviductal lesions (n=4)

No surgery performed (n=2)

Included in analysis
(n=376)

Malignant tumor (n=117): Benign tumor
B Borderline ovarian tumor (n=62) (n=259)
Stage-I ovarian cancer (n=25)

]
W Stages-I1I-IV ovarian cancer (n=26)
B Ovarian metastasis (n=4)

FIGURE 1
Diagram of how the study cohort was recruited from women diagnosed by ultrasound with adnexal masses based on the inclusion and
exclusion criteria

TABLE 2 General clinical and ultrasonographic features of 376 ovarian benign and malignant tumors.

Characteristic Benign Malignant (n = 117) 4
(n=
259)  Borderline oC OC Stages  Ovarian metastasis  Total
(n =62) Stage I I1-1v (n=4) (n=
(n = 25) (n =26) 117)
Age (years) 38.00 33.00 48.00 49.50 54.00 42.00 0.074*
(27.00, (27.75, 42.25) (38.50, (46.00, 59.00) (50.50, 58.25) (30.00,
49.00) 53.00) 50.00)
Menopausal status 0.000"
Premenopausal 216 56 (14.89) 17 (4.52) 16 (4.26) 1(0.27) 90 (2.39)
(57.45)
Postmenopausal 43 (11.44) 6 (1.60) 8 (2.13) 10 (2.66) 3 (0.80) 27 (7.18)
Maximum diameter of lesion (mm) 76 88 117 101 84.5 100 0.000*
(57,102)  (59.50, 130.50) (78, 146) (76.50, 128.25) (60, 107.50) (66, 134)
Solid tissue present 73 (19.41) 32 (8.50) 10 (2.66) 10 (2.66) 1(0.27) 53 (14.10)  0.001*
Maximum diameter of largest solid component, if 30 63 69 34.50 85 52 0.000*
present (mm) (14.50, (48.50, 93.00) (38.75, (18.75, 54.25) (75.00, 98.50) (26.50,
53.50) 86.25) 75.00)
Papillary projections present 47 (12.50) 40 (10.64) 8 (2.13) 6 (1.60) 0 (0) 54 (14.36)  0.000"
0 212 22 (5.85) 17 (4.52) 20 (5.32) 4 (1.06) 63 (16.76)
(56.38)
1 27 (7.18) 16 (4.26) 1(0.27) 1(0.27) 0 18 (4.79)
2 9 (2.39) 6 (1.60) 0 0 0 6 (1.60)
3 3 (0.80) 5 (1.33) 2 (0.53) 2 (0.53) 0 9 (2.39)
>3 8 (2.13) 15 (3.99) 5(1.33) 3 (0.80) 0 23 (6.12)
(Continued)
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TABLE 2 Continued

Characteristic

>10 cyst locules
Acoustic shadows

Ascites

Benign
(n=
259)

11 (2.93)
23 (6.12)
13 (3.46)

Borderline oC
(n =62) Stage I

10 (2.66)
0
7 (1.86)

(n = 25)

4 (1.06)
1(0.27)
1(0.27)

10.3389/fonc.2022.949766

Malignant (n = 117)

OC Stages
II-1v
(n =26)

0
0
5(1.33)

Ovarian metastasis
(n=4)

Total
(n=
117)

14 (3.72)  0.005"
1(0.27)  0.002""
13 (3.46)  0.031"

*For categorical data, n (%) is used, and for continuous data, the median (interquartile range) is used. The p-value for benign versus malignant groups is calculated with the following
methods: *Mann-Whitney U test for continuous data, “Chi-square test and “"Fisher exact test for categorical data. OC, ovarian cancer.

TABLE 3 Serum CA125 and HE4 level comparison between different subtypes of ovarian tumors.

Group

Benign

Borderline

OC Stage 1

OC Stages II-IV

Ovarian metastasis

Z1
P1
z2
P2
Z3
P3
Z4
P4
zZ5
P5
Z6
P6
z7
pP7
Z8
P8
z9
P9
Z10
P10

n

259

62

25

26

CA125

Median
(Q1, Q3)

17.30
(11.5, 29.0)
4675
(26.13, 120.68)
57.8
(18.15, 265.60)
362.0
(93.23, 751.98)
126.55
(29.55, 275.3)
-4.26
0.000
~6.441
0.000
-8.022
0.000
—2.424
0.154
-0.129
1.000
3.099
0.019
~0.578
1.000
~2.707
0.068
~0.611
1.000
0.799
1.000

HE4

Median
(Q1, Q3)

36.00
(30, 43)
41.00
(3275, 53.0)
47.00
(32.00, 104.50)
217.00
(42.10, 682.00)
585
(51.5, 88.0)
-3221
0.013
~2.674
0.075
~7.727
0.000
—2.721
0.065
1.251
1.000
5.186
0.000
~1.924
0.543
~3.267
0.011
~1.293
1.000
0.407
1.000

We present the data as a median (interquartile range); P1-P10 represent the comparison between different subtypes of ovarian tumors using Mann-Whitney U test and Z-statistic
calculated. P1, benign vs. Stage I OC; P2, benign vs. borderline; P3, benign vs. Stage II-IV OC; P4, benign vs. ovarian metastasis; P5, borderline vs. Stage I OC; P6, borderline vs. Stage II-IV

OC; P7, borderline vs. ovarian metastasis; P8, Stage I OC vs. Stage II-IV OC; P9, Stage I OC vs. ovarian metastasis; P10, Stage II-IV OC vs. ovarian metastasis.
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Receiver-operating characteristic curves (ROC) for the accuracy of ADNEX model alone (ROC 1) or in combination with HE4 (ROC 2) when
separating malignant from benign ovarian tumors. The areas under ROC1 and ROC2 curves were 0.914 (0.881-0.941) and 0.916 (0.888-0.942),
respectively. Comparing the AUC of the ROC 1 and the ROC 2 using DelLong's test (P=0.0925).

previously reported, the main models and scoring systems for
diagnosing ovarian tumors were compared and analyzed. When
diagnosing benign and malignant ovarian tumors, the ADNEX
model had a higher AUC value and sensitivity (0.94 and 96.5%)
than the risk of malignancy index (RMI) (0.85 and 89%), the risk
of ovarian malignancy algorithm (ROMA) (0.84 and 91%), and
the Copenhagen index (CPH-I) (0.81 and 69%) (29-32). The
diagnostic performance of RMI and CPH-1 is affected by the base
rate of OC (33). The main limitations of the RMI are its lack of

an estimated risk of malignancy, and its high reliance on serum
CA125, which makes it relatively insensitive to borderline and
early-stage invasive diseases, especially in women who are
premenopausal (6, 34). In addition, a multicenter cohort study
comparing six prediction models (RMI, LR2, Simple Rules,
Simple Rules risk model, and the ADNEX model with or
without CA125), conducted in 17 centers, demonstrated that
the IOTA ADNEX model and the IOTA Simple Rules risk model
were the best (6, 35). Furthermore, the ADNEX model is capable

TABLE 4 Efficacy of the IOTA ADNEX model alone or combined with HE4 to differentiate benign from malignant tumors.

ADNEX model Cutoff  Sensitivity Specificity +LR -LR PPV NPV
Benign vs. malignant 5% 0.97 0.55 2.16 0.06 0.49 0.97
(0.91-0.99) (0.49-0.61) (1.90-2.50) (0.02-0.20) (0.45-0.52) (0.93-0.99)
10% 0.93 0.73 3.39 0.10 0.60 0.96
(0.87-0.97) (0.67-0.78) (2.80-4.20) (0.05-0.20) (0.55-0.65) (0.92-0.98)
15% 0.93 0.78 4.15 0.09 0.65 0.96
(0.87-0.97) (0.72-0.83) (3.30-5.20) (0.05-0.20) (0.05-0.20) (0.93-0.98)
30.8% 0.87 0.86 6.03 0.16 0.73 0.93
(0.78-0.92) (0.81-0.90) (4.40-8.20) (0.10-0.30) (0.66-0.78) (0.90-0.96)
Benign vs. malignant combining with HE4 0.171 0.90 0.81 4.88 0.12 0.68 0.95
(0.84-0.95) (0.76-0.86) (3.80-6.30) (0.07-0.20) (62.50-73.80) (91.60-97.10)

The likelihood ratios are +LR and -LR. The predictive values are NPV and PPV.
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TABLE 5 Comparison of the differential diagnostic ability of the IOTA ADNEX model alone or combined with HE4 in the identification of various
types of ovarian tumors.

Discrimination AUC (95% CI) P
ADNEX model combined with HE4 ADNEX model

Benign vs. malignant 0.916 (0.883-0.942) 0.914 (0.881-0.941) 0.0925
Benign vs. BOT 0.860 (0.817-0.896) 0.841 (0.796-0.879) 0.2885
Benign vs. Stage I OC 0.955 (0.924-0.976) 0.948 (0.915-0.971) 0.2183
Benign vs. Stage II-IV OC 0.975 (0.949-0.990) 0.977 (0.952-0.991) 0.6051
Benign vs. metastasis 0.933 (0.896-0.960) 0.937 (0.901-0.963) 0.3517
BOT vs. Stage I OC 0.813 (0.714-0.890) 0.758 (0.653-0.844) 0.1200
BOT vs. Stage II-IV OC 0.903 (0.820-0.956) 0.838 (0.743-0.909) 0.0257
BOT vs. metastasis 0.821 (0.705-0.905) 0.773 (0.651-0.868) 0.3336
Stage I OC vs. Stage II-IV OC 0.812 (0.678-0.908) 0.734 (0.592-0.848) 0.0823
Stage I OC vs. metastasis 0.760 (0.566-0.898) 0.710 (0.513-0.862) 0.1587
Stage II-IV OC vs. metastasis 0.885 (0.715-0.972) 0.697 (0.503-0.850) 0.2960

The area under receiver operating characteristic curve (AUC) of the IOTA ADNEX model alone or in combination with HE4 is compared using DeLong’s test. BOT is borderline ovarian
tumor; OC is ovarian cancer.

of classifying subtypes of ovarian malignancies. Therefore, the subjective ultrasound evaluation, and diagnostic problems
ADNEX model is currently the most research-valued associated with difficult borderline tumors cannot be solved by
diagnostic model. logistic regression models (42). In comparison to the IOTA
At our Gynecological Oncology Center, the IOTA ADNEX ADNEX model, the simple rules of IOTA and non-IOTA models
model is effective at differentiating benign from malignant perform poorly when it comes to identifying BOTs and Stage I
ovarian tumors, which is in line with the research of domestic OCs (43, 44). Consistent with previous studies (44, 45), the
and foreign scholars (35). As far as the IOTA ADNEX cutoft IOTA ADNEX performed excellently in terms of detecting most
value is concerned, 10% was usually selected as the cutoff point types of adnexal masses in this work (an AUC of 0.697 to 0.977
in current studies, although the sensitivity (varying from 93.3% was observed). Nevertheless, the model performed poorly at
to 98%) is high and specificity is low (varying from 62% to distinguishing between an ovarian borderline tumor and a Stage
77.8%). Therefore, some scholars have proposed to use 15% as I OC (AUC, 0.758), between an ovarian borderline and a
the cutoff point to ensure that its sensitivity is >90%, and its metastatic tumor (AUC, 0.773), between a Stage I OC and a
specificity can be increased (varying from 72.7% to 83.7%) (15, metastatic tumor (AUC, 0.710), between a Stage I OC and a
29, 36-39). In our study, when the IOTA ADNEX model was Stage II-IV OC (AUC, 0.734), and between a Stage II-IV OC
combined with HE4, the sensitivity of differentiating benign and a metastatic tumor (AUC, 0.697). The results were similar to
from malignant ovarian tumors was 90.43%, and the specificity or lower than previous studies (29, 37).
could be increased to 81.47%. It can reduce the number of false In order to enhance early OC detection, we combined the
positives, optimize resource allocation, and reduce treatment IOTA ADNEX model with HE4 for the first time. Serum CA125
cost due to its high specificity. was a clinical indicator in the ADNEX model that may be
Currently, ultrasound-based predictive models for the impacted by infections and pregnancy, having a lower
preoperative correct detection of an ovarian borderline tumor, sensitivity and a high false-positive rate (30, 46-49). Serum
a Stage I OC, and a metastatic tumor remain a challenge (40, 41). HE4, an important supplementary indicator of CA125, had a
Previous studies have shown that almost one-half of all similar sensitivity and a higher specificity, especially for
borderline tumors are incorrectly diagnosed or classified by asymptomatic patients with Stage I OC, and had been

TABLE 6 An assessment of the IOTA ADNEX model combined with HE4 to differentiate an ovarian borderline tumor from a Stage I1-1V OC.

ADNEX model Sensitivity Specificity +LR -LR PPV NPV  Cutoff Youden index p

Borderline vs. Stage II-IV OC 0.73 0.90 7.31 0.3 0.76 0.89 314 0.631 0.0257
(0.52, 0.88) (0.80, 0.96) (3.3,16.2) (0.2,0.6)  (0.60,0.88) (0.80, 0.94)

Borderline vs. Stage II-IV OC combined with HE4 0.85 0.90 8.46 0.17 0.79 0.93 0.195 0.746

(0.65, 0.96) (0.80,0.96)  (39,184) (0.07,0.4) (0.63,0.89) (0.85,0.97)

NPV represents the negative predictive value; PPV represents the positive predictive value. The likelihood ratios are positive (+LR) or negative (-LR).
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recommended as a potential biomarker (50). Our results showed
that the ADNEX model, whether combined with HE4 or not,
was excellent for the differential diagnosis of benign and
malignant ovarian tumors (AUC of 0.916 and 0.914,
respectively). The specificity of the combined diagnosis of the
ADNEX model and HE4 is greater than that of the 10% cutoff
risk in the ADNEX model, while the sensitivities are both greater
than 90%. The differential diagnosis ability improved after the
ADNEX model was combined with HE4 compared with the
ADNEX model used alone in distinguishing between most of the
different types of ovarian malignancies, with the AUC varying
between 0.697 and 0.838 and increased to between 0.760 and
0.903. However, it was still ineffective at distinguishing between
Stage I OC and metastasis tumor (AUC of 0.760 and 0.710,
respectively). Most of the differences above were not statistically
significant (p > 0.05 for them) except for an ovarian borderline
tumor vs. a Stage II-IV OC (p = 0.0257), which may be related to
the non-obvious expression of serum CA125 and HE4 levels that
was significantly different between borderline, Stage I OC, and
metastatic OC groups (as shown in Table 3) or may be related to
the limited number of cases in our study. Therefore, further
research should be conducted for biomarkers targeting early
diagnosis of OC. Some researchers have proposed ovarian tumor
stem cell-specific biomarkers such as CA24, CD44, CD133, and
SSEA, and others have proposed the unique peritoneal microbial
profile of OC patients. Perhaps, these biomarkers have
important biological and clinical significance in terms of the
early detection rate of OC (51, 52).

Our study has shortcomings. First, this work was conducted
in one hospital, with limited data collection. Second, the
feasibility was not verified either in internal or in external
gynecological oncology centers with new data. We will
gradually overcome these problems in a follow-up research.

In conclusion, the ADNEX model, alone or combined with
HE4, performs excellently to determine the benignity or
malignancy of an ovarian tumor, while the specificity was
higher when combined with HE4. The ADNEX model
combined with HE4 can improve the differential diagnosis
ability and the sensitivity of an ovarian borderline tumor and
a Stage II-IV OC.
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Case report: Strategies for
improving outcomes in patients
with primary ovarian small-cell
neuroendocrine carcinoma
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‘Department of Obstetrics and Gynecology, Affiliated Hospital of Guangdong Medical University,
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Small-cell neuroendocrine carcinoma (SCNEC) of the ovary is a gynecological
malignancy characterized by rapid progression and poor prognosis. SCNEC is
divided into primary and metastatic tumor. Primary ovarian neuroendocrine
cancer is extremely rare and has a low 5-year survival rate. This paper reports
the clinical manifestations of a 58-year-old patient with primary ovarian Small-
cell neuroendocrine carcinoma and the prognosis after surgical adjuvant
chemotherapy. The prevailing literature on this carcinoma is also reviewed
and summarized. Our analysis reveals that histopathological examination is the
standard diagnostic tool for ovarian SCNEC. We also highlight the importance
of comprehensive imaging evaluation, early pathological diagnosis and
comprehensive aggressive treatment to the prognosis of patients.

KEYWORDS

ovarian cancer, small cell neuroendocrine tumor, case report, metastatic disease,
pulmonary type

Background

Neuroendocrine tumors are a group of heterogeneous tumors that originate from
different neuroendocrine organs or stem cells. These tumors produce bioactive amines
and polypeptide hormones. They usually occur in gastrointestinal pancreas, cervix or
ovary (1). Gynecological neuroendocrine tumors are rare and there are no clear
guidelines for their clinical management. For instance, ovarian neuroendocrine tumors
account for about 2% of all gynecological tumors. Six percent of women have
neuroendocrine cells in the ovarian stroma, and these cells contribute to the
development primary ovarian neuroendocrine tumors. To date, the origin of
neuroendocrine tumors is not clear. These tumors are divided into carcinoid, small
cell neuroendocrine tumor, and large cell neuroendocrine tumor (2). Here, we report a
patient with primary ovarian Small-cell neuroendocrine carcinoma with brain metastasis.
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The clinical manifestation, diagnosis, and treatment of the
patient are discussed. The patient gave written informed
consent to the use of her clinical data for research. The study
was approved by the Ethics Committee of the affiliated Hospital
of Guangdong Medical University.

Case presentation
Basic information

A 58-year-old female patient who underwent brain surgery
was suspected to have left frontal metastatic neuroendocrine
carcinoma through postoperative pathology (Figure 1). After
surgery, a pelvic MRI examination revealed a solid mass of about
24 cm * 3.5 cm * 34 cm on the right side of the pelvic
region (Figure 2).

Auxiliary examinations

Gynecologic ultrasound showed irregular hypoecho mass
(measuring 4.0 cm * 2. 7 cm) adjacent to the internal iliac
arteriovenous vein in the right lower pelvis. Pelvic CTA
demonstrated right pelvic cystic-solid mass; the lesion was
supplied by blood from the right ovarian artery. In addition,
pelvic MRI (Figure 2) showed a pelvic right solid mass,
measuring about 2.4cm * 3.5cm * 3.4cm, with a clear
boundary, local like linear signal connected to the uterus and
potential right appendage source of malignant tumor lesions.
Tests for serum tumor markers were negative.

Treatment

The patients received laparoscopic total uterine double
attachment resection, bilateral ovarian arteriovenous high

10.3389/fonc.2022.954289

ligation, abdominal catheterization and postoperative adjuvant
chemotherapy (chemotherapy regimen is shown in Table 1).

Postoperative pathological examination

Postoperative routine pathology showed an intact bilateral
ovarian neuroendocrine carcinoma that was confined to the
ovary (Figure 3). Immunohistochemistry analyses showed CD56
(+), CgA (+) Ki-67 index of about (30% -40%), PAX-8 (-), Syn
(+), Vimentin (-) and WT-1 (-).

Prognosis and follow-up

The patient was still alive at a follow-up performed two years
after surgery. There were no signs of recurrence during the
follow-up period. However, the patient showed progressive
memory decline, recent memory loss, loss of consciousness,
behavioral regression, intermittent convulsions which could
stop by themselves, and typical brain symptoms.

Discussion

Primary ovarian small cell carcinoma is a highly malignant
gynecological tumor characterized by rapid progression and
recurrence. Moreover, it has a low 5-year survival rate, with
the 1- and 5- year survival rate being 50% and 10%, respectively
(3). According to WHO 2017 Tumors of Female Genital
Classification, small cell carcinoma of ovary are classified into
Ovary-hypercalcemic Type (SCCOHT) and the Ovary-
pulmonary Type (SCCOPT). SCCOPT was first reported by
Eichhorn et al. (4) in 1992 (11 cases). However, According to the
new WHO classification of Female Genital tumors (5), The
concept of SCCOPT no longer exists. But the nomenclature
concerning this clinical disorder has been ambiguous and highly
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FIGURE 1

Pathology of brain surgery (A) A soft and grey brain solid mass tissue, 2.5 cm * 1.0 cm * 0.5 cm. (B) postoperative pathology:left frontal

metastatic neuroendocrine carcinoma.
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FIGURE 2

Pelvic magnetic resonance images showing a solid mass of
about 2.4 cm * 3.5cm * 3.4cm on the right side of the pelvic
region (arrow)

depended on histological features. We believe that this case is
more consistent with SCCOPT in the old classification,
Therefore, we continue to use the old term SCCOPT. In fact,
less than 20 cases have been reported on SCCOPT in the past five
years. We reviewed and analyzed previous data on ovarian small
cell carcinoma as shown in Table 2.

Analysis of data on all the cases of lung-type small cell
carcinoma generated in the past 5 years showed that all patients
were similar in terms of age of onset, clinical symptoms, blood
calcium level, pathological characteristics, and prognosis after
treatment. However, in 75% of patients with lung small cell
carcinoma, bilateral ovaries are involved and are often
complicated with other gynecological tumors (5). However, the
patient in our study had unilateral ovary carcinoma, with no
other gynecological tumors. The patient was a postmenopausal
58-year-old woman who was diagnosed with a pelvic mass
without any symptoms after brain surgery. The diagnosis of
this condition is based on pathological examination. Previous
data have shown that, histopathologically, most SCCOPT cases

TABLE 1 Postoperative chemotherapy.

10.3389/fonc.2022.954289

exhibit an inconspicuous sheet structural pattern, with
monomorphic tumor cells showing spotted chromatin,
inconspicuous or absent nucleoli, and reduced cytoplasm with
nuclear atypia. The tumor cells may be arranged into rosettes in
a few cases of SCCOPT. Consistently, our study demonstrates
that the tumor cells had a uniform size, nested arrangement,
slightly less cytoplasm, high ratio nucleoplasma, less obvious
nucleoli, deep-stained cells and follicular space, which is
different from features of the high calcium type small cell
carcinoma (6).

Immunohistochemical characteristics of ovarian
neuroendocrine tumors vary according to the type of tumor.
Tumor cells in SCCOPT were cytoplasmically positive for
neuroendocrine markers such as chromogranin, neuron-
specific enolase, synaptophin and CD56 (membranous).
Although chromogranin is the most specific marker, it has low
sensitivity. For small cell neuroendocrine carcinoma, it has a
positivity rate of about 50%. On the other hand, CD56 has been
shown to be the most sensitive marker of neuroendocrine
differentiation (62%), followed by CGA (39%) and SYN (26%)
(7). These markers show positive results for epithelial cell
membrane antigens and may be focal positive for vimentin
and cytokeratin. In the present case, CD56 (+), CgA (+), Ki-67
index (30% - 40%), and Syn (+) results were consistent with
those reported in previous studies and all of them predict
good prognosis.

Clinically, SCCOPT must be distinguished from metastasis
of lung and thymic small cell carcinoma to the ovary (8). The
two are morphologically indistinguishable, with similar staining
results of immune marker. They have neuroendocrine
characteristics and can express specific neuroendocrine
markers, such as chromogranin and chromopin A. Currently,
differential diagnosis of SCCOPT is mainly based on pulmonary
primary lesions and clinical history. In a previous study,
cytokeratin 20 immunohistochemical findings showed that
SCCOPT are perinuclear positive, while lung metastasis cancer
show negative CK20 staining, which may provide a useful basis
for the authentication and discrimination between SCCOPT and
lung metastasis cancer (9). Although immunohistochemical tests
did not show whether CK20 was positive, the patient had no
history of smoking, chest discomfort or obvious abnormalities in
chest CT. Therefore, lung small cell carcinoma was ruled out.

Period Drug and dose Side effect
1 Eetoposide 185mg + cisplatin 60mg III leukocytes,
1I thrombocytopenia
2-5 Binding albumin paclitaxel 300mg + cisplatin 55mg III leukopenia
numbness of the hands and feet
6 Illinotecan 200mg + apatinib III leukopenia
7-8 Carrelizumab 200mg + apatinib /
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FIGURE 3

Pathology of ovarian surgery (A) HE stain. (B=D) Immunohistochemistry images showing the expression of CgA (+), ki-67 index about (30%-

40%) and Syn (+).

Notably, the role of CK20 (+) in distinguishing ovarian primary
SCCOPT from lung metastatic small cell carcinoma
remains controversial.

Ovarian small cell carcinoma is mainly treated with surgical
adjuvant chemotherapy. However, there is no standard
chemotherapy regimen. Some studies have proposed that
patient sensitivity to platinum drugs is dependent on disease
stage, and these drugs may benefit patients with the early stage of

TABLE 2 Summary of published small cell carcinoma of the ovary.

the disease. However, of the currently used treatments are not
effective. In 2020, Parikshaa Gupta et al. (6) analyzed three
patients with stage IV lung small cell cancer who underwent
tumor reduction surgery. Two patients received 6 cycles of TC
regimen chemotherapy, and one experienced relapse after 1
month and no recurrence was reported after 30 months. The
remaining one patient received six cycles of cisplatin plus
etoposide chemotherapy plus 2 vaginal brachytherapy after 12

Study Age n Type FIGO Stage Outcome (follow-up period)
Syed A. Mannan et al. 21 1 SCCOPT(Left) and MOC 1C DOD(10 months)
Eric M. Sieloff et al. 53 1 SCCOPT (Right) Unstage N/A
Parikshaa Gupta et al. median 20 4 3 SCCOPT (bilateral) v 1 N/A
1 SCCOPT (Right) and UEA 1 NED

(12 months)

2 AWD

(12 months and 30 months)
Parikshaa Gupta et al. 44 1 SCCOPT(Right) Unstage N/A
D.Tsolakidis et al. 55 1 SCCOPT (Left) 111C NED(21 months)
Lei Yin et al. 46 1 SCCOPT (bilateral) and UEA Unstage DOC(7 months)
Lin LI et al. median 53 3 2 SCCOPT (Right) IC/HIC/TV 2 NED(7 months and 30 months)

1 SCCOPT (bilateral)

1 DOD(12 months)

UEA, Uterine Endometrioid Adenocarcinoma; MOC, Mucinous Ovarian Cancer; SCCOPT, SCCO of pulmonary type; AWD, alive with disease; DOD, dead of disease; DOC, dead of other

courses; N/A, not available; NED, noevidence of disease.
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months of follow-up. In 2021, Syed A. Mannan et al (10)
performed tumor reduction plus 1 cycle of cisplatin +
etoposide chemotherapy in one stage IC patient, who died
after 10 months of follow-up. These data demonstrate that a
combination of multiagent chemotherapy regimen and
paclitaxel can prolong the survival time of patients in the stage
of the disease or who develop postoperative recurrence.

In this case, the patient received surgical adjuvant
chemotherapy and postoperative chemotherapy regimen
(Table 1). Irinotecan specifically inhibits DNA topoisomerase I
and interferes with DNA replication and cell division, which
results in cytotoxicity. In comparison, apatinib is an orally
targeted small-molecule anti-angiogenesis drug whereas
carilizumab is a humanized anti-PD-1 monoclonal antibody
with high affinity.

Chunyan Lan et al. (11) used a low dose of apatinib and
carizumab in 10 patients with advanced Cervical Cancer, and
obtained an objective remission rate of 55.6% (95% CI, 40.0% to
70.4%), as well as the median progression-free survival was 8.8
months (95% CI, 5.6 months to not estimable). Since the patient
in our case had granulocytopia and other symptoms during the
first 4 cycles of chemotherapy, it was replaced with second-line
therapy. Follow-up data showed that the patient survived for
more than 2 years after surgery but developed typical brain
symptoms. In conclusion, the use of surgical adjuvant
chemotherapy in this case prolonged the survival time of
patients. Besides, platinum drugs were also effective for
patients with small cell cancer, and their sensitivity was
dependent on the disease stage. In summary, patients with
small cell carcinoma of ovarian lung type require
comprehensive treatment approach regardless of the stage.

Conclusion

In conclusion, SCCOPT is extremely rare. This cancer is
common in postmenopausal women and has no specific clinical
manifestations. The pathological and immunological
examination of tumor tissues are the main diagnostic tools for
this cancer. Positive expression of neuroendocrine markers;
CD56, CgA, Syn, and negative results of Vimentin can
confirm the diagnosis of SCCOPT. There is no effective
treatment for patients with degree of malignancy and risk of
relapse. The combination of surgical adjuvant multi-drug
chemotherapy and platinum drugs can improve the prognosis
of patients. Therefore, comprehensive imaging examination,
early pathological diagnosis, and comprehensive treatment are
important strategies to improve patient outcomes.
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Human amniotic membrane for
myocutaneous dehiscence after
a radical surgical treatment of
vulvar cancer: A case report
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Diletta Trojan?®, Giulia Montagner®, Giancarlo Pengo?,

Grazia Pividore®, Roberta Albanese®, Emanuele Rampino®,
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Giovanni Scambia®®*, Lorenza Driul®* and Giuseppe Vizzielli®
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Udine, Udine, Italy, 2Medical Area Department (Dipartimento di Area Medica, DAME), Universita
degli Studi di Udine, Udine, Italy, *Fondazione Banca dei tessuti di Treviso Onlus, Treviso, Italy,
4Surgical Video Production & Multimedia Medical — Azienda Sanitaria Universitaria Friuli Centrale,
Udine, Italy, *Piwimed s.r.l, Udine, Italy, ®Dipartimento di Scienze Chirurgiche, Clinica di Chirurgia
Plastica Ricostruttiva, Universita degli Studi di Udine, Udine, Italy, “Department of Anesthesia and
Intensive Care, University Hospital of Udine, Udine, Italy, ®Radiation Oncology Department,
University Hospital of Udine, Udine, Italy, °Gynecology and Breast Care Center, Mater Olbia
Hospital, Olbia, Italy, *°Dipartimento di Scienze della Vita e Sanita Pubblica, Universita Cattolica del
Sacro Cuore, Roma, Italy, *Dipartimento per la salute della Donna e del Bambino e della Salute
Pubblica, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Unita Operativa Complessa
Ginecologia Oncologica, Roma, Italy

Background: The application of the amniotic membrane could have a
favourable effect on tissue repair and regeneration. We report the first case
of implant of an amniotic membrane in a patient affected by myo-cutaneous
dehiscence, after a radical surgical treatment for vulvar cancer.

Methods: We describe a case of a 74-years-old patient affected by vulvar
cancer. After radiotherapy, the patient underwent to an anterior pelvic
exenteration with uretero-ileo-cutaneostomy by Wallace, bilateral pelvic
lymphadenectomy, omental biopsies, omental flap, bilateral inguinal
lymphadenectomy, resection of ulcerated left inguinal lesion, reconstruction
with left gracilis muscle flap and locoregional V-Y advancement flap. The
patient developed a myo-cutaneous dehiscence. Two months after the
surgery, following an accurate curettage of the wound and negative pressure
therapy, a patch of human amniotic membrane was implanted.

Results: The surgical procedure was easy, feasible and did not require long
operating room times. No intraoperative or postoperative complications
occurred. The results obtained were encouraging with a marked
improvement in the surgical wound.
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Conclusion: the use of amniotic membranes was safely and easily performed
to promote the healing of complicated surgical wounds.

KEYWORDS

amniotic membrane, case report, allograft, vulvar cancer, dehiscence

Introduction

Vulvar cancer is one of most rare gynecological tumors, in
fact, it accounts for only 2-5% of the cases (1). Squamous cell
carcinoma (SCC) of the vulva, the most common subtype, has
traditionally been considered a disease of postmenopausal
women, although the average age of incidence has decreased
in recent years due to the increase in HPV infections worldwide
(1-4). The treatment of vulvar cancer depends mainly on
histology and staging (1, 2), other variables influencing the
management are age, coexistence of comorbidities and the
patient’s performance status. Treatment is predominantly
surgical, particularly for SCC, although concomitant
chemoradiation is an effective alternative, particularly for
advanced tumors and those where pelvic exenteration would
be necessary to obtain adequate surgical edges (1-5). The most
severe and common postoperative complications of vulvar
cancer surgery are lymphedema, lymphocele, and wound
dehiscence. In particular, en bloc surgery raised complications
and wound dehiscence to 70-90% of cases (6, 7). The use of
negative pressure therapy is an option for the conservative
management of large wounds dehiscence (8). Human amniotic
membrane (HAM) has been reported as a versatile graft in many
surgical interventions. The first clinical application of HAM
dates back to 1910 (9) and since then several studies reports its
efficacy, especially as a biological dressing for chronic wounds
(10, 11), but also in gynecological surgery (12, 13). In fact, HAM
promotes cell migration and proliferation; it has anti-
inflammatory and antimicrobial properties without prompting
immunoreaction in the recipient (14-17). We describe the first
case of implantation of HAM in a patient affected by vulvar
cancer with a myocutaneuos dehiscence.

Case description

We report the case of a 74-year-old female patient with
previous bilateral salpingo-oophorectomy and hysterectomy for
uterine fibromatosis. She had a clinical history of hypertension
and dyslipidaemia and a silent family history. The patient came
to our attention due to the development of itching and vulvar
oedema associated with leucoxantorrhoea. A gynaecological
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examination under narcosis with multiple biopsies was
performed. Histological examination diagnosed unrelated HPV
infiltrating squamous cell carcinoma ¢T3 N2 MX. Staging MRI
and PET-CT were subsequently performed, which confirmed
vulvar neoplasia with locoregional infiltration and bilateral
lymph node localisation. Imaging also revealed the presence of
a lung abdensation, which was biopsied and diagnosed as
adenocarcinoma with pulmonary primitivity. The lung tumour
underwent radiotherapy treatment, with complete response. On
the subsequent PET-CT scan it was no longer described.

For the vulvar neoplasm, the patient underwent
radiotherapy treatment for a total of 35 sessions. From 13™
July 2021 to 28" September 2021, we performed exclusive
radiotherapy treatment of vulvar neoplasm and loco-regional
lymph node drainage (total dose 54 Gy in 35 sessions). Three
months after radiotherapy treatment, we observed a persistent of
the disease confirmed also by PET-CT scan examination. For
this reason, the patient was submitted on 27t January 2022 to an
anterior pelvic exenteration with uretero-ileo-cutaneostomy
packing by Wallace (18), bilateral pelvic lymphadenectomy,
omental biopsies, omental flap, bilateral inguinal
lymphadenectomy, resection of ulcerated left inguinal lesion,
reconstruction with left gracilis muscle flap and locoregional V-
Y advancement flap. Two days after surgery, the gracilis muscle
flap was distressed with subsequent dehiscence of the surgical
wound (Figure 1). For this reason, we decided to apply negative
pressure therapy at the dehiscence site. Considering the
1™ April 2022 we decided to implant
amniotic membrane on surgical wound because of its anti-

difficulties in healing on 1

inflammatory and antimicrobial properties (Figures 2A, B).
The human amniotic membrane was provided by Treviso
Tissue Bank Foundation, a non-profit health organization
accredited by the National Transplant Centre. The placenta is
collected from donors undergoing caesarean delivery, after their
consent for the donation. Donors areselected and screened
according to Italian requirement, that includes serological and
molecular tests. The placenta is processed in a Good
Manufacturing Practice (GMP) compliant facility, shortly after
retrieval. The amniotic membrane is carefully detached from the
chorion and rinsed with sterile saline solution to remove residual
blood. Subsequently, amniotic membrane is immersed in a
cocktail of antibiotics validated for tissue decontamination
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FIGURE 1
Myo-cutaneous dehiscence.

(19, 20). After the removal of blood and spongy residues, liquid nitrogen, immersed in a cryopreserving solution made up
amniotic membrane is cut in patches of desired sizes, that are with Base medium (Alchimia Srl, Italy), DMSO (WAK-Chemie,
positioned on filters in contact with the stromal side, to keep the Germany) and human albumin (Kedrion, Italy). On that date,
orientation. Amniotic membrane is then stored in vapor phase the patient still had a continuous solution between the

FIGURE 2
(A) Human amniotic membrane application. (B) Human amniotic membrane detail.
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myocutaneous gracilis flap and the root of the right thigh, about
5-6 cm in longitudinal diameter, which deepened by about 2 cm.
There was also a further continuous solution at the level of the
root of the left thigh, the myocutaneous flap and the inguinal
root, approximately 3 cm in maximum diameter and 1-2 cm
deep, which was in continuity with the previous one at the level
of the anal margin.

Surgical procedure

Under general anaesthesia, the patient was placed in the
lithotomy position. We removed the negative pressure therapy.
Following an accurate curettage of the vulvar scar with a curette
to remove the granulation tissue, the tract was prepared for the
implant of the HAM. The cryopreserved HAM resting on a filter
was thawed in the operating room by immersion in a bath of
saline solution at 40°C, without removing the packaging. It was
subsequently washed twice in saline solution at 25°C; finally, one
side of the square HAM was transfixed with a resorbable suture
(2-0 VicrleM, Ethicon Endo-Surgery, Inc., Cincinnati, OH,
USA). Attention was paid to place the epithelial side of the
HAM outward, to face the dehiscence wound (Figures 2A, B).
The temporal timeline of the clinical case is showed in Figure 3.

Results

No intraoperative or postoperative complications occurred.
Stool softeners and analgesics were prescribed as needed. We
continued to use negative pressure therapy at the wound site,
changing the dressing weekly. Within 10 days of the amniotic
membranes being placed, the wounds had significantly reduced

2021.5.21 -2021.6.3
MRI and PET-TC confirmed vulvar neoplasia.

2021.5.16

First visit to our hospital for itching
and vulvar oedema associated with
leucoxantorrhoea

. |

2021.1272;

PET-TC revealed persistent
of the vulvar neoplasia

10.3389/fonc.2022.1009884

(Figure 4). On 23™ April 2022 the patient died for other
circumstances unrelated to the surgical procedure. However,
the results obtained were encouraging with a marked
improvement in the surgical wound.

Discussion

The implantation of amniotic membranes on surgical
wounds appears to be safe; moreover, the psychological impact
of the treatment on our patient was acceptable, with an
improvement also in terms of pain and thus quality of life.
HAM has already been used in several sites of the
gastrointestinal tract, such as the duodenum, colon and
rectovaginal fistula (21, 22). The use of HAM is also a
widespread clinical practice in other fields of medicine such as
eye surgery and the treatment of an increasing number of ocular
surface diseases (23).

To our knowledge, this is the first case of using HAM to
promote healing of a surgical wound in a patient with
gynecological oncology. The benefits of amniotic membrane
placement in difficult-to-heal surgical wounds could be related
to its anti-inflammatory and antimicrobial properties and low
immunogenicity (14-17). In fact, no immunosuppression
therapy was administered to the patients and no immune
reaction was triggered by the HAM, analogously to other
published clinical application of this graft (24-27).

Due to sudden death, it was not possible to evaluate the long-
term outcome of this procedure, but the results obtained seemed
encouraging, considering the progression of healing achieved in
the first two weeks after application of the amniotic membrane.

-.1This is an isolated case of the application of HAM, with a
follow-up that is too limited to establish their real effectiveness.

2022.1.25 2022.4.20
surgical wound Observation of a significant
dehiscence reduction of the wound (Figure 3)

2022.1.31 -2022.2.15
Application of negative pressure therapy
to dehiscence site.

|

I

-~ |

1988: bilateral 2021.5.20 2021.7.13 - 2021.9.3

hysteroannessiectomy Diagnosis of unrelated radiotherapy treatment

for uterine fibromatosis | HPV infiltrating for a total of 35
squamous cell sessions

carcinoma ¢T3 N2 MX

Legend:

@previous surgery
Oclinical information
@interventions

@ innovative intervention
@ outcome

2022.1.27

Surgery and reconstruction
with left gracilis muscle flap
and locoregional V-Y
advancement flap.

2022.4.11

Implantation of human
amniotic membrane on
dehiscence site.
Application of negative

pressure therapy.
Weekly dressing
change.

2021.4.23
Patient’s death
unrelated to the
surgical
procedure

FIGURE 3
Timeline of the clinical case.
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FIGURE 4
Effect of human amniotic membrane after two weeks.

Within the limits of this case report, a promising suggestion has
been made regarding the use of HAM for gynecological surgery.

Conclusion

Taking into account the high risk of dehiscence in vulvar
cancer patients undergoing radical surgery, the use of HAMs
could be a weapon to be considered. Case series providing longer
follow-up should be encouraged, in order to provide useful data
for increased use of this technique. In particular, future clinical
studies could aim at comparing the efficacy of HAM versus
traditional techniques.
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Nomogram models for the
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Yunnan Key Laboratory of Artificial Intelligence, Kunming University of Science and Technology,
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Background: Cervical cancer (CC) is one of the most common cancers in
women. This study aimed to investigate the clinical and non-clinical features
that may affect the prognosis of patients with CC and to develop accurate
prognostic models with respect to overall survival (OS) and cancer-specific
survival (CSS).

Methods: We identified 11,148 patients with CC from the SEER (Surveillance,
Epidemiology, and End Results) database from 2010 to 2016. Univariate and
multivariate Cox regression models were used to identify potential predictors
of patients’ survival outcomes (OS and CSS). We selected meaningful
independent parameters and developed nomogram models for 1-, 3-, and 5-
year OS and CSS via R tools. Model performance was evaluated by C-index and
receiver operating characteristic curve. Furthermore, calibration curves were
plotted to compare the predictions of homograms with observed outcomes,
and decision curve analysis (DCA) and clinical impact curves (CICs) were used
to evaluate the clinical effectiveness of the nhomograms.

Results: All eligible patients (n=11148) were randomized at a 7:3 ratio into
training (n=7803) and validation (h=3345) groups. Ten variables were identified
as common independent predictors of OS and CSS: insurance status, grade,
histology, chemotherapy, metastasis number, tumor size, regional nodes
examined, International Federation of Obstetrics and Gynecology stage,
lymph vascular space invasion (LVSI), and radiation. The C-index values for
OS (0.831 and 0.824) and CSS (0.844 and 0.841) in the training cohorts and
validation cohorts, respectively, indicated excellent discrimination
performance of the nomograms. The internal and external calibration plots
indicated excellent agreement between nomogram prediction and actual
survival, and the DCA and CICs reflected favorable potential clinical effects.

Conclusions: We constructed nomograms that could predict 1-, 3-, and 5-year
OS and CSS in patients with CC. These tools showed near-perfect accuracy
and clinical utility; thus, they could lead to better patient counseling and
personalized and tailored treatment to improve clinical prognosis.

KEYWORDS

cervical cancer, nomogram, overall survival, cancer-specific survival, SEER database
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Introduction

Cervical cancer (CC) is one of the most commonly occurring
cancers in women. Despite being one of the most preventable
cancers through screening, cervical cancer caused the death of
4138 women in the US in 2018, the equivalent of 11 women per
day, one-half of whom were aged <58 years at death (1).
Although the overall incidence of CC has been declining for
decades, rates of the distant-stage disease and cervical
adenocarcinoma, which are often undetected by cytology, are
increasing; this increase is largely driven by trends in young
women (2). These findings underscore the need for more
targeted efforts to increase both human papillomavirus (HPV)
vaccination among all individuals aged <26 years and primary
HPV testing or HPV/cytology co-testing every 5 years in women
from the age of 25 years, as recommended by the American
Cancer Society in updated guidelines published in 2020 (3, 4).
The clinical stage is a reliable and widely accepted indicator that
can be used to evaluate the prognosis of patients with CC (5). At
the end of April 2022, there were two main clinical staging
schemes: the American Joint Committee on Cancer (AJCC)
Staging Seventh Edition and the International Federation of
Obstetrics and Gynecology (FIGO) 2009 Guidelines. FIGO
staging is mainly based on clinical characteristics, but few
studies have considered the impact of non-clinical parameters
on its clinical utility and net benefit in patients with CC (6-9).
Clinical staging is mainly based on cervical tumor size or extent
of pelvic disease, with less weight given to other important
prognostic factors such as age, race, and treatment modality.
Therefore, clinical staging alone is insufficient to predict the
prognosis of patients with CC, and a more complete prognostic
assessment protocol is required. Herein, we revised the TNM
stage according to the FIGO classification (2009 version) and
explored the use of nomogram models for prognosis prediction
in patients with CC in terms of overall survival (OS) and cancer-
specific survival (CSS) in combination with clinical and non-
clinical indicators.

The nomogram model is a simple visualization tool based on
multivariate Cox proportional hazard regression, which is
becoming increasingly popular in oncology as a means of
predicting and quantifying the probability of an individual
patient’s survival (10). Our data were based on the
Surveillance, Epidemiology, and Outcomes Database (SEER),
which collects data on cancer diagnosis, treatment, and survival,
covering approximately 35% of the US population (11). This
widely used resource collects demographic, clinical, and
outcome information on all types of cancer and makes it freely
available to researchers (11).

In this retrospective study, we developed nomogram models
to provide a simple graphical representation of clinical events
and generate numerical probabilities (12), and derived and
validated prognostic profiles to predict OS and CSS in patients
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with CC enrolled in the SEER database from 2010 to 2016. We
expect these nomograms to have applications in supporting
clinical decision-making and ongoing work. Compared with
other studies evaluating survival prognosis in patients with CC
using nomograms (6-9), the sample of patients with more
complete patient parameters enrolled in our study enabled us
to use more real-time data (13). Importantly, we predicted CSS
and OS and evaluated our model internally and externally using
five approaches: the C-index (Harrell protocol index), receiver
operating characteristic (ROC) curves, calibration plots, decision
curve analysis (DCA) and clinical impact curves (CICs), making
our study more complete and reliable compared with
previous studies.

Material and methods
Patients and endpoints

The study used the database of the SEER National Cancer
Institute (https://seer.cancer.gov/), a free US cancer registry. We
gained access to SEER database files, and all authors followed
SEER database policies throughout the search process.
Individual informed consent was not required because no
personal data were used in this study.

Information on patients newly diagnosed with CC between
2010 and 2016 was extracted from the SEER-18 database using
the SEER"Stat software version 8.3.9.2. As information on site-
specific metastases was only available from 2010 in the SEER
database, we limited the scope of the analysis to the period 2010-
2016. Patients with CC were considered eligible to be enrolled in
this study if they had only one primary malignancy, an end date
of active surveillance, and complete clinical and pathological
information (e.g., age, race, FIGO stage, tumor grade, and
treatment). Variables for each patient included age, race,
marital status, insurance, primary site, TNM status,
pathological type, histological grade, distant metastasis,
treatment strategy, vital status, and survival time. The
exclusion criteria in this study were as follows: (a) unknown
AJCC 6th TNM stage; (b) unknown marital status; (c) unknown
race; (d) regional median family income; (e) unknown laterality
of the tumor; (f) unknown tumor size; (g) unknown histological
grade; (h) unknown radiotherapy and chemotherapy records;
and (i) unknown survival months. In our study, TNM status was
classified according to FIGO (2009 edition). Distant metastases
were diagnosed in the lymph nodes, liver, lung, bone, and brain.
We added a variable of “metastasis numbers”, which was
classified according to the transfer of organs. Local treatment
of primary tumors was mainly by surgery or radiation therapy.
The surgical approach was characterized by three variables:
radiation sequence with surgery (RSS), primary site surgery,
and regional lymph node surgery (RLNS). Radiation was
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classified into four types: beam radiation, brachytherapy,
combination of beam with brachytherapy (BRB), and no/
unknown treatment. The primary endpoints of this study were
OS and CSS of patients with CC.

Statistical analysis

All eligible patients were randomized in a 7:3 ratio into
training and validation groups. Chi-square test was used to
compare clinical and pathological characteristics between the
training and validation groups. The nomograms were developed
in the training cohort as follows. First, univariate Cox analysis
was used to evaluate the ability of each variable to predict OS.
Second, variables that reached statistical significance in the
univariate Cox analysis were fitted in the multivariate Cox
analysis. To identify independent variables that had significant
impact on patient outcomes, an adverse selection procedure
using Akaike information criterion (AIC) scores for variable
selection was introduced. Finally, the remaining variables were
used in the construction of the nomograms. The primary
endpoints of the nomograms were 1-, 3-, and 5-year OS and CSS.

The nomograms were validated in the training cohort and
the validation cohort. To assess the predictive accuracy of the
nomogram, we used the C-index, ROC curves (14), and
calibration curves (with 1000 bootstrap resamples) to visually
differentiate the predicted and actual values for 1-, 3-, and 5-year
OS and CSS. Furthermore, DCA and CICs were used to assess
the clinical value of the nomogram (15). Kaplan-Meier analysis
and log-rank test were used to investigate the differences in
survival between three risk subgroups. The chi-square test
results for these variables between the training and validation
cohorts all had P > 0.05. All analyses were conducted using R
version 4.1.3 in RStudio.

Results
Patient baseline characteristics

Our study identified 11,148 eligible patients diagnosed with
CC from 2010 to 2016, with 7803 patients assigned to the
training cohort and 3345 patients to the validation cohort. The
demographic and clinicopathologic characteristics of patients in
the training and validation cohorts are listed in Table 1. The
median age of all patients was 47 years, with a range of 20-70
years. Most patients in both cohorts were older (240 years) and
White. The most common pathological type of CC was SCC
(squamous cell carcinoma) (69.62%). Regarding metastasis
(5.10%), the most frequent site of metastasis was the lung
(3.23%), followed by bone (1.96%), liver (1.52%), and brain
(0.31%). In both cohorts, more than half of the patients were
treated with radiotherapy or chemotherapy. In addition, initial
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examination of regional lymph nodes had been performed for
only about 45% of patients.

Univariate and multivariate analyses

The results of the univariate and multivariate Cox regression
analyses (16) for OS and CSS in the training cohort are shown in
Table 2. In the univariate Cox regression, all variables were
significant for both OS and CSS (P < 0.05). Therefore, all
variables were included in the multivariate Cox regression
analyses for OS and CSS to identify independent prognostic
factors. For OS, the independent prognostic factors included age,
race, insurance, grade, histology, chemotherapy, metastasis
number, tumor size, regional nodes examined, FIGO stage,
lymph vascular space invasion (LVSI), regional lymph node
surgery (RLNS), and radiation. For CSS, the independent
prognostic factors included marital status, insurance, grade,
histology, chemotherapy, metastasis number, tumor size,
regional nodes examined, FIGO stage, LVSI, and radiation.
Compared with the independent for OS, these findings of CSS
were not consistent in terms of independent prognostic variables
including age, race, marital status, and RLNS.

Construction of prognostic nomograms

After selecting the minimum AIC value, the above-
mentioned parameters were used to develop nomograms for
predicting 1-, 3-, and 5-year OS and CSS (Figure 1). Each
variable was given a score based on the corresponding point
on the “point axis”. Next, we added the scores of all variables to
obtain a total score, and then drew a vertical line from the “total
point axis” to the corresponding “survival axis” to estimate the
predicted probability of 1-, 3-, and 5-year OS and CSS.
According to the nomograms, we concluded that FIGO stage
made the largest contribution to the predicted probability,
followed by metastasis and grade respectively.

Validation of the nomograms

We performed internal training and external validation on
the nomograms using different cohorts. In the internal cohort,
we obtained C-index values of 0.831 (95% CI, 0.823-0.839) for
prediction of OS, and 0.844 (95% CI, 0.836-0.852) for prediction
of CSS. In the external validation cohort, we obtained C-index
values of 0.824 (95% CI, 0.810-0.838) for OS and 0.841 (95% CI,
0.827-0.855) for CSS. The calibration plots for the nomograms
showed that the predictions of OS (Figure 2) and CSS (Figure 3)
made by the 1-, 3-, and 5-year survival probability models were
almost consistent with actual observations, in both the internal
and external cohorts.
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TABLE 1 Characteristics of patients with cervical cancer in the training cohort and validation cohort.

Characteristic

Age, median [range]
Age, n (%)
>=20 and <40
>=40 and <70
Race, n (%)
Black
White
Other
Marital, n (%)
Married
Single
Insurance, n (%)
Insured
Uninsured
Primary site, n (%)
Cervix uteri
Endocervix
Exocervix
OLC
Grade, n (%)
Grade I
Grade II
Grade III
Grade IV
Histology, n (%)
scc
AC
Other
RSS, 1 (%)
No
Yes
Chemotherapy, n (%)
Yes
No
Bone metastasis, 7 (%)
No
Yes
Brain metastasis, n (%)
No
Yes
Liver metastasis, n (%)
No
Yes
Lung metastasis, n (%)
No
Yes

Metastasis numbers, 1 (%)

Frontiers in Oncology

Training cohort

7803 (70)
47 [38, 56]

2198 (28.17)
5605 (71.83)

1025 (13.14)
5953 (76.29)
825 (10.57)

5177 (66.35)
2626 (33.65)

7301 (93.57)
502 (6.43)

5971 (76.52)
1556 (19.94)
141 (1.81)
135 (1.73)

1238 (15.87)

3385 (43.38)

2968 (38.04)
212 (2.72)

5443 (69.76)
1952 (25.02)
408 (5.23)

5569 (71.37)
2234 (28.63)

4110 (52.67)
3693 (47.33)

7662 (98.19)
141 (1.81)

7777 (99.67)
26 (0.33)

7689 (98.54)
114 (1.46)

7559 (96.87)
244 (3.13)

Validation cohort

3345 (30)
47 [38, 57]

952 (28.46)
2393 (71.54)

416 (12.44)
2600 (77.73)
329 (9.84)

2204 (65.89)
1141 (34.11)

3108 (92.91)
237 (7.09)

2520 (75.34)
708 (21.17)
57 (1.70)
60 (1.79)

531 (15.87)

1466 (43.83)

1253 (37.46)
95 (2.84)

2318 (69.30)
858 (25.65)

169 (5.05)

2364 (70.67)
981 (29.33)

1769 (52.88)
1576 (47.12)

3268 (97.70)
77 (2.30)

3336 (99.73)
9 (0.27)

3289 (98.33)
56 (1.67)

3229 (96.53)
116 (3.47)

39
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All subjects

11148 (100)
47 [38, 56]

3150 (28.26)
7998 (71.74)

1441 (12.93)
8553 (76.72)
1154 (10.35)

7381 (66.21)
3767 (33.79)

10409 (93.37)
739 (6.63)

8491 (76.17)
2264 (20.31)
198 (1.78)
195 (1.75)

1769 (15.87)

4851 (43.51)

4221 (37.86)
307 (2.75)

7761 (69.62)
2810 (25.21)
577 (5.18)

7933 (71.16)
3215 (28.84)

5879 (52.74)
5269 (47.26)

10930 (98.04)
218 (1.96)

11113 (99.69)
35(0.31)

10978 (98.48)
170 (1.52)

10788 (96.77)
360 (3.23)

0.9977
0.7714

0.2534

0.6559

0.2202

0.5019

0.9313

0.7464

0.4703

0.8528

0.0979

0.7113

0.4488

0.3818

0.3610

(Continued)
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TABLE 1 Continued

Characteristic

>=3
Tumor size, n (%)
<4 cm
>=4 cm
Regional nodes examined, n (%)
No
Yes
UNK
Regional nodes positive, 1 (%)
No
negative
positive
UNK
FIGO, n (%)
1Al
1A2
IB1
1B2
ITA
11B
IITA
111B
IVA
INOS
IINOS
IIINOS
LVSL, n (%)
No
Yes
UNK
Primary site surgery, n (%)
No
Yes
RLNS, 7 (%)
No
Yes
UNK
Radiation, n (%)
Beam radiation
brachytherapy
BRB
No/UNK

months, median [range]

Training cohort

7415 (95.03)
271 (3.47)
97 (1.24)
20 (0.26)

7158 (64.21)
3990 (35.79)

4160 (53.31)
3614 (46.32)
29 (0.37)

2773 (35.54)

4160 (53.31)

838 (10.74)
32 (0.41)

875 (11.21)
333 (4.27)
2196 (28.14)
706 (9.05)
529 (6.78)
1206 (15.46)
229 (2.93)
865 (11.09)
296 (3.79)
461 (5.91)
14 (0.18)
93 (1.19)

5634 (72.20)
2001 (25.64)
168 (2.15)

4189 (53.68)
3614 (46.32)

4191 (53.71)
3549 (45.48)
63 (0.81)

2273 (29.13)
10 (0.13)
2235 (28.64)
3285 (42.10)
30 [16, 53]

Validation cohort

3164 (94.59)
120 (3.59)
46 (1.38)
15 (0.45)

2130 (63.68)
1215 (36.32)

1839 (54.98)
1501 (44.87)
5(0.15)

1176 (35.16)
1839 (54.98)
324 (9.69)
6 (0.18)

397 (11.87)
137 (4.10)
939 (28.07)
334 (9.99)
244 (7.29)
479 (14.32)
99 (2.96)
356 (10.64)
135 (4.04)
179 (5.35)
11 (0.33)
35 (1.05)

2457 (73.45)
835 (24.96)
53 (1.58)

1844 (55.13)
1501 (44.87)

1853 (55.40)
1470 (43.95)
22 (0.66)

969 (28.97)
4(0.12)
981 (29.33)
1391 (41.58)
30 [16, 53]

10.3389/fonc.2022.961678

All subjects

10579 (94.90)
391 (3.51)
143 (1.28)
35 (0.31)

5028 (64.44)
2775 (35.56)

5999 (53.81)
5115 (45.88)
34 (0.30)

3949 (35.42)

5999 (53.81)

1162 (10.42)
38 (0.34)

1272 (11.41)
470 (4.22)
3135 (28.12)
1040 (9.33)
773 (6.93)
1685 (15.11)
328 (2.94)
1221 (10.95)
431 (3.87)
640 (5.74)
25 (0.22)
128 (1.15)

8091 (72.58)
2836 (25.44)
221 (1.98)

6033 (54.12)
5115 (45.88)

6044 (54.22)
5019 (45.02)
85 (0.76)

3242 (29.08)
14 (0.13)
3216 (28.85)
4676 (41.94)
30 [16, 53]

0.4562

0.0484

0.0588

0.4472

0.0931

0.1676

0.2077

0.9049

0.8927

FIGO, International Federation of Gynecologists and Obstetricians; UNK, Unknown; OLC, overlap crossing; RSS, Radiation sequence with surgery; AC, adenocarcinoma; SCC, Squamous
cell carcinoma; FIGO, the International Federation of Gynecology and Obstetrics; LVSI, lymph vascular space invasion; RLNS, Regional lymph node surgery; BRB, Combination of beam

with brachytherapy.
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Nomograms for predicting 1-, 3-, and 5-year OS (A) and CSS (B) in patients with cervical cancer.

In the ROC curve analysis of the models, the area under the
curve (AUC) values for prediction of 1-, 3-, and 5-year OS were
0.8888, 0.8618, and 0.8504 in the internal cohort, and 0.8758,
0.8560, and 0.8541 in the external cohort, respectively
(Figures 4A, C). For prediction of 1-, 3-, and 5-year CSS, the
AUC values were 0.8990, 0.8743, and 0.8652 in the training
cohort, and 0.8934, 0.8701, and 0.8656 in the validation cohort,
respectively (Figures 4B, D). The validation of these two
nomograms demonstrated the excellent predictive accuracy for
OS and CSS based on C-index and AUC.
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Clinical applicability

DCA was used to evaluate the clinical applicability of the

nomograms (17). Figure 5 shows decision curves for the
nomograms and the FIGO stage for OS and CSS. These
indicated that our model was superior to the FIGO stage,
providing greater net clinical benefit with a threshold
probability between 0 and 90%. CIC analysis (Figure 6) was
performed to evaluate the clinical applicability of the risk
prediction nomograms (18, 19) and FIGO stage. The DCA
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Calibration plots for 1-, 3-, and 5-year OS prediction for the training cohort (A1, B1, C1) and validation cohort (A2, B2, C2).

and CICs showed that the nomograms had greater net benefit
within wide and practical ranges of threshold probabilities and
impacted patient outcomes, indicating that our models have a
significant predictive value.

Survival outcomes

During the follow-up period, the rates of OS- and CSS-related
adverse events were 26% (2882/11148) and 21% (2332/11148),
respectively. Analysis of survival outcomes (Table 3) showed that
the 1-, 3-, and 5-year OS rates in the training cohort were 88.8, 73.5,
and 67.7%, whereas those in the validation cohort were 88.1%,
73.9%, and 67.7%, respectively. The 1-, 3-, and 5-year CSS rates in
the training cohort were 90.4%, 78.0%, and 73.6%, and those in the
validation cohort were 90.1%, 77.7%, and 72.4%, respectively.
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We used the nine prognostic factors to visually present OS
and CSS in the training cohort (Figure 7). The CC patients with
insurance had better survival outcomes (Figures 7A1, A2). OS
and CSS decreased significantly with increasing grade
(Figures 7B1, B2); that is, the higher the pathological grade,
the worse the degree of differentiation and the higher the degree
of malignancy. Patients with SCC had worse OS and CSS
compared with patients with AC(adenocarcinoma)
histopathology (Figures 7C1, C2). Patients who did not
undergo chemotherapy treatment had obviously better survival
outcomes in terms of both OS and CSS than those that received
chemotherapy (Figures 7D1, D2). Patients diagnosed with
metastasis (Figures 7E1, E2) or tumor size greater than 4 cm
(Figures 7F1, F2) had worse survival. Regional lymph nodes with
examination (Figures 7Gl, G2) and those without positive
lymph nodes (Figures 7HI, H2) were associated with better

frontiersin.org


https://doi.org/10.3389/fonc.2022.961678
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jiang et al.

10.3389/fonc.2022.961678

A1 B1 C1
o | o | A o
2 2 . 2
© | © | o |
3 3 3

g g g

2 g :

g g g

< 2 hd

5 o 5 o 5 o

L o7 L o L o1

o & %

© © ®

3 3 2

< < { 2
< | < | ! < |
3 3 3
o ~ ~
S . s 7, ° |/

T T T T T T T T T T T T T T T
02 04 06 08 10 02 04 06 08 10 02 0.4 06 08 10

A2 Nomogram-Predicted of 1-Year CSS B2 Nomogram-Predicted of 3-Year CSS Cc2 Nomogram-Predicted of 5-Year CSS
o | I o | o | T T
© | © | o |
3 3 3

K] K] K]

3 P4 2 3

s s s

g g g

H H 5

o © o © o ©

$ 34 £ o > o

a @ 5

s 5 kS

g g ]

3 g 3

< < <
< < <
3 p 3
o o o
S S S

T T T T T T T
0.2 0.4 0.6 0.8 0.2 0.4

Nomogram-Predicted of 1-Year CSS

FIGURE 3

Nomogram-Predicted of 3-Year CSS

T T T T T T T T
0.6 0.8 02 0.4 0.6 08

Nomogram-Predicted of 5-Year CSS

Calibration plots for 1-, 3-, and 5-year CSS prediction for the training cohort (A1, B1, C1) and validation cohort (A2, B2, C2).

prognosis. Compared with beam radiation, BRB treatment had
better survival outcomings (Figures 711, 12).

Discussion

Among female malignant tumors, CC ranks fifth in
incidence and seventh in mortality worldwide (2022 Cancer
Report). Owing to improvements in health awareness, early
diagnosis, and early treatment, the incidence and mortality of
CC have improved in developed countries; however, the early
clinical symptoms of cervical cancer are not obvious, and the
disease is usually locally advanced at first diagnosis.
Comprehensive treatment of CC in the early stage is mainly
based on surgery, and radiotherapy has a pivotal role in the
treatment of patients with locally advanced stage disease. Global
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large-scale prospective randomized controlled clinical trials of
concurrent chemoradiotherapy and radiotherapy alone in the
treatment of CC have clarified the normative status of
concurrent chemoradiotherapy (20-22).

Although technologies for CC treatment have become
increasingly advanced, and the use of surgery and concurrent
chemoradiotherapy have enabled curative effects in more
patients, 20-40% of patients with CC still experience
recurrence or metastasis within 2 years (23), with a
recurrence rate within 3 years after radiotherapy that
exceeds 70% (24). Therefore, there is an urgent need for a
more accurate and effective method to evaluate OS and CSS in
patients with CC. According to studies of CC at different
FIGO stages, failure rates of local treatment in patients with
stage IB, IIA, IIB, III, and IV CC were 10%, 17%, 23%, 42%,
and 74%, respectively.
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TABLE 2 Univariate and multivariate Cox regression analysis of OS and CSS in cervical cancer (training cohort).

Variables

Age

Race

Marital

Insurance

Primary site

Grade

Histology

RSS

Chemotherapy

bone metastasis

brain metastasis

liver metastasis

lung metastasis

Metastasis numbers

Tumor size
Regional nodes

examined

Regional nodes
positive

(0N}

Reference Characteristic Univariate

>=20 and
<40
Black
Black
Married

Insured

Cervix uteri

Cervix uteri

Cervix uteri

Grade I

Grade I

Grade I

AC

AC

No

No

No

No

No

>=3

<4 cm

No

No

negative

negative
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>=40 and <70

White

Other

Single

Uninsured

Endocervix

Exocervix

OLC

Grade II

Grade IIT

Grade IV

SCC

Other

UNK

No

positive

Cox
HR

193 (1.72 -
2.16)

0.63 (0.56 - 0.7)

0.62 (0.52 -
0.74)

1.2 (1.09 - 1.31)

1.59 (1.36 -
1.86)

0.6 (0.53 - 0.68)

0.62 (0.41 -
0.93)

0.97 (0.7 - 1.34)

2,61 (2.14 -
3.18)

4.66 (3.84 -
5.66)

6.82 (5.2 - 8.94)

1.77 (1.58 - 2)

3.33 (278 - 4)

0.72 (0.65 - 0.8)

2.81 (2.54 - 3.1)

11.46 (9.54 -
13.76)

17.97 (12.16 -
26.6)
11.02 (9.01 -
13.47)

9.01 (7.8 -
10.42)

0.05 (0.03 -
0.08)
0.46 (0.29 -
0.73)
0.91 (0.55 -
1.49)
2.68 (2.45 -
2.93)

0.29 (0.26 -
0.32)

1.85 (1.15 -
2.98)

5.83 (5.07 -
6.71)

p

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
0.02

0.835

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.001

0.698

<0.001

<0.001

0.012

<0.001

<0.001

Multivariate
Cox
HR

1.21 (1.08 - 1.36)

0.82 (0.73 - 0.93)

0.81 (0.68 - 0.97)

1.06 (0.96 - 1.16)

1.24 (1.06 - 1.45)

0.99 (0.86 - 1.14)
0.83 (0.55 - 1.24)

1.23 (0.89 - 1.72)

1.32 (1.07 - 1.62)

1.72 (14 - 2.11)

2.48 (1.86 - 3.3)

1.09 (0.95 - 1.25)

1.55 (1.28 - 1.89)

1.05 (0.92 - 1.2)

0.61 (0.54 - 0.69)

0.89 (0.52 - 1.5)

1.46 (0.76 - 2.79)

0.85 (0.5 - 1.44)

0.69 (0.4 - 1.18)

0.12 (0.04 - 0.37)

0.43 (0.23 - 0.81)

NA

1.14 (1.03 - 1.26)

0.57 (0.41 - 0.79)

50639.75 (0 - Inf)

NA

1.96 (1.57 - 2.44)

44

0.0015

0.0013

0.0199

0.2557

0.0086

0.8986
0.3641

0.2111

0.0091

<0.001

<0.001

0.222

<0.001

0.4688

<0.001

0.6565

0.2555

0.5441

0.1708

<0.001

0.0094

NA

0.0121

<0.001

0.9816

NA

<0.001

CSS
Univariate
Cox
HR

1.66 (1.47 -
1.87)

0.67 (0.59 -
0.76)

0.7 (0.57 - 0.84)

1.28 (1.16 -
1.41)

1.7 (1.44 - 2.01)

0.6 (0.52 - 0.69)

0.71 (0.47 -
1.08)

1.08 (0.76 -
1.53)

2.88 (228 -
3.64)

549 (4.36 -
6.92)

7.97 (5.85 -
10.87)

1.78 (1.56 -
2.04)

3.57 (2.93 -
4.37)

0.74 (0.67 -
0.83)

3.06 (2.73 -
3.43)

12.03 (9.88 -
14.64)

17.84 (11.67 -
27.27)

12.31 (9.98 -
15.19)

9.72 (8.32 -
11.35)

0.06 (0.03 -
0.09)

0.51 (0.3 - 0.86)

1.09 (0.63 -
1.89)

2.92 (2.65 -
3.22)
0.29 (0.26 -
0.33)
2.33 (144 -
3.75)

6.15 (5.24 -
7.23)

10.3389/fonc.2022.961678

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
0.11

0.661

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.012

0.758

<0.001

<0.001

0.001

<0.001

<0.001

Multivariate
Cox
HR

1.02 (0.9 - 1.16)

0.9 (0.79 - 1.03)

0.93 (0.77 - 1.14)

1.12 (1.01 - 1.25)

1.35 (1.13 - 1.6)

1.02 (0.87 - 1.19)
0.99 (0.65 - 1.51)

1.37 (0.97 - 1.95)

1.35 (1.06 - 1.72)

1.84 (1.45 - 2.35)

2.64 (191 - 3.66)

1.09 (0.93 - 1.27)

1.6 (1.3 - 1.99)

1.04 (0.9 - 1.21)

0.59 (0.52 - 0.68)

0.71 (0.4 - 1.27)

1.13 (0.56 - 2.31)

0.74 (0.41 - 1.31)

0.57 (0.31 - 1.03)

0.08 (0.02 - 0.26)

0.34 (0.17 - 0.67)

NA

1.14 (1.02 - 1.28)

0.55 (0.38 - 0.79)

44977 (0 - Inf)

NA

1.83 (1.43 - 2.33)

0.7322

0.1201

0.4912

0.031

<0.001

0.8149
0.9557

0.0776

0.017

<0.001

<0.001

0.2706

<0.001

0.582

<0.001

0.2497

0.7291

0.3012

0.0626

<0.001

0.002

NA

0.02

0.001

0.9841

NA

<0.001

(Continued)
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TABLE 2 Continued
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oS CSS
Variables Reference Characteristic Univariate Multivariate Univariate Multivariate
Cox Cox Cox Cox
HR P HR P HR P HR P
4.16 (347 - 471 (3.84 -
4.98) 5.76)
negative UNK 8.87 (542 -  <0.001 0 (0 - Inf) 09817 11.84 (7.19-  <0.001 0 (0 - Inf) 0.9844
14.52) 19.5)
FIGO 1AL 1A2 1.85 (0.93 - 0.08 254 (127 -5.08) 0.0085 176 (0.67 - 025  2.23(0.85-5.89) 0.1041
3.69) 4.63)
IA1 IB1 3.62(225-  <0.001 551 (3.39-897) <0.001 437 (229-  <0.001 6 (3.1-11.61) <0.001
5.81) 8.35)
1AL B2 13.73 (8.57 - <0.001 15.13 (9.2 - <0.001 2195 (11.59 - <0.001 2203 (11.35-  <0.001
22.01) 24.88) 41.59) 42.8)
IA1 IIA 19.38 (12.08 - <0.001 185 (11.3 - <0.001 285 (1501 -  <0.001 2522 (13.03-  <0.001
31.1) 30.28) 54.1) 48.8)
IA1 IIB 17.98 (11.34 - <0.001 1842 (11.36 - 30) <0.001  27.62 (1472 - <0.001  26.82 (13.98 -  <0.001
28.5) 51.83) 51.5)
IA1 A 44.08 (2729 - <0.001 31.6 (19.1 - <0.001  69.83 (36.62 - <0.001  47.69 (24.44 -  <0.001
71.2) 52.29) 133.2) 93.1)
IA1 1B 4359 (27.57 - <0.001 3448 (21.3-  <0.001 695 (37.13-  <0.001 5191 (27.07 -  <0.001
68.9) 55.9) 130.1) 99.6)
IA1 IVA 64.41 (40.28 - <0.001  37.4 (22.83 -  <0.001 101.13 (5348 - <0.001 5523 (28.54 -  <0.001
103) 61.3) 191) 107)
A1 INOS 1123 (6.89 - <0.001 9.96 (6.07 - <0.001  13.67 (7.04-  <0.001 1151 (588 -  <0.001
18.3) 16.36) 26.55) 22.52)
IA1 1INOS 2541 (10.15- <0.001  20.74 (8.17 -  <0.001 39.84 (13.62 - <0.001  33.17 (11.17 -  <0.001
63.6) 52.6) 117) 98.5)
IA1 IIINOS 45.83 (27.29 - <0.001 3138 (1828 - 54) <0.001 73.62 (37.33 - <0.001  46.93 (23.28 -  <0.001
77) 145) 94.6)
LVSI No Yes 319 (292-  <0.001 143 (128-1.6) <0.001  3.68(3.33-  <0.001 1.55(1.37-1.76) <0.001
3.49) 4.07)
No UNK 436 (3.51-  <0.001 14 (1.12-176) 0.0037 518 (411-  <0.001 1.62(1.26 - 2.07) <0.001
5.41) 6.53)
Primary site surgery No Yes 0.28 (0.26 - <0.001 NA (NA - NA) NA 0.29 (0.26 - <0.001 NA NA
0.32) 0.32)
RLNS No Yes 0.27 (0.24 - 0.3) <0.001 0.6 (0.44 - 0.82) 0.0013  0.28 (0.25-  <0.001 0.73 (0.52 - 1.03) 0.0768
0.31)
No UNK 0.78 (0.5-121) 0263 1.19(0.72-197) 05 0.89 (0.56 - 0619 139 (0.81-24) 02335
1.42)
Radiation Beam brachytherapy 073 (023- 0579 09 (029-28) 08495 059 (0.15 - 0458  0.78 (0.19 - 3.15)  0.7293
radiation 2.25) 2.37)
Beam BRB 0.65 (0.59 - <0.001 0.68 (0.61 - 0.76) <0.001  0.65 (0.58 -  <0.001 0.7 (0.62 - 0.79)  <0.001
radiation 0.72) 0.72)
Beam No/UNK 0.32(028-  <0.001 1.09 (0.94-1.26) 024 0.29 (026 -  <0.001 1.04 (0.88 - 1.22) 0.6586
radiation 0.35) 0.33)

HR, hazard Ratio; CI, confidence interval; P<0.05 is marked with bold black. NA, not applicable.

In recent years, increasing numbers of studies have focused
on the use of predictive models to improve survival, although
bottlenecks and deficiencies exist. As a novel, simple, and direct
prediction model, the nomogram can directly visualize predicted
OS and CSS and provide a reference for further examination and
clinical decision-making. In our study, factors including age,
race, marital status, insurance status, grade, histology,
chemotherapy, metastasis number, tumor size, regional node
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examination, FIGO stage, LVSI, RLNS, and radiation showed
associations with prognosis in patients with CC, and we built
nomograms for both OS and CSS based on these factors. Finally,
nomograms were developed to calculate the probabilities of 1-,
3-, and 5-year OS (based on 13 independent prognostic factors)
and CSS (based on 11 independent prognostic factors) in
patients with CC. Our nomograms indicated that FIGO stage
made the largest contribution to the predicted probability
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ROC curves for 1-, 3-, and 5-year OS and CSS in the training cohort (A, C) and validation cohort (B, D).

between 1-, 3-, and 5-year OS and CSS, which was consistent
with a large body of previous research (6, 9, 25).

We analyzed the survival outcomes (OS and CSS) of patients
stratified by the following factors: insurance status, grade,
histology, chemotherapy, metastasis number, tumor size,
regional node examination, LVSI, and radiation. Patients with
insurance had better survival outcomes, and this has not been
reported by previous studies (6-9). CC patients with AC
histopathology had slightly better prognoses than those with
SCC; similarly, this result has rarely been reported in previous
studies (8, 9, 26, 27). Only about 45% of the patients with CC
benefited from initial regional lymph node examination. It had
been reported that LVSI was an important poor prognostic
factor for patients with early cervical cancer. Diffuse lymphatic
involvement (diffuse LVSI) has predictive significance for the
survival prognosis of patients compared with focal or non-focal
lesions (28). In our study, patients with LVSI had worse OS and
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CSS (P<0.001). In clinical practice, radiation and chemotherapy
are the most commonly used effective treatments for patients
with CC and lead to significant improvements in survival time
(7). Our results indicated that CC patients without
chemotherapy treatment had better prognoses than those that
received chemotherapy. Compared with beam radiation,
patients who chose BRB had a more favorable survival
outcome (13).

Surgery is still the main treatment method for early cervical
cancer, particularly laparoscopic minimally invasive surgery is
currently a popular surgical method. However, combined with
the prospective large-scale clinical study LACC trial
(Laparoscopic Approach to Cervical Cancer) and meta-
analysis (29, 30), it was concluded that this surgical method
did not benefit the survival of these patients. In our study, we
mainly focus on RSS, primary site surgery and RLNS. In the
univariate Cox regression, the three variables were significant for
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represents the percentage of threshold probability, whereas the y-axis represents the net benefit, calculated by adding the true positives and
subtracting the false positives.
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high net clinical benefit of the nomograms and confirmed the clinical value of the model.
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TABLE 3 Survival analysis of OS and CSS in the training cohort and validation cohort.

Endpoints Months n.risk
OS of training cohort 12 6619
36 3375
60 1453
OS of validation cohort 12 2819
36 1445
60 629
CSS of training cohort 12 6619
36 3375
60 1453
CSS of validation cohort 12 2819
36 1445
60 629

both OS and CSS (P<0.001), in the multivariate Cox regression,
they had no significant for both OS and CSS (P>0.05). Since
there is no detailed record of specific surgical approaches, more
prospective studies may be needed to further determine the
safety and efficacy of minimally invasive surgery.

Survival and prognosis studies on patients with locally
advanced cervical cancer showed that (31), multivariate
analysis of tumors 26 cm had worse loco-regional-recurrence-
free survival (LRFS) and OS; AC and positive lymph nodes were
associated with distant-metastasis-free survival (DMFS);
adjuvant chemotherapy has longer DMFS and OS. In our
study, tumor size 24 cm were poor prognostic factors for OS
and CSS; patients with AC had better OS and CSS; those with
positive lymph nodes and a history of chemotherapy had worse
OS and CSS, because the data source did not clearly classify
neoadjuvant chemotherapy or adjuvant chemotherapy, so more
follow-up studies are needed to confirm the contribution of
chemotherapy timing.

Previously, many studies developed nomograms for
diagnosis and prognostic prediction in patients with CGC;
however, these studies had many limitations, including
insufficient sample size (7), the model having a low C-index
and prediction accuracy (6, 32), insufficient inclusion and
exclusion criteria (6, 33), and a single study endpoint (8, 9).
To our knowledge, compared with other studies evaluating CC
survival using nomograms (6-9), the present study considered
more real-time sample data and a more complete set of patient
prognostic factors (13) than previous studies, showed excellent
predictive accuracy for OS and CSS (6-9, 33), and demonstrated
greater clinical net benefit. The calibration plots were almost
consistent with actual observations, and we obtained excellent
C-index (approximately 0.84) and AUC (approaching 0.89)
values, indicating that our nomograms showed outstanding
performance in predicting 1-, 3-, and 5-year OS and CSS. In
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n.event Survival std.err 95% CI
851 0.888 0.0036 0.881 - 0.895
937 0.735 0.0055 0.725 - 0.746
197 0.677 0.0065 0.665 - 0.690
384 0.881 0.0057 0.870 - 0.893
375 0.739 0.0084 0.722 - 0.755
89 0.677 0.0100 0.657 - 0.696
724 0.904 0.0034 0.897 - 0.910
735 0.780 0.0052 0.770 - 0.791
142 0.736 0.0062 0.724 - 0.748
317 0.901 0.0053 0.891 - 0.911
314 0.777 0.0080 0.761 - 0.793
72 0.724 0.0097 0.705 - 0.743

addition, we compared FIGO staging and the nomograms with
respect to their net benefit. FIGO stage is widely used clinically,
and the use of a nomogram could reduce the diversity due to
different treatments and sociodemographic statuses when
predicting the prognosis of patients with CC (25, 32). We
found that the nomograms had greater net benefit than the
FIGO stage according to DCA and CIC. Therefore, our
nomograms could represent a reliable alternative or
supplementary tool to predict survival outcomes.

Our study included the latest and sufficient data sets through
the SEER database, which contained enough clinical and non-
clinical factors to have better practical significance in line with
the real world. We constructed more 10 independent prognostic
factors nomograms to calculate the probabilities of 1-, 3-, and 5-
year OS (13 factors) and CSS (11 factors) in patients with CC. To
provide strong evidence, we evaluated our model internally and
externally using five approaches: the C-index, ROC, calibration
plots, DCA, and CICs, which made our study more complete
and reliable compared with previous studies. From the 1-, 3-,
and 5-year OS and CSS nomograms, it was found that the scores
of FIGO stage, metastasis number, and grade were the three
highest in all indicators, which can provide direct and effective
actual clinical implications for survival prognostic assessment.
However, this study had some limitations. First, this was a
retrospective population analysis without multicenter
validation data. Second, there was a lack of information about
other important factors, including HPV infection status and
blood type parameters; future studies could refine the
nomograms by incorporating these predictors. Third, our data
were from the US population only, and the demographic data
was relatively homogeneous. Future analyses of multicenter
data with larger sample sizes, more variables including clinical
and non-clinical factors, and patients of different ethnicities are
required to validate our conclusions.
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OS and CSS stratified by patient characteristics in the training cohort: (A1, A2) insurance; (B1, B2) grade; (C1, C2) history; (D1, D1)
chemotherapy; (E1, E2) metastasis numbers; (F1, F2) tumor size; (G1, G2) regional nodes examined; (H1, H2) LVSI; (11, 12) radiation.

Conclusions

We used the SEER database to analyze prognostic data for
CC patients, identified independent prognostic factors, and
constructed nomograms for estimating 1-, 3-, and 5-year OS
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and CSS. Internal and external validation showed that these

models had excellent predictive performance. They could

49

of survival.

thus be considered as reliable tools to predict prognosis,
which is essential for maximizing the patient’s chance
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Superficial vaginal
myofibroblastoma with
mushroom-like appearance:

A case report with colposcopic
findings and literature review
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‘Department of Thoracic Surgery, Shengjing Hospital of China Medical University, Shenyang,
Liaoning, China, ?2Department of Obstetrics and Gynecology, Shengjing Hospital of China Medical
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Superficial myofibroblastoma (SMF) of the lower female genital tract is a
relatively rare benign mesenchymal tumor. The diagnosis is usually
challenging as it shares several similar clinicopathological features with other
tumors. Herein, we present a case of a 71-year-old Chinese female patient with
postmenopausal vaginal bleeding. Colposcopy imaging revealed a well-
circumscribed mass in the vagina with a wide pedicle, resembling a
mushroom. The patient underwent surgery, and the tumor was histologically
diagnosed as SMF. To the best of our knowledge, this is the first report of
colposcopic imaging of a superficial vaginal myofibroblastoma. In this case
study, we review the clinicopathological features of SMF of the lower female
genital tract reported in the literature to improve the understanding of
the disease.

KEYWORDS

superficial myofibroblastoma, vagina, mesenchymal tumor, colposcope, diagnosis

Introduction

In 2001, Laskin et al. described a distinctive tumor of the cervix and vagina, which
they named “superficial cervicovaginal myofibroblastoma (SCVM)” (1). In 2005,
Ganesan et al. proposed that the term “superficial myofibroblastoma (SMF) of the
lower female genital tract” be used instead of SCVM as some neoplasms have a vulvar
location (2, 3). SMFs of the lower female genital tract are an unusual type of benign
mesenchymal tumor (4). Only 57 cases have been reported in the literature, among which
43 cases arose in the vagina; the clinical manifestations were not specific, and the lesions
were not typical, which makes pre-pathological diagnoses of patients challenging. Here,
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we present the diagnosis and treatment of a patient with
superficial vaginal myofibroblastoma presenting with
postmenopausal vaginal bleeding. To further clarify the
location, scope, and nature of the lesion, we performed
colposcopy on the patient prior to surgery. In addition, we
review the literature on the clinicopathological features of this
distinctive tumor.

Case report

The patient was a 71-year-old postmenopausal woman
(gravida 2, para 2). On December 17, 2020, the patient visited
our hospital for “a small amount of vaginal bleeding for 1 day.”
Upon gynecological examination, a 2.0 cm x 2.0 cm mass was
found in the upper part of the right wall of the vagina,
protruding from the vaginal wall with a smooth surface. On
December 22, 2020, a pelvic ultrasound showed endometrial
thickening (0.7 cm) and an uneven echo. A 1.2 cm x 0.6 cm x
0.5 cm mass was observed on the anterior wall of the vagina,
with a fuzzy boundary, and a hypoechoic inside with multiple
strong echoes. Color Doppler flow imaging (CDFI) could detect
a few blood flow signals. On December 23, 2020, pelvic
enhancement magnetic resonance (MR) was performed, which
indicated endometrial thickening and uneven internal signal and
enhancement. An oval equal T1 mixed T2 signal shadow was
observed on the anterior wall of the upper segment of the vagina,
approximately 1.7 cm X 1.4 cm x 1.9 cm, with obvious ring

FIGURE 1

10.3389/fonc.2022.1024173

reinforcement (Figures 1A-C). We suggested that the patient be
hospitalized for surgery, but the patient was not hospitalized in
time owing to atrial fibrillation. Therefore, the patient was
regularly reviewed using pelvic ultrasound while treating her
atrial fibrillation. Ultrasound showed that the vaginal mass
gradually increased in size, and there was effusion with a
medium echo mass in the uterine cavity. On December 11,
2021, a pelvic ultrasound showed that the thickness of the single-
layer endometrium was approximately 0.3 cm, and the echo was
uneven. A liquid area with a depth of approximately 0.7 cm was
observed in the uterine cavity. The mass on the anterior wall of
the vagina grew to be 2.1 cm x 1.5 cm x 1.4 cm in size. CDFI
could detect blood flow signals (Figures 1D-F).

The patient did not visit our department for hospitalization
until June 22, 2022. She was not on any current medications and
had no history of tamoxifen or hormonal therapy. On June 23,
2022, the pelvic ultrasound showed that the mass on the anterior
wall of the vagina increased to 2.9 cm x 1.7 cm x 1.5 cm in size.
Before surgery, we performed a colposcopy to further clarify the
location, scope, and nature of the mass. Under the colposcope, a
mass was observed on the right anterior wall of the upper part of
the vagina, approximately 3.0 cm x 3.0 cm X 1.0 cm in size, pink,
tough in texture, smooth on the surface, small vesicles visible
inside the mass, a wide pedicle connected to the vaginal wall, and
the shape similar to a mushroom (Figures 2A-C). There was no
significant change in the tumor epithelium after staining with 5%
acetic acid (Figures 2D, E), and the tumor epithelium appeared
brownish-black after staining with 5% Lugol’s solution (an iodine-

158 152em
2 E® 067cm E

Imaging and ultrasound findings of the patient. (A—C) Pelvic enhancement MR: an oval equal T1 mixed T2 signal shadow was observed on the
anterior wall of the upper segment of the vagina, approximately 1.7 cm x 1.4 cm x 1.9 cm, with obvious ring reinforcement; (D—F) Pelvic
ultrasound: a 2.1 cm X 1.5 cm x 1.4 cm mass was observed on the anterior wall of the vagina, with a fuzzy boundary and a hypoechoic inside

with multiple strong echoes. CDFI could detect blood flow signals
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FIGURE 2

Colposcopy findings of the patient. (A—C) A mass was observed on the right anterior wall of the upper part of the vagina, approximately 3.0 cm
X 3.0 cm X 1.0 cm in size, pink, tough in texture, smooth on the surface, small vesicles visible inside the mass, a wide pedicle connected to the
vaginal wall, and the shape similar to a mushroom:; (D, E) There was no significant change in the tumor epithelium after staining with 5% acetic
acid; (F) The tumor epithelium appeared brownish-black after staining with 5% Lugol's solution.

containing solution) (Figure 2F). Therefore, we speculated that
this mass was a benign tumor with normal squamous epithelium
on its surface. On June 28, 2022, the patient underwent vaginal
mass resection and hysteroscopic endometrial polypectomy under
general anesthesia. The vaginal mass was completely removed
during the surgery, and the frozen section was pathologically
determined to be benign. The patient recovered well and was
discharged on the third postoperative day. The pathological
results of the vaginal wall tumor indicated that it was a
superficial vaginal myofibroblastoma. The gross pathological
examination showed that the size of the tumor was
approximately 3.2 cm x 2.8 cm x 0.8 cm, the texture was tough
and slightly soft, and the color was pink white (Figure 3A).
Microscopic examination revealed that the tumor tissue was
located under the squamous epithelium (Figure 3B) and was
composed of spindle and stellate-shaped cells and contained
abundant thin-walled blood vessels, with some mast cells
scattered in the tissue (Figures 3C, D). Immunohistochemical
analysis showed that the tumor was positive for caldesmon,
desmin, CD34, estrogen receptor (ER), and progesterone
receptor (PR) (Figures 3E-I); was focally positive for o-smooth
muscle actin (SMA) (Figure 3]); and was approximately 3%
positive for Ki-67 (Figure 3K) and negative for cytokeratin
(CK), epithelial membrane antigen (EMA), and S-100
(Figures 3L-N). The scattered mast cells were positive for
CD117 (Figure 30). No abnormalities were found in the
outpatient follow-up 1 month postoperatively.

Frontiers in Oncology

Discussion

SMF has been recognized as a mesenchymal neoplasm
arising from the superficial portion of the lower genital tract in
women (5). The exact etiology and pathogenic mechanisms
underlying tumor development remain unclear (5, 6). Liu et al.
suggested no association between an SMF tumor and infection
with human papilloma virus, Epstein-Barr virus, or human
herpesvirus 8 (6). Many gynecologists and pathologists may
not be familiar with the disease owing to its rarity. We
performed a PubMed-indexed, English-language literature
search that yielded 57 reported cases of SMF of the lower
female genital tract (Table 1). Among them, 75.4% (43/57)
occurred in the vagina, 12.3% (7/57) in the cervix, and 12.3%
(7/57) in the vulva. The five non-classical myofibroblastoma
cases reported by Magro et al. (9) were excluded because it was
not clear if the tumors were histologic variants or other types of
myofibroblastoma. In the reported cases, 19.5% (8/41)
of patients had been taking tamoxifen for whom a history of
drug use was available, raising the possibility of a hormone-
responsive neoplasm.

The symptoms in patients with SMF were non-specific. The
main clinical manifestations were asymptomatic polypoid or nodular
masses of varying sizes (0.2-12 cm). Occasionally, the mass may
prolapse out of the vagina or manifest as abnormal vaginal bleeding.
Only five of the 57 patients had two lesions, and the rest had single
lesions. The patients ranged in age from 23-80 years, with a mean age
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FIGURE 3

The scattered mast cells were positive for CD117 (E-O, x100).

Histopathological and immunohistochemical staining findings. (A) The gross pathological examination showed that the size of the tumor was
approximately 3.2 cm x 2.8 cm X 0.8 cm, the texture was tough and slightly soft, and the color was pink white; (B) The tumor tissue was
located under the squamous epithelium (H&E staining, x40); (C, D) The tumor tissue was composed of spindle and stellate-shaped cells and
contained abundant thin-walled blood vessels, with some mast cells scattered in the tissue (H&E staining, C, x100; D, x 200); (E) caldesmon (+),
(F) desmin (+), (G) CD34 (+), (H) ER (+), () PR (+), (J) aSMA (focally +), (K) Ki-67 (approximately 3% +), (L) CK (=), (M) EMA (=), (N) S-100 (-); (O)

of 54.7 and a median age of 55.5 years. Only six patients were younger
than 40 years of age, and only one of them was pregnant. In our case, a
vaginal mass was found during gynecological examination due to
postmenopausal vaginal bleeding, which may have been caused by
endometrial polyps.

The diagnosis of SMF of the lower female genital tract is usually
challenging because it is rare and shares many clinicopathological
features with other mesenchymal tumors, such as fibroepithelial
stromal polyps, angiomyofibroblastoma, mammary-type
myofibroblastoma, cellular angiofibroma, and aggressive
angiomyxoma (12, 18). The diagnosis should be combined with
gynecological examination, ultrasound, and MRI, and the final
diagnosis still depends on histopathology. Histological examination
shows a well-circumscribed, yet unencapsulated lesion, covered by
unremarkable or hyperplastic squamous epithelium (19). Tumors

Frontiers in Oncology

usually present with spindle and stellate-shaped cells within a
collagenous stroma, showing an expansive growth pattern with a
grenz zone of uninvolved tissue (12). Multiple patterns, including
lace-like, sieve-like, and fascicular, are characteristic features, as are
myxoid or edematous foci, and few mitotic figures (19). Cells are
positive for vimentin and usually for desmin. CD34 and oSMA are
positive in some cases, and most neoplasms are positive for ER and
PR. Tumors are negative for $100, EMA, and CK (19). The case
described in this report is consistent with the above histopathological
features, and the histopathological features of other mesenchymal
lesions have been described in detail previously (12, 18, 19).

As described in the literature, SMF often presents as a well-
circumscribed polypoid or nodular mass. Our case also
presented as a nodular mass, and we used colposcopy to
magnify the lesion to visualize a more intuitive manifestation
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TABLE 1 Cases of superficial myofibroblastoma of the lower female genital tract in the English language literature.

10.3389/fonc.2022.1024173

Case Age Symptoms Location Gross Size Hormones Outcome  Follow-u
8 ymp p
(yr) Lesion (cm) (mon)
1(1) 40 Asymptomatic Vagina Mass 4.5 BCP NED 120
2 (1) 44 Asymptomatic Vagina Polyp NG No NED 240
3 (1) 50 Asymptomatic Vagina Polyp 1.3 Tam NED 48
4 (1) 51 NG Vagina Mass 2.0 NG NG
5 (1) 54 Asymptomatic Vagina Polyp 2.0 No LTF
6 (1) 58 Asymptomatic Vagina Polyp 1.5 HRT NED 72
7 (1) 61 Asymptomatic Vagina Mass 2.0 HRT+Tam NED 12
8 (1) 63 Asymptomatic Vagina Polyp 1.5 HRT NED 60
9 (1) 63 NG Vagina Mass 1.5 HRT NED 18
10 (1) 66 NG Vagina Polyp 2.0 NG LTF
11 (1) 71 Asymptomatic Vagina Polyp 1.0 No NED 12
12 (1) 74 Vaginal bleeding Vagina Polyp 6.5 No NED 60
13 (3) 57 Asymptomatic Vagina Nodule 0.2 Tam NED 14
14 (3) 54 Vaginal bleeding Vagina Nodule 0.8 and Tam NED 24 and 12
0.4
15 (3) 49 Asymptomatic Vagina Nodule 0.4 Tam NED 24
16 (3) 63 Asymptomatic Vagina Polyp 1.4 No NED 12
17 (3) 80 Asymptomatic Vagina Polyp 3.5 No NED 8
18 (3) 23 Asymptomatic Vagina Polyp 4.0 No NED 8
19 (3) 63 Asymptomatic Vagina Polyp 2.7 NG NED 8
20 (3) 60 Asymptomatic Vagina Polyp 1.5 NG NED 10
21 (3) 62 Asymptomatic Vagina Nodule 0.4 NG NED 11
22(7) 40 Asymptomatic Vagina Polyp or 1.9 No Recurrence 108
nodule
23 (7) 71 Asymptomatic Vagina Polyp or 1.9 Tam NED 6-18
nodule
24 (7) 61 Asymptomatic Vagina Polyp or 1.6 and No NED 6-18
nodule 22
25 (8) 63 Prolapsed out of vagina Vagina Polyp 2.6 and Tam NED 64
1.5
26 (8) 47 Asymptomatic Vagina Mass 1.5 No NED 6
27 (8) 54 Prolapsed out of vagina Vagina Polyp 3.7 No NED 4
28 (8) 56 Prolapsed out of vagina Vagina Polyp 3.0 No NED 2
29 (9) 73 NG Vagina Polyp or 2.5 No NG
nodule
30 (9) 69 NG Vagina Polyp or 2.0 No NED 96
nodule
31 (9) 44 NG Vagina Polyp or 1.5 BCP NED 11
nodule
32(9) 77 NG Vagina Polyp or 0.4 No NED 6
nodule
33 (10) 63 Asymptomatic Vagina Polyp 4.0 No NG
34 (4) 73 Prolapsed out of vagina Vagina Mass 4.7 Tam NG
35 (6) 59 Postcoital bleeding Vagina Polyp 2.0 No NED 12
36 (11) 50 Vaginal bleeding Vagina Nodule 1.6 No NED 96
37 (12) 42 Vaginal bleeding Vagina Mass 32 No NG
38% 71 Vaginal bleeding Vagina Mass 29 No NED 1
39 (5) 40 NG Vagina Nodule 5.0 NG NG
40 (5) 55 NG Vagina Nodule 1.0 NG NG
41 (5) 45 NG Vagina Nodule 1.1 NG NG
(Continued)
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TABLE 1 Continued

10.3389/fonc.2022.1024173

Case Age Symptoms Location Gross Size Hormones Outcome  Follow-up
(yr) Lesion (cm) (mon)

42 (5) 60 NG Vagina Nodule 1.0 NG NG

43 (5) 55 NG Vagina Nodule 5.0 NG NG

44 (1) 40 Asymptomatic Cervix Polyp 4.0 No NED 36

45 (1) 58 Vaginal discharge and prolapsed out of ~ Cervix Polyp 5.0 HRT NED 48

vagina

46 (7) 49 Asymptomatic Cervix Fibroid 4.5 No NED 6-18

47 (13) 27 Prolapsed out of vagina Cervix Mass 5.0 No NG

48 (14) 45 Menometrorrhagia Cervix Mass 3.8 No NG

49 (15) 45 Pelvic pain and menometorrhagia Cervix Mass 6.5 No NED 96

50 (5) 74 NG Cervix Nodule 3.0 NG NG

51 (3) 27 Asymptomatic Vulva Mass 2.7 NG NED 60

52 (3) 38 Asymptomatic Vulva Mass 4.5 NG NG

53 (9) NG NG Vulva Mass 1.2 No NG

54 (16) 37 Asymptomatic Vulva Mass 7.0 NG NED 12

55 (17) 77 Bulky swelling Vulva Mass 12.0 No NG

56 (5) 46 NG Vulva Nodule 10.0 NG NG

57 (5) 26 NG Vulva Nodule 6.5 NG NG

NG, not given; BCP, birth control pills; Tam, Tamoxifen; HRT, hormone replacement therapy; NED, no evidence of disease; LTF, lost to follow-up. *current case.

of this mass. Simultaneously, we observed a wide pedicle that
connected the mass to the vaginal wall, similar to that reported
by Tomita et al. (12) and Adams et al. (13). Owing to the small
number of cases, it is unclear whether this phenomenon is
unique to SMF. To the best of our knowledge, this is the first
report of colposcopy as an aid in the diagnosis and evaluation of
SME. Colposcopy is a procedure in which a lighted, magnifying
instrument called a colposcope is used to examine the cervix,
vagina, and vulva (20). Colposcopy is important in the diagnosis
of cervical lesions. It also plays a significant role in the diagnosis
of vaginal lesions, because the shape, location, and scope of the
lesions can be clearly observed, and the reaction of the lesion
epithelium to 5% acetic acid and Lugo’s solution can be applied
in this small space. In the present case, no abnormal changes
were observed after the use of acetic acid or Lugol’s solution.
Dysplastic cells dehydrate and turn densely white with the
application of acetic acid (20). Lugol’s solution may also be
used to highlight the dysplastic area, where the dysplastic cells
remain yellow owing to a lack of absorption of the solution (20).
Although definitive diagnosis should be based on
histopathological assessment, colposcopic features such as
well-defined morphology and coverage with normal squamous
epithelium may contribute to differentiating from more
aggressive entities such as malignant tumors.

Surgical resection is the main clinical treatment for SMF;
among 37 patients with available follow-up information (1
month to 20 years), only one case had local recurrence 9 years
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after initial incomplete excision (7), indicating a good prognosis
and low recurrence rate, although long-term follow-up is
still recommended (7, 11). The patient in this case study
completed the treatment and remained in good condition
without recurrence.

Conclusions

SMF of the lower female genital tract is a relatively rare
benign mesenchymal tumor most likely to occur in the vagina.
The age range of SMF patients is wide; however, it mainly occurs
in perimenopausal and postmenopausal women. Here, we report
the diagnosis and treatment of superficial vaginal
myofibroblastoma in a postmenopausal woman. For the first
time, colposcopy was used for auxiliary diagnosis and evaluation
before surgery. The lesion was covered with normal squamous
epithelium with a wide pedicle and a mushroom-like
appearance. The patient had a good prognosis and experienced
no recurrence after surgical treatment.
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Objectives: We aims to develop nomograms to predict progression-free
survival (PFS) and overall survival (OS) in patients with ovarian clear cell
carcinoma (OCCC) after primary treatment and compare the predictive
accuracy with the currently used International Federation of Gynecology and
Obstetrics (FIGO) system.

Methods: We collected data from 358 Chinese patients diagnosed with OCCC
and who underwent standard treatment at our hospital. Patients diagnosed
from 1982-9 to 2011-12 were classified as the training group and patients
diagnosed from 2012-1 to 2016-11 were classified as the validation group.
Nomograms were developed based on the training group and was validated in
the validation group. The predictive performance was determined by
concordance index and calibration curve.

Results: The most predictive nomogram for PFS was constructed using
variables: thrombosis, the FIGO staging, residual of the tumor and distant
metastasis, with a concordance index of 0.738. While the nomogram for OS
consisted of thrombosis, lymph node metastasis, residual of the tumor,
malignant ascites/washing, and platinum resistance, with a concordance
index of 0.835. The nomograms were internally validated by concordance
indexes of 0.775 and 0.807 for predicting PFS and OS, respectively. In
comparison, the concordance statistics for OS based on the FIGO staging
was significantly lower (P<0.05).

Conclusion: We have established two prognostic nomograms for recurrence
and long-term survival in patients with OCCC after primary treatmentin a large
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Chinese center and validated them in patients from the same center. This tool
used variables specifically related to OCCC and was more accurate than the
FIGO system. It is relatively easy to use in clinic for patient counseling,
postoperative management, and follow-up for individual patients.

KEYWORDS

nomogram, ovarian clear cell carcinoma, progression-free survival, overall survival,

predictive model

Introduction

Ovarian clear cell carcinoma (OCCC) is a rare subtype of
epithelial ovarian cancer in the United States, while it represents
11.1% of epithelial ovarian cancer in Asians (1-3). In general,
OCCC is thought to have different biological characteristics
from other types of epithelial ovarian cancer. OCCC is found
to arise from endometriosis or clear cell adenofibroma, and is
likely to be diagnosed at early-stage, with a relatively good
prognosis (2, 4-6). However, advanced-stage OCCC is found
to have poor prognosis due to its resistance to chemotherapy
(1, 7).

Nomograms have been developed to be an alternative
standard for cancer prognosis in recent years (8, 9). Several
nomograms have been established on epithelial ovarian cancer
(10, 11). However, most nomograms on epithelial ovarian cancer
are based on mixed histology of epithelial ovarian cancer, with
high-grade serous ovarian cancer being the most common type.
Predictors of different types of epithelial ovarian cancer are
different and there is rare attempt to establish a nomogram
especially on OCCC.

Considering the relative high incidence of OCCC in Asians,
the present study enrolled OCCC patients treated at Department
of Obstetrics and Gynecology in Peking Union Medical College
Hospital, a large ovarian carcinoma center in China and the aims
of the present study were to identify significant indicators and
develop nomograms for progression-free survival (PES) and
overall survival (OS) for patients with OCCC in China. In
addition, the present study compared the predictive accuracy
with the currently used International Federation of Gynecology
and Obstetrics (FIGO) staging system.

Methods
Participants

Patients diagnosed with pure OCCC and treated in Peking
Union Medical College Hospital, Beijing, China from 1982-9 to

Frontiers in Oncology

2016-11 were enrolled in our study. Patients with early stage
(stage I and II) OCCC have undergone radical surgical staging
(RSS) including total abdominal hysterectomy, bilateral
salpingo-oophorectomy, systematic pelvic and para-aortic
lymphadenectomy, and radical omentectomy. Patients with
advanced OCCC (stage IIT and IV) have received either
primary debulking surgery (PDS), followed by platinum and
taxane chemotherapy, or neoadjuvant chemotherapy (NACT),
followed by interval debulking surgery (IDS) and subsequent
chemotherapy. Although optimal debulking (less than 1 cm in
maximum diameter of residual tumor) or complete resection (no
residual tumor) is desirable, those with unresectable tumors
received suboptimal debulking surgery. In terms of surgical
approaches, both laparotomy and laparoscopy were performed
by our center.

They all received adjuvant platinum-based chemotherapy
after primary surgery. Women who did not received surgery,
women who did not received platinum-based chemotherapy
after primary surgery, women with mixed type of ovarian
carcinoma and women with concurrent cancer other than
ovarian cancer were excluded. All participants provided
written informed consent. The study was approved by the
Ethics Committee of Peking Union Medical College Hospital
(S-K903).

For the assessment of survival, PFS was defined as the time
from diagnosis to the date of disease progression or end of the
study. OS was defined as the time from the date of initial
diagnosis to the date of cancer-related death or loss of follow-up.

Variables

Preoperative demographics and clinical information such as:
diagnosed age, body mass index, carbohydrate antigen 125
before operation, endometriosis, thrombosis, past medical
history, operative procedure, postoperative chemotherapy
(taxane and platinum based chemotherapy), the FIGO staging
(according to the 2014 the FIGO staging for ovarian, fallopian
tube and peritoneal cancer), macroscopical information
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(maximal tumor diameter, bilateral or unilateral of tumor, and
the residual of the tumor), microscopical information (histologic
type, the presence of lymph node metastasis, peritoneal cytology,
and malignant ascites or washing), and mode of recurrence and
death were collected from medical records and clinical follow-up
visit. We also analyzed platinum resistance: Patients who
showed recurrence in less than 6 months after completion of
primary treatment were classified into platinum resistant group,
while patients who relapsed 6 months or more or those who
completed taxane and platinum-based chemotherapy and did
not experience disease recurrence for at least 6 months of the
follow-up period were classified into platinum sensitive group.
Patients with insufficient observable time to determine platinum
sensitivity were also excluded.

Statistical analyses

Categorical variables were compared using the x2 test or
Fisher’s exact test. Continuous variables were compared using
the t test or Mann-Whitney U test for variables with an
abnormal distribution. In the univariate analysis, crude
analyses were performed to identify potential risk factors.
Then, multivariate analyses with backward procedures were
used to select the best-fit model. A statistical significance level
of 0.20 was used to select variables into the model.

Stage I and II were combined and Stage III and IV were
combined in the FIGO staging due to the small sample size of
Stage II and Stage IV patients. Platinum resistance was
considered a variable in the analyses of OS prognosis.

Patients diagnosed from 1982-9 to 2011-12 were classified as
the training group and patients diagnosed from 2012-1 to 2016-
11 were classified as the validation group. Nomograms were
constructed based on the results of multivariate analysis to
predict PFS, and OS from the training group. The
performance of the nomogram was measured by concordance
index and calibration curve using a bootstrapped sample. Model
validation was performed using bootstrap resampling to
quantify the overfitting of our modeling strategy and predict
future performance of the model. Then, internal validation was
performed on the validation group. Statistical analyses were
performed using the package in R version 2.14.1 (http://www.
r-project.org/).

Results

A total of 358 patients were included in the study, with 247
(69.0%) enrolled in the training group and 111 (31.0%) recruited
in the validation group. The mean diagnosed age was 49.5 + 10.5
years. Of these patients, 13.69% had thrombosis and 37.63% had
endometriosis before operation. The training group and
validation group had no significant difference in age, body
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mass index, thrombosis, endometriosis, surgical approaches
and surgical procedures. The validation group underwent less
advanced-stage patients and less residual tumor than the
training group (Table 1).

At the end of this study, recurrence occurred in 130 (36.3%)
patients, while 55 (15.4%) patients were lost to follow-up, and
173 (48.3%) patients remained progression-free. 61 (17.0%)
patients had died of OCCC, 34 (9.5%) patients were lost to
follow-up, and 263 (73.5%) patients remained alive.

Backward stepwise selection in Cox proportional hazards
regression model identified several variables that were the most
associated with PFS and OS, respectively (Tables 2, 3). Then,
nomograms were developed using the selected variables
(Figures 1, 2). The nomogram for the prediction of PFS
included thrombosis, the FIGO staging, residual of the tumor,
distant metastasis. Each factor was assigned a weighted point
and patients with a higher total score had a higher risk for
recurrence. Discrimination of the model measured by the
Harrell concordance index was 0.738 (Figure 1). By the same
algorithm, the nomogram for predicting OS was developed. The
nomogram consisted of thrombosis, lymph node metastasis,
residual of the tumor, malignant ascites/washing, and
platinum resistance, with a Harrell concordance index of
0.835 (Figure 2).

Bootstrap validation of the model with 500 iterations
revealed minimal evidence of model overfit. The calibration
plot of the models showed good predictive accuracy (Figures 3,
4). In the validation cohort, the concordance index of were 0.775
and 0.807 for predicting PFS and OS, respectively.

In comparison, the concordance statistics for PFS and OS of
OCCC based on the FIGO staging were 0.715 and 0.727,
respectively. The concordance indice of the FIGO staging for
OS was significantly lower than that of the nomogram (P < 0.05)
while the concordance indice for PFS showed no significance.

Discussion

In the present study, we successfully established nomograms
for predicting PFS and OS of patients with OCCC in a large
ovarian cancer center in China. The Harrell concordance indexes
of these models were 0.873, 0.738 and 0.835, respectively.

OCCC is thought to have different biological characteristics
from other types of epithelial ovarian cancer while there are rare
attempts to establish a nomogram especially on OCCC.
Therefore, we successfully established nomograms using
special prognostic factors in this type of ovarian cancer. In
addition, it was firstly demonstrated that our nomogram was
more accurate than the FIGO system. It is relatively easy to use
in clinic for patient counseling, postoperative management, and
follow-up for individual patients.

Such predictive nomograms are of great clinical value with
the era of precision medicine. In clinic, these indicators were
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TABLE 1 Patients’ characteristics.

Variables

Age of diagnosis/y (mean + standard deviation)
Body mass index of diagnosis/kg/m2 (mean + standard deviation)
Thrombosis n(%)
No n (%)
Yes n (%)
Endometriosis n(%)
No n (%)
Yes n (%)
Elevated Carbohydrate antigen 125 n(%)
No n (%)
Yes n (%)
Surgical approaches
Laparotomy n(%)
Laparoscopy n(%)
Surgical procedures for patients with advanced stages
Primary debulking surgery n(%)
Interval debulking surgery n(%)
Tumor side
Unilateral n(%)
Bilateral n(%)
The International Federation of Gynecology and Obstetrics staging
1 n(%)
1I n(%)
111 n(%)
IV n(%)
Maximal diameter/cm (mean + standard deviation)
Lymph node metastasis
Negative n (%)
Positive n (%)
Residual of the tumor n(%)
Negative n (%)
Positive n (%)
Ascites/malignant washing n(%)
Negative n (%)
Positive n (%)
Peritoneal cytology n(%)
Negative n (%)
Positive n (%)
Distant metastasis n(%)
Negative n (%)

Positive n (%)

10.3389/fonc.2022.956380

All patients Training group Validation group P value
(n = 358) (n = 247) (n=111)
49.5 £10.5 50.0 £ 10.5 48.4 £ 104 0.197
226 £ 3.1 255+7.2 22527 0.704
0.119
309 (86.31%) 208 (84.21%) 101 (90.99%)
49 (13.69%) 39 (15.79%) 10 (9.01%)
0.726
179 (62.37%) 111 (61.33%) 68 (64.15%)
108 (37.63%) 70 (38.67%) 38 (35.85%)
0.010
159 (44.41%) 107 (43.32%) 52 (46.85%)
199 (55.59%) 140 (56.68%) 59 (53.15%)
0.405
326 (91.06%) 227 (91.90%) 99 (89.19%)
32 (8.94%) 20 (8.10%) 12 (10.81%)
0.006
72 (52.17%) 59 (54.63%) 13 (43.33%) 0273
66 (47.83%) 49 (45.37%) 17 (56.67%)
0.006
265 (74.86%) 171 (70.37%) 94 (84.68%)
89 (25.14%) 72 (29.63%) 17 (15.32%)
0.004
196 (54.75%) 122 (49.39%) 74 (66.67%)
24 (6.7%) 17 (6.88%) 7 (6.31%)
120 (33.52%) 97 (39.27%) 23 (20.72%)
18 (5.03%) 11 (4.45%) 7 (6.31%)
111 %67 113 + 5.6 108 + 8.5 0.529
0.082
287 (82%) 193 (79.42%) 94 (87.85%)
63 (18%) 50 (20.58%) 13 (12.15%)
0.002
274 (76.54%) 177 (71.66%) 97 (87.39%)
84 (23.46%) 70 (28.34%) 14 (12.61%)
0261
296 (82.68%) 200 (80.97%) 96 (86.49%)
62 (17.32%) 47 (19.03%) 15 (13.51%)
0.002
228 (63.69%) 144 (58.3%) 84 (75.68%)
130 (36.31%) 103 (41.7%) 27 (24.32%)
0.631
340 (94.97%) 236 (95.55%) 104 (93.69%)
18 (5.03%) 11 (4.45%) 7 (6.31%)

found to be of great significance for prediction. For example, if

an OCCC patient comes to the clinic after primary treatment,

the doctor can directly tell him/her the probability of recurrence
and prediction of OS using our nomograms. In addition, this
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model will have a great effect on guiding the next treatment plan
in clinical work. If a patient has a high risk of recurrence, more
aggressive treatments such as intraperitoneal chemotherapy and
more frequent follow-up might be reccommended. Therefore, our
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TABLE 2 Progression-free survival of patients with ovarian clear cell carcinoma.

Variables Univariate analysis Multivariate analysis
Harzard 95% Confidence P Harzard 95% Confidence P
ratio interval value ratio interval value
Age of diagnosis/y 1.01 0.99-1.03 0.332
Body mass index of diagnosis/kg/m2 1.04 0.89-1.21 0.655
Thrombosis 2.20 1.41-3.44 <0.001 1.64 1.02-2.66 0.042
Endometriosis 1.27 0.73-2.2 0.395
Elevated Carbohydrate antigen 125 4.03 2.06-7.88 <0.001
Surgical approaches 0.765
Laparotomy Reference Reference Reference
Laparoscopy 1.01 0.65-1.33 0.765
Surgical procedures for patients with advanced stages 0.685
Primary debulking surgery Reference Reference Reference
Interval debulking surgery 1.05 0.78-1.21 0.685
Bilateral tumor side 2.20 1.46-3.32 <0.001
The International Federation of Gynecology and <0.001 <0.001
Obstetrics staging
/11 Reference Reference Reference Reference Reference Reference
1/1v 4.41 2.94-6.6 <0.001 3.41 2.03-5.73 <0.001
Maximal diameter/cm 1.00 0.96-1.05 0.838
Lymph node metastasis 2.92 1.86-4.57 <0.001
Residual of the tumor 3.73 2.47-5.62 <0.001 1.7 0.99-2.91 0.053
Positive ascites/malignant washing 2.27 1.46-3.52 <0.001
Positive peritoneal cytology 4.19 2.81-6.25 <0.001
Distant metastasis 6.03 2.83-12.87 0.000 3.18 1.44-7.02 0.004

nomogram makes our evaluation system applicable to patients
who have undergone surgery, and can also calculate the
prognosis of patients at follow-up.

Several nomograms for predicting survival prognosis of
epithelial ovarian cancer have been developed. Obermair et al.
(12) introduced a nomogram to predict the recurrence
probability in patients with borderline ovarian tumors, while
Meurs et al. (13) developed models to predict the risk of
recurrence free survival for various types of ovarian tumor.
Several studies also (14-16) published nomograms predicting
survival for epithelial ovarian cancer. Thus, nomograms for
epithelial ovarian cancer have been developed in multiple
populations. However, nomograms for OCCC are sparse. One
reason might be due to the low incidence in Western women (1).
In addition, OCCC has some special characteristics such as the
large amount of endometriosis complications, the high rate of
thromboembolic complications, and the poor response to
chemotherapy, which are different from other subtypes of
epithelial ovarian cancer and might influence the prognosis of
OCCC (4, 5). Some studies evaluated OCCC (14, 15) with small
sample size, while Chen et al. established a nomogram for
patients with OCCC based on the Surveillance, Epidemiology,
and End Results database (17). However, these studies rarely
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considered factors specially related with OCCC. Our
nomograms for PFS and OS of OCCC combined a series of
prognostic factors, such as thrombosis and platinum resistance,
which were not incorporated in the FIGO system and previous
Chen’s research (17). Widely used prognostic systems like the
FIGO classification include a limited number of tumor-related
variables and it is unknown that whether additional risk factors
are of important prognostic values.

In our study, thrombosis was found to be a prognostic factor
for OCCC for both PFS and OS, and remained an independent
prognostic factor for PFS and OS. The risk of thromboembolic
events is demonstrated to higher in OCCC than other histologic
subtypes of epithelial ovarian cancer (18). Elena et al. in 2013
demonstrated that thromboembolic events during OCCC
primary treatment were associated with a significantly higher
risk of cancer recurrence and death (19), which was consistent
with our results. Tissue factor is a transmembrane glycoprotein
that serves as a physiologic initiator of coagulation and
implicates in tumor growth, metastasis, and angiogenesis (20,
21). It was found to be a modulator in thromboembolic events in
epithelial ovarian cancer (22). The hypothesis that a paracrine
circuit involving thrombosis could lead to more aggressive
tumor biology might also contribute to this increased risk (19).
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TABLE 3 Overall survival of patients with ovarian clear cell carcinoma.

Variables

Univariate analysis

10.3389/fonc.2022.956380

Multivariate analysis

Harzard 95% Confidence P Harzard 95% Confidence P
ratio interval value ratio interval value
Age of diagnosis/y 1.02 1-1.05 0.084
Body mass index of diagnosis/kg/m2 0.69 0.4-1.18 0.173
Thrombosis 2.65 1.53-4.6 <0.001 2.98 1.4-6.34 0.005
Endometriosis 1.11 0.58-2.13 0.752
Elevated Carbohydrate antigen 125 523 2.23-12.25 <0.001
Surgical approaches 0.694
Laparotomy Reference Reference Reference
Laparoscopy 1.04 0.78-1.37 0.694
Surgical procedures for patients with advanced stages 0.324
Primary debulking surgery Reference Reference Reference
Interval debulking surgery 1.02 0.89-1.13 0.324
Bilateral tumor side 4.00 2.4-6.65 <0.001
The International Federation of Gynecology and <0.001
Obstetrics staging
/I Reference Reference Reference
/v <0.001 <0.001 <0.001
Maximal diameter/cm 1.00 0.95-1.05 0.949
Lymph node metastasis 4.69 2.75-8.01 <0.001 2.47 1.12-5.42 0.025
Residual of the tumor 8.30 4.92-14 <0.001 1.73 0.8-3.74 0.162
Positive ascites/malignant washing 4.32 2.57-7.25 <0.001 1.95 0.93-4.08 0.076
Positive peritoneal cytology 5.32 3.12-9.06 <0.001
Distant metastasis 3.40 1.44-8.02 0.005
Neoadjuvant chemotherapy 2.73 1.56-4.76 <0.001
Platinum resistance 1.84 0.99-3.4 0.053 10.27 4.5-23.45 <0.001
Points ¢ .4 = = 2 . e B < ¥
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the International Fed of
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FIGURE 1

25 ° 05

A Nomogram for Predicting Progression-free Survival of Patients With Resectable Ovarian Clear Cell Carcinoma After Primary Treatment. To
calculate predicted progression-free survival, an individual patient’s value is located on each variable axis, and a straight line is drawn upward to
the “Points” row to determine the points associated with each factor. After summing the total points, one locates the appropriate total point
number and draws a straight line from this to the bottom rows to determine the patient’s predicted survival probability. (For each variable:
Thrombosis: 0=no thrombosis, 1=exist; The International Federation of Gynecology and Obstetrics staging: I/ll=stage I/Il, Ill/IV=stage IlI/IV;
Residual of the tumor: O=negative, 1=positive; Distant metastasis: 0=no distant metastasis, 1=positive distant metastasis).
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FIGURE 2

A Nomogram for Predicting Overall Survival of Patients With Resectable Ovarian Clear Cell Carcinoma After Primary Treatment. To calculate
predicted overall survival, an individual patient’s value is located on each variable axis, and a straight line is drawn upward to the "Points” row to
determine the points associated with each factor. After summing the total points, one locates the appropriate total point number and draws a
straight line from this to the bottom rows to determine the patient’s predicted survival probability. (For each variable: Thrombosis: 0=no
thrombosis, 1=exist; Residual of the tumor: O=negative, 1=positive; Malignant ascites/washing: 0=no malignant ascites/washing, 1= malignant
ascites/washing; Lymph node metastasis: O=negative lymph node metastasis, 1=positive lymph node metastasis; Platinum resistance:
O=platinum sensitive, 1=platinum resistant)

Thus, we included thrombosis in both PFS and OS lot of retrospective studies showed that the response rate of
nomogram establishment. OCCC to traditional platinum-based chemotherapy was
Platinum resistance was another factor which was significantly lower than serous adenocarcinoma (23-25). A
independently associated with OS for our OCCC patients. A Korea group (15) in 2019 also considered platinum resistance
S
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FIGURE 3
Calibration Plot Comparing Predicted and Actual Progression- FIGURE 4
free Survival Probabilities. The calibration curve for predicting Calibration Plot Comparing Predicted and Actual Overall Survival
patient progression-free survival is stated in Figure 3. Probabilities. The calibration curve for predicting patient overall
Nomogram-predicted probability of progression-free survival is survival is stated in Figure 4. Nomogram-predicted probability of
plotted on the x-axis; actual progression-free survival is plotted overall survival is plotted on the x-axis; actual overall survival is
on the y-axis. Thin gray line represents the reference line. plotted on the y-axis. Thin gray line represents the reference line.
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as a prognostic factor in developing nomogram for OS in
epithelial ovarian cancer. Therefore, considering the high rate
of platinum resistance in OCCC and its prognostic value, we also
included it in the development of OS nomogram.

In addition, we have explored the influence of surgery
approaches and surgery approaches on PFS and OS. No
significant difference was found in OS and PFS between
patients undergoing laparotomy and minimally invasive
surgery, which was consistent with previous research (26, 27).
This indicated that both laparotomy and laparotomy would be
applicable in the surgery of ovarian cancer and would not
influence the survival of patients. We also explored the
influence of PDS vs. IDS in the sub group of patients with
advanced OCCC and found that none of the two investigated
procedures has proven to be superior in terms of OS and PFS,
which was also consistent with the previous research (28, 29).

Furthermore, our nomograms were comparable with the
FIGO staging. The concordance statistics of the nomogram was
even significantly higher than that of the FIGO staging for OS
assessment. Thus, our nomograms had great prognostic value. In
this study, we established two prognostic nomograms for
recurrence and long-term survival after primary treatment in a
large center in China and validated them in patients from the
same center. The nomogram is relatively easy to use in clinic for
predicting the survival rate for individual patients.

The study has some limitations. First, this study was
conducted in a single institution. Further studies in
multicenter should be constructed. Second, it was a
retrospective data analysis. Although we performed internal
validation with a good result, future externally validation is
needed. In future research, we would combine a multicenter
data analysis to verify the accuracy and usefulness of our model
and to increase the validity of the data. Last but not least, it was
not well-known by obstetrician and gynecologist. An app which
embedded this nomogram might be designed in the future to
make it easier and faster to provide prognostic information.
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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.

frontiersin.org
68


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.

KEYWORDS

Large-cell neuroendocrine carcinoma, SEER, ovarian, endometrial, cervical,

prognostic factors

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 NETSs 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)

il 8 (4.7) 5(2.3) 5(6.3)

111 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)
=220 16 (9.5) 11 (5.0) 7 (8.8)
(Continued)
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TABLE 1 Continued

10.3389/fonc.2022.970985

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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Survival curves for gynecologic LCNEC patients with early- and advanced-stage disease for different treatment regimens: (A) cancer-specific
survival (CSS) in the early stage with cervical LCNEC; (B) cancer-specific survival (CSS) in the advanced stage with cervical LCNEC; (C) cancer-
specific survival (CSS) in the early stage with ovarian LCNEC; (D) cancer-specific survival (CSS) in the advanced stage with ovarian LCNEC; (E)
cancer-specific survival (CSS) in the early stage with endometrial LCNEC; (F) cancer-specific survival (CSS) in the advanced stage with

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
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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 (1219- 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- 0311  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)
I\% 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  1.297 (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) 2298 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 0.71 (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 - - - -
11 6.799 (0.232- 0.266 - - - - 8.208 (0.304- 0.211 - - - -
28.884 21.489)
1 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 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 5502 (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.

Data availability statement
The original contributions presented in the study are

included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Author contributions

LP: clinical data collection, conceptualization, data curation,
formal analysis, and writing - original draft. JC: clinical data
collection and conceptualization. XC: data curation and writing -

frontiersin.org


https://doi.org/10.3389/fonc.2022.970985
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Pang et al.

review and editing. All authors significantly contributed to the
study and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Travis WD, Linnoila RI, Tsokos MG, Hitchcock CL, Cutler GB, Nieman L,
et al. Neuroendocrine tumors of the lung with proposed criteria for large-cell
neuroendocrine carcinoma. an ultrastructural, immunohistochemical, and flow
cytometric study of 35 cases. Am J Surg Pathol (1991) 15:529-53. doi: 10.1097/
00000478-199106000-00003

2. Walenkamp AM, Sonke GS, Sleijfer DT. Clinical and therapeutic aspects of
extrapulmonary small cell carcinoma. Cancer Treat Rev (2009) 35:228-36.
doi: 10.1016/j.ctrv.2008.10.007

3. Brennan SM, Gregory DL, Stillie A, Herschtal A, Mac Manus M, Ball DL.
Should extrapulmonary small cell cancer be managed like small cell lung cancer?
Cancer (2010) 116:888-95. doi: 10.1002/cncr.24858

4. van Meerbeeck JP, Fennell DA, De Ruysscher DK. Small-cell lung cancer.
Lancet (2011) 378:1741-55. doi: 10.1016/S0140-6736(11)60165-7

5. Frazier SR, Kaplan PA, Loy TS. The pathology of extrapulmonary small cell
carcinoma. Semin Oncol (2007) 34:30-8. doi: 10.1053/j.seminoncol.2006.11.017

6. Winer I, Kim C, Gehrig P. Neuroendocrine tumors of the gynecologic tract
update. Gynecol Oncol (2021) 162:210-19. doi: 10.1016/j.ygyno.2021.04.039

7. Gardner GJ, Reidy-Lagunes D, Gehrig PA. Neuroendocrine tumors of the
gynecologic tract: A society of gynecologic oncology (SGO) clinical document.
Gynecol Oncol (2011) 122:190-8. doi: 10.1016/j.ygyno.2011.04.011

8. Crowder S, Tuller E. Small cell carcinoma of the female genital tract. Semin
Oncol (2007) 34:57-63. doi: 10.1053/j.seminoncol.2006.10.028

9. Wang KL, Wang TY, Huang YC, Lai JC, Chang TC, Yen MS. Human
papillomavirus type and clinical manifestation in seven cases of large-cell
neuroendocrine cervical carcinoma. | Formos Med Assoc (2009) 108:428-32.
doi: 10.1016/S0929-6646(09)60088-7

10. Albores-Saavedra J, Gersell D, Gilks CB, Henson DE, Lindberg G, Santiago
H, et al. Terminology of endocrine tumors of the uterine cervix: Results of a
workshop sponsored by the college of American pathologists and the national
cancer institute. Arch Pathol Lab Med (1997) 121:34-9.

11. Embry JR, Kelly MG, Post MD, Spillman MA. Large Cell neuroendocrine
carcinoma of the cervix: Prognostic factors and survival advantage with platinum
chemotherapy. Gynecol Oncol (2011) 120:444-8. doi: 10.1016/j.ygyno.2010.11.007

12. Burkeen G, Chauhan A, Agrawal R, Raiker R, Kolesar J, Anthony L, et al.
Gynecologic large cell neuroendocrine carcinoma: A review. Rare Tumors (2020)
12:2036361320968401. doi: 10.1177/2036361320968401

13. Lee E, Ji YL Large Cell neuroendocrine carcinoma of the cervix with
sequential metastasis to different sites: A case report. Case Rep Oncol (2018)
11:665-70. doi: 10.1159/000493912

14. Habeeb A, Habeeb H. Large Cell neuroendocrine carcinoma of the uterine
cervix. BMJ Case Rep (2019) 12:bcr-2018. doi: 10.1136/bcr-2018-225880

15. Shahabi S, Pellicciotta I, Hou J, Graceffa S, Huang GS, Samuelson RN, et al.
Clinical utility of chromogranin a and octreotide in large cell neuro endocrine
carcinoma of the uterine corpus. Rare Tumors (2011) 3:e41. doi: 10.4081/
rt.2011.e41

16. Kajiwara H, Hirabayashi K, Miyazawa M, Nakamura N, Hirasawa T,
Muramatsu T, et al. Immunohistochemical expression of somatostatin type 2A
receptor in neuroendocrine carcinoma of uterine cervix. Arch Gynecol Obstet
(2009) 279:521-5. doi: 10.1007/s00404-008-0760-y

17. Hooker N, Mohanan S, Burks RT. A rare presentation of stage IV large cell
neuroendocrine carcinoma of the cervix with metastasis to the cranium. Case Rep
Obstet Gynecol (2018) 2018:2812306. doi: 10.1155/2018/2812306

18. Ono K, Yokota NR, Yoshioka E, Noguchi A, Washimi K, Kawachi K, et al.
Metastatic large cell neuroendocrine carcinoma of the lung arising from the uterus:

Frontiers in Oncology

81

10.3389/fonc.2022.970985

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

A pitfall in lung cancer diagnosis. Pathol Res Pract (2016) 212:654-7. doi: 10.1016/
j.prp.2016.03.009

19. Nagao S, Miwa M, Maeda N, Kogiku A, Yamamoto K, Morimoto A, et al.
Clinical features of neuroendocrine carcinoma of the uterine cervix: A single-
institution retrospective review. Int J Gynecol Cancer (2015) 25:1300-5.
doi: 10.1097/1GC.0000000000000495

20. Sato Y, Shimamoto T, Amada S, Asada Y, Hayashi T. Large Cell
neuroendocrine carcinoma of the uterine cervix: A clinicopathological study of
six cases. Int J Gynecol Pathol (2003) 22:226-30. doi: 10.1097/
01.PGP.0000071046.12278.D1

21. Tempfer CB, Tischoff I, Dogan A, Hilal Z, Schultheis B, Kern P, et al.
Neuroendocrine carcinoma of the cervix: A systematic review of the literature.
BMC Cancer (2018) 18:530. doi: 10.1186/s12885-018-4447-x

22. Sharabi A, Kim SS, Kato S, Sanders PD, Patel SP, Sanghvi P, et al.
Exceptional response to nivolumab and stereotactic body radiation therapy
(SBRT) in neuroendocrine cervical carcinoma with high tumor mutational
burden: Management considerations from the center for personalized cancer
therapy at UC San Diego moores cancer center. Oncologist (2017) 22:631-7.
doi: 10.1634/theoncologist.2016-0517

23. Lyons YA, Frumovitz M, Soliman PT. Response to MEK inhibitor in small
cell neuroendocrine carcinoma of the cervix with a KRAS mutation. Gynecol Oncol
Rep (2014) 10:28-9. doi: 10.1016/j.gore.2014.09.003

24. Carroll MR, Ramalingam P, Salvo G, Fujimoto ], Solis Soto LM,
Phoolcharoen N, et al. Evaluation of PARP and PDL-1 as potential therapeutic
targets for women with high-grade neuroendocrine carcinomas of the cervix. Int J
Gynecol Cancer (2020) 30:1303-7. doi: 10.1136/ijgc-2020-001649

25. Yang X, Chen J, Dong R. Pathological features, clinical presentations and
prognostic factors of ovarian large cell neuroendocrine carcinoma: A case report
and review of published literature. ] Ovarian Res (2019) 12:69. doi: 10.1186/s13048-
019-0543-z

26. Oshita T, Yamazaki T, Akimoto Y, Tanimoto H, Nagai N, Mitao M, et al.
Clinical features of ovarian large-cell neuroendocrine carcinoma: Four case reports
and review of the literature. Exp Ther Med (2011) 2:1083-90. doi: 10.3892/
etm.2011.325

27. Lin CH, Lin YC, Yu MH, Su HY. Primary pure large cell neuroendocrine
carcinoma of the ovary. Taiwan ] Obstet Gynecol (2014) 53:413-6. doi: 10.1016/
j.tjog.2013.06.017

28. Ki EY, Park JS, Lee KH, Bae SN, Hur SY. Large Cell neuroendocrine
carcinoma of the ovary: A case report and a brief review of the literature. World J
Surg Oncol (2014) 12:314. doi: 10.1186/1477-7819-12-314

29. Shakuntala PN, Uma Devi K, Shobha K, Bafna UD, Geetashree M. Pure
large cell neuroendocrine carcinoma of ovary: A rare clinical entity and review of
literature. Case Rep Oncol Med (2012) 2012:120727. doi: 10.1155/2012/120727

30. Nguyen ML, Han L, Minors AM, Bentley-Hibbert S, Pradhan TS, Pua TL,
et al. Rare large cell neuroendocrine tumor of the endometrium: A case report and
review of the literature. Int J Surg Case Rep (2013) 4:651-5. doi: 10.1016/
jdjscr.2013.04.027

31. Matsumoto H, Shimokawa M, Nasu K, Shikama A, Shiozaki T, Futagami M,
et al. Clinicopathologic features, treatment, prognosis and prognostic factors of
neuroendocrine carcinoma of the endometrium: A retrospective analysis of 42
cases from the Kansai clinical oncology Group/Intergroup study in Japan. ] Gynecol
Oncol (2019) 30:e103. doi: 10.3802/jg0.2019.30.e103

32. TuYA, Chen YL, Lin MC, Chen CA, Cheng WF. Large Cell neuroendocrine
carcinoma of the endometrium: A case report and literature review. Taiwan |
Obstet Gynecol (2018) 57:144-9. doi: 10.1016/j.tjog.2017.12.025

frontiersin.org


https://doi.org/10.1097/00000478-199106000-00003
https://doi.org/10.1097/00000478-199106000-00003
https://doi.org/10.1016/j.ctrv.2008.10.007
https://doi.org/10.1002/cncr.24858
https://doi.org/10.1016/S0140-6736(11)60165-7
https://doi.org/10.1053/j.seminoncol.2006.11.017
https://doi.org/10.1016/j.ygyno.2021.04.039
https://doi.org/10.1016/j.ygyno.2011.04.011
https://doi.org/10.1053/j.seminoncol.2006.10.028
https://doi.org/10.1016/S0929-6646(09)60088-7
https://doi.org/10.1016/j.ygyno.2010.11.007
https://doi.org/10.1177/2036361320968401
https://doi.org/10.1159/000493912
https://doi.org/10.1136/bcr-2018-225880
https://doi.org/10.4081/rt.2011.e41
https://doi.org/10.4081/rt.2011.e41
https://doi.org/10.1007/s00404-008-0760-y
https://doi.org/10.1155/2018/2812306
https://doi.org/10.1016/j.prp.2016.03.009
https://doi.org/10.1016/j.prp.2016.03.009
https://doi.org/10.1097/IGC.0000000000000495
https://doi.org/10.1097/01.PGP.0000071046.12278.D1
https://doi.org/10.1097/01.PGP.0000071046.12278.D1
https://doi.org/10.1186/s12885-018-4447-x
https://doi.org/10.1634/theoncologist.2016-0517
https://doi.org/10.1016/j.gore.2014.09.003
https://doi.org/10.1136/ijgc-2020-001649
https://doi.org/10.1186/s13048-019-0543-z
https://doi.org/10.1186/s13048-019-0543-z
https://doi.org/10.3892/etm.2011.325
https://doi.org/10.3892/etm.2011.325
https://doi.org/10.1016/j.tjog.2013.06.017
https://doi.org/10.1016/j.tjog.2013.06.017
https://doi.org/10.1186/1477-7819-12-314
https://doi.org/10.1155/2012/120727
https://doi.org/10.1016/j.ijscr.2013.04.027
https://doi.org/10.1016/j.ijscr.2013.04.027
https://doi.org/10.3802/jgo.2019.30.e103
https://doi.org/10.1016/j.tjog.2017.12.025
https://doi.org/10.3389/fonc.2022.970985
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Pang et al.

33. Suh DS, Kwon BS, Hwang SY, Lee NK, Choi KU, Song YJ, et al. Large Cell
neuroendocrine carcinoma arising from uterine endometrium with rapidly
progressive course: Report of a case and review of literature. Int J Clin Exp
Pathol (2019) 12:1412-7.

34. Matsumoto H, Nasu K, Kai K, Nishida M, Narahara H, Nishida H.
Combined large-cell neuroendocrine carcinoma and endometrioid
adenocarcinoma of the endometrium: A case report and survey of related
literature. J Obstet Gynaecol Res (2016) 42(2):206-10. doi: 10.1111/jog.12881

35. Shepherd FA, Evans WK, MacCormick R, Feld R, Yau JC.
Cyclophosphamide, doxorubicin, and vincristine in etoposide- and cisplatin-
resistant small cell lung cancer. Cancer Treat Rep (1987) 71:941-4.

Frontiers in Oncology

82

10.3389/fonc.2022.970985

36. Makihara N, Maeda T, Nishimura M, Deguchi M, Sonoyama A,
Nakabayashi K, et al. Large Cell neuroendocrine carcinoma originating from the
uterine endometrium: A report on magnetic resonance features of 2 cases with very
rare and aggressive tumor. Rare Tumors (2012) 4:e37. doi: 10.4081/rt.2012.e37

37. O’Brien ME, Ciuleanu TE, Tsekov H, Shparyk Y, Cucevia B, Juhasz G, et al.
Phase III trial comparing supportive care alone with supportive care with oral
topotecan in patients with relapsed small-cell lung cancer. J Clin Oncol (2006)
24:5441-7. doi: 10.1200/JC0.2006.06.5821

38. Pocrnich CE, Ramalingam P, Euscher ED, Malpica A. Neuroendocrine
carcinoma of the endometrium: A clinicopathologic study of 25 cases. Am ] Surg
Pathol (2016) 40:577-86. doi: 10.1097/PAS.0000000000000633

frontiersin.org


https://doi.org/10.1111/jog.12881
https://doi.org/10.4081/rt.2012.e37
https://doi.org/10.1200/JCO.2006.06.5821
https://doi.org/10.1097/PAS.0000000000000633
https://doi.org/10.3389/fonc.2022.970985
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

& frontiers | Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Federica Perelli,
Santa Maria Annunziata Hospital, Italy

REVIEWED BY
Zezhong Ye,

Harvard Medical School, United States
Filippo Ferrari,

University of Verona, Italy

Yong Lu,

Shanghai Jiao Tong University, China

*CORRESPONDENCE
Xiaoli Song
sharp80501@126.com

These authors have contributed
equally to this work

SPECIALTY SECTION
This article was submitted to
Gynecological Oncology,

a section of the journal
Frontiers in Oncology

RECEIVED 25 June 2022
ACCEPTED 16 November 2022
PUBLISHED 05 December 2022

CITATION
Xu'Y, Luo H-J, Ren J, Guo L-m, Niu J
and Song X (2022) Diffusion-weighted
imaging-based radiomics in epithelial
ovarian tumors: Assessment of
histologic subtype.

Front. Oncol. 12:978123.

doi: 10.3389/fonc.2022.978123

COPYRIGHT
© 2022 Xu, Luo, Ren, Guo, Niu and
Song. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author
(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Oncology

TYPE Original Research
PUBLISHED 05 December 2022
poI10.3389/fonc.2022.978123

Diffusion-weighted imaging-
based radiomics in epithelial
ovarian tumors: Assessment of
histologic subtype

Yi Xu", Hong-Jian Luo?, Jialiang Ren?, Li-mei Guo*,
Jinliang Niu* and Xiaoli Song™
Department of Radiology, Second Hospital of Shanxi Medical University, Taiyuan, Shanxi, China,

2Department of Radiology, The Third Affiliated Hospital of Zunyi Medical University (The First
People’'s Hospital of Zunyi), Zunyi, Guizhou, China, *GE Healthcare, Beijing, China

Background: Epithelial ovarian tumors (EOTSs) are a group of heterogeneous
neoplasms. It is importance to preoperatively differentiate the histologic
subtypes of EOTs. Our study aims to investigate the potential of radiomics
signatures based on diffusion-weighted imaging (DWI) and apparent diffusion
coefficient (ADC) maps for categorizing EOTs.

Methods: This retrospectively enrolled 146 EOTs patients [34 with borderline
EOT(BEOT), 30 with type | and 82 with type Il epithelial ovarian cancer (EOC)]. A
total of 390 radiomics features were extracted from DWI and ADC maps.
Subsequently, the LASSO algorithm was used to reduce the feature
dimensions. A radiomics signature was established using multivariable logistic
regression method with 3-fold cross-validation and repeated 50 times. Patients
with bilateral lesions were included in the validation cohort and a heuristic
selection method was established to select the tumor with maximum
probability for final consideration. A nomogram incorporating the radiomics
signature and clinical characteristics was also developed. Receiver operator
characteristic, decision curve analysis (DCA), and net reclassification index (NRI)
were applied to compare the diagnostic performance and clinical net benefit of
predictive model.

Results: For distinguishing BEOT from EOC, the radiomics signature and
nomogram showed more favorable discrimination than the clinical model
(0.915 vs. 0.852 and 0.954 vs. 0.852, respectively) in the training cohort. In
classifying early-stage type | and type Il EOC, the radiomics signature
exhibited superior diagnostic performance over the clinical model (AUC
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0.905 vs. 0.735). The diagnostic efficacy of the nomogram was the same as
that of the radiomics model with NRI value of -0.1591 (P = 0.7268). DCA also
showed that the radiomics model and combined model had higher net

Conclusion: Radiomics analysis based on DWI, and ADC maps serve as an
effective quantitative approach to categorize EOTs.

epithelial ovarian tumors, diffusion weighted imaging, apparent diffusion coefficient,

Xu et al.
benefits than the clinical model.
KEYWORDS
radiomics, nomogram
Introduction

Epithelial ovarian tumors (EOTs) are a group of
heterogeneous neoplasms and are subdivided into three
subtypes: benign, borderline, and malignant tumors (1-3). The
importance of the preoperative differentiation of these subtypes
has been gradually recognized due to their differences in lifestyle
and genetic risk factors, patterns of spread, responses to
chemotherapy, and prognoses. Borderline epithelial ovarian
tumor (BEOT) with low malignant potential constitute a
special histological type of EOT. Due to the younger age of
onset, fertility-sparing surgery is a very important topic for
consideration in BEOT patients (4, 5). In addition, adjuvant
chemotherapy or radiotherapy is not recommended even in
patients with advanced BEOT (6, 7). Differing from BEOT,
epithelial ovarian cancer (EOC) accounts for the highest
tumor-related mortality among women diagnosed with
gynecological malignancy (2, 8). The dualistic model further
classifies EOC into type I and type II, referring to the pathways
of tumorigenesis (9, 10). Type I EOC develops in a stepwise
fashion from well-established precursor lesions and has a good
prognosis but low responsiveness to standard treatments such as
platinum chemotherapy and hormonal treatments due to KRAS
and BRAF mutations and high expression levels of c-Fos (11,
12). In contrast, type II EOC tends to present in advanced stages
and has poorer outcomes. The reliable early identification of
these subtypes contributes to the rational choice of treatment
strategies and prognosis prediction (13).

Magnetic resonance imaging (MRI) is now widely applied in
assessment of adnexal masses. As a functional imaging
technique, diffusion weighted imaging (DWI) and the
corresponding apparent diffusion coefficient (ADC) maps hold
promise as additional tools for differentiating between the
benign and malignant conditions of a particular disease and
monitoring the course of therapy (14, 15). Previous studies have
shown great capability of DWI sequences with ADC map for
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categorizing ovarian tumors (16, 17). However, no consensus
has been reached regarding ADC measurements for the
characterization of ovarian tumors. Radiomics has recently
emerged as a powerful approach for non-invasively capturing
the inter-lesion heterogeneity that can be used to build an
objective and accurate decision support systems for cancer at
low cost (18, 19). Innumerable quantitative features extracted
using high-dimensional data from DWI and ADC map could
reflect the underlying pathophysiology of tissue (20, 21).
Previous studies have demonstrated the usefulness of
histograms analysis based on ADC for the differential
diagnosis of ovarian cancer (22, 23). Compared to the first-
order features, the higher-order statistical features in DWT and
ADC maps could better describe the diffusion pattern and
heterogeneous distribution of tumor tissues. The present
investigation used imaging features based on DWI and ADC
maps to quantitatively characterize the properties of complex
adnexal masses with the goal of improving the capability of
diagnosing subtypes of EOT and providing guidance for
clinicians to design specialized treatment plans. The complex
ovarian masses often present cystic-solid characteristics. Most
radiomics studies in EOTs have delineated regions of interest
(ROIs) that cover all voxels, including hemorrhagic, necrotic,
and cystic areas within the tumor (24, 25). The cystic
components were relatively homogeneous when compare with
the solid components. Thus, the ADC differences of the solid
components might be compromised by a larger proportion of
cystic components in the whole tumor (26). Therefore, whole-
tumor ROI analysis with a prior ROI focused on the solid
components of the lesion was conducted.

In the present study, a radiomics signature based on DWI
and ADC maps was developed preoperatively to noninvasively
classify EOTs into subtypes. Moreover, a comprehensive
nomogram that incorporated the radiomics signature and
clinical characteristics was established for the preoperative
subtype differentiation of EOTs.
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Material and methods
Patients

A total of 146 patients with surgically confirmed BEOT or
EOC who underwent preoperative magnetic resonance imaging
(MRI) examination between March 2016 and January 2021 were
included. The exclusion criteria were as follows: (1) patients who
received preoperative treatment; (2) MRI performed more than
1 month before surgery; and (3) poor image quality or maximum
diameter of lesions < 1 cm.

Clinical data, including age, menopausal status, and CA-125
level, were obtained from the medical records. Two radiologists
(with 4 and 8 years of experience in MRI interpretation) without
knowledge of the clinical and histologic information evaluated
the MRI data, and discrepancies were resolved by consensus.
Information on tumor configuration, pelvic fluid, and peritoneal
involvement were obtained. Tumor configuration was
characterized as mainly cystic, mixed cystic-solid, and mainly
solid. The institutional ethics committee approved this
retrospective study and the informed consents were waived.

MRI acquisition and tumor segmentation

MRI was performed using a 3.0T MR system (GE, Discovery
750W) with a phased-array coil. The scanning parameters of
axial DWI were as follows: TE 70.5 msec; TR 4000 ms; FOV 34
cmy; slice thickness (mm)/gap (mm) 5/1; flip angle 90; acquisition
matrix 128 x 128; and b value 0 and 1000 s/mm> The DWI
sequence images were transferred to the workstation, and ADC
maps were automatically calculated by a commercially available
software package (Functool, GE Medical Systems). More details
of MR image acquisition are provided in Appendices A. ROIs
were manually segmented along the lesion on the largest slice
using ITK-SNAP software (version 3.8.0, www.itksnap.org).

10.3389/fonc.2022.978123

Two different ROIs were positioned on the slice (Figure 1): (a)
an ROI encompassing the whole tumor area; and (b) an ROI
encompassing the solid part of the tumor area while avoiding
hemorrhagic, necrotic, or cystic regions on the axial DWI images
(b value of 1000 s/mm?) by referring to the T2-weighted images.
ROIs were copied to the ADC map automatically.

Feature extraction and selection

Before radiomics feature extraction, several preprocessing
techniques were applied to standardized images to improve
texture recognition. Radiomics features were extracted from
ROL, o and ROI,;; on DWI and ADC maps, respectively,
using PyRadiomics (27). For each ROI, 9 shape features, 18
histogram features, and 75 texture features (24 gray level co-
occurrence matrix (GLCM) features, 16 gray level run-length
matrix (GLRLM) features, 16 gray level size-zone matrix
(GLSZM) features, 14 gray level dependence matrix (GLDM)
features, and 5 neighborhood gray tone difference matrix
(NGTDM) features were calculated. Therefore, a total of 390
features were extracted for each lesion from both DWI and ADC
maps. Detailed descriptions of the image preprocessing and
feature extraction processes are provided in Appendices B.

The interobserver reproducibility was initially analyzed
using 30 randomly chosen images for ROI segmentation. The
Dice coefficient and Hausdorff distance were applied to estimate
the similarity of ROIs. The features selection procedure included
4 steps. First, the radiomics features with poor reproducibility
were removed. Second, univariate analysis was performed to
select important features by using the Wilcoxon rank-sum test
with a P value less than 0.05; third, the most significant
predictive features were selected by using the least absolute
shrinkage and selection operator (LASSO) logistic regression
algorithm. Fourth, in multivariate logistic regression, backward
stepwise selection was applied using a likelihood ratio test with
Akaike’s information criterion as the stopping rule.

FIGURE 1

Performance of region of interest on the DWI (b = 1000 s/mm?) by referring to T2WI. (A) Whole-tumor ROIs are manually drawn along the edge
of the tumor on the DWI. (B) Solid-tumor ROIs are drawn along the solid components of the tumor. (C) The corresponding ADC map
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Model construction

The shape features, first-order, and high-order image
features from DWI and ADC maps were selected, and their
performance in the discrimination of EOTs was evaluated
separately. Then, all the important radiomics features were
included in stepwise multivariate logistic regression analysis to
construct a radiomics signature. For each patient, a score named

10.3389/fonc.2022.978123

as the radscore, was calculated Model construction was followed
by 3-fold cross-validation repeated 50 times. A clinical model
based on clinical characteristics and a nomogram with the Rad-
score and clinical risk characteristics were also established.
Two classification tasks were assessed and shown in Figure 2:
1) BEOT vs. EOC and 2) early-stage (I-1I) type I vs. type I EOC.
For the classification of BEOT and EOC, patients with a single
lesion were included in the training cohort, and patients with

Total Patient

146 :

BEOT EOC E

42 161 H

v, Bilateral

= Validation :
E BEOT 26, EOC 63 BEOT 16, EOC 98 E

Y

Early
BEOT 26, EOC 37

: Training

v

v

Early
BEOT 8, EOC 11

Heuristic Selection

Type |1 23

Type 11 25

FIGURE 2

Flow diagram illustrating the two classification tasks. Task 1 was established for distinguishing BEOT from EOC, and task 2 was established from
early-stage type | from Il EOC. A total of 146 patients with 203 epithelial ovarian tumors, including 34 patients with 46 BEOT and 112 patients

with 161 EOC.
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bilateral lesions were included in the validation cohort. Three
distinct strategies were applied for the validation cohort: 1) both
tumors were taken as independent samples; 2) the more complex
tumor based on image features identified by radiologists; and 3)
computer-assisted screening was established to select the tumor
with maximum probability for final consideration. In addition,
the diagnostic performance in differentiating between BEOT and
early-stage EOC was also assessed. For the classification of early-
stage type I and type II EOCs, all single and bilateral tumors were
used as independent samples because of the small sample size.

Statistical analysis

The Mann-Whitney U test and Pearson’s chi-square test
were applied to assess the differences in the clinical
characteristics of the patients. The interobserver
reproducibility was evaluated using intraclass correlation
coefficients (ICCs), and an ICC value less than 0.75 was
considered poor reproducibility. The area under the receiver
operating characteristic (ROC) curve (AUC), accuracy,
sensitivity, and specificity were employed to quantitatively
measure the discrimination capability of all the models. The
95% CI are computed with 2000 stratified bootstrap replicates.
The Hosmer-Lemeshow test was performed to quantitatively
assess the calibration and agreement between the predicted and
observed results of all models. The DeLong test was used to
determine whether significant differences existed in terms of the
AUC values among these models. Decision curve analysis
(DCA) was applied to compare the net benefits of the different
models at different threshold probabilities. The net
reclassification index (NRI) was applied to measure the
prediction increment of the radiomics signature (28). All
statistical analyses were performed in R software (version

TABLE 1 Patients characteristics.

BEOT (n=34)

38.5 (27.0;47.0)
18.1 (8.46;40.8)
7134 (20.6%)
34/34 (100%)
8/34 (23.5%)
8/34 (23.5%)
2/34(5.9%)

57.0 (50.0;64.0)
54.2 (20.2;204)
74/112 (66.1%)
48/112 (42.9%)
49/112 (43.8%)
(
(

Age (year)

CA125 level
Menopausal (%)
Early-stage (%)
Bilaterality (%)

MRI reported fluid (%) 68/112 (60.7%)
MRI reported peritoneal metastasis (%) 45/112 (40.2%)
MRI reported tumor configuration (%)
Mainly cystic 28/42 (66.7%)
5/42 (11.9%)

9/42 (21.4%)

52/161 (32.3%)
47/161 (29.2%)
62/161 (38.5%)

Mixed cystic-solid
Mainly solid

BEOT, borderline epithelial ovarian tumor; EOC, epithelial ovarian cancer.
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EOC (n=112)
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3.6.3; https://www.rproject.org). Two-tailed p values less than
0.05 were considered statistically significant.

Results
Patients characteristics

The patients’ clinical characteristics are presented in Table 1.
In terms of distinguishing BEOT from EOC, patient age,
menopausal status, CA-125 level, bilaterality, MR-reported
pelvic fluid, tumor configuration, and peritoneal involvement
were significantly different (all P < 0.05), whereas no significant
differences were detected in the bilaterality (P> 0.05). In terms of
distinguishing early-stage type I and type II EOCs, patient age,
CA-125 level, MR-reported pelvic fluid, tumor configuration
and peritoneal involvement were significantly different (all P <
0.05), whereas no significant differences were detected in the
menopausal status of the patients (P > 0.05). Then, the clinical
model and radiomics nomogram were constructed by using the
significant clinical characteristics.

Feature selection and performance of
the radiomics signature for distinguishing
BEOT from EOC

The mean Dice coefficient and Hausdorff distance were
0.810 and 6.750 for DWI and 0.935 and 9.149 for ADC,
respectively. Detailed information regarding the ICCs is shown
in Appendices C. Among 390 radiomics features, 2 shape
features, 4 features from DWI, and 3 features from ADC were
selected using the multivariate LASSO method, and the
prediction performance outcomes of the shape features, DWI

Pvalue TypelI EOC (n=30) Type II EOC (n=82) P value

<0.001 55.0 (47.0:60.0) 58.0 (51.0:66.8) 0.047
0.001 36.0 (16.3;76.4) 94.2 (21.5;250) 0.018
<0.001 18/30 (60.0%) 56/82 (68.3%) 0.551

- 23/30 (76.7%) 25/82(30.5%) < 0.001
0.055 4/30 (13.3%) 45/82 (54.9%) < 0.001
< 0.001 11/30 (36.7%) 57/82 (69.5%) 0.003
<0.001 3/30 (10.0%) 42/82 (51.2%) <0.001

16/34 (47.1%)
0.001 13/34 (38.2%)
5/34 (14.7%)

36/127 (28.3%)
34/127 (26.8%) 0.002
57/127 (44.9%)
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features, and ADC map features were separately evaluated, and
the result are shown in Appendices D. Then, a stepwise
multivariable logistic regression algorithm was applied to build
the radiomics signature by using the selected features. Finally, 3
features, namely, ADC_solid_glszm_LowGrayLevelZone
Emphasis, ADC_solid_glcm_Imc1, and ADC_solid_Skewness,
were included in the radiomics signature. The distribution of
features is shown in Appendices E. Rad-score, menopausal
status, and CA-125 level were identified as independent factors
for discriminating between BEOT and EOC.

Compared with the clinical model, the radiomics signature
and nomogram showed better performance for distinguishing
BEOT from EOC in the training cohort (0.915 vs. 0.852, P =
0.21; 0.954 vs. 0.852, P = 0.01) and in the validation cohort
(0.974 vs. 0.736, P = 0.01; 0.954 vs. 0.736, P = 0.004) by tumor.
The accuracy, sensitivity, specificity, positive predictive value,
negative predictive value and their 95% CI were shown in
Table 2. For the validation cohort by patients, the maximum
probability selection method achieved a higher diagnostic
performance than the two methods mentioned above (more
detailed information is shown in Appendices F). NRI with value
of 0.5791 (95% CI: 0.2162 - 0.942, P = 0.00176) in comparing
between maximum probability selection method and radiologist
selection method. The diagnostic performance for distinguishing
BEOT from EOC in the training and validation cohorts was
presented by ROC curves. DCA showed that using either the
radiomics signature or nomogram adds more benefit than using
the clinical model. Good calibration was observed, and the
Hosmer-Lemeshow test showed the goodness-of-fit of the
radiomics signature (P = 0.074 and 0.663) and nomogram
(P = 0.175 and 0.207) (more detailed information regarding
the calibration curves and DCA are shown in Appendices G).
Figure 3 illustrates the ROC curve and the nomogram for
preoperatively distinguishing BEOT from EOC. In addition,
the predictive performance for distinguishing BEOT from
early-stage EOC was also determined. As shown in Figure 4,
the radiomics signature and nomogram showed better
performance than the clinical model in distinguishing BEOT
from early-stage EOC in the training cohort (AUC: 0.904 vs.

10.3389/fonc.2022.978123

0827, P = 0.23; AUC: 0.955 vs. 0.827, P = 0.013) and in the
validation cohort (AUC: 0.948 vs. 0.766, P = 0.15; AUC: 0.936 vs.
0.766, P = 0.08). More detailed information regarding the results
is provided in Appendices H.

Feature selection and performance of
the radiomics signature for distinguishing
early-stage type | from |l EOC

Among 390 radiomics features, 10 potential features were
selected using the LASSO method. The selected features were
then applied to build the radiomics signature by using a stepwise
multivariable logistic regression algorithm. Finally, 4
radiomics features (whole_MinorAxisLength, DWI_whole_
glrlm_GrayLevelVariance, DWI_solid_gldm_ LargeDependence
HighGrayLevelEmphasis, and ADC_whole_glrlm_ ShortRunLow
GrayLevelEmphasis) were identified for inclusion in the
radiomics signature. The distribution of features is shown in
Appendices I. Table 3 summarizes the diagnostic performance
of the clinical model, radiomics signature, and nomogram. The
radiomics signature showed favorable discrimination, with an
AUC 0f0.905 with accuracy, sensitivity, and specificity of 88.1%,
94.3% and 79.2%, respectively. Rad-score, pelvic fluid, and
tumor configuration were identified as independent factors for
discriminating between early-stage type I and type II EOC
through univariate and multivariable analyses. The radiomics
signature performed significantly better than the clinical model
(0.905 vs. 0.735, P = 0.007) in distinguishing early-stage type I
EOC from type IIEOC. The diagnostic efficacy of the nomogram
was the same as that of the radiomics model with a NRI of
-0.1591 (95% CI: -1.0516 - 0.7334, P = 0.7268). Good calibration
was observed, and the Hosmer-Lemeshow test showed the
goodness-of-fit of the data (P = 0.062). DCA showed that
using the radiomics signature adds more benefit than using
the clinical model. More detailed information regarding the
calibration curves and DCA are shown in Appendices J. Figure 5
shows the ROC for preoperatively classifying early-stage type I
and type I EOCs.

TABLE 2 Diagnostic performance of clinical model, radiomics, and nomogram in differentiating BEOT from EOC.

Training cohort

Validation cohort

Clinical model Radiomics Nomogram Clinical model Radiomics Nomogram
AUC (95% CI) 0.852(0.776-0.928) 0.915(0.845-0.986) 0.954(0.901-1.000) 0.736(0.603-0.869) 0.974(0.937-1.000) 0.954(0.896-1.000)
Accuracy (95% CI) 0.753(0.650-0.838) 0.865(0.776-0.928) 0.921(0.845-0.968) 0.596(0.501-0.687) 0.930(0.830-0.981) 0.842(0.721-0.925)
Sensitivity (95% CI) 0.730(0.546-0.864) 0.873(0.698-0.968) 0.937(0.738-1.000) 0.571(0.342-0.778) 0.918(0.898-1.000) 0.837(0.694-1.000)
Specificity (95% CI) 0.808(0.630-0.923) 0.846(0.615-0.962) 0.885(0.731-1.000) 0.750(0.524-0.938) 1.000(0.497-1.000) 0.875(0.625-1.000)
PPV (95% CI) 0.902(0.873-0.916) 0.932(0.917-0.938) 0.952(0.939-0.955) 0.933(0.894-0.950) 1.000(1.000-1.000) 0.976(0.971-0.980)
NPV (95% CI) 0.553(0.491-0.585) 0.733(0.667-0.758) 0.852(0.826-0.867) 0.222(0.167-0.263) 0.667(0.498-0.667) 0.467(0.385-0.500)

BEOT, borderline epithelial ovarian tumor; EOC, epithelial ovarian cancer; AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; 95% CI, 95% confidence

interval.
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radiomics nomogram.

Discussion

EOTs are a group of tumors consisting of dissimilar cell
types with different biological behaviors. Subtype differentiation
is beneficial for the individualized treatment of EOTs because of
the different disease courses. BEOT is characterized by mild
nuclear atypia and a lack of stromal invasion, whereas EOC is
characterized by high cellularity and abundant stromal invasion.

According to the concept of radiomics, these differences could be

reflected by quantitative analysis and radiomics methods. Our

results demonstrated that the radiomics signature and the
nomogram showed higher performance than the clinical
model in differentiating BEOT and EOC and in classifying
type I and type II EOCs. In addition, the maximum
probability selection method achieved excellent diagnostic
performance for distinguishing BEOT from EOC. Therefore,

TABLE 3 Diagnostic performance of clinical model, radiomics, and nomogram in classification between early-stage type | and Il EOC.

AUC (95% CI) Accuracy (95% CI)

Sensitivity (95% CI)

Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Clinical model  0.735(0.615-0.854)
0.905(0.818-0.991)

0.905(0.818-0.991)

Radiomics

Nomogram

0.712(0.579-0.822)
0.881(0.771-0.951)
0.881(0.771-0.951)

0.743(0.486-0.873)
0.943(0.457-1.000)
0.943(0.485-1.000)

0.667(0.375-0.834)
0.792(0.542-0.958)
0.792(0.500-0.958)

0.765(0.680-0.793)
0.868(0.762-0.875)
0.868(0.772-0.875)

0.640(0.500-0.690)
0.905(0.867-0.920)
0.905(0.857-0.920)

EOC, epithelial ovarian cancer; AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; 95% CI, 95% confidence interval.
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The receiver operating characteristic curves of clinical model, radiomics and nomogram for distinguishing BEOT from early-stage EOC.

radiomics signatures derived from DWI and ADC maps may be Reporting and Data System based on ultrasound appearances
powerful noninvasive imaging biomarkers for the subtype achieved good performance for the discrimination between
differentiation of EOTs. benign and malignant adnexal tumor, but depending on an

Morphological changes in EOT can be observed by experienced examiner and high-end ultrasound equipment (29).
conventional ultrasound and MRI examination. However, it The reproducible and noninvasive nature of radiomics provides
remains a challenge for differentiation diagnosis of EOT due to clinician with a favorable approach to predict clinicopathological
morphological complexity and overlap.The Assessment of variables. Theoretically, radiomics features morphological and

Different NEoplasias in the adneXa model and Ovarian-Adnexal features decode subtype of EOTs differently. Several radiomics
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studies based on DWI have been established for ovarian cancer
classification and histological grade evaluation. Mimura et al. (28)
found that the 10th percentile of ADC values had the highest AUC
for differentiating borderline ovarian tumors from malignant
ovarian tumors. Li et al. (22) studied the potential of histogram
features in the ADC map for grading serous ovarian carcinoma.
Their results showed that all ADC histogram features except
kurtosis are effective in distinguishing high-grade serous ovarian
carcinoma from low-grade serous ovarian carcinoma. In contrast
to previous studies that focused on histogram features, we
extracted a large number of quantitative and minable imaging
features to find more valuable information related to the subtype
differentiation of EOTSs. Our results showed that the features of
Skewness, GLCM_Imcl and GLSZM_LowGrayLevel
ZoneEmphasis were the key features for categorizing EOTs. The
skewness features revealed that malignant EOT exhibited greater
asymmetry with respect to value distributions about the mean as
compared with borderline EOT. The high-order features of
GLCM and GLSZM could quantify the spatial relationships and
interactions between pixel intensities to capture the distinctive
intratumour heterogeneity and subtle alterations in subtypes of
EOTs. Our results demonstrated that radiomics presents a
clinically applicable and cost-effective decision-making tool for
personalized medicine in EOTs. The radiomics signature and
nomogram showed better performance than the clinical model in
discriminating BEOT from EOC, indicating that radiomics may
help improve the diagnostic accuracy before invasive procedures.
For patients with bilateral tumors, maximum probability selection
was established and achieved excellent diagnostic performance for
distinguishing BEOT from EOC. It is worth noting that the
radiomics signature performed better than the nomogram, but
without a significant difference. This discrepancy, however, may
be due to the instability of clinical characteristics. In clinical
practice, it is more difficult to distinguish between BEOT and
early-stage EOC with limited tumor spread because advanced
EOC tends to show more aggressive characteristics, such as
peritoneal involvement, distant metastases, and ascites.
Therefore, a subtask of distinguishing between BEOT and early-
stage EOC was also performed and achieved a high overall
classification performance, with an AUC value of 0.904 in the
training cohort.

A dualistic model classifies EOC into two broad categories
designated type I and type II based on the pathogenesis and origin.
Zhang et al. (25) reported that radiomics features extracted from
MRI yielded excellent performance in classifying type I and type II
ovarian cancers. However, only intensity information in the ADC
map was analyzed. Jian et al. (24) constructed a multiparametric
MRI model for differentiating between type I and type II EOC.
Although some algorithms have been proposed for the
classification of type I and type II EOC, clinical characteristics
were not incorporated. In this study, a radiomics signature
achieved better performance than the clinical model in
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discriminating early-stage type I EOC from type II EOC.
However, the nomogram comprising radiomics features and
clinical characteristics showed same diagnostic efficacy as the
radiomics with NRI value of -0.1591. These results indicate that
clinical factors have little effect on the nomogram for
distinguishing the early-stage type I EOC from type II EOC and
the radiomics features could be an effective quantitative approach
to categorize EOTs. Radiomics provides a more objective and
accurate way for gynecologists to develop a customized process to
maximize the success of preventive and therapeutic interventions
with minimum side effects in patients with EOT.

In addition, the ROI methods have varied between ovarian
radiomics studies and have not achieved consensus. The
accuracy of EOT classification often depends on the feature
expression of the ROL As a complex mass comprising solid and
cystic components, the features from the whole tumor or the
solid components alone may not be sufficiently accurate to
distinguish the subtypes of EOTs. In this study, whole-tumor
ROI analysis with a prior ROI focused on the solid components
of ovarian lesions was performed. The present results
demonstrate that ROIs reflect the different characteristics of
tumors, and their combination can more comprehensively
reflect the internal heterogeneity of ovarian tumors.

Several limitations should be noted. First, for a radiomics
study, the sample size of a single center, such as ours, is arguably
somewhat small. A multicenter, large-scale trial should be
performed to validate our preliminary results. Second, lesion
segmentation was manually outlined on a single slice.
Undoubtedly, volumetric tumor delineation could provide a
more comprehensive evaluation of the underlying spatial
heterogeneity, but the analysis is time-consuming for clinical
application. A two-dimensional analysis may be more highly
recommended for clinical application (30). More studies are
warranted to explore the optimal tumor segmentation approach
for clinical application. Finally, the ADC values used in this
study were derived from a monoexponential diffusion model,
and features of other parameter maps derived from DWI images
using the biexponential or stretched-exponential diffusion mode
will be considered in our future work for ovarian tumors.

In this present study, imaging features were extracted from
DWI scans of ovarian tumors. The results demonstrated that the
subtype of EOTs could be predicted based on imaging features
from DWT and the nomogram. Future studies with larger sample
sizes and more radiomic features should be conducted to refine
our findings.
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