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Abstract

Objective: To examine significance of sarcoma dominance (SD) patterns In uterine 

carcinosarcoma (UCS).

Methods: This is a secondary analysis of multicenter retrospective study examining women with 

stages I-IV UCS who underwent primary surgery. SD was defined as >50% of sarcoma component 

in uterine tumor. SD patterns were grouped as homologous sarcoma without SD (homo/non-

dominance, n = 351), heterologous sarcoma without SD (hetero/non-dominance, n = 174), 

homologous sarcoma with SD (homo/dominance, n = 175), and heterologous sarcoma with SD 

(hetero/dominance, n = 189), and correlated to tumor characteristics and survival.

Results: SD patterns were significantly associated with age, body habitus, carcinoma type, tumor 

size, depth of myometrial invasion, and nodal metastasis (all, P < 0.05). On univariate analysis, SD 

was associated with decreased progression-free survival (PFS) and cause-specific survival (CSS) 

in homologous cases (both, P < 0.05) but not in heterologous cases. On multivariate models, both 

homologous and heterologous SD patterns remained independent prognostic factors for decreased 

PFS (adjusted-hazard ratio [HR] ranges: homo/dominance 1.35–1.69, and hetero/dominance 1.47–

1.64) and CSS (adjusted-HR ranges: 1.52–1.84 and 1.66–1.81, respectively) compared to homo/

non-dominance (all, P < 0.05). Among stage I-III disease, when tumors had SD, adding 

radiotherapy to chemotherapy was significantly associated with improved PFS (adjusted-HR: 

homo/dominance 0.49, and hetero/dominance 0.45) and CSS (0.36 and 0.31, respectively) 

compared to chemotherapy alone (all, P < 0.05); contrary, this association was not observed with 

absence of SD (all, P > 0.05).

Conclusion: In UCS, SD impacts survival in homologous but not in heterologous type. 

Regardless of sarcoma types, SD was associated with decreased survival in UCS; adding 

radiotherapy to chemotherapy may be an effective postoperative strategy.
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1. Introduction

Uterine carcinosarcoma (UCS) is a rare high-grade endometrial cancer, representing 

approximately 5% of all endometrial cancers with a gradual increase in its proportion among 

endometrial cancer over the past few decades [1]. UCS is histologically defined as 

containing both carcinoma and sarcoma cells in the uterine tumor site [2]. UCS is a biphasic 

tumor that originally arises in the epithelial carcinoma component, with the subsequent 

development of a dedifferentiated sarcoma component [2]. This sarcomatous differentiation 

is best described by the UCS’s unique tumor biology, namely epithelial-mesenchymal 

transition (EMT) [3,4].

In UCS, the proportion of the dedifferentiated sarcoma component within the primary tumor 

can exceed the proportion of the primary carcinoma component, a phenomenon called 
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sarcoma dominance (SD). A recent analysis has shown that SD is quite prevalent; it is seen 

in nearly 40% of UCS and is associated with the heterologous type of sarcoma [5]. 

Moreover, SD is a prognostic factor for decreased survival in UCS [5]. Collectively, these 

findings point towards a pivotal role of SD in the tumor biology of UCS.

Regarding a treatment implication of SD in UCS, certain postoperative chemotherapeutic 

agents are suggested to target the sarcoma component especially in heterologous types, and 

the use of postoperative radiotherapy may be beneficial in stage I UCS with tumors 

exhibiting certain factors including SD [5,6]. Despite these suggestive findings regarding SD 

in UCS, solid evidence remains lacking to outline the impact of SD types in UCS 

(homologous versus heterologous).

Given the distinctive difference in tumor biology and prognosis between homologous and 

heterologous uterine sarcomas [7–11], we hypothesize that tumor characteristics and 

prognoses are different based upon SD patterns in UCS for homologous and heterologous 

types. The objective of the study is to examine associations of SD pattern and tumor 

characteristics/survival outcome in women with UCS.

2. Materials and methods

2.1. Database and eligibility

This study was a secondary analysis of a previously organized large-scale multi-center 

retrospective study from 26 institutions in Japan and the United States. Institutional Review 

Board approval was obtained at each participating site. This surgical database consisted of 

consecutive cases of women with stage I-IV UCS who underwent primary hysterectomy-

based surgical treatment between 1993 and 2013 with available archived histopathology 

slides for review [5,6,12–15].

2.2. Clinical information

Variables in this database included patient demographics at diagnosis, tumor characteristics 

from the surgical specimen, treatment types, and survival outcome. Patient demographics 

included age, race, country, body mass index (BMI, kg/m2), pregnancy history, history of 

tamoxifen use, history of pelvic irradiation, and cancer antigen 125 (CA-125, IU/L) levels. 

Tumor characteristics included carcinoma type, sarcoma type, cancer stage, tumor size, 

depth of myometrial tumor invasion, presence of SD, lympho-vascular space invasion 

(LVSI), and lymph node status (pelvic and para-aortic). Treatment characteristics included 

residual disease status at surgery, and use of postoperative chemotherapy and/or 

radiotherapy. Survival outcomes included progression-free survival (PFS) and cause-specific 

survival (CSS).

2.3. Histopathology evaluation

All the specimens were reviewed at each participating institution as described previously [5]. 

Pathologists who were blinded to clinical information reviewed archived hematoxylin-eosin 

stained slides and immunohistochemistry results, when available. At the primary tumor site 

in the hysterectomy specimen, the proportion of sarcoma and carcinoma was scored in a 
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semi-quantified fashion: carcinoma component >50%, sarcoma component >50%, or both 

components were equal. In addition, carcinoma and sarcoma components as well as 

histology types at the metastatic sites were also reviewed.

2.4. Study definition

SD was defined as the proportion of the sarcoma component being >50% in the primary 

tumor within all examined hysterectomy specimens. Based on the combination patterns of 

sarcoma type (homologous versus heterologous) and presence of SD (yes versus no), the 

study cohort was grouped into the following four categories: homologous sarcoma without 

SD (homo/non-dominance), heterologous sarcoma without SD (hetero/non-dominance), 

homologous sarcoma with SD (homo/dominance), and heterologous sarcoma with SD 

(hetero/dominance).

The carcinoma component was grouped as low-grade (grade 1–2 endometrioid) or high-

grade (grade 3 endometrioid, serous, clear cell, undifferentiated, and mixed), and the 

sarcoma component was grouped as homologous (endometrial stromal sarcoma, 

leiomyosarcoma, fibrosarcoma, and undifferentiated sarcoma) or heterologous 

(rhabdomyosarcoma, osteosarcoma, chondrosarcoma, and liposarcoma) types as previously 

defined [5].

Cutoff values of patient demographics and tumor characteristics were based on our prior 

study definition [5]. The 2009 International Federation of Gynecology and Obstetrics 

(FIGO) system was used to re-classify the cancer stage [16]. Progression-free survival (PFS) 

was defined as the time interval between the hysterectomy and the first recurrence or 

progression of disease or death from UCS. Cause-specific survival (CSS) was defined as the 

time interval between the hysterectomy and the death due to UCS. Cases without these 

survival events at the last follow-up were censored.

2.5. Statistical considerations

The primary objective of analysis was to examine the association of SD pattern and tumor 

characteristics. The secondary objective of analysis was to examine the association of SD 

pattern to survival outcomes (PFS and CSS).

Continuous variables were assessed for normality by means of the Kolmogorov–Smirnov 

test described as mean (±standard deviation) or median (interquartile range) as appropriate. 

Statistical differences in continuous variables between groups were assessed by means of 

one-way ANOVA test or Kruskal-Wallis H test as appropriate. Statistical differences in 

categorical and ordinal variables between groups were assessed by means of chi-square test 

as appropriate.

The Kaplan-Meier method was utilized to construct survival curves [17], and the statistical 

differences between the curves were assessed by means of log-rank test. Cox proportional 

hazard regression models were used to assess the independent association of SD patterns and 

survival outcomes (PFS and CSS) on multivariate analysis [18]. In this study, we examined 

four different adjustment models to examine the association. The purpose of these stepwise 

models was to assess the independent association in each layer of adjustment: Model 1 
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adjusted for patient factors alone, Model 2 adjusted for patient factors and surgical factors, 

Model 3 further adjusted for detailed tumor factors to Model 2, and Model 4 further adjusted 

for postoperative treatment types to Model 3. Covariates and its cutoff in these models were 

based on a priori survival factors. Magnitude of the statistical significance was expressed 

with hazard ratio (HR) and 95% confidence interval (CI).

A sensitivity analysis was performed to examine the association of postoperative therapy and 

survival based on SD patterns in stage I-III disease. This subgroup was chosen because both 

chemotherapy and radiotherapy are considered treatment choices after surgery [19].

The variance inflation factor was determined among covariates in multivariate analysis, and 

a value of ≥2 was defined as multi-collinearity [20]. Over-adjustment was assessed with the 

ratio of events-of-interest per the entered covariates, and a cutoff level of <10 was 

interpreted as over-adjustment [21]. A P < 0.05 was considered statistically significant based 

on two-sided hypothesis tests. Statistical Package for Social Science software (IBM SPSS, 

version 24.0, Armonk, NY, USA) was used for all the analyses. The STROBE guidelines 

were followed to outline the results of retrospective observational cohort studies [22].

3. Results

Among 1192 cases of UCS identified, 906 cases were available for histopathology slide 

review. Of those, 889 cases had evaluation for SD. The most common group was homo/non-

dominance (n = 351, 39.5%) followed by hetero/dominance (n = 189, 21.3%), homo/

dominance (n = 175, 19.7%) and hetero/non-dominance (n = 174, 19.6%).

Patient demographics are shown in Table 1. On univariate analysis, SD patterns were 

significantly associated with patient age and body habitus (both, P < 0.05). Specifically, 

women in the hetero/dominance group were more likely to be older (proportion of ≥60, 

76.7%); whereas women in the homo/non-dominance group were younger (59.3%, P < 

0.001). Women in the hetero/dominance group had the lowest proportion of obesity (16.1%); 

whereas women in the homo/dominance group had the highest proportion (31.7%, P = 

0.008).

Tumor characteristics are shown in Table 2. On univariate analysis, carcinoma type, tumor 

size, depth of myometrial tumor invasion, and nodal metastasis patterns were significantly 

associated with SD patterns (all, P < 0.05). First, the sarcoma dominant groups had a higher 

proportion of serous histology (22.3–28.0% versus 14.4–15.7%) and a lower proportion of 

grade 3 endometrioid histology (20.1–23.4% versus 25.9–30.2%) compared to the non-

dominant groups (P < 0.001). The sarcoma dominant groups had a disproportionally higher 

incidence of large tumor size (≥10cm) compared to the non-dominant groups (19.4–24.7% 

versus 6.1–11.2%, P < 0.001).

Among the groups, tumors with heterologous SD were least likely to have deep myometrial 

invasion (40.4% versus 47.0–54.9%, P = 0.035). The sarcoma dominant groups had a lower 

proportion of nodal metastasis compared to the non-dominant groups: pelvic (14.9–15.9% 

versus 18.8–27.6%) and para-aortic (6.9–8.0% versus 8.8–12.1%) (both, P < 0.05). Among 

cases with known histology types in the extra-uterine sites, metastatic tumors were more 

Matsuo et al. Page 6

Surg Oncol. Author manuscript; available in PMC 2020 September 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



likely to have sarcoma cells when uterine tumors had SD: cervical stroma (60–68.4% versus 
7.6–13.2%), adnexa (32.1–62.9% versus 19.1–25.4%), lymph nodes (36.0–41.3% versus 
8.2–14.3%), and omentum (9.1–75% versus 23.5–30.8%) (all, P < 0.05).

The median follow-up time of censored cases was 38.6 (interquartile rage 12.8) months. 

There were 419 survival events for recurrence/progression of disease or death due to UCS. 

On univariate analysis, SD patterns were significantly associated with PFS (Fig. 1A, P = 

0.001) and CSS (Fig. 1B, P = 0.001). The 5-year PFS rates were 53.8% for homo/non-

dominance, 37.4% for hetero/non-dominance, 43.6% for homo/dominance, and 39.6% for 

hetero/dominance, respectively; and the 5-year CSS rates were 68.2%, 56.1%, 51.7%, and 

48.6%, respectively.

In a pairwise comparison, survival outcome was compared between SD and non-dominance 

stratified by the sarcoma type. Among 526 homologous sarcoma cases, presence of SD was 

significantly associated with decreased PFS (unadjusted-HR 1.48, 95%CI 1.13–1.93, P = 

0.004) and CSS (unadjusted-HR 1.67, 95%CI 1.22–2.28, P = 0.001). However, among 363 

heterologous sarcoma cases, presence of SD was not associated with PFS and CSS (both, P 
> 0.05).

When the association of SD patterns and survival was adjusted on various multivariate 

models (Table 3), both homologous and heterologous SD patterns remained independent 

prognostic factors for decreased PFS (adjusted-HR ranges: homo/dominance 1.35–1.69, and 

hetero/dominance 1.47–1.64) and CSS (adjusted-HR ranges: 1.52–1.84 and 1.66–1.81, 

respectively) compared to homo/non-dominance (all, P < 0.05). The hetero/non-dominance 

group was also associated with decreased PFS compared to the homo/non-dominance group 

(adjusted-HR ranges 1.37–1.49, P < 0.05).

There were 772 cases of stage I-III disease examined for post-operative therapy based on SD 

patterns. When tumors had SD, postoperative radiotherapy was significantly associated with 

improved PFS (adjusted-HR: 0.49 for homo/dominance, and 0.36 for hetero/dominance) and 

CSS (adjusted-HR: 0.37 for homo/dominance, and 0.35 for hetero/dominance) regardless of 

sarcoma types (all, P < 0.05; Table 4). When tumors did not have SD, postoperative 

radiotherapy was not associated with PFS and CSS (all, P > 0.05).

Similarly, when tumors had SD, adding radiotherapy to chemotherapy was significantly 

associated with improved PFS (adjusted-HR: homo/dominance 0.49, and hetero/dominance 

0.45) and CSS (adjusted-HR: 0.36 for homo/dominance, and 0.31 for hetero/dominance) 

compared to chemotherapy alone (all, P < 0.05; Table 5); contrary, this association was not 

observed when tumors had no SD (all, P > 0.05).

4. Discussion

SD is an important pathological factor that impacts both treatment and outcome of UCS. 

Salient findings from this study are that tumor characteristics for SD in UCS include: serous 

histology, large tumor size, and less lymph node invasion. The proportion of sarcoma 

component is also a prognostic factor in UCS, particularly in the homologous type. Lastly, 
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when UCS tumors exhibit a large fraction of sarcoma, radiotherapy seems to enhance 

postoperative treatment.

The exact mechanism by which the sarcoma component becomes a dominant element in the 

uterine tumor site remains unknown. This phenomenon may be related to EMT. That is, the 

tumor volume of the sarcoma component reflects the extent and severity of EMT occurring 

in the tumor, and the UCS tumors with SD may reflect accelerated EMT with enhanced 

sarcomatous dedifferentiation from the primary carcinoma components.

Recent high-throughput molecular analyses have shown that UCS tumors with heterologous 

dedifferentiation have higher EMT activity compared to their homologous counterparts [3]. 

These findings partly support our prior observations that UCS with a heterologous sarcoma 

component has a higher incidence of SD compared to UCS with a homologous sarcoma 

component (50.6–56.5% versus 30.1–40.4%) [5]. Therefore, these results imply that UCS 

with SD may possess accelerated EMT activity resulting in different tumor characteristics 

and prognosis.

If the accelerated EMT phenomenon is in fact the mechanism for SD in UCS, targeting EMT 

signaling may be an attractive treatment approach because prognosis of women with UCS 

remains poor with current available treatment strategies. Various target markers have been 

identified in EMT signaling in endometrial cancers including UCS with possible future 

implications for cancer treatment [3,23–27]. Moreover, we found that older age and large 

body habitus are suggestive for SD in our study. Thus, it may be of interesting how aging 

and obesity impact EMT development.

This study found that the prognosis of women in the heterologous group was worse than 

those in the homologous group for tumors without SD. For sarcoma dominant cases, survival 

was similar between the homologous and heterologous groups. This clearly indicates that 

presence of SD impacts survival more in homologous type than heterologous type. A 

possible explanation of this observation is the degree of EMT activity, generally reflecting 

aggressive tumor biology [3,28], is generally high in heterologous type UCS even when the 

sarcomatous component is small [3]. Thus, attention might be warranted in homologous type 

UCS when evaluating SD given that survival is distinctive based on the proportion of the 

sarcomatous component.

It may be useful to consider SD when planning treatment for UCS because SD corresponds 

with prognostic factors such as loco-regional tumor metastasis with sarcoma, response to 

antisarcoma agents, and recurrence with sarcoma [5,6]. This study suggests that regardless 

of sarcoma type, UCS with SD is more sensitive to radiotherapy compared to UCS without 

SD. This observation seems consistent with a recent meta-analysis reporting the 

effectiveness of postoperative radiotherapy for uterine sarcoma [29], and supports the 

concept that sarcoma dominant UCS tumors clinically behave more like sarcoma than 

carcinoma.

A strength of this investigation is that it is the first in-depth study of the impact of SD in 

UCS. The sample size is also one of the largest reported in the literature. A comprehensive 

histopathology slide review enhances the quality of the study. In general, UCS is rare tumor 
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and is routinely excluded from clinical trials. Thus, there has been relatively little data from 

a large group such as this study to help guide therapy, thus highlighting the value of our 

results.

There are several study limitations. First, as a retrospective study, it is vulnerable to 

unanticipated confounding factors in the analysis. For example, we are not able to retrieve 

information regarding the choice for postoperative therapy. In addition, the majority of the 

study population is Asian, and thus, generalizability to other populations remains unknown. 

Lastly, central pathology review was not performed to confirm the SD; therefore, 

interobserver agreement and reproducibility among the pathologists remain undetermined. 

Unlike uterine adenosarcoma where sarcomatous overgrowth (>25%) is well defined [30], 

the cutoff of >50% for the sarcoma component is arbitrarily defined in our study. It remains 

unknown if different cutoff for the proportion of the sarcoma component will produce 

similar results, particularly in the heterologous type. Last, while EMT is suggestive to link 

SD in UCS, there is no actual translational research in this study.

Clinical utilities of the study argue for the routine description of the proportion of carcinoma 

and sarcoma components in the synoptic report in UCS. Based on our findings, we 

respectfully suggest that the addition of radiotherapy to systemic chemotherapy may be an 

effective postoperative strategy to reduce the risk of disease recurrence and mortality in 

stage I-III UCS with SD as it is the factor for local expansion rather than distant metastasis. 

Further study with a prospective design is necessary to confirm this finding.
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Fig. 1. 
Survival outcome (N = 889). Log-rank test for P-values. A) Progression-free survival and B) 

cause-specific survival. Abbreviations: dominance, sarcoma dominance; homo, homologous 

sarcoma; and hetero, heterologous sarcoma.
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Table 4

Effects of postoperative radiotherapy on survival based on sarcoma dominance patterns for stage I-III disease 

(n = 772).

Characteristic Progression-free survival Cause-specific survival

HR (95%CI) P-value HR (95%CI) P-value

Homologous/dominance (−)

 Radiotherapy (−) 1 1

 Radiotherapy (+) 0.90 (0.60–1.36) 0.62 1.02 (0.63–1.68) 0.92

Heterologous/dominance (−)

 Radiotherapy (−) 1 1

 Radiotherapy (+) 0.74 (0.44–1.24) 0.25 (0.29–1.26) 0.17

Homologous/dominance (+)

 Radiotherapy (−) 1 1

 Radiotherapy (+) 0.49 (0.26–0.92) 0.026 0.37 (0.16–0.86) 0.021

Heterologous/dominance (+)

 Radiotherapy (−) 1 1

 Radiotherapy (+) 0.36 (0.18–0.70) 0.003 0.35 (0.16–0.77) 0.009

Cox proportional hazard regression test for P-values (adjusted for age, stage, and chemotherapy use). Significant P-values are emboldened. 
Abbreviations: HR, hazard ratio; and CI, confidence interval.
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