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Abstract

Objective.—To examine the survival of women with stage I non-endometrioid endometrial 

cancer with malignant peritoneal cytology.

Methods.—A retrospective observational cohort study was conducted to examine the National 

Cancer Institute’s Surveillance, Epidemiology, and End Results Program from 2010 to 2016. 

Women with stage I serous, clear cell, carcinosarcoma, undifferentiated, and mixed endometrial 

cancer with known peritoneal cytology results at hysterectomy were examined (N = 4506). 

Propensity score inverse probability of treatment weighting was used to balance the measured 

covariates, and survival outcomes were assessed according to peritoneal cytology results.

Results.—Malignant peritoneal cytology was reported in 401 (8.9%) women. In multivariable 

analysis, older age, serous histology, and large tumors were associated with an increased 

likelihood of malignant peritoneal cytology (all, P < 0.05). In a propensity score weighted model, 
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malignant peritoneal cytology was associated with a nearly two-fold increase in all-cause mortality 

risk compared to negative peritoneal cytology (5-year rates, 63.4% versus 80.2%, hazard ratio 

2.18, 95% confidence interval 1.78–2.66). In sensitivity analyses, malignant peritoneal cytology 

was associated with decreased overall survival in old and young age groups, serous, clear cell, 

carcinosarcoma, and mixed histology groups, stage T1a disease, and staged and unstaged cases, 

but not for stage T1b disease. Difference in 5-year overall survival rates between the malignant 

and negative peritoneal cytology groups was particularly large among those with clear cell 

histology (24.0%), stage T1a disease (19.4%), aged >78 years(18.2%), and serous tumors (17.6%).

Conclusion.—Malignant peritoneal cytology can be prevalent in stage I non-endometrioid 

endometrial cancer. Our study suggests that malignant peritoneal cytology is a prognostic factor 

for decreased survival in stage I non-endometrioid endometrial cancer.
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1. Introduction

Endometrial cancer is the most common gynecologic malignancy in developed countries 

worldwide [1]. In 2012, 167,900 women were estimated to have this diagnosis and 34,700 

women succumbed to the disease in Europe, Northern America, Australia/New Zealand, and 

Japan [1]. Tumors of endometrial cancer are traditionally classified as endometrioid and 

non-endometrioid histologies, and these two have discrete molecular and clinical 

characteristics and outcomes [2,3]. Non-endometrioid endometrial cancer consists of serous, 

clear cell, carcinosarcoma, undifferentiated, and mixed histology types, and is associated 

with poorer prognosis compared to the endometrioid type [3,4].

Endometrial cancer is commonly diagnosed at stage I disease [3,4]. The standard treatment 

approach for women with apparent stage I disease, irrespective of histology types, is a 

surgical treatment including hysterectomy, salpingo-oophorectomy, and additional 

lymphadenectomy for at-risk groups [5]. Surgical specimens are used to identify certain 

tumor characteristics that are associated with increased risk of disease relapse, and tailored 

postoperative therapy is recommended based on risk factors to improve survival outcome 

[5,6]. These prognostic tumor factors are generally incorporated into the cancer staging 

schema, such as depth of myometrial tumor invasion, cervical stromal tumor invasion, 

adnexal/uterine serosal tumor metastasis, and lymph node metastasis [7].

Malignant peritoneal cytology could be another important tumor factor. This was previously 

used as an element of the Fédération Internationale de Gynécologie et d’Obstétrique (FIGO) 

cancer staging system for endometrial cancer prior to the 2009 revision [7]. Malignant 

peritoneal cytology can be seen in approximately 5% of early-stage endometrial cancer, and 

the incidence seems higher in the non-endometrioid histological types [8–21]. Moreover, 

multiple studies have shown decreased survival in the setting of malignant peritoneal 

cytology, but studies specifically evaluating non-endometrioid types are limited [8–19].
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To date, population-based statistics associated with malignant peritoneal cytology in stage I 

non-endometrioid endometrial cancer remain scarce. If malignant peritoneal cytology is to 

be considered a prognostic factor, its utility in clinical practice would be fairly substantial 

(e.g., survival stratification via cancer staging schema, and possible implications for 

postoperative treatment). The objective of this study was to examine the association between 

malignant peritoneal cytology and survival in women with early-stage non-endometrioid 

endometrial cancer.

2. Materials and methods

2.1. Data

A retrospective observational cohort study was conducted by examining the National Cancer 

Institute’s Surveillance, Epidemiology, and End Results (SEER) Program [22]. The SEER 

Program is the largest population-based tumor registry in the United States and has been in 

operation since 1973. The SEER Program covers ~35% of the U.S. population in the latest 

version, and 97% of cancer incidence is captured within the registry area. Patient 

identification, data accumulation and entry, and rigorous quality control for the SEER 

Program are managed by registered trained personnel [23]. The University of Southern 

California Institutional Review Board exempted this study due to the use of deidentified, 

publicly available data.

2.2. Study population

Women with stage I (T1/N0-x/M0-x) non-endometrioid endometrial cancer who underwent 

hysterectomy with available peritoneal cytology results from 2010 to 2016 were eligible for 

the study. The histology types for non-endometrioid tumors were limited to serous, clear 

cell, carcinosarcoma, undifferentiated, and mixed type tumors. This starting point was 

chosen because the FIGO revised the cancer staging schema in 2009 and the SEER Program 

has discrete information for peritoneal cytology testing results during the study period 

[24,25]. Patients with stage II-IV disease, an unknown tumor stage, with histology types 

other than those described above, a secondary cancer diagnosis, or who did not undergo 

hysterectomy were excluded from the analysis. Peritoneal cytology results recorded as 

suspicious were also excluded.

2.3. Exposure allocation

Surgically treated women with stage I non-endometrioid endometrial cancer who had 

malignant peritoneal cytology were compared to those who had negative peritoneal cytology. 

Collaborative Stage Site-Specific Factor 2 was used to interpret the peritoneal cytology 

result as malignant peritoneal cytology (code, 010) versus negative peritoneal cytology 

(code, 000) [24,25].

2.4. Clinical variables

Patient demographics, tumor characteristics, treatment type, and survival outcomes were 

abstracted from the SEER Program. Patient demographics included age (≤57, 58–60, 61–78, 

and >78), year of diagnosis (2010, 2011, 2012, 2013, 2014, 2015, and 2016), race/ethnicity 

(non-Hispanic white, black, Hispanic, Asian, and others), registry area (West, Central, and 
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East), insurance status (yes versus no), and marital status (single, married, divorced, 

separated, widowed, and unmarried/domestic). Age cutoff points were determined per the 

regression-tree analysis described below.

Tumor characteristics included histology subtypes (serous, clear cell, carcinosarcoma, 

undifferentiated, and mixed), tumor differentiation (well, moderate, and poor), cancer stage 

(T1a versus T1b), tumor size (≤2.0, 2.1–4.0, 4.1–6.0, 6.1–8.0, and >8 cm), and peritoneal 

cytology results (malignant versus negative). Histology types were based on the 

International Classification of Diseases for Oncology 3rd edition/World Health Organization 

histological classification as described previously [26]. The American Joint Committee on 

Cancer staging classification schema was used for defining T stage [27].

Treatment types included hysterectomy type (simple, modified/radical, and supracervical), 

performance of pelvic lymphadenectomy (yes versus no) and para-aortic lymphadenectomy 

(yes versus no), and postoperative therapy modalities for chemotherapy and radiotherapy 

(whole pelvic irradiation [WPRT], vaginal brachytherapy [VBT], chemotherapy, 

chemotherapy/WPRT, and chemotherapy/VBT). Lymphadenectomy performance was 

verified with the study coding for “Regional Nodes”, which was introduced in 1988 and has 

not changed since.

2.5. Outcome measures

Overall survival (OS) and cause-specific survival (CSS) were assessed for outcome analysis.

OS was defined as the time interval between the endometrial cancer diagnosis and death 

from any cause. CSS was defined as the time interval between the endometrial cancer 

diagnosis and death due to endometrial cancer. Women who had no survival event at the last 

follow-up were censored. Survival status in the SEER Program is near-universally updated 

and is externally linked to the National Death Index for validation.

2.6. Statistical approach

The first step of the analysis was to identify the independent characteristics associated with 

malignant peritoneal cytology. Differences in the baseline characteristics were assessed with 

chi-square test for univariable analysis. Then, a binary logistic regression model was fitted, 

and all the pre-/intra-operative factors with a P < 0.05 in the univariable analysis were 

entered into the initial model, and a conditional backward method was used with a final 

stopping rule of P < 0.05. Multicollinearity was assessed with variance inflation factor 

(cutoff, 2.5). Hosmer-Lemeshow test was used to assess the goodness-of-fit in the final 

model, and a P > 0.05 was interpreted as a good-fit model.

In an attempt to identify the specific patterns for patient and tumor demographics for 

malignant peritoneal cytology, a recursive partitioning analysis was performed to construct a 

regression-tree model for risk patterns [28]. All independent factors for malignant peritoneal 

cytology were entered in the final analytic model, and the chi-square automatic interaction 

detector method was used for the model with stopping rule of three layers. Among the 

determined nodes in this analysis, incidences of malignant peritoneal cytology were 

estimated.
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The second step of the analysis was to assess the outcome measures (OS and CSS) related to 

malignant peritoneal cytology. Propensity score inverse probability of treatment weighting 

was used to balance the measured covariates between the two groups [29]. The propensity 

score was computed by fitting a multivariable binary logistic regression model for the 

peritoneal cytology status (malignant versus negative) [30]. All measured covariates were 

entered into the model. The propensity score weighting approach assigned women with 

malignant peritoneal cytology a weight of 1/(propensity score) and women with negative 

peritoneal cytology a weight of 1/(1-propensity score), respectively. Stabilized weights were 

used for weighting, and the threshold technique was used at the 1st and 99th percentile of 

the weight distribution [29].

Size effect was assessed between the two groups in the weighted model, and a standardized 

difference (SD) of >0.20 was considered presence of size effect with clinical imbalance 

between the two groups [31]. The Kaplan-Meier method was used to plot survival curves, 

and a Cox proportional hazard regression model was fitted to estimate hazard ratio (HR) 

with 95% confidence interval (CI) for malignant peritoneal cytology. Proportional hazard 

assumption was tested and satisfied without interaction over time. The difference in the 5-

year survival rates was also calculated.

Multiple sensitivity analyses were performed to assess the robustness of the study findings. 

First, the association of peritoneal cytology results and survival outcome was examined, 

stratified by age (≤78 versus 78 years), histology (serous, clear cell, carcinosarcoma, and 

mixed), cancer stage (T1a versus T1b), and lymphadenectomy status (staged versus 
unstaged). Propensity score weighting was performed in each subcohort. Second, survival 

outcomes were assessed across postoperative therapy types and stratified by the peritoneal 

cytology results. Survival outcomes were compared between WPRT, chemotherapy/WPRT, 

and chemotherapy/VBT among serous, clear cell, and carcinosarcoma cases. This was based 

on the notion that multiple phase III trials have examined these treatment approaches in 

early-stage serous and clear cell tumors [32,33], and recent studies suggest a benefit of 

combination therapy in carcinosarcoma [34,35]. Third, doubly robust adjustment was used 

in the presence of size effect in the weighted model. Lastly, the survival outcome of women 

with stage I disease and malignant peritoneal cytology was compared to those with stage III 

disease. The rationale for this analysis is that malignant peritoneal cytology was a 

component of stage III disease on previous staging schema [7].

Two-sided hypotheses were used for statistical analysis, and a P < 0.05 was considered 

statistically significant. Statistical Package for Social Sciences (version 25.0, Armonk, NY, 

USA) and R version 3.5.3 (R Foundation for Statistical Computing, Vienna, Austria) were 

used for analyses. The STROBE guidelines were consulted to outline the results of this 

observational cohort study.

3. Results

Among 53,636 women in the database, 4506 women with stage I non-endometrioid 

endometrial cancer had peritoneal cytology results available and met the inclusion criteria 

(Fig. S1). Of those, malignant peritoneal cytology was reported in 401 (8.9%) women.
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Women aged >78 years (14.4%) and aged 58–60 (11.6%), uninsured patients (10.4%), those 

with serous or clear cell histology types (both, 10.8%), those with stage T1b disease (10.6%) 

or tumor size of 4.1–6.0 cm (11.7%) had >10% incidences of malignant peritoneal cytology 

(Table S1). In the univariable analysis (Table 1), age, histology type, performance of para-

aortic lymphadenectomy, and tumor size were significantly associated with malignant 

peritoneal cytology (all, P < 0.05). In multivariable analysis (Table 1), age >78 years (OR 

1.95), serous histology (OR 1.55), and tumor size of 4.1–6.0 cm (OR 1.81) remained 

associated with an increased likelihood of malignant peritoneal cytology (all, P < 0.05).

Women with malignant peritoneal cytology were more likely to receive any type of 

postoperative therapy compared to those with negative cytology (73.1% versus 58.5%, P < 

0.001; Table 1). Among those who received postoperative therapy, chemotherapy alone was 

the most common type of postoperative therapy (28.9% versus 19.1%) followed by 

chemotherapy/VBT (24.9% versus 19.5%).

In a regression-tree model with recursive partitioning analysis (Fig. S2), age was found to be 

the strongest factor to distinguish the peritoneal cytology pattern, followed by histology 

types. Women aged >78 with serous/undifferentiated tumors (representing 3.3% of the study 

population) possessed a disproportionally high incidence of malignant peritoneal cytology 

that exceeded >20% (21.5%).

Clinical demographics were more balanced after performing propensity score weighting (all 

14 factors, SD ≤0.10; Fig. 1 and Table S2). 489 women with malignant peritoneal cytology 

were compared to 4116 women with negative peritoneal cytology for survival outcome 

measures (Fig. S1). The median follow-up time was 2.8 years, and there were 645 (14.0%) 

deaths including 491 (10.7%) deaths due to endometrial cancer.

In the weighted model, the 5-year OS rates were 63.4% (95%CI57.7–69.6) for women with 

malignant peritoneal cytology and 80.2% (95%CI 78.6–81.9) for those with negative 

peritoneal cytology (Fig. 2). The absolute difference in the 5-year OS rates was 16.8%. 

Malignant peritoneal cytology was associated with a nearly two-fold increased risk of all-

cause mortality (HR 2.18, 95%CI 1.78–2.66, P < 0.001). Similar results were observed for 

CSS (5-year rates, 67.4% versus 84.8%, absolute difference 17.4%, HR 2.51, 95%CI 2.02–

3.13, P < 0.001; Fig. S3).

In sensitivity analyses (Figs. 3–4 and S4), malignant peritoneal cytology was associated with 

decreased OS in all the sub-cohorts including older age (>78 years, HR 2.75), serous (HR 

2.12), clear cell (HR 2.80), carcinosarcoma (HR 1.84), stage T1a disease (HR 2.59), and 

unstaged cases (HR 2.32) compared to negative peritoneal cytology (all, P < 0.05), but not in 

stage T1b disease (HR 1.35, 95%CI 0.93–1.96, P = 0.112). The difference in 5-year OS rates 

between the malignant and negative peritoneal cytology groups was particularly large for 

serous (17.6%) and clear cell (24.0%) histology, stage T1a disease (19.4%), and age >78 

years (18.2%). Similar trends were observed for CSS (Fig. S3).

The association between postoperative therapy and survival was examined based on the 

peritoneal cytology status among women with serous, clear cell, and carcinosarcoma 

histologies (Fig. S5). In the negative cytology cases, women who received chemotherapy-
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based postoperative therapy had higher 5-year OS rates compared to those received whole 

pelvic irradiation (79.6% for chemotherapy ± brachytherapy, 77.4% for chemotherapy with 

whole pelvic irradiation, and 56.9% for whole pelvic irradiation, P < 0.001). In contrast, OS 

was similar across the three modalities among malignant peritoneal cytology cases (P = 

0.844).

Women with stage I disease and malignant peritoneal cytology had a higher 5-year OS rate 

compared to those with stage III disease: 62.3% for stage I disease with malignant peritoneal 

cytology, 50.5% for stage IIIA,31.5% for stage IIIB, 43.2% for stage IIIC1, and 37.5% for 

stage IIIC2 disease, respectively (P < 0.001, Fig. 5). Similar results were observed for CSS 

(66.1%, 54.2%, 36.9%, 46.4%, and 41.5%, respectively, P < 0.001).

4. Discussion

Important findings from this study are that malignant peritoneal cytology was seen in ~9% 

of stage I non-endometrioid endometrial cancer and that malignant peritoneal cytology is 

associated with a two- to three-fold increased risk of all-cause death. Several points deserve 

further discussion.

Malignant peritoneal cytology is considered relatively common in stage I non-endometrioid 

endometrial cancer and was seen in approximately 9% of our study population, compared to 

5.3–9.2% which has been reported in prior studies [15,36]. This is far more prevalent than in 

the endometrioid histology types, where the incidence of malignant peritoneal cytology is 

about half that of the non-endometrioid endometrial cancer types (2.8–4.8%) [11,15]. 

Therefore, recognition of malignant peritoneal cytology as a common tumor factor is 

necessary in early-stage non-endometrioid endometrial cancer.

Old age, serous histology, and larger tumor size were associated with increased risks of 

malignant peritoneal cytology. Older age was associated with a higher likelihood of having 

malignant peritoneal cytology, and women aged >78 years with serous or undifferentiated 

histology had the highest incidence of malignant peritoneal cytology, exceeding 20% in our 

study. The exact etiology of this increased incidence of malignant peritoneal cytology in 

older women is unknown, but it is speculated that the tumors of older women may be more 

aggressive than those in younger women.

One possible mechanism of malignant peritoneal cytology is the retrograde spread of tumor 

cells via the fallopian tubes. A recent study demonstrated that tubal ligation is associated 

with decreased risk of peritoneal tumor metastasis (GOG-210) [37]. The risk reduction is 

much higher in serous tumors (peritoneal metastasis rates for tubal ligation: yes versus no, 

13.8% versus 37.2%) than in low-grade endometrioid tumors (23.8% versus 24.0%). Trans-

tubal spread is therefore more common in non-endometrioid endometrial cancer, which 

could explain the higher incidence of malignant peritoneal cytology cases in non-

endometrioid versus endometrioid tumors.

Our study demonstrated that malignant peritoneal cytology is a prognostic factor in stage I 

non-endometrioid endometrial cancer. This is congruent with the results of a prior study, but 

the larger sample size in our study enhances our findings [38]. As malignant peritoneal 
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cytology is associated with other tumor factors such as lymph node metastasis [39], one may 

argue that decreased survival with the presence of malignant peritoneal cytology is due to 

micro-metastases in unstaged cases. However, sub-cohort analyses of women who did and 

did not undergo lymphadenectomy showed similar results, supporting the notion that 

malignant peritoneal cytology is likely an independent prognostic factor in stage I non-

endometrioid endometrial cancer.

A striking finding is that the impact of malignant peritoneal cytology on survival is quite 

significant in the earliest cancer stages (Fig. 3). That is, the mortality risk is nearly tripled 

(HR 2.59) with a considerably large 5-year survival rate decrease (19.4%) when malignant 

cells were present in the peritoneal cytology in stage T1a disease. This finding suggests that 

(i) malignant peritoneal cytology may reflect the presence of more aggressive tumor 

characteristics which has an increased propensity to metastasis and (ii) has more impact on 

survival in early-stage disease when there is less tumor burden in non-endometrioid 

endometrial cancer.

The current National Comprehensive Cancer Network (NCCN) guidelines for postoperative 

therapy for stage I endometrial cancer do not have a histology type-specific recommendation 

[5]. Two recent trials compared radiotherapy-based postoperative therapy and a 

chemotherapy-based approach [32,33]. Both trials included a small fraction of women with 

early-stage non-endometrioid tumors with serous and clear cell histologies. Analyses of 

these sub-cohorts showed that overall survival was similar between the two treatment 

approaches. Notably, their trials did not assess the peritoneal cytology status, which may 

have possibly confounded the results. Our study suggests that a chemotherapy-based 

approach may be more beneficial over a radiotherapy-based approach in patients with stage I 

non-endometrioid endometrial cancer with negative peritoneal cytology results.

Malignant peritoneal cytology was removed from the FIGO cancer staging schema in 2009 

[7]. This was most likely due to the lack of a prognostic impact shown in some studies 

[20,21], but these studies were limited either by small sample sizes or lack of stratification 

according to histology type or cancer stage. This revision in the cancer staging schema 

impacted practice patterns with a recent study showing a decrease in peritoneal cytology 

testing during hysterectomy for early-stage endometrial cancer [9]. However, our study 

emphasizes the importance of peritoneal cytology evaluation at hysterectomy, which is also 

strongly recommended by the NCCN guidelines [5]. The decrease in 5-year survival rate 

exceeding 15% found in this study as well as by others is clinically impressive and not 

negligible [15]. Therefore, our study team humbly suggests including malignant peritoneal 

cytology as a sub-group in stage I disease.

Strengths of the current study include that this is a population-based analysis with, to our 

knowledge, the largest sample size for non-endometrioid tumors in the literature to date. A 

homogenous study population restricted to stage I non-endometrioid tumors enhances the 

interpretation of the study results. The analytic approach with propensity score inverse 

probability of treatment weighting as well as exhaustive sensitivity analyses enriched the 

statistical rigor.

Matsuo et al. Page 8

Gynecol Oncol. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Possible limitations in this study are as follows: first, this study has a retrospective design, 

with inherent unmeasured bias. For example, details of surgical-pathological factors such as 

lympho-vascular space invasion, personal history of tubal surgery, use of diagnostic 

hysteroscopy prior to hysterectomy, and omental biopsy were not available in the SEER 

Program, but may affect the incidence of malignant peritoneal cytology as well as the 

oncologic outcomes. In particular, multiple studies suggested an increased risk of malignant 

peritoneal cytology with the use of diagnostic hysteroscopy [40,41]. In older women, 

cervical stenosis due to age-related change may make in-office endometrial sampling 

difficult, and diagnostic hysteroscopy may be used to achieve a tissue sample. The observed 

effect in our study may be to some degree biased by the lack of information about 

preoperative hysteroscopy. Nevertheless, the prognostic impact of malignant peritoneal 

cytology related to diagnostic hysterectomy remains understudied and needs further 

investigation.

Second, there is a possibility of lead-time bias in the study due to the relatively short follow-

up time (median, ~3 years). Third, the accuracy of malignant cytology results is unknown 

due to the lack of central pathology review in the study. Fourth, as this study only examined 

the U.S. population, generalizability of our findings to other study populations needs to be 

examined. Fifth, complete oncological outcome analysis was not feasible due to lack of 

information on recurrence and its anatomical site in the SEER Program. Therefore, it is 

unknown if malignant peritoneal cytology is associated with distant recurrence and if 

systemic chemotherapy use reduces these recurrences as hypothesized by prior studies 

[32,33]. Likewise, extra caution is needed to interpret the result of exploratory analysis for 

malignant peritoneal cytology and postoperative therapy due to limited sample size in this 

subcohort.

Sixth, possible misclassification may exist in adjuvant therapy. Per the SEER Program 

definition, cases with no and unknown status are grouped together in chemotherapy or 

radiotherapy data. Lastly, details of chemotherapy (regimen and cycle) were not available in 

the SEER Program. It may therefore be possible that the lack of survival benefit in 

chemotherapy over radiotherapy among the malignant peritoneal cytology group was due to 

an insufficient number of administered cycles. For example, in a trial of high-risk early stage 

disease (GOG-249), patients in the chemotherapy-based arm received 3 cycles of post-

operative chemotherapy whereas patients with stage III disease received 6 cycles of post-

operative chemotherapy (GOG-258) [32,42].

In conclusion, our study suggests that malignant peritoneal cytology is a prognostic tumor 

factor associated with increased mortality risk in women with stage I non-endometrioid 

endometrial cancer. When cancer cells are present in the peritoneal cytology, 5-year survival 

rates drop by >15%, which is a substantial decrease. Together with our recent analysis of 

stage I endometrioid endometrial cancer demonstrating a similar association between 

malignant peritoneal cytology and decreased survival [43], this study re-visits the 

conversation as to whether or not malignant peritoneal cytology should be incorporated back 

into the cancer staging schema.
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HIGHLIGHTS

• Examined survival effect of malignant peritoneal cytology in stage I non-

endometrioid endometrial cancer

• Malignant peritoneal cytology was seen in 8.9%.

• Malignant peritoneal cytology was associated with nearly 2-fold increased 

mortality risk.

• Similar association was seen in serous, clear cell, carcinosarcoma, and mixed 

types.
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Fig. 1. 
Standardized differences before and after PS-IPTW (whole cohort). Standardized difference 

of >0.2 indicates the presence of size effect with clinical imbalance. Abbreviations: PS-

IPTW, propensity score inverse provability of treatment weighting; and LND, 

lymphadenectomy; and Tx, therapy.
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Fig. 2. 
Survival curves based on peritoneal cytology results (whole cohort). Survival curves for 

overall survival are shown according to the peritoneal cytology status. Cox proportional 

hazard regression model for P-value. Abbreviations: Negative, no malignant cells in 

peritoneal cytology; and malignant, malignant cells in peritoneal cytology.
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Fig. 3. 
Forest plots for overall survival (weighted models). Association of peritoneal cytology 

(malignant versus negative) and overall survival was assessed with Cox proportional hazard 

regression in the weighted models. The 5-year survival rates and differences are shown. 

Circles represent HR, and bars represent 95%CI. Abbreviations: HR, hazard ratio; CI, 

confidence interval; LND, lymphadenectomy; Neg, negative peritoneal cytology; Malig, 

malignant peritoneal cytology; and Diff, difference in 5-year survival rate between the 

negative and malignant cytology groups.
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Fig. 4. 
Sensitivity analysis for overall survival (histology type). Survival curves for overall survival 

are shown by peritoneal cytology status: (A) serous, (B) clear cell, (C) carcinosarcoma, and 

(D) mixed histology. Survival statistics are shown in Fig. 3.
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Fig. 5. 
Survival curves based on cancer stages. Survival curves for overall survival are shown based 

on cancer stages. Abbreviations: MPC, malignant peritoneal cytology.
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