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Simple Summary: The role of radiotherapy on carcinosarcoma, a rare malignant tumor, of the uterus
is unclear. We reviewed data published from 2010 on the effects of radiotherapy on tumor control
and survival in this patient group. Available data were mainly from cancer registries and suggested
that radiotherapy, given either as vaginal brachytherapy (contact radiotherapy of the vagina) or
external-beam radiotherapy or a combination of both, reduces the risk of recurrence and improves
survival in patients with all stages of carcinosarcoma of the uterus without metastases in other organs.

Abstract: The role of postoperative radiotherapy delivered as external-beam radiotherapy (EBRT),
vaginal brachytherapy (VBT) or a combination of both, in the management of carcinosarcoma of
the uterus is not clearly defined, as only limited randomized trial data are available, indicating a
reduction in locoregional recurrences after EBRT. We performed a structured review of data published
from 2010. Although no relevant new data from prospective trials or meta-analyses were identified,
14 analyses of cancer registry data from the United States or Europe, focusing predominantly on
the endpoint for overall survival, were identified, four of them using propensity-score matching to
compare subgroups treated with vs. without radiotherapy. Although stage-by-stage data are rare,
the registry analyses support the idea of a beneficial effect, especially of VBT, on overall survival in
International Federation of Gynecology and Obstetrics (FIGO) stage IA patients (to a lesser extent
in stage IB). For stages II to III, the data sets indicate the largest effects on overall survival for the
combination of EBRT and VBT. In all stages, survival effects of radiotherapy apparently persist when
given in addition to chemotherapy. Whereas some studies see the strongest survival effects in patients
with positive lymph nodes, propensity-score matched data indicate an overall survival effect of
radiotherapy (EBRT + VBT or VBT alone) in FIGO stages I to III regardless of lymph node surgery.
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1. Introduction

Carcinosarcoma is a rare malignant tumor of the uterus containing carcinomatous and sarcomatous
elements. It is considered a dedifferentiated carcinoma and accounts for approximately 5% of malignant
uterine tumors. Histopathology permits the distinction of homologous uterine carcinosarcoma,
containing homologous mesenchymal components derived from elements of tissue observed in
the normal uterus (e.g., fibrosarcoma, leiomyosarcoma), and heterologous uterine carcinosarcoma
consisting of elements derived from tissues foreign to the uterus (e.g., rhabdomyosarcoma,
chondrosarcoma) [1]. For all tumors except International Federation of Gynecology and Obstetrics
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(FIGO) stage IV disease tumors, surgery is recommended for the purpose of staging and treatment
(review in [1]).

The role of postoperative radiotherapy (RT), delivered either as external-beam radiotherapy
(EBRT), vaginal brachytherapy (VBT) or a combination of both is a matter of continuing debate.
The National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines “Uterine
Neoplasms” Version 1.2021 gives the following recommendations for adjuvant treatment of
carcinosarcoma patients following total hysterectomy with bilateral salpingo-oophorectomy and
surgical staging [2]: for FIGO stage IA, systemic therapy plus VBT is the preferred option; other options
are: systemic therapy with EBRT with or without VBT; VBT alone in select cases of noninvasive disease.
For FIGO stages IB, II, III and IV, the advice is to give systemic therapy with or without EBRT and
with or without VBT.

The recent German evidence-based guideline [3] recommends to give postoperative radiotherapy
to improve local control in carcinosarcoma of FIGO stages I and II. In the same guideline, adjuvant
chemotherapy with cisplatin and ifosfamide (carboplatin/paclitaxel as alternative) is recommended as
optional in stages I and II, whereas for stages III and IV a survival benefit of the cisplatin/ifosfamide
combination (as compared to ifosfamide montotherapy) is described in an evidence-based statement [3].

Although the guideline recommendations address both the locoregional and distant aggressiveness
of carcinosarcoma, with 10% distant metastasis and 60% extrauterine growth at diagnosis [1], there is
a need to more clearly define the role of and the potential benefit from postoperative radiotherapy,
in particular of both its relevant modalities EBRT and VBT. This should address the different FIGO
stage groups of uterine carcinosarcoma and the relation to other treatment modalities, especially the
extent of surgery and the use of chemotherapy.

Previous recommendations were predominantly founded on limited randomized trial data
and knowledge from analyses of cancer registry data published up until about the year 2010.
As carcinosarcoma was excluded from major randomized trials in endometrial cancer, such as
the PORTEC trials, the highest-level evidence came from the randomized European Organization for
the Research and Treatment of Cancer (EORTC) Trial 55,874 [4]. Among 224 patients with different
histologies of uterine sarcomas, 92 patients with carcinosarcoma of FIGO stages I or II were randomized
to receive EBRT with 50.4 Gy in fractions of 1.8 Gy vs. observation. After a median follow-up of
6.8 years, a significant reduction in the local recurrence rate from 47% to 24% was observed. A beneficial
effect on survival was also described but this was not significant with a hazard ratio (HR) of 1.58
(95% CI = 0.83–3.01). The concept of postoperative whole-abdominal irradiation with a boost to the
pelvis was compared with combination chemotherapy in 206 patients (45% FIGO stage III) in the
randomized Gynecologic Oncology Group (GOG) Trial 150 [5]. No improvements in overall survival
or recurrence rates were seen for the large-volume (but limited-dose) radiotherapy concept.

Analyses of United States cancer registry databases published up until 2010 predominantly showed
a positive effect of adjuvant pelvic EBRT (with or without VBT) on locoregional recurrence-free survival
and overall survival in uterine carcinosarcoma [6–8], although some authors have discussed that the
effect of radiotherapy on survival may be related to the performance and extent of lymphadenectomy [9].

Since 2010, the patterns of treatment of uterine carcinosarcoma may have changed and new data
sets have emerged, including population-based registry data analyzed with alternative statistical
methods such as propensity-score matching [10]. To more clearly define the role of postoperative
radiotherapy for uterine carcinosarcoma, we performed a structured review of publications since the
year 2010.

2. Results

Fourteen publications fulfilled the defined criteria and were analyzed further as described below.
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2.1. Prospective Trials

Only one prospective trial, the SARCGYN study from the French Sarcoma Group,
was identified [11]. A group of 81 patients with different histologies of uterine sarcoma, including
19 cases of carcinosarcoma (FIGO stages I to III), were randomized to receive adjuvant pelvic EBRT
with 45 Gy vs. the same radiotherapy plus chemotherapy with doxorubicin, ifosfamide and cisplatin.
While the addition of chemotherapy significantly improved 3-year disease-free survival for the
mixed-histology overall group from 69% to 81% (p = 0.041); no specific data for the subgroup of
carcinosarcoma were reported.

2.2. Meta-Analyses

One meta-analysis was identified—a Cochrane systematic review on adjuvant radiotherapy and/or
chemotherapy after surgery for carcinoma published first in 2011 and then as an update in 2013 [12,13].
The meta-analysis included three randomized clinical trials, two of which evaluated multiagent vs.
single-agent chemotherapy, the third being the above-mentioned trial GOG 150 [5], showing no
significant difference in overall or recurrence-free survival between adjuvant chemotherapy with
three cycles of cisplatin, ifosfamide and mesna vs. adjuvant radiotherapy including whole-abdominal
irradiation. Thus, no additional information on the value of radiotherapy in this setting could be
gained from the meta-analyses.

2.3. Cancer Registry Data

Nine publications reported on analyses of cancer registry data sets from the United States, in particular
the Surveillance, Epidemiology and End Results (SEER) database, a set of population-based registry data
covering approximately 28% of the United States population and the National Cancer Database (NCDB),
a hospital-based registry capturing about 70% of incident cancer cases in the United States. In these
analyses, different time periods and inclusion criteria as well as varying statistical methods were applied.
A summary of these data sets is presented in Table 1 for SEER and in Table 2 for NCDB.

Three reports from European Cancer Registries were found—two from the national Netherlands
Cancer Registry and one from a regional registry in Sweden. The main results are summarized in Table 3.

Table 1. Overview of studies of postoperative radiotherapy in uterine carcinosarcoma using data from
the United States Surveillance, Epidemiology and End Results (SEER) database (2010–2020).

Authors Data Source
(Time Period)

Inclusion
Criteria n Main Result Comment

Nama et al., 2020
[14]

SEER
(1973–2010) stages I–IV 3706

RT independently
associated with survival
(OR 0.1, CI = 0.02–0.06,
p < 0.005)

no specific data
by stage or by
type of RT
(EBRT, VBT)
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Table 1. Cont.

Authors Data Source
(Time Period)

Inclusion
Criteria n Main Result Comment

Li et al., 2019
[15]

SEER
(2004–2013) stages I–III 1069

multivariate Cox
analysis: overall survival
benefit for EBRT HR 0.72
(0.53–0.99; p = 0.042),
VBT HR 0.55 (0.37–0.80;
p = 0.002), combination
HR 0.47 (0.29–0.77;
p = 0.003)
propensity-score
matched: overall
survival benefit EBRT
HR 0.65 (0.45–0.93;
p = 0.02), VBT 0.62
(0.40–0.95; p = 0.029),
combination HR 0.47
(0.26–0.85; p = 0.013)

Manzerova et al.,
2016
[16]

SEER
(1999–2010) stages I–IV 2342

EBRT effect in most
recent time period
2005–2010: crude 5-year
OS with EBRT 50.9%,
without 33% (p < 0.0001);
median OS stage I with
RT 71 mo vs. without
EBRT 43 mo; stage II 52
vs. 18 mo.; stage III 39 vs.
29 mo (all p ≤ 0.007),
stage IV 14 vs. 9 mo
(p < 0.10)

VBT not
studied:
OS effects of
EBRT remain
after correction
for
prognostic factors

Patel et al., 2015
[17]

SEER
(1998–2010) stages I–II 1581

multivariate Cox model:
OS improved by VBT vs.
no RT HR 0.67 (CI
0.47–0.95; p = 0.024),
EBRT vs. no RT HR 0.90
(0.76–1.06; p = 0.22)

authors
conclude EBRT
not better
than VBT

Odei et al., 2018
[18]

SEER
(2004–2012)

stages I–IV
receiving

chemotherapy
(±RT)

3538

multivariate analysis:
OS benefit from addition
of RT to chemotherapy,
HR 0.67 (0.55–0.81); no
significant difference OS
between EBRT and VBT;
propensity-score
matched: OS
improvement by
addition of RT, HR 0.68
(0.61–0.77; p < 0.01)

RT was either
EBRT + VBT or
VBT alone, OS
benefit from RT
in
most subgroups
(propensity-score
matched),
including FIGO
stages I–III and
with/without
lymph
node surgery
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Table 2. Overview of studies of postoperative radiotherapy in uterine carcinosarcoma using data from
the United States National Cancer Database (NCDB) (2010–2020).

Authors Data Source
(Time Period)

Inclusion
Criteria n Main Result Comment

Stokes et al., 2018
[19]

NCDB
(2004–2012) stages I–III 2303

multivariate analysis:
overall survival
improved by
combination EBRT +
VBT, HR 0.72 [0.58–0.89;
p < 0.01), not by EBRT
alone, HR 0.93 (0.79–1.10;
p = 0.41) or VBT alone,
HR 0.84 (0.68–1.02;
p = 0.09);
propensity-score-matched
analysis: overall survival
improved by
combination EBRT +
VBT, HR 0.74 (0.58–0.96;
p = 0.02), not by EBRT
alone, HR 0.89 (0.73–1.07;
p = 0.34) or by VBT
alone, HR 0.80 (0.63–1.03;
p = 0.09)

data for
individual
FIGO stages
only in
unmatched
groups: OS
advantage of
VBT in stage II

Shinde et al., 2018
[20]

NCDB
(2004–2015) stage IA 2701

multivariate analysis:
OS benefit from VBT, HR
0.80, p = 0.047; not from
EBRT, HR 0.89, p = 0.28

Seagle et al., 2017
[21]

NCDB
(1998–2013) stage I 5614

multivariate analysis:
improvement of OS by
EBRT, HR 0.91 (0.82–1.01;
p = 0.08), by VBT, HR
0.81 (0.70–0.95; p = 0.07),
by EBRT + VBT, HR 0.88
(0.73–1.06; p = 0.16);
propensity-score-matched
analysis: VBT associated
with improved OS, HR
0.83 (0.70–0.97; p = 0.02);
in subgroup with
pathologically negative
lymph nodes HR 0.80
(0.67–0.96; p = 0.01)

Wong et al. [22] NCDB
(2004–2011)

stages
I–IIIC1 4906

node-negative patients:
5-year OS with chemo +
EBRT 65.2% vs. chemo +
VBT 70.4% (p = 0.07);
node-positive with
chemo + EBRT 50.5% vs.
chemo + VBT 31.7%
(p = 0.07);
multivariate analysis:
OS benefit with chemo +
RT any modality, HR
0.50 (0.44–0.57; p < 0.001),
not from RT alone

in some
analyses RT
modality (EBRT
vs. VBT) not
differentiated,
both
considered
as RT
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Table 3. Overview of studies of postoperative radiotherapy in uterine carcinosarcoma using data from
European cancer registries (2010–2020).

Authors Data Source
(Time Period)

Inclusion
Criteria n Main Result Comment

van Welden
et al., 2020

[23]

Netherlands
Cancer Registry

(2005–2016)
stage III 132

combination of
chemotherapy and EBRT
associated with
improved OS compared
to chemotherapy alone,
HR 2.49 (1.24–4.99;
p = 0.01), to EBRT alone,
HR 2.53 (1.29 –4.97;
p = 0.007)

Versluis et al., 2018
[24]

Netherlands
Cancer Registry

(1993–2012)
stages I–IV 1140

multivariate analysis: RT
improves OS, HR 0.65
(0.55–0.77; p < 0.001),
strongest effect from
chemotherapy + RT, HR
0.25 (0.14–0.47;
p < 0.001); in subgroup
lymphadenectomy
node-negative:
nonsignificant OS effect
of RT, HR 0.65 (0.39–1.09,
p = 0.1) and of
chemotherapy + RT, HR
0.68 (0.20–3.24; p = 0.45;
in subgroup
lymphadenectomy
node-positive significant
OS effect of RT, HR 0.17
(0.07–0.39; p < 0.001) and
of chemotherapy + RT,
HR 0.04 (0.03–0.18;
p < 0.001)

modality of RT
(EBRT vs. VBT)

not specified

Sorbe et al., 2013
[25]

Sweden,
regional
registry

(1973–2007)

stages I–IV 322

stages I–II crude
locoregional recurrence
8% with EBRT (±VBT)
vs. 19% without
(p = 0.0103); stages III–IV
multivariate analysis:
improvement of
relapse-free survival by
addition of EBRT (±VBT)
to chemotherapy, HR
0.62 (0.46–0.85)

3. Discussion

To identify new data on the benefit from postoperative radiotherapy, delivered as EBRT, VBT or
a combination of both, for uterine carcinosarcoma, a structured analysis of new findings published
from 2010 was performed. Our search retrieved no relevant new knowledge from prospective or
even randomized trials or from meta-analyses. However, 14 reports on analyses of the effects of
postoperative RT for carcinosarcoma in national or regional cancer registry data sets were identified,
mostly from the United States databases SEER and NCDB. Although such sources cannot replace
data from randomized clinical trials, some of the recent reports utilized advanced statistical methods,
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in particular propensity-score matching, to address imbalances inherent to retrospectively collected data.
This discussion will now focus on the data sets where propensity matching was applied.

In their report from the SEER database (time period 2004–2013, FIGO stages I–III), Li et al. found
in their matched cohort analysis significant and clinically relevant effects of EBRT, of VBT and of
their combination on overall survival, with hazard ratios of 0.65 and 0.62 for the single radiotherapy
modalities and 0.47 for the combination [15]. Specific data for individual FIGO stages were not
presented. Any radiotherapy was only used in 40% of all carcinosarcoma cases included in this report,
leading the authors to conclude that radiotherapy has been underused in carcinosarcoma.

Odei et al. investigated the effect of adding radiotherapy (EBRT + VBT or VBT alone) to
chemotherapy (stages I–IV, SEER, 2004–2012) and found in the matched analysis that providing
radiotherapy to this patient group significantly improved overall survival with a hazard ratio of
0.68 [18]. In the Forrest plot, this effect was maintained in almost all clinical subgroups, significantly so
in FIGO stages I, II and III and in both patients with and without lymph node surgery. Distinct effects
of the radiotherapy modalities, EBRT + VBT as compared to VBT alone, were not analyzed.

Stokes et al. found in their matched analysis of NCDB data (2004–2012, stages I–III) an improvement
of overall survival by the combination of EBRT + VBT with a hazard ratio of 0.74 [19]. EBRT alone and
VBT alone also had a tendency to decrease the risk with hazard ratios of 0.89 and 0.80, respectively,
but these effects were not significant. This report contained data on specific FIGO stages, but only from
the unmatched analysis where the only significant effect on overall survival was an improvement with
VBT in FIGO II patients.

Finally, Seagle et al. specifically investigated stage I (NCDB, 1998–2013) and found after
propensity-score matching that VBT was associated with improved overall survival in the whole group
(hazard ratio 0.83) and even stronger in the group with pathologically negative lymph nodes (HR 0.80) [21].

What do these and other findings of multivariate analyses—but without propensity-score
matching—add to current knowledge on the indication for postoperative radiotherapy in
carcinosarcoma? The best evidence so far has come from a group of 92 carcinosarcoma patients
(FIGO stages I and II) randomized to EBRT with 50.4 vs. observation in the EORTC 55,874 Trial [4].
Over the recruitment period from 1988 to 2001, none of these patients received a lymphadenectomy
(lymph node sampling was recommended but performed in only about 25% across all histologies
included in this trial) and no patient received chemotherapy. The primary endpoint was locoregional
recurrence including local (vaginal and paravaginal) and regional (other pelvic) sites of recurrence.
After a median follow-up of 6.8 years, locoregional recurrence occurred in 24% of patients after
radiotherapy and in 47% after observation. Although no significant effect on survival was seen,
the tendency was reported as “beneficial” for the radiotherapy group (HR 1.58, 0.83–3.01). The trial was
powered to analyze effects in the whole group of various histologies and not planned to specifically
investigate carcinosarcoma.

A question arises concerning if the effect seen in EORTC 55,874 on locoregional control with EBRT
(and potentially a positive effect on survival) can also be achieved with VBT—with less toxicity—as
has been shown for endotrial adenocarcinoma in the PORTEC-2 trial [26]. For the group of FIGO IA
patients, the multivariate analysis (although without matching) by Shinde et al. suggests that this most
favorable subgroup has an overall survival benefit from VBT, but not from EBRT [20].

For the remaining stage I patients, i.e., stage IB, the most relevant data may be from Seagle et al.,
showing a significant improvement of overall survival with VBT, but only a trend for EBRT. Thus in the
registry data sets focusing on stage, no general preference over EBRT can be derived. Unfortunately,
the recommendation of RT strategies for clinically relevant combinations of factors, including FIGO
stage as well as other risk factors, cannot easily be derived from these data.

A significant impact of EBRT on overall survival becomes more prominent in the studies of patient
groups including FIGO stages higher than I. Although these mostly do not contain stage-by-stage
analyses, pronounced benefits, especially of the combination of EBRT and VBT, have been seen in the
stage groups I-III by Li et al., with a hazard ratio of 0.47 [15], and by Stokes et al., with a hazard ratio of
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0.74 [19], with both effects being stronger than those of EBRT of VBT alone in these studies, suggesting
that patients at stage II or III benefit from radiotherapy consisting of more than VBT alone, possibly the
combination of EBRT and VBT.

The data from Odei et al. [18] suggest that overall survival effects from radiotherapy (of either
EBRT + VBT or VBT alone) persist when radiotherapy is given in addition to chemotherapy and that
this effect is present through FIGO stages I, II and III as well as in both patients with and without
lymph node surgery. The Dutch registry data support the benefit of adding EBRT to chemotherapy
specifically for stage III [23]. A limitation of these data sets is that the specific chemotherapy protocols
used were not available to the authors of these reports [18,23].

Any effects of radiotherapy on locoregional recurrence rates, as found in the randomized EORTC
55,874 Trial, cannot be evaluated in the NCDB and SEER databases as these report overall survival only.
However, where significant effects of radiotherapy on overall survival are seen it must be assumed that
these result from rather pronounced reductions in (nonsalvagable) locoregional recurrences as shown
in the randomized trial. Although smaller in size, the Swedish regional registry data set by Sorbe et al.
supports a halving of locoregional recurrences by EBRT in stages I and II carcinosarcoma (8% vs. 19%)
and an additional effect, here on relapse-free survival, of adding EBRT (±VBT) to chemotherapy in
stages III to IV [25].

4. Materials and Methods

The database Pubmed was searched with the following search strategy for the time period from
1 January 2010 to 20 October 2020: (carcinosarcoma AND (uterus OR uterine) AND (radiotherapy
OR brachytherapy)). A number of 138 abstracts were identified and reviewed. Only reports of
prospective trials, meta-analyses and national or regional cancer registry analyses were considered.
Single-institution or multi-institutional retrospective case series were excluded.

5. Conclusions

In conclusion, in the absence of additional prospective trial data, new registry data indicate overall
survival benefits of radiotherapy in patients with FIGO stage I to III carcinosarcoma which persist when
radiotherapy is added to chemotherapy and may be independent of lymphadenectomy. The survival
impact appears to be strongest for vaginal brachytherapy in stage IA (possibly less in IB) and for a
combination of external-beam radiotherapy and brachytherapy in stages II and III. Recommendations
derived from our analysis are summarized in Table 4.

Table 4. Overview of recommendations derived in the present analysis regarding the use of postoperative
external-beam radiotherapy (EBRT) and/or vaginal brachytherapy (VBT). The recommendations reflect
author opinion, not an evidence-based grading system (+: recommended; 0: unclear; -: not recommended).

Stage EBRT Alone VBT Alone EBRT + VBT Comment

IA (+) + (+) best OS data for VBT alone

IB + + + no clear advantage for any modality or combination

II (+) (+) + best OS data for combination

III (+) (+) + best OS data for combination

IV (+) − 0 limited data for EBRT in stage IV

Author Contributions: Conception and design, D.V. and S.M., data acquisition and analysis D.V., writing—original
draft preparation, D.V., D.M. and S.M.; writing—review and editing, D.V., D.M., V.I., F.S. and S.M. All authors
have read and agreed to the published version of the manuscript.
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