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Abstract
Purpose  Uterine sarcoma (US) as a histologically heterogeneous group of tumors is rare and associated with poor prognosis. 
Prognostic factors based on systematic data collection need to be identified to optimize patients’ treatment.
Methods  This unicenter, retrospective cohort study includes 57 patients treated at the University Hospital Freiburg, Ger-
many between 1999 and 2017. Progression-free survival (PFS) and overall survival (OS) were calculated and visualized in 
Kaplan–Meier curves. Prognostic factors were identified using log-rank test and Cox regression.
Results  44 Leiomyosarcoma (LMS), 7 low-grade endometrial stromal sarcoma (LG-ESS), 4 high-grade ESS and 2 undiffer-
entiated US patients were identified. The median age at time of diagnosis was 51.0 years (range 18–83). The median follow-
up time was 35 months. PFS for the total cohort was 14.0 (95%-Confidence-Interval (CI) 9.7–18.3) and OS 36.0 months 
(95%-CI 22.1–49.9). Tumor pathology was prognostically significant for OS with LG-ESS being the most favorable (mean 
OS 150.3 months). In the multivariate analysis, patients over 52 years showed a four times higher risk for tumor recurrence 
(hazard ratio (HR) 4.4; 95%-CI 1.5–12.9). Progesterone receptor negativity was associated with a two times higher risk for 
death (HR 2.8; 95%-CI 1.0–7.5). For LMS patients age ≥ 52 years (p = 0.04), clear surgical margins (p = 0.01), FIGO stage 
(p = 0.01) and no application of chemotherapy (p = 0.02) were statistically significant factors for OS.
Conclusion  Tumor histology, age at time of diagnosis and progesterone receptor status were prognostic factors for US. 
Unfavorable OS in LMS patients was associated with advanced FIGO stage, suboptimal cytoreduction and application of 
chemotherapy.
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Introduction

Uterine sarcoma (US) is a very rare mesenchymal tumor 
entity with an incidence of 3% of all uterine malignancies 
[1–3]. It appears more frequently in women over 50 years 
of age.

The World Health Organization (WHO) classification 
system of 2014 divides US in four subtypes: leiomyosar-
coma (LMS), low- and high-grade endometrial stromal 
sarcoma (LG-ESS and HG-ESS), undifferentiated uterine 
sarcoma (UUS) and adenosarcoma (AS) [4]. LMS is the 

most common with 60–70%, low and high-grade ESS as 
well as UUS are each diagnosed in 10%, AS and heterolo-
gous sarcomas in 5% [5]. Prognosis of US is poor with 70% 
tumor recurrence and 5-year overall survival (OS) rates 
around 40% [5, 6]. Diagnosis of this tumor entity is gener-
ally late due to unspecific early symptoms, resembling uter-
ine myoma or adenomyosis. In more than half of all cases, 
the finding of US is incidental [7]. Neither curettage nor 
preoperative imaging are able to securely exclude US [5, 8]. 
Primarily treatment is surgical, including hysterectomy with-
out morcellation together with bilateral adnexectomy and in 
advanced stages complete cytoreduction. Systematic lym-
phadenectomy is not mandatory. So far, no adjuvant therapy 
could show convincing benefit on patients’ survival. For LG-
ESS with positive hormonal receptor status adjuvant endo-
crine therapy is offered. Close postoperative follow-up care, 
consisting of gynecologic examination and sonography, is 
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mandatory. The histological workup and diagnosis are essen-
tial, but very often challenging. Frequently, immunohisto-
chemically or additional molecular pathological methods as 
well as a reference pathological opinion are needed [9].

The aim of this study was to provide survival data and 
identify prognostic factors of patients with US from a Ger-
man tertiary academic hospital.

Methods

Patient cohort

All patients treated for US at the Department of Obstetrics 
and Gynecology at University of Freiburg (UFK), Germany, 
between June 1999 and August 2017 over 18 years of age 
were included into this study.

Methods

This study was conducted retrospectively based on our clini-
cal and pathology data. General patient characteristics were 
age and menstrual status at time of diagnosis. Tumor stage 
was defined according to the 2014 International Federa-
tion of Gynecology and Obstetrics (FIGO) classification, 
surgical margins (R0, R1, Rx) and grading were included. 
Histopathological workup was analyzed collecting histologi-
cal type of uterine sarcoma, hormone receptors (estrogen 
receptor, progesterone receptor (PR), > 5% defined as posi-
tive) and proliferation index. Adjuvant treatment strategies, 
including radiotherapy, chemotherapy and endocrine therapy 
were specified.

Progression-free survival (PFS) and overall survival (OS) 
were calculated as time in months from date of diagnosis to 
date of recurrence, respectively, to date of last follow-up or 
date of death.

SPSS 20.0 was used for all statistical workup: OS and 
PFS were visualized using Kaplan–Meier curves. For the 
calculation of prognostic factors for the total cohort and for 
LMS tumors for PFS and OS, log-rank tests were performed 
for univariate analysis and the Cox-proportional hazards 
regression models for multivariate analyses. The variables 
were histological tumor type, age at time of diagnosis, 
menopausal status, surgical margin, FIGO stage, PR status 
and use of chemotherapy. p value < 0.05 was considered to 
indicate differences of statistical significance.

The study was approved by the ethics committee of Univer-
sity Hospital Freiburg (application number 349/19) meeting all 
institutional guidelines. Patient consent was requested during 
initial hospitalization and due to pseudonymized, retrospective 
study design no additional patient consent was needed.

Results

57 patients with US treated between June 1999 and August 
2017 with last follow-up in March 2020 were included 
into this study. The observation period was 250 months 
and the median time of follow-up was 35 months (range 
4–240 months).

Descriptive analysis

Descriptive analysis of the total cohort

At time of first diagnosis the patients were between 18 and 
83 years of age. Based on the median age at first diagnosis, 
51 years was used as an age cut-off. Group one (‘young age’) 
was defined as patients between 18 and 51 years at time of 
first diagnosis, group two with patients older than 52 years 
(‘old age’). The most common histopathological subtype 
was LMS with 44 cases. ESS was found in 11 patients, UUS 
was diagnosed in two patients. Patients’ characteristics are 
presented in Table 1.

All patients received primary surgical treatment. R0 
is defined as no microscopic residual tumor. In advanced 
cases, R0 means optimal surgical treatment and is defined 
as locally no microscopic residual tumor in the pathology 
report and no macroscopical residual tumor according to the 
surgical report. R0 was reached in 63.16% of cases. In ten 
cases, there was at least microscopical tumor left (R1). Rx 
was found in 11 cases, including 7 cases with morcellation 
(six LMS, one LG-ESS). Four patients were initially treated 
externally. Three patients were treated with primary laparo-
scopic operation at UFK with morcellement due to preop-
eratively benign assumption, all of them received a follow-
ing surgery immediately after diagnosis of malignancy. No 
residual tumor could be found in the second operation mac-
roscopically and microscopically. Patients with morcellation 
treatment had a mean age at first diagnosis of 43.7 years.

50.9% of patients underwent any kind of adjuvant ther-
apy. In 24 cases (42.1%), the patient received chemotherapy 
at any point through course of disease. Most patients were 
treated with Docetaxel/Gemcitabine (13 cases) for first-line 
treatment at recurrent disease. Other patients received Ifosfa-
mid, partially in combination with Etoposid. In further lines, 
Dacarbazin, Doxorubicin, Adriamycin and Platin were used.

Descriptive analysis of sub cohorts stratified 
by histopathological type

The subgroup LMS includes 44 patients with a median age 
at time of diagnosis of 51 years. The majority presented 
with a tumor confined to the uterus (Table 1). 16 patients 
in FIGO stage I, 1 in stage II and III and 3 patients in 
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FIGO stage IV received no adjuvant treatment. 16 patients 
received adjuvant treatment, in early FIGO stages, mostly 
radiation and endocrine therapy. In advanced stages chemo-
therapy was used, in two cases in combination with radia-
tion. 21 patients received chemotherapy at any point of time 
through course of disease. Four patients (9.1%) survived 
the trial observation period recurrence-free. 75% of LMS 
patients were reported dead, seven patients survived with 
relapse (15.9%).

LG-ESS was diagnosed in seven patients with a mean 
age at time of diagnosis of 48 years. Four patients received 
adjuvant endocrine treatment, two in FIGO stage I, one in 
stage II and one in stage IV. Five patients were still alive 
at the end of the observation period, two without tumor 
relapse.

Four patients were diagnosed with a HG-ESS. One 
patient was diagnosed in FIGO stage I and has no recurrence 
after 34 months. Two patients presented in FIGO stage IV. 

In the other three cases, the tumor recurred after 4, 5 and 
23 months, respectively.

Survival analysis

Median time of follow-up among all subgroups was 
35 months (4–240 months). At the end of the observation 
period, 39 patients (66.1%) were reported dead. At the 
end of the observation period, eight patients (14.0%) sur-
vived recurrence-free, ten patients were alive with tumor 
recurrence.

Median progression-free survival (PFS) for the whole 
cohort was 15.0 months (95% CI 6.8–23.2). Median over-
all survival (OS) was 42.0 months (95% CI 23.21–60.79), 
visualized in Kaplan–Meier curves in Fig. 1. The 5-year OS 
rate was 33.0% ± 7.0%.

Table 1   Clinical and 
histopathological characteristics 
of the total cohort and of LMS 
patients

LMS Leiomyosarcoma, LG-ESS low-grade endometrial stromal sarcoma, HG-ESS high-grade ESS, 
UUS undifferentiated uterine sarcoma, FIGO International Federation of Gynecology and Obstetrics, 
PR progesterone receptor

Characteristics total cohort Characteristics of LMS 
patients number percentage

Number Percentage

Age at diagnosis 51 years ± 12.2 51 years ± 11.4
Histological subtype
 LMS 44 77.2
 LG-ESS 7 12.3
 HG-ESS 4 7.0
 UUS 2 3.5

Menstrual status
 Premenopausal 26 45.6 21 47.7
 Postmenopausal 26 45.6 18 40.9
 Missing data 5 8.8 5 11.4

FIGO stage
 Stage I 36 63.2 30 68.2
 Stage II 7 12.3 3 6.8
 Stage III 3 5.3 3 6.8
 Stage IV 11 19.3 7 15.9
 Missing data 1 1.8 1 2.3

Tumor grading
 Grade 1 11 19.3 4 9.1
 Grade 2 13 22.8 13 29.5
 Grade 3 19 33.3 13 29.5
 Missing data 14 24.6 14 31.8

Progesterone receptor status
 PR +  20 35.1 17 38.6
 PR− 16 28.1 6 13.6
 Missing data 21 36.8 21 47.7
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Prognostic factors

Univariate analysis of the total cohort

Univariate analysis was performed using logistic regression 
by log-rank test. For further analyzes, cases were divided in 
three groups according to FIGO stage, pairing FIGO II and 
III in one group due to the small number of cases.

Stratified by histopathological subgroup (Table 2), LMS 
showed a median PFS of 15 months and an OS of 43 months. 
LG-ESS showed a longer PFS and OS with a 5-year OS rate 
of 69.0% ± 18.0%. HG-ESS patients had a median PFS of 
5 months and OS of 6 months. Both patients with UUS died 
during observation period (after 7 and 30 months). Patho-
logical subtype was a significant prognostic marker for OS 
(p 0.04).

Patients diagnosed in FIGO stage I had the longest PFS 
and OS (Table 3).

Differences in surgical margins were not statistically sig-
nificant. Rx includes seven cases with morcellation treat-
ment. In three cases after morcellation, no residual tumor 

was found after subsequent open hysterectomy. In one case, 
the tumor recurred after 29 months, all three patients are 
still alive at the end of the observatin period with an OS of 
29 months.

‘Old age’ was a statistically significant negative prognos-
tic factor for PFS (p 0.01) and for OS (p 0.003). Applica-
tion of chemotherapy throughout course of disease was a 
statistically negative prognostic factor for median PFS and 
median OS (136 vs 28 months, p 0.015). US patients had 
a significantly longer PFS and OS when the tumor was PR 
positive. Results of univariate analysis are shown in Table 3 
and visualized in Fig. 2.

Multivariate analysis of the total cohort

The results of the multivariate analysis are shown in Table 4. 
‘Young age’ and R0 resection of the tumor were significant 
positive prognostic factors for PFS. Patients with complete 
tumor resection had a five times better PFS than people with 

Fig. 1   Kaplan–Meier curves for progression-free survival (PFS) and overall survival (OS) of the total cohort

Table 2   Progression-free 
survival (PFS) and overall 
survival (OS) stratified by 
histopathological subtype

95% Confidence Interval
LMS Leiomyosarcoma, LG-ESS low-grade endometrial stromal sarcoma, HG-ESS high-grade ESS, 
UUS undifferentiated uterine sarcoma

Histopathological 
subtype

PFS [months] (95% CI) OS [months] (95% CI) 5-year OS Rate

LMS 15 (7.7–22.3) 43 (25.7–60.3) 29.0% ± 8.0%
LG-ESS 38 (9.3–66.7) 150 (83.4–217.1) 69.0% ± 18.0%
HG-ESS 5 (0–23.6) 6 (0–29.5)
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R1 resection. PR status positive was the only significant pos-
itive prognostic factor for OS (p 0.049).

Prognostic factors in LMS tumors

In the univariate analysis, age ≥ 52 years (p 0.04), surgical 
margin (p 0.01), FIGO stage (p 0.01) and no application of 
chemotherapy (p 0.02) were statistically significant factors 
for OS in LMS patients. PR status was not statistically sig-
nificant (Table 3).

In the multivariate analysis, no variable was significantly 
prognostic. PR status was a significant prognostic factor for 
the total cohort for PFS and the only significant factor for 
OS. It was not significant in the LMS patient cohort ana-
lyzes, but a trend could be shown.

Prognostic factors for LG-ESS, HG-ESS and US have 
not been further analyzed due to the small case numbers. In 
LG-ESS tumors, the four patients with endocrine therapy 
showed a mean OS time of 373.5 months and were all alive 
at last follow-up.

Discussion

This is a retrospective unicenter study on 57 uterine sarcoma 
patients with an inclusion period of 18 years and a median 
follow-up of 35 months.

Age over 52 years was a negative prognostic factor for 
PFS and OS in the univariate analysis of the total cohort, 
as well as for PFS in the multivariate analysis. For LMS 
patients, it was statistically significant in the univariate anal-
yses for OS. This accords to prior findings in LMS patients 
in the SEER database (patients under or 52 years: disease-
specific survival 73.5% vs over 52 years 56.1%, p < 0.001) 
[10].

Preoperative diagnosis is often challenging and some-
times leads to inadequate surgical treatment. In this report, 
the initial malignant diagnose LMS was missed in three 
cases and was only diagnosed at tumor recurrence. The 
risk of the occurrence of unexpected LMS during hysterec-
tomy or myomectomy for presumed benign fibroids accord-
ing to the American Food and Drug Administration is 1 in 
1100 women undergoing surgery [11]. According to a Dutch 
study, women between 40 and 50 years presenting with 
abnormal uterine bleeding are most at risk for unexpected 
LMS [12]. This aligns with the fact that patients with mor-
cellation treatment in this study had a mean age at first diag-
nosis of 43.7 years. Morcellation is an iatrogenic, negative 
prognostic factor for recurrence with a threefold increase in 
PFS [13, 14]. An impact on OS could not consistently be 
shown by reviews [14–17]. Three cases with initial morcel-
lation of the sarcoma were included in our study. Subsequent 
staging laparotomy and hysterectomy revealed no residual 
tumor followed by a long OS with 99 months and all three 
patients still alive. These data are in contrast to other pub-
lished data and might point out isolated cases in a small 

Table 3   Univariate analysis: median progression-free survival (PFS) and overall survival (OS) in months stratified by FIGO stage, age, applica-
tion of chemotherapy and progesterone receptor status

LMS leiomyosarcoma, 95% CI 95% confidence Interval, FIGO International Federation of Gynecology and Obstetrics, N.a. not achieved

Median PFS total 
cohort
(95% CI)

p value Median OS total 
cohort
(95% CI)

p value Median PFS LMS 
patients (95% CI)

p value Median OS LMS 
patients (95% CI)

p value

FIGO I 20 (6.8–33.2) 0.6 55 (11.6–98.4) 0.35 15 (5.3–24.7) 0.18 55 (1.8–108.2) 0.01
FIGO II 6 (3.4–8.6) 30 (11.5–48.5) 5 (2.6–7.4) 21 (12.4–29.6)
FIGO III 14 (0.0–30.0) 25 (10.6–39.4)
FIGO IV 15 (12.1–17.9) 23 (9.1– 36.9) 15 (0.0–35.4) 23 (5.0–40.9)
‘young age’ 

18–51 years
23 (7.7–38.3) 0.01 81.0 (15.5–146.5) 0.003 20.0 (7.5–32.5) 0.08 78 (25.2–130.8) 0.04

‘old age’ ≥ 52 years 9 (0.3–17.8) 32.0 (21.5–42.5) 9.0 (0.0–22.1) 35 (23.9–46.1)
Chemotherapy 8 (0.3–15.7) 28 (14.8–41.2) 8 (0.0–17) 30 (13.6–46.4)
No chemotherapy 30 (8.3–51.7) 0.001 136 (25.9–246.1) 0.015 29 (0.0–60.2) 0.007 136 (36.2–235.8) 0.02
Tumor progesterone 

positive
22 (15.4–28.6) 0.026 136 (15.9–256.1) 0.03 15 (4.2–25.8) 0.12 136 (20.8–251.2) 0.4

Tumor progesterone 
negative

9 (0–21.8) 30 (12.3–47.7) 5 (0.0–15.8) 36 (3.6–68.4)

Surgical margin R0 13 (0.0–26.2) 0.5 44 (19.6–68.3) 0.13 13 (0.0–26.0) 0.6 55 (34.0–76.0) 0.008
R1 15 (0.9–29.1) 23 (9.1–36.9) 15 (0.0–43.3) 16 (8.4–23.6)
Rx 23 (6.8–23.2) 143 (0.0–290.3) 14 (9.8–18.2) 143 (n.a.)
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cohort but suggests to further investigate the value of second 
look laparotomy and hysterectomy.

Known prognostic factors on PFS and OS in LMS 
patients are tumor stage as well as tumor size, age, the 
amount of mitotic figures, a complete surgical resection 
and blood vessel invasion [5, 10, 18–21]. To get a useful 
sample size in rare tumors at one center, long observation 
periods are needed [22]. Change of classifications as well as 
modification in histopathological workup over time impede 
retrospective analyses. In our analysis neither for the total 
cohort, nor for LMS patients, FIGO stage could show a sig-
nificant impact on PFS or OS. PR negativity was a negative 
prognostic marker in our univariate and multivariate analy-
ses for uterine sarcomas. For LMS in univariate analyses, 
it was a significant negative variable for both PFS and OS. 
This was confirmed for PFS but not for OS in multivariate 
analysis, though there was a trend to shorter OS. In a small 
25 case study, PR as well as androgen receptor expression 
was associated with longer disease free survival (DFS) but 
did not correlate with OS [23]. In a Norwegian study, higher 
PR score was related to longer OS in a series of 147 stage I 
LMS tumors [24]. Multicenter databases with larger sample 
size are warranted for further investigation.

Survival benefit of adjuvant treatment of LMS was not 
yet shown in randomized controlled trials [5]. Following 
German guidelines, radiation should not be performed in 
stage I and II tumors after complete surgical resection [8, 
25]. In these stages, adjuvant chemotherapy can be discussed 
with positive effects on PFS and OS incorporating toxicities 
based on a study with 23% carcinosarcoma patients [26, 27]. 
In a study by Ricci et al., neither chemotherapy nor radiation 
was able to lower the recurrence rate of LMS, but chemo-
therapy did have an impact on overall survival in stage I and 
II LMS patients [28]. In this study, the use of chemotherapy 

at any point in time during course of disease had a signifi-
cant negative impact both on PFS and on OS. This could be 
seen for the total US cohort, as well as for LMS patients. The 
negative effect could not be confirmed in the multivariate 
analysis, therefore, chemotherapy could be a confounding 
factor. Given the known and strong side-effects and toxicities 
limiting patients’ quality of life, chemotherapy should only 
be administered after comprehensive patients counseling and 
joint decision, taking life quality and quantity into account. 
Further and bigger studies are needed for thorough elabora-
tion. It has been shown that sarcoma patients benefit from 
multidisciplinary tumor boards at specialized treatment cent-
ers including secondary pathologic review prior to treatment 
[29]. Blay et al. showed that patients had longer recurrence-
free survival rates and a trend to longer OS when presented 
and discussed in a board [29]. This highlights the need of 
centralized diagnostic and treatment with expert pathologi-
cal departments.

Since uterine sarcomas and their recurrences are rare 
cases with probably unfavorable prognosis, treatment tends 
to individualized strategies. Consequent multicenter registra-
tion of every individual case and trial participation would 
be helpful to build a bigger data pool and provide treatment 
recommendations for the future. Such is the German registry 
for gynecologic sarcomas (REGSA) [7, 30]. Testing the use 
of targeted therapies, for example growth-factor-antibodies, 
in US is still ongoing [31–33]. International cooperations 
as the ENGOT rare cancer group are necessary to establish 
international data collection and launch multinational trials 
on targeted therapies in rare cancers.

In this study, tumor histology, age at time of diagnosis 
and progesterone receptor status are significant prognostic 
markers in univariate analysis. Consequent and standardized 
immunohistopathological workup as a basis for molecular 
tumor boards in centralized oncological centers is worth-
while. More randomized controlled trials on adjuvant ther-
apy are necessary to give physicians convincing treatment 
options especially in the recurrent situation.

Fig. 2   Kaplan–Meier curves for progression-free survival (PFS) and 
overall survival (OS) stratified by a: pathological subtype, b: FIGO 
stage, c: surgical margin and d: age category at time of diagnosis over 
or under 52 years

◂

Table 4   Multivariate analysis for median progression-free survival (PFS) and overall survival (OS) for the total cohort and for the sub cohort 
Leiomyosarcoma (LMS)

HR hazard ratio, 95% CI 95% confidence interval, FIGO International Federation of Gynecology and Obstetrics

PFS total cohort OS total cohort PFS LMS patients OS LMS patients

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

Progesterone receptor positivity 2.25 (1.0–5.1) 0.05 2.75 (1.0–7.5) 0.049 1.96 (0.6–3.0) 0.24 1.97 (0.5–7.2) 0.3
‘Young age ‘ vs ‘old age ‘ 4.43 (1.5–12.9) 0.006 3.04 (0.9–9.9) 0.07 1.41 (0.4–4.9) 0.59 1.46 (0.3–7.5) 0.65
Surgical margin R0 vs R1 5.36 (1.2–24.9) 0.03 0.82 (0.1–5.0) 0.83 15.27 (0.8–302.4) 0.07 11.19 (0.6–197.7) 0.1
Surgical margin R0 vs Rx 2.35 (0.7–7.6) 0.16 1.07 (0.3–4.9) 0.93 1.24 (0.3–4.6) 0.75 1.05 (0.2–5.8) 0.96
FIGO stage I vs II/III 0.99 (0.4–8.7) 0.98 2.02 (0.6–7.1) 0.27 1.36 (0.4–5.4) 0.66 1.72 (0.3–10.6) 0.56
FIGO stage I vs IV 1.89 (0.5–6.9) 0.33 3.24 (0.5–19.9) 0.21 2.16 (0.1–49.9) 0.63 0.55 (0.0–11.9) 0.7
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