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Objective: To analyze the clinical efficacy of hysterectomy and bilateral salpingo-
oophorectomy (BSO) in female patients with pseudomyxoma peritonei (PMP) of an
appendiceal origin as well as to identify the prognostic factors associated with overall
survival (OS) to reduce adverse physical or psychological effects on women.

Methods: A retrospective analysis was conducted to evaluate the prognostic factors
in female patients with PMP of an appendiceal origin who underwent cytoreductive
surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) including
BSO at our hospital between January 2011 and December 2020. Patients were also
divided into high and low grade group according to pathology subtype. The data
were analyzed by using Chi-square, univariate and multivariate cox regression
methods, and survival was evaluated by Kaplan-Meier method.

Results: We included 178 patients with PMP of an appendiceal origin who
underwent BSO, and 134 (75.3%) had histopathological confirmed ovarian
metastases. In the low-grade group, ovarian involvement and completeness of
cytoreduction (CCR) acted as independent predictors of poor prognosis for OS. In
normal appearing uterus, ovaries, fallopian tubes, pathologic disease was still found
in 15.4%, 7.8%, and 22.8% respectively. In abnormal appearing uterus, ovaries,
fallopian tubes, pathologic disease was found in 95.5%, 96.6%, and 94.2%
respectively. Moreover, multivariate analysis revealed that a high-grade
histopathological subtype of PMP and CCR 2/3 were independent predictors of OS.

Conclusion: Based on these data, strong consideration should be given to removal
of gynecologic organs in cases of appendiceal peritoneal disease even when normal
in appearance, after taking into account each individual patient’s fertility concerns.

KEYWORDS

pseudomyxoma peritonei, cytoreductive surgery plus hyperthermic intraperitoneal
chemotherapy, prognosis, hysterectomy and bilateral salpingooophorectomy,
macroscopic and microscopic involvement
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1 Introduction

Pseudomyxoma peritonei (PMP) is a rare condition with an
estimated incidence of 1-2 cases per million per year and is
characterized by the extensive growth of mucinous tumors in the
peritoneal cavity, whereas the appendix is the most common
primary site for PMP (1, 2). In clinical practice, appendiceal
mucinous neoplasms derived PMP is often misdiagnosed as
primary ovarian tumors (3, 4). With the revised diagnostic
criteria, the prevalence of mucinous ovarian cancer (MOC) has
decreased from <10% to 3-5% of all epithelial ovarian cancers (5). It
is reported that over 80% of MOCs are metastatic and the most
common primary sites being the lower gastrointestinal tract,
appendix, stomach, and pancreas (6, 7). The ovary undergoes
monthly ovulation that provides a favorable environment for
tumor cell implantation (8). Therefore, bilateral salpingo-
oophorectomy (BSO) is an essential modality of complete
cytoreductive surgery (CRS) in most cases (9, 10). However, a
significant proportion of female patients with PMP are of
childbearing age, and routine BSO could result in infertility and
affect cardiovascular health (11). It is therefore important to analyze
the prognostic impact of ovarian metastases and BSO in these
patients. Therefore, here we analyzed the clinicopathological
characteristics of PMP so as to provide guidance for female
patients and their providers.

2 Materials and methods
2.1 Ethical approval

This study protocol was approved by the Ethics committee of
the Aerospace Center Hospital, Beijing, China (No. 20190301-YN-
09). Written informed consent was obtained from all patients with
regards to using their clinical data and images.

2.2 Patient selection

We conducted a retrospective analysis of evaluate the prognostic
factors in female patients with PMP of an appendiceal origin who
underwent CRS and hyperthermic intraperitoneal chemotherapy
(HIPEC) including BSO at our hospital between January 2011 and
December 2020. For diagnosis purpose, two experienced pathologists
confirmed the histological origin of the ovarian mucinous tumor of
female patients with appendiceal mucinous neoplasm-derived PMP
who underwent CRS and HIPEC according to the pathological
classification by Carr et al. (12).

The exclusion criteria were as follows (1): non-appendiceal
origin PMP; (2) a history of oophorectomy or hysterectomy
before CRS; (3) unilateral/bilateral ovaries are preserved during
CRS; (4) incomplete follow-up records; (5) the presence of other
severe organic diseases, including heart, brain, liver and kidney.
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2.3 Surgical procedure

All CRS+HIPEC procedures were conducted by a designated
team of 4 surgeons with expertise in peritoneal carcinomatosis
treatment and at least 1 gynecologic oncologist. After inducing
general anesthesia, a midline incision was made from the xiphoid to
the pubic symphysis, followed by an exploration of the
disseminated content of peritoneal metastases from the
diaphragmatic peritoneum to the pelvic peritoneum, including the
nature and amount of ascites as well as the location and size of the
tumor. Based on these properties of the content, the peritoneal
cancer index (PCI) was evaluated (13). Subsequently, maximal CRS
was conducted for the curative or palliative resection of the primary
tumor with acceptable margins, any involved adjacent structures,
lymphadenectomy, and peritonectomy (Supplementary Figure 1).
BSO was performed in all the patients except those with normal
appearance of fallopian tubes or ovaries or normal intraoperative
frozen pathology or require to preserve during the surgery. If the
uterus appeared normal and did not show adherence to the
surrounding tissues, and if the patient was desirous to preserve it,
the organ was retained. After CRS, completeness of cytoreduction
(CCR) was evaluated based on the size of the residual tumor (14).
HIPEC was then implemented with two inflow and two outflow
catheters placed in the peritoneal cavity and connected to the
machine (Jilin Minda Company, RHL-2000B, Changchun, Jilin,
China). Mitomycin (20 mg/mz) was warmed to 41-42°C and
circulated intraperitoneally for 60-90 min after a temporary
approximation of the abdominal skin (15). Next, the
reconstruction of the digestive tract or urinary tract and the
intestinal stoma was performed, followed by the placement of
abdominal drainage tubes and suturing of the incision.

2.4 Adjuvant therapy

Patients with high-grade PMP were treated by initiating
adjuvant intravenous chemotherapy 4 weeks later. The following
XELOX regimen was preferred: oxaliplatin 130 mg/m®
accompanied by oral Xeloda (1000 mg/m?) for 14 days, followed
by a break period of 1 week. Postoperative intravenous
chemotherapy was not recommended in patients with low-grade
PMP (16).

2.5 Follow-up protocol

The frequency of follow-up was twice a year in the first 5 years
of surgery and then once a year thereafter. The frequency of follow-
up was kept the same for patients with and without ovarian
metastases. The follow-up monitoring included an examination of
the general status, tumor response, quality of life, and survival data.
The last follow-up was conducted in December 2022 via telephone
or at an outpatient clinic. The follow-up rate was 100%.
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2.6 Study parameters

The clinicopathological parameters for the analysis included a
collection of demographic details, clinical history, the details of
previous systemic chemotherapy (PSC), prior surgical score (PSS)
(17), intraoperative PCI (13), CCR (14), the details of HIPEC, the
histopathological subtype of PMP, macroscopic and microscopic
involvement of the uterus, fallopian tubes or ovaries, overall survival
(OS), and the follow-up duration. Pathological diagnosis was
made in accordance with the 2016 Peritoneal Surface Oncology
Group International criteria (12), as acellular mucin, patients
with acellular mucin or low-grade mucinous carcinoma peritonei
were classified as having low-grade disease; patients with high-
grade mucinous carcinoma peritonei without and with signet
ring cells were classified as having high-grade disease. OS was
calculated from the date of surgery until the time of death or the
last follow-up.

2.7 Statistical analyses

Statistical analyses were performed using the SPSS version 24.0
(IBM Corporation, Armonk, NY, USA). Continuous data were
presented as the median and range and compared by the
independent-sample ¢-test or Mann-Whitney U-test according to
whether the data was normally distributed. Categorical variables
were expressed as number and percentages and were compared by
Chi-squared (x°) or Fisher’s exact test, as deemed appropriate.
Survival was evaluated by the Kaplan-Meier method and compared
by the log-rank tests between group. Cox proportional hazards
model was applied to perform multivariate analyses with stepwise
forward selection, and those factors with a p-value <0.1 in
univariate analysis were further included in multivariate analyses.
Subgroup analysis was also performed based on pathological type. P
< 0.05 was considered to indicate statistical significance.

10.3389/fonc.2025.1485694

3 Results
3.1 Clinicopathological characteristics

During the period of present study, a total of 911 patients with
PMP of an appendiceal origin underwent CRS + HIPEC, of which
58.8% were women. Of these patients, 234 (43.7%), 52 (9.7%), and 6
(1.1%) had a previous history of bilateral, unilateral oophorectomy,
and hysterectomy, respectively, whereas 244 (45.5%) patients had
both ovaries and a uterus before the surgery. Of the 244 patients
with preserved ovaries and a uterus prior to CRS-HIPEC, 53
patients were excluded for unilateral and bilateral ovaries
preservation. After removal of 13 patients with incomplete data
finally, and after applying the selection criteria, 178 patients were
included in present study (Figure 1).

The demographic and clinical characteristics of the patients are
presented in Table 1. The median age of the patients was 61 years (age
range: 27-84 years). Of the patients, 86% were postmenopausal. The
median BMI was 23.51 kg/m” (range: 18-36). The median time from
diagnosis to surgery was 3 months, with a range of 0-138 months.
Prior to CRS and HIPEC, 21.3% of the patients underwent
preoperative systemic chemotherapy (PSC), and most of the
patients (86%) had a PSS score of 0, 1, or 2, while 14% had a score
of 3. Moreover, of these patients, 37.1% had a PCI score of <20, while
62.9% had a score of >20. The CCR score was (0 or 1) and (2 or 3) in
49.4% and 50.6% of the patients, respectively. A total of 36% of the
patients did not undergo a hysterectomy. The low and high grade
histopathological subtype PMP was respectively present in 62.4% and
37.6% of patients. The negative, low and high grade histopathologic
subtype of the uterus was respectively present in 14.6%, 32.6% and
16.9% of patients except 36% of censored case. The negative, low and
high grade histopathological subtype of the ovary was respectively
found in 24.7%, 47.8% and 27.5% of patients. The negative, low and
high grade histopathological subtype of the fallopian tube was
respectively observed in 28.7%, 48.3% and 23% of patients.

Bilateral oophorectomy
n=234

Males Past history of oophorectomy ’— Unilateral oophorectomy
i . n=375 — or hysterectomy —5)
PMP of appendiceal origin =292 =
underwent CRS+HIPEC Hvsterectom
2011.01-2020.12 4 y
=911 n=6
o Females | |
=536 Incomplete data
n=13
Both ovaries and uterus Unilateral/ Bilateral
L were preserved ovaries were preserved
n=244 n=53
Bilateral oophorectomy
(Study population)
n=178
FIGURE 1
Flow chart depicting the screening process of the study population.
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TABLE 1 Patient demographic data.

Characteristics No. of Patients (n = 178)

Status
Survival 91 (51.1%)
Death 87 (48.9%)

OS (months)

median (range, months) 41 (0-116)
OS rate
2-year 145 (81.5%)
3-year 116 (65.2%)
5-year 45 (25.3%)

Age (years)

Median (range, years old) 61 (27-84)
<60 72 (40.4%)
>60 106 (59.6%)

Menstrual status
premenopausal 25 (14%)
postmenopausal 153 (86%)

BMI (kg/m?)

Median (range) 23.51 (18-36)

<28 146 (82%)
>28 27 (15.2%)
censored 5 (2.8%)

Duration of symptoms (months)

Median (range) 3 (0-138)
<12 127 (71.3%)
>12 51 (28.7%)

PSC
Yes 38 (21.3%)

PSS
0/1/2 153 (86%)
3 25 (14%)

PCI (months)

median (range) 24.5 (0-39)
<20 66 (37.1%)
>20 112 (62.9%)

CCR
0/1 88 (49.4%)
2/3 90 (50.6%)

(Continued)
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TABLE 1 Continued

Characteristics No. of Patients (n = 178)
Hysterectomy
Yes 114 (64%)

Histopathological subtype of PMP

Low-grade 111 (62.4%)

High-grade 67 (37.6%)

Histopathological subtype of the uterus

Negative 26 (14.6%)
Low-grade 58 (32.6%)
High-grade 30 (16.9%)
NA 64 (36%)

Histopathological subtype of the ovary

Negative 44 (24.7%)
Low-grade 85 (47.8%)
High-grade 49 (27.5%)

Histopathological subtype of the fallopian tube

Negative 51 (28.7%)
Low-grade 86 (48.3%)
High-grade 41 (23%)

0S8, overall survival; BMI, body mass index; PSC, previous systemic chemotherapy; PSS, prior
surgical score; PCI, peritoneal cancer index; CCR, completeness of cytoreduction; PMP,
pseudomyxoma peritonei; NA, not available.

3.2 Survival outcomes

The median OS for the patients was 41 months (range: 0-116
months). Furthermore, the 2-, 3-, and 5-year survival rates were
81.5%, 65.2%, and 25.3%, respectively. Moreover, we also listed the
demographic data about 51 patients without ovarian involvement.
An increased 2-, 3-, and 5-year survival rates could be found in this
group of patients.

3.3 Comparisons of the uterus, fallopian

tubes and ovaries involvement of in PMP
patients with different histopathological

subtypes

Comparisons of microscopic involvement of the uterus,
fallopian tubes and ovaries in patients with low-grade and high-
grade histopathologic subtypes of PMP are presented in Table 2.
The results indicated significant differences between the 2 groups on
microscopic ovarian involvement (Yes: 69.4% vs. 85.1%, p = 0.019)
and the histopathologic subtype of ovarian involvement (high-
grade: 1.3% vs 84.2%, p < 0.001), but not for uterus or fallopian
tubes involvement.
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TABLE 2 Comparison of uterine and adnexal involvements of different histopathological subtypes in patients with PMP.

Variable

Low-grade (n = 111)

High-grade (n = 67)

Uterus involvement

Macroscopic disease 0.337 0.561
Yes 53 (47.7) 35 (52.2)
Microscopic disease 0.106 0.744
No 16 (14.4) 10 (14.9)
Yes 51 (45.9) 37 (55.2)
NA 44 (39.6) 20 (29.9)
Ovarian involvement
Macroscopic disease 3.162 0.075
Yes 74 (66.7) 53 (79.1)
Bilateral 68 (91.9) 48 (90.6) 0.069 1.000
Unilateral 6 (8.1) 5(9.4) 0.782 0.782
Microscopic disease 5.538 0.019*
Yes 77 (69.4) 57 (85.1)
Low-grade 76 (98.7) 9 (15.8) 97.071 <0.001*
High-grade 1(1.3) 48 (84.2)
Bilateral 70 (90.9) 48 (84.2) 1.398 0.237
Unilateral 7 (9.1) 9 (15.8) 0.042 1.000
Fallopian tube involvement
Macroscopic disease 0.233 0.629
Yes 74 (66.7) 47 (70.1)
Microscopic disease 0.565 0.452
Yes 77 (69.4) 50 (74.6)

PMP, pseudomyxoma peritonei; BMI, body mass index; PSC, previous systemic chemotherapy; PSS, prior surgical score; PCI, peritoneal cancer index; CCR, completeness of cytoreduction; NA,

not available; *p<0.05.
(n = 178).

3.4 Comparison of baseline characteristics
of patients with and without pathologic
confirmed ovarian involvement

The baseline characteristics of patients with (n = 134, 75.3%)
and without (n = 44, 24.7%) pathologic confirmed ovarian
involvement were also compared (Table 3). Ovarian involvement
was correlated with the survival statue (alive:70.5% vs. 44.8%, p =
0.003), moreover, several other factors showed significant
differences between the 2 groups, including PCI (>20: 20.5% vs.
76.9%, p < 0.001), CCR (2/3:13.6% vs. 62.7%, p < 0.001),
histopathologic subtype of PMP (high-grade:22.7 vs.42.5%, p =
0.019), uterus involvement by macroscopic (Yes:4.5% vs 64.2%, p <
0.001) or microscopic disease (Yes:4.5% vs 64.2%, p < 0.001), and
fallopian tube involvement by macroscopic (Yes:6.8% vs. 88.1%, p <
0.001) or microscopic disease (Yes: 11.4% vs. 91%, p < 0.001).
Interestingly, among those patients with ovarian involvement, 77
out of 134 are low-grade PMP. However, the ratio of ovarian
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involvement was higher in high-grade PMP than that in low-
grade PMP [57/(57 + 10)=85% vs 77/(77 + 34)=69%].

3.5 Relationship between macroscopic and
microscopic appearance on involvement of
uterus, fallopian tubes and ovaries

The corresponding relationship between the macroscopic and
microscopic appearance on involvement of the uterus, fallopian
tubes and ovaries is depicted in Table 4. In general, among the
patients with normal uterine appearance, 28.9% underwent a
hysterectomy, of which 15.4% patients had pathologic confirmed
uterine involvement. In cases with an abnormally appearing
uterus,95.5% of them were confirmed to have disease
involvement. When the appearance of the bilateral ovaries was
normal, 15.7% of ovaries had evidence of disease, of which 7.8% had
the involvement of both ovaries, 5.9% had right ovary involvement,
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TABLE 3 Comparison of the baseline characteristics between PMP patients with and without pathologic confirmed ovary involvement.

Variable Non-involvement (n = 44) Involvement (n = 134)

Status 8.741 0.003*
Survival 31 (70.5) 60 (44.8)
Death 13 (29.5) 74 (55.2)

Age (years) 2.213 0.137
<60 22 (50) 50 (37.3)
=60 22 (50) 84 (62.7)

BMI (kg/m?) 0.119 0.730
<28 37 (84.1) 109 (81.3)
>28 6 (13.6) 21 (15.7)
NA 1(23) 43)

Duration of symptoms (months) 3.134 0.077
<12 36 (81.8) 91 (67.9)
>12 8 (18.2) 43 (32.1)

PSC 2.070 0.150
Yes 6 (13.6) 32 (23.9)

PSS 0.008 0.928
0/1/2 38 (86.4) 115 (85.8)
3 6 (13.6) 19 (14.2)

PCI 45.180 <0.001*
<20 35 (79.5) 31 (23.1)
>20 9 (20.5) 103 (76.9)

CCR 31.881 <0.001*
0/1 38 (86.4) 50 (37.3)
2/3 6 (13.6) 84 (62.7)

Histopathologic subtype of PMP 5.538 0.019%
Low-grade 34 (77.3) 77 (57.5)
High-grade 10 (22.7) 57 (42.5)

Uterus involvement

Macroscopic disease 47.123 <0.001*
Yes 2 (4.5) 86 (64.2)

Microscopic disease 35.875 <0.001*
No 12 (27.3) 14 (10.4)
Yes 2 (4.5) 86 (64.2)
NA 30 (68.2) 34 (25.4)

Fallopian tube involvement

Macroscopic disease 100.432 <0.001*
Yes 3 (6.8) 118 (88.1)

(Continued)
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TABLE 3 Continued

Variable Non-involvement (n = 44) Involvement (n = 134)

Fallopian tube involvement

<0.001*

Microscopic disease ‘ ‘ ‘ 102.876

Yes

5 (11.4) ‘ 122 (91)

PMP, pseudomyxoma peritonei; BMI, body mass index; PSC, previous systemic chemotherapy; PSS, prior surgical score; PCI, peritoneal cancer index; CCR, completeness of cytoreduction; NA,
not available; *p<0.05.
(n = 178).

and 2% had left ovary involvement. When the appearance of  patients included in the study, the histopathological subtype of
bilateral ovaries was abnormal, 96.6% had bilateral ovarian ~PMP (HR: 4.231, 95%CI:2.730-6.556, p < 0.001), pathologic
involvement, only 0.9% had the unilateral left ovarian  confirmed ovarian involvement (HR: 2.401, 95%CI: 1.330-4.335, p
involvement and 2.6% had right ovarian involvement. When the = 0.003), PCI (HR: 2.321, 95%CI: 1.429-3.770, p < 0.001), and CCR
unilateral ovary appeared abnormal (Left:4%, Right: 4.7%, (HR: 2.478, 95%CI: 1.590-3.863, p <0.001) were all found to be
total=8.7%), 18.2%(2/11) of the patients had the contralateral  significant prognostic factors for OS (Figures 2, 3). Subgroup
ovary involved (Supplementary Table 2). When the appearance of  univariate analysis of OS was also performed based on high (n =
bilateral fallopian tubes was normal, 22.8% were involved, and in ~ 67) and low-grade (n = 111) subtype of PMP. The prognostic
case of abnormal appearance, 94.2% were involved. factors statistically significant for OS differed between these two
groups. In the low-grade group, pathologic confirmed ovarian
involvement (HR: 0.206, 95%CI: 0.055-0.765, p = 0.018) and
3.6 Univariate analysis of OS CCR (HR: 8.064, 95%CI: 1.980-32.837, p=0.004) showed
significance, whereas in the high-grade group, ovarian
The prognostic factors affecting the OS of the entire cohort  involvement (HR: 2.368, 95%CI: 0.892-6.284, p = 0.042) was the
identified by univariate analysis are shown in Table 5. Among all the  only significant factor.

TABLE 4 The relationship between macroscopic and microscopic involvement of the uterus, ovaries and fallopian tubes.

No macroscopic disease Macroscopic disease
Uterus 90 88
Surgical resection 26 (28.9%) 88 (100%)
Microscopic disease No Yes No Yes
22 (84.6%) 4 (15.4%) 4 (4.5%) 84 (95.5%)
Histopathological subtype Negative Low-grade ‘ High-grade Negative Low-grade High-grade
22 (84.6%) 1(3.9%) ‘ 3 (11.5%) 4 (4.5%) 57 (64.8%) 27 (30.7%)
Ovary 51 127
Surgical resection 51 (100%) 127 (100%)
Microscopic disease No Yes No Yes
43 (84.3%) 8 (15.7%) 1 (0.8%) 126 (99.2%)
Histopathological subtype Negative Low-grade ‘ High-grade Negative Low-grade High-grade
43 (84.3%) 4 (5.9%) ‘ 4 (5.9%) 1 (0.8%) 81 (63.8%) 45 (35.4%)
Fallopian tube 57 121
Surgical resection 57 (100%) 121 (100%)
Microscopic disease No Yes No Yes
44 (77.2%) 13 (22.8%) 7 (5.8%) 114 (94.2%)
Histopathological subtype Negative Low-grade ‘ High-grade Negative Low-grade High-grade
44 (77.2%) 8 (14%) ‘ 5 (8.8%) 7 (5.8%) 78 (64.4%) 36 (29.8%)

% represents percentages of total number of parameters at previous level.
(n =178).
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TABLE 5 Univariate and multivariate analyses of factors affecting the OS.

Variable

10.3389/fonc.2025.1485694

Univariate HR (95% ClI)
Histopathological subtype of PMP

Univariate p-value

Multivariate HR (95% ClI) p-value

Low-grade reference reference
high-grade 4.231 (2.730-6.556) <0.001 3.819 (2.458-5.933) <0.001*
Pathologic confirmed ovarian involvement
no reference
Yes 2.401 (1.330-4.335) 0.004
PCI
<20 reference
>20 2.321 (1.429-3.770) 0.001
CCR
0/1 reference reference
2/3 2.478 (1.590-3.863) <0.001 2.091 (1.337-3.271) 0.001*
Hysterectomy
no reference
Yes 1.195 (0.765-1.865) 0.434

OS, overall survival; HR, hazard ratio; CI, confident interval; PMP, pseudomyxoma peritonei; PCI, peritoneal cancer; CCR, completeness of cytoreduction.

(n = 178).

3.7 Multivariate analysis of OS

A Cox regression model was utilized for multivariate analysis of
the entire cohort, which revealed that the high-grade
histopathologic subtype of PMP (HR:3.819, 95%CI: 2.458-5.933,
p <0.001) and CCR score of 2/3 (HR: 2.091, 95%CI: 1.337-3.271, p
< 0.001) were independent predictors of poor prognosis for OS.
Moreover, subgroup multivariate analysis confirmed that in the
low-grade group, pathologic confirmed ovarian involvement (HR:
0.243, 95%CI: 0.068-0.867, p = 0.029) and CCR (HR: 13.943, 95%
CI: 3.891-49.970, p < 0.001) were both independent predictors of
poor prognosis for OS.

4 Discussion

The recommended treatment for PMP is combining CRS with
HIPEC (10, 18). However, it is unclear whether routine BSO should
be performed during CRS and HIPEC for PMP in women,
especially for those who are premenopausal and with normal-
looking ovaries. In addition to fertility, BSO can also have
psychological and physical impacts. As previously mentioned (19,
20), only a very small proportion of the female reproductive
system involved with PMP originated from the primary ovary,
and most are secondary ovarian metastases of appendicular
origin. Therefore, here we focus on the long-term influence of
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Kaplan-Meier curves depicting the overall survival (A) of female patients with PMP of an appendiceal origin and comparison of the overall survival
based on histopathological subtypes of PMP (low-grade versus high-grade) (B*), CCR type (0/1 versus 2/3) (C*). (*P < 0.05).
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Kaplan-Meier curves indicating ovarian involvement in the whole cohort (n = 178) (A), low-grade PMP group (n = 111) (B*), and high-grade PMP

group (n = 67) (C). (*P < 0.05).

appendicular-derived PMP on the female reproductive system,
which was rarely studied.

High-grade histopathologic subtypes of PMP and CCR 2/3 was
found as independent OS predictors, which are consistent with our
previous reports (21). Moreover, we observed a relationship between
ovarian involvement and survival status. A retrospective study with
71 female patients who were appendiceal mucinous neoplasm
reported that PCI and serum lactate dehydrogenase (LDH) levels
are prognosis predictors, while ovarian involvement does not
significantly affect prognosis. Similarly, Bignell et al. investigated
the survival of patients with ovarian metastases from low-grade
appendix tumors or colorectal cancer treated with CRS and HIPEC
and reported similar survival rates compared to those without
ovarian metastases (22). These findings support our results about
BSO might not be crucial for the prognosis of female PMP patients
with an appendiceal origin (23). Furthermore, whether the
pathologic confirmed ovarian involvement had the same
prediction efficacy as the pathological pattern of PMP is also
unknown. We found here that high-grade PMP patients were
more likely to have microscopic ovarian involvement and a higher
ovarian pathological grade. Mehta et al. discovered that occult
malignancy was present in 17% of cases bilateral normal appeared
ovaries and in 45% of normal appeared ovaries when contralateral
ovary involved (24). We found here that 28.7% bilateral ovarian
involved cases had normal appearance, among which 15.7% had
occult malignancies. In contrast, among 71.3% of abnormal
appeared ovarian PMP patients, only 0.8% did not have ovarian
involvement. Pathological involvement was observed in all the
patients with bilateral abnormal appeared ovarian. When the
macroscopic abnormality was identified in unilateral ovary,
pathologic involvement could be found in 90.9% of local ovary
and 18.2% of the contralateral ovary. These results suggest that a risk
of pathologic ovarian involvement even when the bilateral ovaries
have normal appearance. Moreover, a significant likelihood of
pathological involvement in corresponding and contralateral ovary
in cases with the unilateral abnormal appeared ovary. Therefore,
bilateral oophorectomy is recommended. A study involving 33
female PMP patients (aged <41 years) treated CRS and HIPEC (8)

Frontiers in Oncology

reported a 43% ovarian preservation for future pregnancy desire,
resulting in one successful birth, suggested that ovarian preservation
may be an option for low-grade PMP patients for future pregnancy
desire. However, another study revealed that when peritoneal
carcinomatosis of colorectal or appendiceal origin was confirmed,
at least 52% of ovaries would have synchronous metastases, resulting
in a significantly lower disease-free survival. Therefore,
oophorectomy was strongly recommended (9). Our subgroup
analysis indicated that ovarian involvement could predict the
survival in the low-grade PMP and affected the high-grade
survival, implying its prognosis impact. Based on these findings,
we proposed a comprehensive consideration of oophorectomy.

In PMP patients undergoing CRS, of 178 patients, 50.6% with
normal appeared uterus and 26 patients underwent hysterectomy due
to adhesion of the adjacent organs or tissues, of which 15.4% had
occult involvement in the uterus. In patients with abnormal appeared
uterine, 95.5% had pathological uterus involvement. Therefore,
hysterectomy is recommended when the presence of abnormal
appeared uterus and comprehensive consideration should be taken
when uterus is normal. Evolvement of assisted reproductive
technology enables the partial replacement of fallopian tube
function. In present study, 71.3% of cases showed pathologic
involvement of fallopian tubes and 68% had abnormal appearance,
of which 94.2% had pathologic confirmed involvement. Surprisingly,
these involvement was present in 22.8% of patients with bilateral
normal appeared fallopian tubes. Thus, suggestions from fertility
specialists might be included for fallopian tube resection.

This study had several limitations. First, the retrospective
single-centered analysis with a limited sample size may lead to
biases. Therefore, larger multicenter prospective studies are
necessary to gain a better understanding of the impact of ovarian
involvement. Second, since BSO was performed in all included
patients, the actual impact of ovarian preservation in PMP was
unknown. Therefore, comparison of the prognosis outcome in
patients with normal appeared ovaries without oophorectomy
should be performed. Third, this study did not explore the
molecular events of PMP in detail. Considering the recent
advancements in multi-omics technologies, gene profiling and
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cell-subtype comparisons of different grades PMP tissues could be
beneficial in identifying novel disease markers, elucidating disease
mechanisms, and discovering possible therapeutic targets.

5 Conclusions

In conclusion, our study confirmed that strong consideration
should be given to removal of gynecologic organs, including uterus,
fallopian tubes and ovaries, in cases of appendiceal peritoneal
disease even when normal in appearance, after taking into
account each individual patient’s fertility concerns.

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.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Aerospace Center Hospital, Beijing, China
(Approval number: 20190301-YN-09). The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

FF: Conceptualization, Formal analysis, Investigation, Software,
Visualization, Writing - original draft. XM: Conceptualization,
Data curation, Investigation, Methodology, Software, Validation,
Visualization, Writing - original draft. ZW: Formal analysis,
Funding acquisition, Software, Writing — original draft, Writing -
review & editing. YL: Investigation, Methodology, Resources,

References

1. Carr NJ, Cecil TD, Mohamed F, Sobin LH, Sugarbaker PH, Gonzalez-Moreno S,
et al. A consensus for classification and pathologic reporting of pseudomyxoma
peritonei and associated appendiceal neoplasia: the results of the Peritoneal Surface
Oncology Group International (PSOGI) modified Delphi process. Am ] Surg Pathol.
(2016) 40:14-26. doi: 10.1097/PAS.0000000000000535

2. Mittal R, Chandramohan A, Moran B. Pseudomyxoma peritonei: natural history and
treatment. Int ] Hyperthermia. (2017) 33:511-9. doi: 10.1080/02656736.2017.1310938

3. Nguyen CG, Hamid A, Chen A, Sood D, Jou J. Low grade appendiceal mucinous
neoplasm metastatic to the ovary: A case report and intraoperative assessment guide.
Int ] Surg Case Rep. (2023) 109:108563. doi: 10.1016/j.ijscr.2023.108563

4. Zhang W, Tan C, Xu M, Wu X. Appendiceal mucinous neoplasm mimics ovarian
tumors: challenges for preoperative and intraoperative diagnosis and clinical
implication. Eur J Surg Oncol. (2019) 45:2120-5. doi: 10.1016/j.€js0.2019.08.004

Frontiers in Oncology

10

10.3389/fonc.2025.1485694

Validation, Writing — original draft. HX: Investigation, Resources,
Writing - original draft, Methodology. RM: Conceptualization,
Funding acquisition, Investigation, Resources, Writing — original
draft, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the National Natural Science Foundation of China (81700129),
the Translational Research Grant of NCRCH (2020WSAO01), the
Science and Technology Plan of Suzhou City (SKJY2021050), and
the Priority Academic Program Development of Jiangsu Higher
Education Institutions (PAPD). This study was also supported by
the Beijing Gold-Bridge Project (No. ZZ21043) and Aerospacepace
Center Hospital research fund (YN202424).

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.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1485694/
full#supplementary-material

5. Perren T. Mucinous epithelial ovarian carcinoma. Ann Oncol. (2016) 27:i53-7.
doi: 10.1093/annonc/mdw087

6. Dundr P, Singh N, Nozickova B, Némejcova K, Bartit M, Struzinska I. Primary
mucinous ovarian tumors vs. ovarian metastases from gastrointestinal tract, pancreas
and biliary tree: a review of current problematics. Diagn Pathol. (2021) 16:1-17.
doi: 10.1186/s13000-021-01079-2

7. Shimada M, Kigawa ], Ohishi Y, Yasuda M, Suzuki M, Hiura M, et al.
Clinicopathological characteristics of mucinous adenocarcinoma of the ovary.
Gynecol Oncol. (2009) 113:331-4. doi: 10.1016/j.ygyno.2009.02.010

8. Elias D, Duchalais E, David A, Dartigues P, Duvillard P, Poirot C, et al.
Comprehensive study of ovarian metastases in young women with peritoneal
pseudomyxoma: is a preservation of fertility possible? Eur J Surg Oncol (EJSO).
(2013) 39:748-53. doi: 10.1016/j.€js0.2013.03.005

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1485694/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1485694/full#supplementary-material
https://doi.org/10.1097/PAS.0000000000000535
https://doi.org/10.1080/02656736.2017.1310938
https://doi.org/10.1016/j.ijscr.2023.108563
https://doi.org/10.1016/j.ejso.2019.08.004
https://doi.org/10.1093/annonc/mdw087
https://doi.org/10.1186/s13000-021-01079-2
https://doi.org/10.1016/j.ygyno.2009.02.010
https://doi.org/10.1016/j.ejso.2013.03.005
https://doi.org/10.3389/fonc.2025.1485694
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Fu et al.

9. Evers DJ, Verwaal VJ. Indication for oophorectomy during cytoreduction for
intraperitoneal metastatic spread of colorectal or appendiceal origin. J Br Surg. (2011)
98:287-92. doi: 10.1002/bjs.7303

10. LiY, YuY, Liu Y. Report on the 9th international congress on peritoneal surface
Malignancies. Cancer Biol Med. (2014) 11:281. doi: 10.7497/j.issn.2095-
3941.2014.04.008

11. Cusimano MC, Chiu M, Ferguson SE, Moineddin R, Aktar S, Liu N, et al.
Association of bilateral salpingo-oophorectomy with all cause and cause specific
mortality: population based cohort study. Bmj. (2021) 375:¢067528. doi: 10.1136/
bmj-2021-067528

12. Carr NJ, Bibeau F, Bradley RF, Dartigues P, Feakins RM, Geisinger KR, et al. The
histopathological classification, diagnosis and differential diagnosis of mucinous
appendiceal neoplasms, appendiceal adenocarcinomas and pseudomyxoma peritonei.
Histopathology. (2017) 71:847-58. doi: 10.1111/his.13324

13. Sugarbaker PH. Peritonectomy procedures. Ann Surg. (1995) 221:29-42.
doi: 10.1097/00000658-199501000-00004

14. Sugarbaker PH. Successful management of microscopic residual disease in large
bowel cancer. Cancer Chemother Pharmacol. (1999) 43:515-25. doi: 10.1007/
5002800051093

15. Glasgow SC, Gaertner W, Stewart D, Davids J, Alavi K, Paquette IM, et al. The
American Society of Colon and Rectal Surgeons, clinical practice guidelines for the
management of appendiceal neoplasms. Dis Colon Rectum. (2019) 62:1425-38.
doi: 10.1097/DCR.0000000000001530

16. Blackham AU, Swett K, Eng C, Sirintrapun J, Bergman S, Geisinger KR, et al.
Perioperative systemic chemotherapy for appendiceal mucinous carcinoma peritonei
treated with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. J
Surg Oncol. (2014) 109:740-5. doi: 10.1002/js0.23547

Frontiers in Oncology

11

10.3389/fonc.2025.1485694

17. Jacquet P. Current methodologies for clinical assessment of patients with peritoneal
carcinomatosis. ] Exp Clin Canc Res. (1996) 15:49. doi: 10.1007/978-1-4613-1247-5_23

18. Chua TC, Moran BJ, Sugarbaker PH, Levine EA, Glehen O, Gilly FN, et al. Early-
and long-term outcome data of patients with pseudomyxoma peritonei from
appendiceal origin treated by a strategy of cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy. J Clin Oncol. (2012) 30:2449-56. doi: 10.1200/
JCO.2011.39.7166

19. Fu F, Ma X, Lu Y, Xu H, Ma R. Clinicopathological characteristics and
prognostic prediction in pseudomyxoma peritonei originating from mucinous
ovarian cancer. Front Oncol. (2021) 11:641053. doi: 10.3389/fonc.2021.641053

20. Ma R, Wang B, Zhai X, Lu Y, Xu H. Management and prognostic prediction of
appendiceal mucinous adenocarcinoma with peritoneal metastasis: a single center
study in China. BMC Cancer. (2020) 20:1-6. doi: 10.1186/s12885-020-06787-4

21. MaR, Lu D, Wang B, Zhai X, Xia A, An L, et al. Complete cytoreductive surgery
vs. debulking surgery for pseudomyxoma peritonei of appendiceal origin: a propensity
score-matched study based on a single-center experience. Eur ] Surg Oncol. (2021)
47:2369-76. doi: 10.1016/j.¢js0.2021.05.015

22. Bignell M, Mehta A, Alves S, Chandrakumaran K, Dayal S, Mohamed F, et al. Impact
of ovarian metastases on survival in patients treated with cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy for peritoneal Malignancy originating from
appendiceal and colorectal cancer. Colorectal Dis. (2018) 20:704-10. doi: 10.1111/codi.14057

23. Zhang W, Tan C, Xu M, Wu X. Primary appendiceal mucinous neoplasm:
Gynecological manifestations, management, and prognosis. Gynecol Oncol. (2020)
156:357-62. doi: 10.1016/j.ygyno.2019.11.030

24. Mehta AM, Bignell MB, Alves S, Dayal SP, Mohamed F, Cecil TD, et al. Risk of
ovarian involvement in advanced colorectal or appendiceal tumors involving the
peritoneum. Dis Colon Rectum. (2017) 60:691-6. doi: 10.1097/DCR.0000000000000791

frontiersin.org


https://doi.org/10.1002/bjs.7303
https://doi.org/10.7497/j.issn.2095-3941.2014.04.008
https://doi.org/10.7497/j.issn.2095-3941.2014.04.008
https://doi.org/10.1136/bmj-2021-067528
https://doi.org/10.1136/bmj-2021-067528
https://doi.org/10.1111/his.13324
https://doi.org/10.1097/00000658-199501000-00004
https://doi.org/10.1007/s002800051093
https://doi.org/10.1007/s002800051093
https://doi.org/10.1097/DCR.0000000000001530
https://doi.org/10.1002/jso.23547
https://doi.org/10.1007/978-1-4613-1247-5_23
https://doi.org/10.1200/JCO.2011.39.7166
https://doi.org/10.1200/JCO.2011.39.7166
https://doi.org/10.3389/fonc.2021.641053
https://doi.org/10.1186/s12885-020-06787-4
https://doi.org/10.1016/j.ejso.2021.05.015
https://doi.org/10.1111/codi.14057
https://doi.org/10.1016/j.ygyno.2019.11.030
https://doi.org/10.1097/DCR.0000000000000791
https://doi.org/10.3389/fonc.2025.1485694
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prophylactic oophorectomy is recommended in female patients with pseudomyxoma peritonei of an appendiceal origin
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Patient selection
	2.3 Surgical procedure
	2.4 Adjuvant therapy
	2.5 Follow-up protocol
	2.6 Study parameters
	2.7 Statistical analyses

	3 Results
	3.1 Clinicopathological characteristics
	3.2 Survival outcomes
	3.3 Comparisons of the uterus, fallopian tubes and ovaries involvement of in PMP patients with different histopathological subtypes
	3.4 Comparison of baseline characteristics of patients with and without pathologic confirmed ovarian involvement
	3.5 Relationship between macroscopic and microscopic appearance on involvement of uterus, fallopian tubes and ovaries
	3.6 Univariate analysis of OS
	3.7 Multivariate analysis of OS

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


