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Abstract

Background—To examine recurrence patterns in women with stage I uterine carcinosarcoma 

(UCS) stratified by adjuvant therapy pattern.

Methods—We examined 443 cases of stage I UCS derived from a retrospective cohort of 1192 

UCS cases from 26 institutions. Adjuvant therapy patterns after primary hysterectomy-based 

surgery were correlated to recurrence patterns.

Results—The most common adjuvant therapy was chemotherapy alone (41.5%) followed by 

chemotherapy/radiotherapy (15.8%) and radiotherapy alone (8.4%). Distant-recurrence was the 

most common recurrence pattern (5-year cumulative rate, 28.1%) followed by local-recurrence 

(13.3%). On multivariate analysis, chemotherapy but not radiotherapy remained an independent 

prognostic factor for decreased risk of local-recurrence (5-year cumulative rates 8.7% versus 

19.8%, adjusted-hazard ratio [HR] 0.46, 95% confidence interval [CI] 0.25–0.83, P = 0.01) and 

distant-recurrence (21.2% versus 38.0%, adjusted-HR 0.41, 95%CI 0.27–0.62, P < 0.001). The 

chemotherapy/radiotherapy group had a lower 5-year cumulative local-recurrence rate compared 

to the chemotherapy alone group but it did not reach statistical significance (5.1% versus 10.1%, 

adjusted-HR 0.46, 95%CI 0.13–1.58, P = 0.22). Radiotherapy significantly decreased local-

recurrence when tumors had high-grade carcinoma, sarcoma component dominance, and deep 

myometrial tumor invasion (all, P < 0.05); and combining radiotherapy with chemotherapy was 

significantly associated with decreased local-recurrence compared to chemotherapy alone in the 

presence of multiple risk factors (5-year cumulative rates, 2.5% versus 21.8%, HR 0.12, 95%CI 

0.02–0.90; P = 0.013) but not in none/single factor (P = 0.36).
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Conclusion—Adjuvant chemotherapy appears to be effective to control both local- and distant-

recurrences in stage I UCS; adding radiotherapy to chemotherapy may be effective to control 

local-recurrence when the tumor exhibits multiple risk factors.
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1. Introduction

Uterine carcinosarcoma is a rare but aggressive high-grade endometrial cancer, representing 

a biphasic tumor with the sarcoma element being dedifferentiated from the carcinoma 

component [1–6]. The majority of uterine carcinosarcomas are diagnosed as stage I disease, 

and surgery with total hysterectomy, salpingo-oophorectomy, and lymphadenectomy 

remains the standard primary treatment approach [7,8]. Due to poor survival outcome even 

in stage I disease [9,10], adjuvant therapy after primary surgical treatment is an important 

consideration in the management of uterine carcinosarcoma [7,8].

Various studies have demonstrated the effectiveness of postoperative systemic chemotherapy 

for early-stage uterine carcinosarcoma [11,12]. This approach is based on the rationale that 

stage I disease can develop substantially high incidence of distant-recurrence in the absence 

of adjuvant chemotherapy [12]. A large-scale nation-wide study has shown a recent increase 

in the use of chemotherapy and chemo-radiotherapy for early-stage uterine carcinosarcoma 

[13]. This study also demonstrated that chemotherapy and chemo-radiotherapy were 

associated with improved survival compared to no treatment for early-stage uterine 

carcinosarcoma; however, no direct comparison was performed between chemotherapy alone 

and chemo-radiotherapy, making it difficult to evaluate the role of adding radiotherapy to 

chemotherapy in the management of stage I uterine carcinosarcoma [13].

Because the role of adjuvant radiotherapy is questionable for early-stage uterine 

carcinosarcoma in controlling local recurrence in women who also receive chemotherapy 

[11,13–18], identifying the predictors of radiotherapy response will be useful to maximize 

the benefit of radiotherapy and minimize the adverse effects related to this treatment 

modality. The objective of the study was to examine recurrence patterns and survival 

outcome of women with stage I uterine carcinosarcoma who received adjuvant therapy with 

chemotherapy and radiotherapy.

2. Patients and methods

2.1. Eligibility

We utilized the previously organized dataset for uterine carcinosarcoma from a multi-center 

international study that was conducted in 26 academic and/or regional cancer centers in the 

United States and Japan [19,20]. In this large-scale multicenter collaboration, consecutive 

cases of stages I—IV uterine carcinosarcoma were retrospectively reviewed for 

histopathology findings. We obtained Institutional Review Board approval at each 

participating institution. Inclusion criteria were consecutive cases of stage I uterine 
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carcinosarcoma that underwent primary hysterectomy-based surgical treatment with 

available adjuvant therapy information between 1993 and 2013. Exclusion criteria included 

stages II—IV disease, neoadjuvant radiotherapy or chemotherapy, no hysterectomy status, 

incorrect diagnosis, and absence of archived histopathology slides for evaluation. The 

STROBE guidelines were consulted to outline the results of retrospective cohort studies 

[21].

2.2. Clinical information

We abstracted the following information from archived medical records for the eligible 

cases: patient demographics, histopathology results, treatment type, and survival outcomes. 

For patient demographics, patient age at surgery, country, ethnicity, body mass index (BMI), 

parity, and preoperative CA-125 level were collected. Histopathologic findings included 

carcinoma type, sarcoma element, dominant histology component, cancer stage, tumor size, 

lymphovascular space invasion (LVSI), and depth of myometrial tumor invasion. Treatment 

information abstracted included: use of neoadjuvant therapy, and surgical details regarding 

hysterectomy and pelvic/para-aortic lymphadenectomy, and type of postoperative adjuvant 

therapy. Adjuvant radiotherapy type included whole pelvic radiotherapy (WPRT) and 

intracavitary brachytherapy (ICBT). Adjuvant chemotherapy information included type and 

number of administered cycles. For survival outcomes, disease-free survival (DFS) and 

overall survival (OS) were recorded. Among recurrent cases, anatomical locations of the first 

recurrent site were abstracted.

2.3. Histologic evaluation

Gynecologic pathologists reviewed the archived histopathology hematoxylin-eosin and 

where available immunohistochemically stained slides at each participating institution to 

evaluate the histologic subtypes of carcinoma and sarcoma components [19]. We grouped 

the carcinoma components into low-grade (grades 1–2 endometrioid) and high-grade (grade 

3 endometrioid, serous, clear cell, undifferentiated, and mixed histology) subtypes, and 

grouped the sarcoma components into homologous (endometrial stromal sarcoma, 

leiomyosarcoma, fibrosarcoma, and undifferentiated sarcoma) and heterologous 

(rhabdomyosarcoma, osteosarcoma, chondrosarcoma, and liposarcoma) subtypes. We 

examined the proportions of carcinoma and sarcoma components in a semi-quantitative 

fashion within the primary tumor site in the hysterectomy specimen.

2.4. Study definition

Cutoff values for patient age, CA-125 level, depth of myometrial tumor invasion, and tumor 

size were based on prior studies [22–24]. We re-classified the cancer stage based on the 

2009 International Federation of Gynecology and Obstetrics (FIGO) system [24]. A sarcoma 

component comprising > 50% of the primary tumor in the hysterectomy specimen was 

defined as sarcoma dominance. Myometrial tumor invasion > 50% was defined as deep 

invasion. Adjuvant chemotherapy regimen was categorized into taxane and platinum 

combination regimen (taxane/platinum-based), regimens containing ifosfamide (ifosfamide-

based), and others. In the combination of chemotherapy and radiotherapy group, 

chemotherapy refers systemic chemotherapy but not concurrent chemotherapy during 

radiotherapy as a radiosensitizer. WPRT refers to external beam pelvic radiation and ICBT 
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refers vaginal cuff radiation. DFS was defined as the time interval between the date of 

hysterectomy and the date of the first recurrence of disease or last follow-up. OS was 

defined as the time interval between the date of hysterectomy and the date of death due to 

uterine carcinosarcoma or last follow-up. Local-recurrence refers vaginal cuff and/or pelvic 

recurrence. Distant-recurrence refers recurrence other than local-recurrence.

2.5. Statistical analysis

The primary analysis of interest was to examine survival outcome and recurrence patterns 

across the adjuvant therapy patterns. The secondary analysis of interest was to examine the 

association of tumor factors and adjuvant radiotherapy response. Continuous variables, 

expressed with mean (± SD) or median (range), were examined by one-way ANOVA test or 

Kruskal-Wallis H test as appropriate. Categorical variables were evaluated with chi-square 

test.

Survival curves were constructed by Kaplan-Meier method [25], and the statistical 

significance between the curves were assessed by log-rank test for univariate analysis. We 

used a Cox proportional hazard regression model for multivariate analysis to determine the 

independent prognostic factors for survival and recurrence [26]. Covariates with P < 0.20 in 

univariate analysis were entered in the initial model. Least significant covariates were 

removed from the model until the final model retains only covariates with P < 0.05 

(conditional backward methods) [27]. The relatively liberal P-value cutoffs for covariate 

selection were used due to small sample size in our study. Magnitude of the statistical 

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

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

a value of ≥ 2 was defined as multicollinearity in this study [28]. In multivariate analysis, 

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 in this study [29,30]. A P < 

0.05 was considered statistically significant (all, 2-tailed). Statistical Package for Social 

Science software (SPSS, version 12.0, Chicago, IL) was used for all the analyses.

3. Results

We identified 443 women with stage I uterine carcinosarcoma who had histology slide 

review and adjuvant therapy information available for analysis (Fig. 1). Patient 

demographics of the entire cohort are shown in Table 1. Mean age of patients was 64.6 with 

the majority being Asian (n = 261, 59.6%). The majority of the tumors had a high-grade 

carcinoma component (n = 291, 65.7%), homologous sarcoma element (n = 270, 60.9%), 

and stage IA disease (n = 293, 66.1%). Sarcoma dominance was seen in 177 (40.7%) cases. 

Nearly a half of tumors expressed LVSI (n = 194, 43.9%). Women with stage I uterine 

carcinosarcoma commonly underwent pelvic lymphadenectomy (n = 327, 73.8%) but not 

para-aortic lymphadenectomy (n = 191, 43.1%). The most common adjuvant radiotherapy 

was WPRT-based (n = 89, 83.2%) among those who received adjuvant radiotherapy. A 

taxane-platinum doublet was the most common adjuvant chemotherapy choice (n = 168, 

66.1%) among those who received adjuvant chemotherapy.
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3.1. Adjuvant therapy pattern

Adjuvant therapy patterns were examined (Table 2). The most common pattern was 

chemotherapy alone (n = 184, 41.5%) followed by systemic chemotherapy and radiotherapy 

(n = 70, 15.8%), and radiotherapy alone (n = 37, 8.4%). The most common sequence pattern 

in the chemotherapy/radiotherapy group was systemic chemotherapy followed by 

radiotherapy (n = 39, 54.2%), sandwich therapy (n = 31, 43.1%), and radiotherapy followed 

by systemic chemotherapy (n = 2, 2.8%). There were152(34.3%) women who did not 

receive any adjuvant therapy after hysterectomy-based surgery, and these women were more 

likely to be older (age ≥ 60 years, 79.6%) than those who received adjuvant therapy and less 

likely to undergo pelvic and para-aortic lymphadenectomy (59.9% and 25.0%, respectively; 

all, P < 0.001). Women who received chemotherapy/radiotherapy were more likely be obese 

and to receive care in the United States (both, P < 0.001). While women with a low-grade 

carcinoma component were more likely to receive chemotherapy alone for adjuvant therapy 

(P < 0.001), the type of sarcoma element was not associated with adjuvant therapy pattern (P 
= 0.48). Women whose tumors had LVSI or sarcoma dominance were more likely to receive 

chemotherapy/radiotherapy (both, P < 0.05). Women who did not have pelvic 

lymphadenectomy were more likely to receive radiotherapy (P < 0.001). Median number of 

chemotherapy cycles were six for both the chemotherapy alone and the chemotherapy/

radiotherapy groups (range 1–9), and 88.6% of chemotherapy/radiotherapy group received ≥ 

4 cycles (62 out of 70 cases).

3.2. Rationale of recurrence pattern

Median follow-up for the entire cohort was 35.2 (range 0.1–211.2) months: 18.2 months for 

women who died of uterine carcinosarcoma (n = 86, 19.4%) and 41.2 months for women 

who were censored at the last visit (n = 357, 80.6%). There were 144 (32.5%) women who 

had disease recurrence with median time-to-recurrence being 10.1 months. The most 

common recurrent pattern was distant-recurrence (n = 106, 24.0%) with 1, 2, and 5-year 

cumulative recurrence rates being 13.0%, 20.7%, and 28.1%, respectively. Local-recurrence 

was seen in 51 (11.5%) cases with 1, 2, and 5-year cumulative recurrence rates being 9.3%, 

12.6%, and 13.3%, respectively. Vaginal cuff and pelvic recurrences were seen in 24 (5.4%) 

and 33 (7.5%) cases, respectively. When combined, distant-recurrence alone was the most 

common recurrence pattern (n = 84, 62.2%) followed by local-recurrence alone (n = 29, 

21.5%) and both local/distant-recurrence (n = 22, 16.3%). Local-recurrence was associated 

with shorter time-to-recurrence compared to distant-recurrence (median time to local-

recurrence alone 7.1 months, both local-/distant-recurrence 8.8 months, and distant-

recurrence alone 12.8 months, P = 0.006).

3.3. Survival outcomes

DFS was examined based on adjuvant therapy pattern. When chemotherapy and 

radiotherapy were analyzed as separate variables (Table S1), only chemotherapy use was 

associated with improved DFS (5-year rates, 73.1% versus 50.0%, P < 0.001) but not 

radiotherapy (69.9% versus 61.2%, P = 0.17) on univariate analysis. On multivariate 

analysis, chemotherapy use was independently associated with improved DFS compared to 

non-use (adjusted-HR 0.50, 95%CI 0.35–0.71, P < 0.001), and similar finding was observed 
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for OS (adjusted-HR 0.30 95%CI 0.19–0.47, P < 0.001). When combination patterns of 

chemotherapy and radiotherapy were examined (Table 3), radiotherapy alone was 

independently associated with decreased DFS compared to chemotherapy alone (5-year 

rates, 52.9% versus 70.7%, adjusted-HR 2.29, 95%CI 1.26–4.15, P = 0.006) on multivariate 

analysis. However, combination of chemotherapy/radiotherapy and chemotherapy alone 

groups had statistically similar DFS (5-year rates, 79.4% versus 70.7%, adjusted-HR 0.71 

95%CI 0.39–1.30, P = 0.27; Fig. 2A). Similar findings were also observed for OS (Table 3 

and Fig. 2B). Among the chemotherapy/radiotherapy group, sequence of chemotherapy and 

radiotherapy was not statistically associated with DFS (5-year rates, chemotherapy then 

radiotherapy versus sandwich therapy, 75.2% versus 84.8%, P = 0.18).

3.4. Local-recurrence pattern

The risk of local-recurrence was examined based on adjuvant therapy pattern (Table S2). 

With absence of adjuvant therapy, 5-year cumulative risk of local-recurrence was 12.1%. 

Both radiotherapy (5-year cumulative incidence, 7.3% versus 15.3%, P = 0.048) and 

chemotherapy (8.7% versus 19.8%, P < 0.001) were significantly associated with decreased 

risk of local-recurrence on univariate analysis. However, on multivariate analysis, only 

chemotherapy remained an independent predictor for decreased risk of local-recurrence 

(adjusted-HR 0.46, 95%CI 0.25–0.83, P = 0.01). When combination patterns for 

chemotherapy and radiotherapy were examined (Table 4 and Fig. 2C), women who received 

radiotherapy alone had a similar risk of local-recurrence compared to those just receiving 

chemotherapy alone (5-year cumulative incidence, 11.3% versus 10.1%, adjusted-HR 1.22, 

95%CI 0.41–3.69, P = 0.72). Although cumulative incidence is lower, the combination of 

chemotherapy/radiotherapy had a statistically similar local-recurrence risk compared to 

chemotherapy alone (5.1% versus 10.1%, adjusted-HR 0.46, 95%CI 0.13–1.58, P = 0.22).

3.5. Distant-recurrence pattern

The risk of distant-recurrence was examined based on the adjuvant therapy given (Table S2). 

With absence of adjuvant therapy, 5-year cumulative risk of distant-recurrence was 37.9%. 

Radiotherapy use was not associated with distant-recurrence on univariate analysis (5-year 

cumulative incidence, 25.0% versus 29.2%, P = 0.53). Chemotherapy use was independently 

associated with decreased risk of distant recurrence on multivariate analysis (5-year 

cumulative rates 21.2% versus 38.0%, adjusted-HR 0.48, 95%CI 0.33–0.71, P < 0.001). 

When combining chemotherapy and radiotherapy patterns (Table 4 and Fig. 2D), the 

radiotherapy alone group had a significantly increased risk of distant-recurrence as 

compared to the chemotherapy alone group (5-year cumulative rates, 38.6% versus 22.6%, 

adjusted-HR 2.22, 95%CI 1.11–4.41, P = 0.023). The risk of distant-recurrence was similar 

between the chemotherapy/radiotherapy group and the chemotherapy alone group (5-year 

cumulative rates 17.7% versus 22.6%, adjusted-HR 0.88, 95%CI 0.45–1.71, P = 0.71).

3.6. Tumor factors and treatment response

Patterns of recurrence were examined based on treatment modality (Table 5). While 

radiotherapy had no effects on distant recurrence across the tumor factors (all, P > 0.05), 

radiotherapy significantly reduced the rate of local recurrence when the adenocarcinoma was 

high-grade (5-year cumulative rates, 7.3% versus 18.3%, P = 0.021), there was deep 
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myometrial tumor invasion (5.2% versus 25.0%, P = 0.017), and there was sarcoma 

dominance (2.3% versus 20.1%, P = 0.018). The chemotherapy/radiotherapy group had 

similar local-recurrence risk to the chemotherapy alone group when the tumor had no or a 

single risk factor of the three aforementioned factors (P = 0.36; Fig. 2E). However, when the 

tumor had ≥ 2 risk factors, the chemotherapy/radiotherapy group had a significantly 

decreased local-recurrence risk compared to the chemotherapy alone group (5-year 

cumulative rates, 2.5% versus 21.8%, HR 0.12, 95%CI 0.02–0.90, P = 0.013; Fig. 2F). 

Among cases who did not have pelvic lymphadenectomy, radiotherapy decreased local-

recurrence but it did not reach statistical significance (5-year cumulative rates 10.3% versus 

27.3%, P = 0.18). Chemotherapy significantly decreased local- and distant-recurrences in the 

majority of tumor factors, but it did not decrease local-recurrence when the tumor exhibited 

low-grade carcinoma and deep myometrial tumor invasion (both, P > 0.05).

3.7. Stage IA disease

Sub-analysis was performed for stage IA uterine carcinosarcoma cases (n = 293). The most 

common adjuvant treatment modality was chemotherapy alone (n = 119, 40.6%) followed 

by chemotherapy/ radiotherapy (n = 48, 16.4%), and radiotherapy alone (n = 18, 6.1%). 

There were 108 (36.9%) women who did not receive adjuvant therapy. Among the 

chemotherapy/radiotherapy group, the majority of radiotherapy was WPRT-based (n = 35, 

72.9%) followed by ICBT alone (n = 13, 27.1%). The use of chemotherapy was associated 

with a higher 5-year DFS rate compared to a non-chemotherapy treatment approach: 

chemotherapy/radiotherapy 84.3%, chemotherapy alone 77.5%, radiotherapy alone 54.3%, 

and none 57.0% (P < 0.001). Similar findings were observed for 5-year OS rates: 

chemotherapy/radiotherapy 95.7%, chemotherapy alone 87.1%, radiotherapy alone 56.3%, 

and none 66.6% (P < 0.001). Among 48 cases who received chemotherapy/radiotherapy, 

local-recurrence risk was lower in WPRT-based therapy than ICBT alone although it did not 

demonstrate statistical significance (5-year cumulative rates, 3.5% versus 9.1%, P = 0.48).

4. Discussion

The effectiveness of adjuvant therapy for stage I uterine carcinosarcoma has been relatively 

understudied in the past, and available previous studies were limited in sample size (27–111 

cases) likely due to the rare nature of this tumor [11,12]. Our study not only validated prior 

findings that chemotherapy is superior to radiotherapy, but also highlights the importance of 

chemotherapy for this uterine malignancy that has a high risk of distant-recurrence even in 

stage I disease [12].

Key findings of this investigation are that stage I uterine carcinosarcoma had a 

disproportionally high risk of distant-recurrence, and systemic chemotherapy after 

hysterectomy-based surgical treatment reduced the rate of distant-recurrence. Adjuvant 

chemotherapy is also effective at reducing local-recurrence, and adding radiotherapy to 

chemotherapy may enhance the local-control effects if the tumors have two or more risk 

factors.

Deep myometrial tumor invasion was significantly associated with decreased chemotherapy 

effects for local-recurrence control in this study (Table 5). In contrast, radiotherapy was 
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found to be effective for local-recurrence control when tumor had deep myometrial tumor 

invasion. This finding can indeed support the fundamental concept of combining systemic 

chemotherapy and radiotherapy for early-stage uterine carcinosarcoma by making up for the 

weakness of each treatment effect. That is, when there is evidence of deep myometrial tumor 

invasion, chemotherapy is effective for distant-recurrence control but insufficient to control 

local-recurrence whereas radiotherapy has no effect on distant-recurrence control but 

reduces the local-recurrence risk.

While the carcinoma component rather than the sarcoma component is the driving force for 

tumor progression and is the main treatment target in uterine carcinosarcoma [7], a possible 

therapeutic implication of sarcoma dominance that was observed in our study deserves 

further discussion. That is, use of radiotherapy was significantly effective for prevention of 

local-recurrence when the dominant component of the tumor consisted of sarcoma (Table 5). 

Our prior study on uterine carcinosarcoma found that when the sarcoma component 

metastasizes, the tendency is to spread loco-regionally to the pelvis whereas the carcinoma 

component tends to spread hematogenously and lymphatically to areas distant from the 

uterus [19]. These findings suggest that the sarcoma factor may be an important determinant 

when considering radiotherapy. Indeed, adjuvant radiotherapy is considered an effective 

modality to reduce local-recurrence in a pooled-analysis of nearly 1500 cases of uterine 

leiomyosarcoma and endometrial stromal sarcoma, of which both sarcoma types are the 

majority of homologous element for uterine carcinosarcoma [31]. In addition, radiotherapy 

had a trend towards effectiveness when the sarcoma element had heterologous type although 

it did not demonstrate a statistically significant difference (Table 5). Because radiotherapy is 

an integral component of treatment for genital tract rhabdomyosarcoma which is the most 

common heterologous element in uterine carcinosarcoma [19,32,33], evaluating adjuvant 

radiotherapy in tumors containing this sarcoma element may merit further investigation.

Current National Comprehensive Cancer Network (NCCN) management guidelines 

considers adjuvant chemotherapy as one of the treatment options for stage IA uterine 

carcinosarcoma [8]. A non-chemotherapy option with tumor-directed radiotherapy is also 

listed as an alternative approach for adjuvant therapy. In our analysis of stage IA disease, 

however, non-chemotherapy treatment had increased risk of both local- and distant-

recurrences compared to a chemotherapy-based counterpart. Therefore, even in stage IA 

disease, adjuvant chemotherapy-based treatment is important to optimize outcome. Because 

ICBT has a comparable effectiveness for vaginal cuff recurrence with reduced radiation-

related adverse effects compared to WPRT [34], adding ICBT to chemotherapy may be a 

reasonable option for adjuvant treatment for this disease as suggested by the NCCN 

guidelines [8].

In our study, not every woman had lymphadenectomy and only 43% of women underwent 

complete staging with pelvic and aortic lymphadenectomy. This implies that considerable 

proportion of women may have had occult or microscopic stage IIIC disease because uterine 

carcinosarcoma has a high risk of nodal metastasis [7]. Indeed, unstaged women had 

increased risks of both local- and distant-recurrences compared to staged women (Table 4). 

When lymphadenectomy was not performed, radiotherapy may reduce the local-recurrence 

risk although it did not demonstrate statistical significance (10.3% versus 27.3% for no 
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pelvic lymphadenectomy; and 8.5% versus 19.0% for no aortic lymphadenectomy; Table 5). 

Our study was limited in a sample size, and further study is warranted to examine this 

association.

Strengths of this study are the evaluation of a large sample size of a relatively rare tumor 

with comprehensive tumor information. Additionally, we performed a direct comparison of 

treatment effects between chemotherapy/radiotherapy and chemotherapy alone. 

Confirmation of the diagnosis of uterine carcinosarcoma by archived histopathology slide 

review by gynecologic pathologists further enriched the quality of this study. Also, this study 

was conducted in national and regional cancer centers. Weaknesses of this study are that this 

is a retrospective study that may have missed possible confounding factors. For example, the 

exact indication and reason for chemotherapy and radiotherapy were not abstracted from the 

medical records. The majority of the study population were of Asian ethnicity, thus the 

findings may not be generalizable to other populations.

Other limitations of this study include that we do not have information regarding the toxicity 

profile of the adjuvant therapy. Because WPRT and six cycles of systemic chemotherapy 

may cause substantial adverse effects especially in an elderly population, which is the most 

common age group affected of this disease, careful assessment of risks and benefits of 

adjuvant therapy will be warranted. For example, one trial noted that > 20% of patients did 

not complete combination of adjuvant chemotherapy and radiotherapy for uterine 

carcinosarcoma due to toxicity or patient decline [35]. In addition, sample size was 

inadequate to do a sub-analysis for a comparison of WPRT versus ICBT as well as a 

comparison for taxane/platinum-doublet versus other chemotherapy agents. Lastly, there 

may be a type II error due to lack of power to detect the statistical difference for survival 

between chemotherapy/radiotherapy and chemotherapy alone. For instance, the sample size 

to detect difference in local-recurrence between chemotherapy/radiotherapy and 

chemotherapy alone groups (5.1% versus 10.1%) was underpowered (<80%) with a-level of 

0.05 and β-level of 0.20. Based on our results, 1513 cases for the chemotherapy/radiotherapy 

group and 3979 cases for the chemotherapy alone group would be needed in a study 

designed to detect a difference in local-recurrence between the two treatment modalities 

with 80% power.

There are a few important clinical implications of the current study in terms of postoperative 

management for women with stage I uterine carcinosarcoma. First, we endorse the 

importance of adjuvant chemotherapy even in stage IA disease. Second, we introduce the 

concept of selective radiotherapy to a group of women with certain high risk factors who 

might benefit the most from its addition. That is, women with multiple risk factors including 

high-grade carcinoma, sarcoma dominance, and deep myometrial tumor invasion may 

receive an optimal benefit-to-risk ratio from radiotherapy. To minimize the adverse events 

from this combination therapy of chemotherapy and radiotherapy in elder women, the utility 

of this selective radiotherapy approach merits further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Stage I uterine carcinosarcoma (UCS) has a high incidence of distant 

recurrence.

• Adjuvant chemotherapy may be effective to decrease both local/distant 

recurrences.

• Adding radiotherapy to chemotherapy may be effective if tumor has ≥2 risk 

factors.
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Fig. 1. 
Study selection schema (N = 1192). *including 2 cases that sarcoma component was not 

determined. Abbreviations: UCS, uterine carcinosarcoma; hyst, hysterectomy; chemo, 

chemotherapy alone; and RT, radiotherapy alone.
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Fig. 2. 
Disease-free survival of uterine carcinosarcoma (n = 443). Log-rank test for P-values. 

Survival curves are shown for A) disease-free survival, B) overall survival, C) cumulative 

incidence for local recurrence in the pelvis with or without the vaginal cuff, D) cumulative 

incidence for distant recurrence in outside the pelvis, E) cumulative incidence for local 

recurrence among cases with 0–1 risk factor, and F) cumulative incidence for local 

recurrence among cases with 2–3 risk factors. Risk factors: high-grade carcinoma, > 50% 
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myometrial tumor invasion, and sarcoma dominance. Abbreviations: chemo, chemotherapy; 

and RT, radiotherapy.
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Table 1

Patient demographics for stage I uterine carcinosarcoma (n = 443).

Age 64.6 (±10.4)

 <60 years 145 (32.7%)

 ≥60 years 298 (67.3%)

Race

 Caucasian 126 (28.8%)

 African 34 (7.8%)

 Hispanic 11 (2.5%)

 Asian 261 (59.6%)

 Unknown 6 (1.4%)

Area

 United States 189 (42.7%)

 Japan 254 (57.3%)

BMI 26.5 (±8.0)

 <30 kg/m2 333 (78.9%)

 ≥30 kg/m2 89 (21.1%)

Parity

 Nulliparous 70 (16.2%)

 Multiparous 363 (83.8%)

CA-125 16(2–735)

 <30 IU/L 232 (52.4%)

 ≥30 IU/L 79 (17.8%)

 Not measured 132 (29.8%)

Carcinoma component

 Low-grade
a 152 (34.3%)

 High-grade
b 291 (65.7%)

Sarcoma component

 Homologous 270 (60.9%)

 Heterologous 173 (39.1%)

Sarcoma dominance

 No 258 (59.3%)

 Yes 177 (40.7%)

Tumor size

 <5 cm 195 (45.8%)

 ≥5 cm 231 (54.2%)

Myometrial invasion

 ≤50% 293 (66.1%)

 >50% 150 (33.9%)

LVSI

 No 248 (56.1%)

 Yes 194 (43.9%)
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Pelvic lymphadenectomy

 Performed 327 (73.8%)

 Not performed 116 (26.2%)

Sampled pelvic nodes 20 (1–81)

Aortic lymphadenectomy

 Performed 191 (43.1%)

 Not performed 252 (56.9%)

Sampled para-aortic nodes 9 (1 –72)

Adjuvant radiotherapy

 None 336 (75.8%)

 WPRT ± ICBT
c 89 (20.1%)

 ICBT alone 18 (4.1%)

Adjuvant chemotherapy

 None 189 (42.7%)

 Taxane/platinum-based 168 (37.9%)

 Ifosfamide-based
61 (13.8%)

e

 Others 25 (5.6%)

Chemotherapy cycle
6 (1–9)

d

Adjuvant therapy pattern

 None 152 (34.3%)

 RT alone 37 (8.4%)

 Chemotherapy alone 184 (41.5%)

 Chemotherapy + RT 70 (15.8%)

Recurrence sites (any)

 Local 51 (11.5%)

 Vaginal cuff 24 (5.4%)

 Pelvis 33 (7.5%)

 Distant 106 (24.0%)

Notes to Table 1

Number (%), mean (±SD), or median (range) is shown. Missing information included race (n = 5), BMI (n = 21), parity (n = 10), sarcoma 
dominance (n = 8), tumor size (n = 17), LVSI (n = 1), and anatomical recurrent site (n = 9). Abbreviations: BMI, body mass index; CA-125, cancer 
antigen 125; LVSI, lymphovascular space invasion; ICBT, intracavitary brachytherapy; WPRT, whole pelvic radiotherapy; and RT, radiotherapy.

a
Grade 1 endometrioid (n = 68) and grade 2 endometrioid (n = 84).

b
Grade 3 endometrioid (n = 115), serous (n = 62), clear cell (n = 10), undifferentiated (n = 18), mixed (n = 83), and others (n = 3).

c
Including 2 cases with extended field radiotherapy to para-aortic lymph nodes.

d
Median cycles were 6 (1–7) for chemotherapy/radiotherapy group and 6(1–9) for chemotherapy alone group.

e
Including 12 cases of ifosfamide and paclitaxel.
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