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Objective: To identify the differences between the pre- and intraoperative
characteristics in misdiagnosed appendiceal mucinous neoplasms (AMNs) and
those in primary ovarian mucinous tumors (POMTs) and to establish an
effective model for differentiating AMNs from pelvic mucinous tumors.

Methods: This study enrolled 70 AMN patients who were misdiagnosed with
ovarian tumors and 140 POMT patients who were treated from November 1998 to
April 2021 at Peking Union Medical College Hospital. The clinical features and
operative findings of the two groups of patients were collected and compared.

Results: There were significant differences in age and menopausal status, but no
difference in the patients’ clinical manifestations between the two groups. The
preoperative serum CA125 and CA199 levels were not different between the two
groups. The CEA level (31.04 + 427 vs. 711 + 24.2 ng/ml) was higher in the
misdiagnosed AMN group (P < 0.001). The AMNs were smaller than the POMTs
that were measured preoperatively by ultrasonography (US) (P<0.05) and
measured at surgery (P<0.05). Furthermore, the patients with AMNs more
commonly had multinodularity and ascites noted on the preoperative US
(P<0.001), on CT (P<0.001), and at surgery (P< 0.001). The two groups also
differed in the presence of bilateral disease, in the appendiceal appearance and
peritoneal dissemination. Subsequently, a prediction model was developed using
multivariable logistic regression, which was evaluated through internal validation.

Conclusions: The suspicion of a nongenital organs originated tumor
especially origing from appendiceal should be considered in a patient who
is older, tumor size less than 12cm, multinodular, presence of mucinous
ascites, and elevated serum CEA levels. Bilateral ovarian involvement,
peritoneal dissemination, and an abnormal appendiceal appearance found
during surgery were the typical features associated with AMNSs.
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Introduction

Primary appendiceal neoplasms are rare; they represent
approximately 0.5% of all cancers of the gastrointestinal tract (1)
and are classified into low-grade appendiceal mucinous neoplasm
(LAMN), high-grade appendiceal mucinous neoplasm (HAMN),
serrated polyp, adenoma, adenocarcinoma, mucinous
adenocarcinoma, and poorly differentiated adenocarcinoma with
signet ring cells (2). Patients with appendiceal mucinous neoplasms
(AMN) often present with nonspecific clinical manifestations, so
these types of neoplasms are often not suspected before surgery.
However, these tumors may be detected initially by gynecologists
but can be misdiagnosed as adnexal masses due to their proximity
(3). Perforated appendiceal mucinous neoplasms may cause
pseudomyxoma peritonei (PMP), which is an uncommon clinical
condition, and patients with PMP often present with enlarging
ovarian masses and an excessive accumulation of gel-like mucinous
peritoneal fluid in the peritoneal or pelvic cavity, similar to
malignant ovarian tumors (4-7).

A correct preoperative diagnosis of either a primary ovarian
mucinous tumor (POMT) or an AMN in female patients is very
difficult due to the lack of specific tumor biomarkers and the lack
of consistency in the imaging manifestations, such as in
ultrasonography, computed tomography, and magnetic
resonance, in these tumors (8-11). It is also difficult to
distinguish between these two neoplasms intraoperatively due
to the common macroscopic and microscopic features that are
associated with primary and metastatic mucinous ovarian
tumors (12).

It has been reported that there are a number of preoperative
clinical characteristics and gross features seen during surgery
that generally allow for the distinction between these two types
of lesions. An algorithm using the tumor size and laterality has
been evaluated and has been determined to be a relatively
reliable diagnostic approach (13-15). Some other gross
features, including the presence of mucinous ascites and
extraovarian metastases, the surface involvement of the ovary,
and a mucinous multinodular appearance, have been proven to
be potential indicators of secondary tumors (16-19).
Intraoperative frozen-section analysis is important to
determine the correct diagnosis, but the consistency between
the frozen and final pathology is partially dependent on the site,
which can be difficult for gynecologists and pathologists to
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determine (10). Immunohistochemistry (IHC) aids in
obtaining the final pathological diagnosis (20) but may not be
achievable during surgery. However, a correct distinction
between an AMN and a POMT both preoperatively and
intraoperatively is important for avoiding an unnecessary
gynecological staging surgery and insufficient exploration of
the appendix (19). Therefore, this study aimed to compare the
preoperative clinical characteristics and intraoperative features
that can differentiate between AMNs and POMTs.

Materials and methods
Patient enrollment

This was a retrospective cohort study that was implemented
in a tertiary teaching hospital. The Institutional Review Board
from the study center approved the study. At the time of
registration, all patients agreed to and signed a consent form
for the collection of data obtained from their medical records
and for the publication of their medical information, including
relevant images. All procedures that were performed in the study
and that involved human participants were performed according
to the ethical standards of the institutional and/or the national
research committee and the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards.

A retrospective database was retrieved for review, and this
database consisted of patients who were preoperatively
diagnosed with pelvic masses or ovarian tumors, who initially
underwent surgery performed by gynecologists and who had
pathologically confirmed appendiceal mucinous neoplasms at
Peking Union Medical College Hospital during the 23 years from
November 1998 to April 2021. The collected information
included the patient’s clinical presentation, laboratory and
imaging information, surgical procedure, and pathologic
information. The inclusion criteria were patients who had a
mass that was located in the pelvic cavity, who had an imaging
diagnosis of a gynecologic tumor before surgery (the mass was
first recognized by gynecologists, and the surgical exploration
was performed by gynecologists), and who had a histological
diagnosis of an appendiceal mucinous neoplasm at Peking
Union Medical College Hospital. Patients who had cervical or
endometrial tumors and who had a correct preoperative
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diagnosis were excluded. The data of patients with POMT who
were undergoing surgery in our department during the same
period were also reviewed. The available clinical information was
collected from the medical records of the patients.

Preoperative evaluation and
intraoperative findings

All of the patients in the two groups underwent evaluations
before treatment, including a review of their medical history,
physical examination, the measurement of tumor biomarkers,
including carbohydrate antigen 125 (CA125), carcinoembryonic
antigen (CEA), carcinoembryonic antigen 19-9 (CA19-9), and
testing for occult blood in the stool. At least one imaging
examination, including ultrasound examination (US),
computed tomography (CT), magnetic resonance imaging
(MRI), gastrointestinal endoscopy, or positron emission
tomography-computed tomography (PET-CT), was performed
before surgery, and the more detailed imaging information was
evaluated, including the tumor size, consistency, modularity,
calcification and the presence of ascites.

All patients were treated initially in the gynecological
department and had laparoscopic or laparotomic exploration
surgery that was performed by a gynecologist. The surgical
records were reviewed for information regarding the type of
surgery, the ovarian involvement, the tumor laterality and size,
the presence of ascites, the presence of peritoneal dissemination,
and the appearance of the appendix.

The pathological diagnoses that were obtained from the
perioperative frozen sections were also reviewed; however, the
definite diagnosis was based on the histological examination and
immunohistochemistry findings from the permanent sections.
The most commonly used markers were CDX2, CK20, CK7,
MUC2, SATB2, PAX-8, CA125, CEA, ER, and PR (3). The
AMNs were classified according to a recent consensus
classification system under the auspices of the Peritoneal
Surface Oncology Group International (PSOGI) (21).

Statistical analysis

The results are presented as the mean with SD ranges for
continuous data and percentages for categorical variables. We
checked the normality of each variable, and most of the variables
did not follow a normal distribution. Thus, we used the Mann—
Whitney U rank test instead of Student’s t-test for evaluating the
continuous variables and the chi-square test or Fisher’s exact test
to evaluate the categorical variables. The distributions of the two
populations were the same. Univariable and multivariable
logistic regression analysis was performed to select predictive
factors of AMNs, which formed the scoring system. The model
was developed by calculating the statistical significance of
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combinations of factors and were validated by the chi-square
values from the logistic regression and C-statistics. A P value less
than 0.05 was considered significant. The data analysis was
performed using Python version 3.8.5.

Results
Preoperative clinical characteristics

We reviewed and collected data from 70 cases of AMN that
were misdiagnosed as ovarian tumors, which were then
categorized into 50 patients with LAMNSs and 20 patients with
mucinous carcinomas, including three with signet ring cell
carcinomas and one with a goblet cell carcinoid carcinoma.
These patients were staged according to American Joint
Committee on Cancer(AJCC) (22), four (8.0%), nine (18.0%),
six (12.0%), three (6.0%) and 28 (56.0%) of the LAMNSs cases
were classified as confined disease, Tis, pT3, pT4aMla and
pT4bM1bG2 disease, respectively, and one (5.0%), two
(10.0%), 12 (60.0%), and five (25.0%) patients with carcinomas
were diagnosed with stage pT4aMla, pT4bM1bGl1, pT4aM1bG2
and pT4bM1bG3 disease, respectively.

We also included 140 control patients with POMTs, which
were comprised of 96 borderline tumors and 44 carcinomas, as
the comparison group. According to the International
Federation of Gynecology and Obstetrics (FIGO), 74 (77.1%)
and 22 (22.9%) of the POMT borderline cases were classified as
stage TA and IC disease, respectively, and six (13.6%), 28
(63.6%), two (4.6%), six (13.6%) and two (4.6%) patients with
carcinomas were diagnosed with stage IA, IC, II, III, and IV
disease, respectively.

A comparison of the clinical characteristics of the AMN
group and the POMT group is presented in Table 1. The median
age of the patients with misdiagnosed AMNs was 58.4 (range 25-
82), and 75.7% of patients were postmenopausal. Twenty-nine
(41.4%) patients were admitted to the clinic for a pelvic mass or
elevated tumor markers that were found during a routine
physical examination. The main clinical manifestation of the
patients was abdominal pain, which was reported in 13 (18.5%)
patients; 14 (15.7%) patients presented with abdominal
distention. The other presentations included a palpable mass
or an increasing abdominal girth (12.9%) and abnormal vaginal
bleeding (8.5%); the other nonspecific presentations included
fever, diarrhea, and frequent urination. The median duration of
the symptoms was 8.2 months (range, 0.3-48). The two groups
showed significant differences in age, duration of symptoms, and
menstrual status, but their clinical manifestations were similar.

The preoperative levels of the serum tumor markers are also
shown in Table 1. The preoperative levels of CA125 and CA199
did not differ between the two groups, and the proportion of
patients with elevated CA125 and CA199 levels was also similar.
However, the levels of CEA and the proportion of patients with
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TABLE 1 Preoperative characteristics of the primary ovarian mucinous tumors and misdiagnosed appendiceal mucinous neoplasms.

n

Pathology type

Age (year)

Clinical presentation
Abdominal pain
Abdominal distention

Abdominal mass and
increasing girth

Abnormal vaginal bleeding
Incidental finding
Others

Duration of presentation
(month)

Menstruate status
Postmenopausal
Premenopausal

Tumor biomarker

CA125(0-35.0U/ml)

>35.0U/ml
normal
CA199(0-35.0U/ml)
>35.0U/ml
normal
CEA(0-5.2ng/ml)
>5.2ng/ml
normal

Occult blood in the stool
Positive
Negative

Imaging examination
Ultrasonography
CT
MRI

PET-CT
Colonoscopy

Ultrasound
Tumor size(cm)
>12cm
<12cm
Consistency

cystic

solid

cystic-solid

Ascites

Frontiers in Oncology

Appendiceal mucinous neoplasms

70

Low-grade appendiceal mucinous neoplasm (LAMN)
50/70

Mucinous adenocarcinoma 16/70
Mucinous adenocarcinoma with signet ring cells 3/70
Mucinous adenocarcinoma with goblet cell 1/70

58.4 + 14.0

13
11

6

29

2

82+ 129

53/70
17/70

67.2 £ 141.2
38/70

32/70

176.5 + 600.0
21/59

38/59

31.04 £ 42.7
42/60

18/60

11/34
23/34

65

43

3

9

21

65

10.5 £ 6.6
17/62
45/62

32/65
5/65

28/65
24/65

04

Primary ovarian mucinous

tumor

140
Borderline tumor 96/140

Mucinous adenocarcinoma 44/140

39.5+ 16.6

21
22

8

63

9

17.4 + 40.8

43/140
97/140

105.4 £ 212.0
89/140

51/140

879.1 +4192.8
46/134

88/134

7.11 + 242
19/117

98/117

7126
19/26

137

16.0 £ 11.3
69/137
58/137

63/137
1/137

73/137
17/137

P value (AMN vs
POMT)

<0.001

0.628

0.0295

<0.001

0.126

0.1395

<0.001

<0.001

<0.001

0.016

<0.001

(Continued)
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TABLE 1 Continued

Appendiceal mucinous neoplasms

Nodule
single 40/65
multiple 25/65
CT 43
Tumor size(cm) 15.6 + 11.1
Ascites 25/43
Nodule
single 16/43
multiple 27/43
Calcification 12/43
PET-CT SUVmax 22
Colonoscopy
Positive 0/21
Negative 21/21

AMN, Appendiceal mucinous neoplasms.

POMT, Primary ovarian mucinous tumor.

CA125, Carbohydrate antigen 125.

CA199, Carcinoembryonic antigen 19-9.

CEA, Carcinoembryonic antigen.

CT, Computed tomography.

MRI, Magnetic resonance imaging.

PET-CT, Positron emission tomography-computed tomography.
NA, Not applicable.

[Data was given as mean SD or n (%)].

a: Exact tumor sizes were obtained from 62 of all 65 US reports.

elevated CEA levels were significantly higher in the AMN group.
There was a certain difference between the fecal occult blood test
results between the two groups.

Of the 70 AMN patients, 65 (92.9%) patients underwent US
examinations, and CT, MRI, and PET-CT were performed in 43
(61.4%), three (4.3%), and nine (12.9%) patients, respectively.
Twenty-one patients underwent gastrointestinal endoscopies.
Table 2 shows the detailed results of the preoperative US and
CT examinations. In the 43 (61.4%) cases who had CT
performed before surgery, only two of the pelvic masses were
considered as originating from the appendix. The tumor sizes
that were measured in the imaging examinations of the two
groups were significantly different. The AMNs tended to be
smaller. There was a significant difference in the consistency of
the tumors, as shown on the US. Furthermore, the presence of
ascites, multinodularity, and calcification were more common in
the AMN group.

Intraoperative details and findings

The intraoperative findings are shown in Table 2. Of the 70
patients who were misdiagnosed with AMNs, 24 patients had
normal ovaries or only had surface involvement noted during
the operation, and these findings were confirmed to not be
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Primary ovarian mucinous P value (AMN vs

tumor POMT)
<0.001
121/137
16/137
53
174+ 85 0.169
14/53 0.003
<0.001
42/53
11/53
4/53 0.017
47
NA
0/9
9/9

involved by the final pathological examinations. Seventy percent
of the other patients presented with bilateral ovarian metastases,
which was in contrast with the POMT group, among which only
11.4% of the patients had had bilateral disease. Consistent with
previous research, the two groups had significant differences in
tumor size. In 66 (94.3%) patients who had AMNSs, the appendix
had an abnormal appearance, and only one of the 140 patients
with POMTs had an abnormal appendiceal appearance.
Peritoneal dissemination and ascites were significantly more
common in the AMN patients as compared to the POMT
patients, and this finding is in accordance with the
preoperative US and CT examinations.

We also evaluated the consistency between the fast-frozen
pathological sections that were obtained during the operations
and the final pathological diagnoses, which were significantly
affected by the site where the frozen section was taken(C-
value, 0.818).

Predictive model and scoring system

The variables were selected using forward variable selection
based on the p value. Multivariate logistic regression analysis was
performed to evaluate the predictive factors of AMNSs by including
age, the CEA level, the nodularity and calcification in CT, the tumor
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TABLE 2 Surgical findings.

Appendiceal mucinous neoplasms

n 70

Ovarian involvement

Bilateral 28
Unilateral 18
Uninvolved 24
Size of ovarian metastasis tumor(cm) 92+98a
>12cm 23/40
<12cm 17/40
Appendiceal appearance
Normal 4
Abnormal 66
Peritoneal dissemination
Yes 39
No 31
Ascites
Yes 38
No 32
Site of frozen section
Appendix 14
Not appendix 26
Frozen diagnosis compared with the final diagnosis
Appendix
Correct 14
Inconsistent 0
Not appendix
Correct 8/26
Inconsistent 18/26
Diagnosis during operation
Correct 44
Inconsistent 26

A, data was obtained from 40 and lefted six cases presented as having surface involvement.
[Data was given as mean + SD or n (%)].

size, the laterality, and the presence of mucinous ascites (Table 3).
Appendiceal appearance was considered a self-predictor due to its
high correlation (C-value, 0.946). A scoring system was designed
based on OR values of the above factors as shown in Table 4, which
included age>40y (aOR 7.402, 95% CI 2.688-25.003), elevated
serum CEA (aOR 9.142, 95% CI 2.627-23.617), tumor size in
US<12 cm (aOR 3.789, 95% CI 1.298-34.757), presence of ascites
in CT (aOR 4.442, 95% CI 0.475-11.293), multiple nodularity in CT
(aOR 6.603, 95% CI 0.499-11.514), calcification in CT (aOR 5.347,
95% CI 1.204-89.433), positive occult blood in the stool (aOR 2.208,
95% CI 0.265-5.432) and bilateral ovarian involvement during
surgery (aOR 5.474, 95% CI 0.882-8.476). The sensitivities and
specificities of different scores were shown in Table 5 and the ROC
curve of the scoring system was shown in Figure 1, the AUC was
0.899, which presented a good performance. The scoring system
displayed the best performance during the performance analysis
when the cutoff value was established at 8 points, with specificity of
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Primary ovarian mucinous tumor P value (AMN vs POMT)

140
<0.001
16
124
0
162 £ 9.1
88/140
52/140

<0.001

<0.001
139

<0.001

132

<0.001
20
120

0.829, sensitivity of 0.786 and accuracy of 0.814 in
differentiating AMNSs.

Discussion

The present study reviewed 70 patients in the Department of
Gynecology who were preoperatively misdiagnosed with ovarian
tumors but were confirmed to have AMNs on final pathology
and 140 diagnosed with POMTs during the same period. The
clinical characteristics and intraoperative findings demonstrated
that there were some significant differences in the AMN group
compared with the control POMT group. However,
distinguishing AMNs from ovarian tumors preoperatively is
still challenging because of the nonspecific clinical
manifestation and laboratory examination findings in the
patients who have AMNs. AMNSs could be confused with
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TABLE 3 The predictive factors of the AMNs were evaluated by multivariate analysis.

Logistic regression analysis

Variables OR
Age=40y 8.198
CEA>5.2ng/ml 7.878
Tumor size in US <12 cm 6.718
Tumor size in CT <12 cm 1.156
Presence of ascites in CT 2.316
Multinodularity in CT 2.397
Calcification in CT 10.377
Positive occult blood in the stool 1.201
Bilateral ovarian involvement 2.735
Intraoperative tumor size <12 cm 1.466

OR, Odds ratio calculated by univariate logistic regression.
CI, Confidence interval.
aOR, adjusted odds ratio calculated by multivariate logistic regression.

adnexal masses based on the imaging findings due to the close
location, and AMNSs always metastasize to ovaries (23). The
surgical findings and intraoperative frozen pathology results of
the appendix during surgery could give gynecologists some hints
to determine the possibility of an AMN because the
characteristics of AMNs can mimic the characteristics of
ovarian tumors intraoperative.

Of the various demographic characteristics that were
evaluated, age, duration of symptoms, and menstrual status
differed between the study groups. The median age of the
patients in the AMN group was 58.4 years, which is consistent
with a previous study that reported that the median age at
diagnosis was 59.6 years (24). Compared with AMNs and other
epithelial ovarian cancers, POMT patients are generally younger
at diagnosis and presentation, and the majority of patients (65—
80%) are in stage I disease, which also explains the difference in
the menopausal status between the two groups (25). Both tumors
are often asymptomatic in the early stage due to their slow
growth rate and deep location within the pelvis. Some patients
have nonspecific symptoms, such as abdominal pain, distention,
and increasing girth, and these symptoms are usually associated

95%CI aOR p value
2.688-25.003 7.402 0.000
2.627-23.617 9.142 0.000
1.298-34.757 3.789 0.023
0.241-5.537 1.071 0.856
0.475-11.293 4.442 0.299
0.499-11.514 6.603 0.275
1.204-89.433 5.347 0.033
0.265-5.432 2.208 0.813
0.882-8.476 5.474 0.081
0.276-7.808 2.863 0.653

with tumor rupture, mucous accumulation from tumor
implantation, or the large volume of the tumor.

Our analysis of serum tumor markers demonstrated that
CA125 and CA199 are not useful in differentiating AMN and
POMT because CA125 and CA199 can be elevated in patients
with any source of peritoneal irritation and mucinous tumors;
therefore, these markers hence lack specificity (7). A higher
level of CEA can be a strong indicator of an AMN. However,
CEA may also be elevated when there is a POMT (25) or other
gastrointestinal (GI) tumors. Several publications have focused
on the roles of CEA, CA199, and CAI125 in the primary
evaluation, follow-up, treatment evaluation, and prognosis
prediction for patients who have appendiceal tumors (26),
but few studies have focused on using these markers for
diagnosis. It is still necessary for the gynecologist to consider
that a pelvic mass may not originate from the adnexa when a
patient has an abnormally elevated CEA level found in the
preoperative examination. The fecal occult blood test and
gastrointestinal endoscopy are commonly performed to
exclude Gl-originated tumors. Even though there was a
significant difference in the results of the fecal occult blood

TABLE 4 A pre- and intraoperative clinical characteristics scoring system for differentiating AMNs from POMTs.

Variables 0
Age <40y
CEA <5.2ng/ml
Tumor size in US >12cm
Presence of ascites in CT No
Nodularity in CT Single
Calcification in CT No
Occult blood in the stool Negative
Ovarian involvement Unilateral
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1 2 4
/ / 240y
/ / >5.2ng/ml
/ <12 cm /
/ Yes /
/ / Multiple
/ / Yes
Positive / /
/ / Bilateral
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TABLE 5 Presentation of different cut-off scores.

10.3389/fonc.2022.966844

Cut-off Estimate of possi- Number of Total number of total Rate of  Sensitivity Specificity Accuracy
score bility AMN patients AMN

0 0333 0 28 0.000 1.000 0.000 0333
1 0.385 1 31 0.032 1.000 0.200 0.467
2 0457 0 1 0.000 1.000 0.200 0.467
3 0.460 1 30 0.033 0.986 0414 0.605
4 0.567 12 36 0333 0.986 0.421 0.610
5 0.667 1 5 0.200 0971 0.629 0.743
6 0.696 6 17 0353 0.971 0.629 0.743
7 0.790 1 0.000 0.800 0.800 0.800
8 0.803 10 16 0.625 0.786 0.829 0.814
9 0.867 3 3 1.000 0.700 0.907 0.838
10 0.857 4 6 0.667 0.700 0914 0.843
11 0.889 2 2 1.000 0557 0.957 0.824
12 0.882 9 10 0.900 0514 0.957 0.810
13 0.875 1 1 1.000 0457 0.971 0.800
14 0.870 5 5 1.000 0.429 0971 0.790
15 0.833 2 2 1.000 0.300 0.979 0.752
16 0.812 3 4 0.750 0.286 0.979 0.748
17 0.833 2 3 0.667 0214 0.979 0.724
18 0.889 6 7 0.857 0.186 0.979 0.714
19 1.000 2 2 1.000 0.143 0.986 0.705
20 / / / / 0.114 0.993 0.700
21 / / / / 0.029 1.000 0.676

tests between the two groups, this test did not help in
determining the origin of the primary tumor due to the
inaccuracy of this test. However, a positive result could help
to determine the possibility of a tumor originated from

gastrointestinal tract and if a patient needs a gastrointestinal
endoscopy exam. None of our preoperative colonoscopies
definitively diagnosed an AMN, except for three of 21
patients who were shown to have cecal ulcers on endoscopy

True Positive Rate

0.0 T

0.0 0.2 0.4

0.6 0.8 1.0

False Positive Rate

FIGURE 1
ROC curve of the scoring system was shown. The AUC was 0.899.
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but with no meaningful pathology. Although colonoscopy
rarely yields a diagnostic biopsy (27), it is still reccommended
to be performed, especially given the similar histological
structure between the colon and appendix (26).

The comparison of the US and CT features showed some
meaningful characteristics of AMN, which tend to be a smaller size
and multinodular and can present with ascites. Epstein, E. et al (28)
evaluated the ADNEX model, which includes age, CA125 level,
tumor solid components maximum diameter and ratio, and >10
locules and ascites, in order to differentiate between disseminated
primary ovarian cancer from metastatic nonovarian cancer, and this
model has a sensitivity of 82% and a specificity of 70%. In our series,
10/40 and 13/41 of the patients had a single-nodular tumor and no
ascites, respectively, in the US examinations, however they were
found to have the opposite situation during surgery, which
indicated that US examination was not precise enough in
evaluating the nodularity and the presense of ascites. In contrast,
CT or MRI is more accurate in assessing mucinous tumor
implantation on the peritoneum or omentum and ascites, which
can present with multinodular cystic appearances and irregularly
localized fluid (29), as shown in our cases. Furthermore, mural
calcifications found during CT imaging were a sensitive feature for
an appendix neoplasm, especially in well-differentiated LAMNSs
(30). There are limited data on the role of PET-CT in the diagnosis
and evaluation of mucinous tumors, and PET-CT was only
performed in 19 patients in the present research. There was no
significant elevation in the SUV max value that was obtained from
the small sample size, and this may have been caused by the fact that
the majority of the patients had low-grade or borderline tumors.

The unique macroscopic appearance of AMNSs, especially
LAMNS, has been analyzed. Yoshida, H. et al (19) reported that
a multinodular appearance, spontaneous tumor rupture, and
peritoneal metastasis were frequently observed in the ovarian
metastases of LAMNSs but were rarely observed in POMTs. The
vast majority of ovarian mucinous carcinomas are found during
the early stage of the disease (FIGO I and II), whereas only 11.1%
of the cases are found during the advanced stage (FIGO III and
IV) (31), and the gross features of advanced stage of ovarian
mucinous adenocarcinoma during surgery may also include
peritoneal dissemination, omentum spread, and mucinous
ascites, as well as bilateral tumors. Due to its rarity,
gynecologists should always consider a diagnosis of AMN
during surgery when the tumor is bilateral, is small, and has a
multinodular pattern, as well as when there is ovarian
involvement. The abnormal appendiceal appearance is a
significant finding because of which the appendix should always
be thoroughly examined during mucinous tumor operations. In
the AMN patients in our study who had abnormalities in the
appearances of their ovaries and appendix, the gynecologists still
preferred to obtain fast-frozen biopsies from the ovaries (20/26),
and 14 of the patients were misdiagnosed as having an ovarian
borderline mucinous tumor or mucinous carcinoma. As indicated
in our research, when the appendix was not removed for
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intraoperative frozen pathology, the correct diagnosis during
operation was more difficult to obtain (10). In this case,
abnormal appendiceal appearance was not included in the
scoring system.

To the best of our knowledge, this was a large study focusing on
differentiating AMNSs that were misdiagnosed as primary ovarian
tumors using both preoperative and intraoperative factors.The
present study appears to be the first study managing to build a
scoring system that has been validated to be an effective and
beneficial prediction model for ensuring a practical differentiating
diagnosis and proper surgical therapy. The generalizability of these
results is subject to certain limitations. For instance, it was a single-
center-based retrospective study, which may influence the accuracy
of the multivariate analysis used to evaluate the predictors. And the
long-term study period might influence the interpretation of the
results, due to the changes in diagnostic tools as well as facilities over
the study period as CT has been proposed by Peritoneal Surface
Oncology Group International(PSOGI) as the optimal staging
strategy. In spite of its limitations, this work offers a more
valuable and clinically practical tool to identify misdiagnosed
AMN, a rare presentation of a rare disease, for gynecological
oncologists compared with previous studies. More broadly,
research is also needed to be carried out on expanding the cohort
to include those patients with ovarian masses who underwent
primary surgery by GI surgeons for presumed preoperative
AMN:Ss. Preoperative imaging examination play an important role
in our predicting scoring system, hence more research on imaging
signature of AMN would help us to establish a greater degree of
accuracy on this matter.

Conclusion

The clinical manifestations of AMNs that present as pelvic
masses are nonspecific and can easily be misdiagnosed as
gynecological tumors, and laparoscopic exploration can be
performed by gynecologists. It is important to emphasize that the
complete clinical characteristics, including medical history,
physical examination, different imaging methods, occult blood in
stool and tumor markers can be evaluated during the preoperative
evaluation. All of these factors must be evaluated with the
intraoperative consultation, operative findings, and frozen tissue
histopathological findings and must be combined with the gross
findings (including size, laterality, nodularity, presence of
mucinous ascites, peritoneal lesions, and appendiceal
appearance) to achieve the best possible interpretation.
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