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Abstract: Background: There are conflicting data regarding the detection rate of high-risk uterine
sarcoma (HRUS) by endometrial biopsy. In addition, there are no studies in the literature on its impact
on the chosen surgical approach and survival. Methods: This study includes 415 patients with HRUS.
Of these, 178 (42.9%) patients had undergone endometrial biopsy. We analyzed the detection rate of
endometrial biopsy and its impact on surgical approach and survival data. Results: Correct specific
histologic diagnosis was achieved in only 30.0% of LMS and 33.3% of HGESS/UUS. Other uterine
sarcoma, unspecified malignant mesenchymal tumor, carcinosarcoma or carcinoma were found in
45% of LMS and 78.2% of HGESS/UUS. As a result of the histologic findings, the rate of inadequate
surgery was reduced by up to 19.9%. As tumor morcellation was performed significantly less often
with biopsy (32.5% with vs. 55.4% without biopsy, p < 0.001), the locoregional recurrence-free interval
remained unaffected between the two groups (p = 0.81). This is obviously an advantage of biopsy,
although it does not affect the local recurrence rate in morcellated patients. Conclusions: Indicated
endometrial biopsy is an important step in the diagnosis of HRUS, despite its low detection rate. It
helps to avoid inappropriate surgical procedures but does not affect OS.
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1. Introduction

High-risk uterine sarcomas (HRUS) are generally aggressive tumors with an un-
favorable outcome [1]. The preoperative diagnosis of uterine sarcoma is difficult but
important, especially to determine the choice of surgical approach. Patients with uterine
leiomyosarcoma (LMS), high-grade endometrial stromal sarcoma (HGESS), and undifferen-
tiated uterine sarcoma (UUS) have similar symptoms, including abnormal uterine bleeding
(AUB), rapid uterine growth, and lower abdominal discomfort or pain [2–4]. Despite efforts,
there is still no reliable diagnostic method to differentiate between uterine leiomyoma and
sarcoma [5]. Numerous previous studies have described the challenges associated with
sonographic diagnosis of uterine sarcoma [6,7]. In one of the largest multicenter studies
regarding sonographic findings in uterine sarcoma involving 195 patients, uterine sarcomas
were observed sonographically as solid masses with heterogeneous echogenicity, occa-
sionally featuring irregular cystic areas, and were predominantly moderately or very well
vascularized [8]. However, Köhler et al. [9] recently published a preoperative risk score that
can significantly facilitate the diagnosis of uterine sarcoma based on medical history, clinical,
and sonographic findings, and made recommendations for further diagnostic procedures.

Uterine LMS arise from the uterine muscle and are usually surrounded by the my-
ometrium [9]. Therefore, performing endometrial biopsy in patients with LMS is considered
less sensitive than in patients with other uterine malignancies such as endometrial carci-
noma, carcinosarcoma, and adenosarcoma. However, HGESS and USS regularly develop in
the endometrium and are therefore more amenable to endometrial diagnostic procedures.
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Curettage, endometrial sampling, and endometrial biopsy remain the most used diagnostic
procedures in patients with abnormal uterine bleeding. These are different endometrial
diagnostic procedures but are often used synonymously in the literature. Additional
hysteroscopy improves sensitivity and should be performed when possible [2].

Even after endometrial biopsy, many uterine sarcomas are inadequately treated, mostly
when histologically misdiagnosed as leiomyomas or other benign lesions. The evidence
for the predictive value of endometrial biopsy in patients with endometrial cancer is well
defined, while that for uterine sarcoma is still poorly defined [2,5]. However, the sensitivity
of endometrial biopsy for uterine sarcoma, regardless of its indication, is unknown. In a
meta-analysis of the results of endometrial biopsy for postmenopausal bleeding, one of the
main symptoms of HRUS, uterine sarcoma is not mentioned at all [10].

As the efficacy of radiotherapy and chemotherapy is generally poor in uterine sarcoma,
surgical therapy is considered the gold standard. The choice of surgical approach, whether
minimally invasive or open with or without tissue morcellation, is a crucial point in the
treatment, with controversial results regarding its influence on outcomes [2,5]. Raspagliesi
et al. have investigated the impact of morcellation on survival outcomes in 125 patients
with uterine sarcoma and reported that patients undergoing morcellation experienced a
3-fold increased risk of death [11]. Reichert et al. recently published a retrospective analysis
of 301 LMS and showed that morcellation doubles the risk of locoregional recurrence
(HR = 2.11, 95%-CI 1.41–3.16, p < 0.001) and surprisingly prolongs the time to distant
metastases (HR = 0.52, 95%-CI 0.32–0.84, p = 0.008), while no influence on overall survival
was observed [4]. Therefore, adequate surgery in terms of total hysterectomy without
tumor injury remains the treatment of choice, while inadequate surgery must be strongly
avoided [9].

Due to the very high number of endometrial biopsies performed for uterine bleed-
ing [12] and the extremely low incidence of HRUSs of approximately 0.4 per 100,000 women,
its sensitivity cannot be determined. Therefore, the primary outcome of this study is to
determine the detection rate of endometrial biopsy in patients with HRUSs and its most
common indications. Secondary outcomes include evaluating the impact of preoperative
biopsy on surgical approach and the rate of inadequate surgery, as well as survival data.

2. Material and Methods

Materials: For this study, data on 467 patients with histologically proven high-risk
uterine sarcomas (HRUS) by hysterectomy were retrospectively retrieved from the con-
sultation database of the German Clinical Center of Excellence for Genital Sarcomas and
Mixed Tumors (DKSM, University Medicine Greifswald, Germany). Inclusion criteria
were patients with early or locally advanced stage leiomyosarcoma (LMS), high-grade
endometrial stromal sarcoma (HGESS), or undifferentiated uterine sarcoma (UUS), who
underwent hysterectomy between 2011 and 2021 with or without preoperative endome-
trial biopsy. Exclusion criteria were patients with metastatic uterine sarcoma, due to the
influence of distant metastases on surgical procedure, postoperative management, and
prognosis. Heterologous sarcomas and malignant mixed tumors were also excluded. Diag-
noses and treatment were performed in different German in- and outpatient hospitals or
clinics. Histologic specimens were also reviewed by various German pathology institutes.

Methods: Using available medical records, patient’s characteristics, symptoms, di-
agnostic procedures including sonographic findings, indications for endometrial biopsy,
histopathological findings, following surgical approach, and survival data were collected
and analyzed. Preoperative endometrial curettage was performed with or without hys-
teroscopy. Hysteroscopic findings were not analyzed and the role of hysteroscopy in the
diagnosis was not evaluated in this study. A pipelle biopsy was not performed in any case.
We used the term endometrial biopsy in the following. All histological findings of endome-
trial biopsy were categorized into clinically relevant benign and malignant groups, which
could have an impact on the operative planning and were compared with the definitive
final diagnosis of sarcoma.
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Surgical interventions with high-power morcellation, tumor perforation (spontaneous
or iatrogenic), or other tumor injury were considered as inadequate surgical procedures. In
this study, the term AUB refers exclusively to intermenstrual bleeding and postmenopausal
bleeding. Heavy uterine bleeding was not added to AUB here.

Because of the potential influence on prognosis and survival, data of menopausal
status, tumor diameter, morcellation, adjuvant therapy including chemotherapy, and/or
radiotherapy were determined in the two groups with and without endometrial biopsy.

Using SPSS version 27, OS rates of LMS and HGESS/UUS were determined by
Kaplan–Meier analysis concomitant with the log-rank test. Differences in categorial vari-
ables were compared using the chi-square test or Fisher’s exact test and in continuous
variables by means of the t-test. A p-value of <0.05 was considered statistically significant.

Missing clinical data were requested by the attending facility. All patients included
gave their written consent to data collection and the use of anonymized personal records
for research purposes. All procedures performed in this study were in accordance with
the ethical standards of the local Institutional Research Committee of University Medicine
(identifier: B 034/19) and with the 1964 Helsinki declaration and its later amendments.

3. Results

From all 467 patients, a total of 52 (11.1%) patients showed distant metastasis (58.1%
with and 41.9% without endometrial biopsy) after further clinical investigations by pre-
operative or mainly postoperative imaging (CT, MRI). Of the remaining 415 HRUS, 303
(73.0%) were LMS and 112 (27.0%) HGESS/UUS. Because of the highly comparable clinical
characteristics as well as prognosis and outcome, HGESS and UUS were combined into
one group.

All patients underwent preoperative vaginal and partially abdominal sonography.
An endometrial biopsy was performed in 42.9% (n = 178) of patients, 33% (n = 100) of
LMS, and 69.6% (n = 78) of HGESS/UUS (Table 1). The frequency of AUB was significantly
higher in HGESS/UUS (67.0%) than in LMS (49.8%) (p < 0.01). Solitary AUB was the main
indication for endometrial biopsy in 48% of LMS and 50% of HGESS/UUS. A combination
of bleeding events with other symptoms, abnormal intracavitary uterine sonographic
findings, macroscopically visible tumors in the cervical canal such as polyps, or myoma
in the statu nascendi were the indications in 41.0% of LMS and 35.9% of HGESS/UUS
cases. Indications due to symptoms other than bleeding events, including heavy menstrual
bleeding, were recorded in 11.0% of LMS and 14.1% of HGESS/UUS.

Table 1. Patient’s and tumor’s characteristics with and without endometrial biopsy.

No Endometrial Biopsy Endometrial Biopsy p-Value

Leiomyosarcoma (LMS)
all stages, n = 303 n = 203 (67.0%) n = 100 (33.0%)

Age in years (mean) 52.1 56.3 0.001

Postmenopause 100 (49.3%) 66 (66.0%) 0.016

Tumor diameter (mean) 11.47 8.86 0.000

Morcellation 67 (33%) 21 (21%) 0.016

High-grade endometrial stromal sarcoma/Undifferentiated
uterine sarcoma (HGESS/UUS)
all stages, n = 112

n = 34 (30.4%) n = 78 (69.6%)

Age in years (mean) 55.7 58.9 0.190

Postmenopause 22 (64.7%) 56 (71.8%) 0.453

Tumor diameter (mean) 12.69 8.68 0.006

Morcellation 11 (32.4%) 9 (11.5%) 0.017
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Sonographic uterine findings suspicious for sarcoma were described by Köhler et al. [9].
Only intracavitary sonographic suspicious findings were considered indications for biopsy.
Intramural suspicious findings without AUB were not an indication for biopsy. Imaging
procedures mostly after endometrial biopsy including the cohort of M1 were performed by
CT (abdomen and/or chest) in 40.8%, MRI (abdomen) in 8.2%, CT plus MRI in 7.8%, chest-
X-ray in 2%, and PET-CT in 1.2%. In only five cases, the indications of endometrial biopsy
were the results of imaging procedures together with a suspicious sonographic finding.

A summary of the patients’ and tumors’ characteristics is shown in Table 1. The
mean age (years) of women who underwent endometrial biopsy (56.3 in LMS and 58.9 in
HGESS/UUS) was higher than that of women who did not undergo endometrial biopsy
(52.1 in LMS and 55.7 in HGESS/UUS), reaching statistical significance only in the LMS
group (p < 0.001). Postmenopausal status was observed in 49.3% (n = 100) of patients with
LMS who did not receive endometrial biopsy and 66% (n = 66) of patients who did and in
64.7% (n = 22) of patients with HGESS/UUS without biopsy and 71.8% (n = 56) with biopsy.
In summary, 51.5% (122) of patients with no biopsy and 68.5% (122) of patients with biopsy
were postmenopausal.

The tumor diameter of LMS and HGESS/UUS was significantly lower in the biopsy
group (8.86 and 8.68 cm) compared to the non-biopsy group (11.47 and 12.69 cm) (Table 1).
Patients who underwent preoperative endometrial biopsy were significantly less likely to
undergo inadequate surgery (28.0% (n = 28) of LMS and 38.5% (n = 30) of HGESS/UUS)
than those who underwent surgery without biopsy (42.4% (n = 86) of LMS and 64.7%
(n = 22) of HGESS/UUS). Morcellation of the tumor, the most common type of inadequate
surgery, was significantly less common with biopsy at 21% (n = 21) of LMS and 11.5%
(n = 9) of HGESS/UUS (Table 1) than without biopsy at 33% (n = 67) of LMS and 32.4%
(n = 11) of HGESS/UUS; in summary, 16.9% (n = 30) with biopsy versus 32.9% (n = 78)
without (chi-square test p < 0.001).

The specific preoperative histological diagnosis by endometrial biopsy was correctly
made in 30.0% of LMS and in 33.3% of HGESS/UUS (Table 2).

The abovementioned histologic findings were categorized into clinically relevant
groups (Table 3). Thus, the diagnosis of uterine sarcoma or unspecified malignant mes-
enchymal tumor was correct in 45.0% of LMS and 73.1% of HGESS/UUS. If misdiagnosed
carcinosarcomas and unspecified carcinomas by endometrial biopsy were considered and
added, the number of positive malignant findings increased to 78.2% of HGESS/UUS
(Table 3).

Excluding the diagnosed variants of LM or STUMP, benign lesions (e.g., endome-
trial polyp adenomyosis, glandular hyperplasia, or endometrial stromal nodules) were
diagnosed in 30.0% of LMS and 14.1% of HGESS/UUS. Normal histologic findings were de-
scribed in 22.0% of LMS and only 7.7% of HGESS/UUS. Benign lesions and normal findings
were significantly less frequent in HGESS/UUS (21.8%) than in LMS (52%) (p < 0.01).

There was no significant difference in the 5-year and 10-year overall survival rates in
patients suffering from high-risk uterine sarcomas (LMS and HGESS/UUS) with (46.9% and
30.9%, respectively) or without (53.8% and 36.8%, respectively) preoperative endometrial
biopsy (log rank 0.09) (Figure 1).

There was also no significant difference in the 5-year and 10-year locoregional
recurrence-free interval (log rank = 0.81) (Figure 2).

In contrast, the 5-year and 10-year distant recurrence-free interval was significantly
higher in the non-biopsy group (58.3% and 46.4%, respectively) compared with the biopsy
group (46.1% and 37.9%, respectively) (log rank = 0.046) (Figure 3), with a higher rate
of distant metastases. In multivariable analysis, the distant metastasis-free interval was
only dependent on intraoperative morcellation (HR 0.68, 95%-CI 0.48–0.96, p = 0.031) and
postmenopausal status (HR 1.53, 95%-CI 1.11–2.1, p = 0.08), but not on the performed
preoperative biopsy (HR 1.25, 95%-CI 0.92–1.69, p = 0.14).
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Table 2. Histological findings of preoperative endometrial biopsy.

LMS HGESS/UUS

Histological
findings

Leiomyoma (LM)
n 15 2 17

% 15.0% 2.6%

Variants of LM, uterine smooth muscle tumors of
uncertain malignant potential (STUMP)

n 3 0 3

% 3.0% 0.0%

LGESS
n 1 1 2

% 1.0% 1.3%

LMS
n 30 4 34

% 30.0% 5.1%

Not specified
high-grade-sarcoma

n 1 6 7

% 1.0% 7.7%

HGESS
n 1 19 20

% 1.0% 24.4%

UUS
n 0 7 7

% 0.0% 9.0%

Adenosarcoma
n 0 2 2

% 0.0% 2.6%

Carcinosarcoma
n 0 1 1

% 0.0% 1.3%

Not specified sarcoma
n 9 6 15

% 9.0% 7.7%

Not specified stromal sarcoma
n 0 7 7

% 0.0% 9.0%

Unclear malignant tumor
n 3 5 8

% 3.0% 6.4%

Unclear findings or necrosis
n 0 2 2

% 0.0% 2.6%

Undifferentiated carcinoma
n 0 1 1

% 0.0% 1.3%

Endometrial cancer
n 0 2 2

% 0.0% 2.6%

Not specified benign tumor
n 8 6 14

% 8.0% 7.7%

Normal findings
n 22 6 28

% 22.0% 7.7%

Endometrial polyp
n 6 0 6

% 6.0% 0.0%

Adenomyosis/adenomyoma
n 1 0 1

% 1.0% 0.0%

Glandular hyperplasia
n 0 1 1

% 0.0% 1.3%

Total
100 78 178

% 100.0% 100.0%
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Table 3. Reclassification into clinically relevant groups of histological findings of preoperative
endometrial biopsy.

LMS HGESS/UUS

Histological
findings

Sarcoma or not specified malignant
mesenchymal tumor

n 45 57 103

% 45.0% 73.1%

Carcinosarcoma or not specified
carcinoma

n 0 4 3

% 0.0% 5.1%

Variants of LM, STUMP
n 3 0 3

% 3.0% 0.0%

Benign tumor
n 30 11 41

% 30.0% 14.1%

Normal findings
n 22 6 28

% 22.0% 7.7%

Total
n 100 78 178

% 100.0% 100.0%

Figure 1. Impact of endometrial biopsy on OS in LMS and HGESS/USS.

In addition, we separately analyzed the impact of endometrial biopsy on survival data
for LMS and HGESS/UUS (plots not shown). Regarding OS and locoregional recurrence-
free interval, the data were consistent with those of all HRUS. An effect on 5- and 10-year
distant metastasis-free interval was observed (56.4% and 37.6% without and 39.5% and
19.8% with biopsy, respectively) but was not statistically significant (log rank = 0.19).

Biopsy per se does not affect the local recurrence-free survival in morcellated and
non-morcellated women (log rank p = 0.84). This finding is supported by the fact that in
morcellated patients, biopsy also has no effect on local recurrence-free survival (log rank
0.361). In the non-biopsy group, morcellation is associated with significantly worse local
recurrence-free survival as shown in univariate analysis (log rank < 0.001). However, in mul-
tivariate analysis, only morcellation (HR 1.76, CI 1.23–2.52, p = 0.002) and postmenopause
(HR 1.48, CI 1.03–2.12, p = 0.03) had a significant influence on local recurrence-free survival,
but not biopsy (HR 1.11, CI 0.77–1.58, p = 0.566).

A total of 28 patients received chemotherapy, 4 in the biopsy group and 24 in the non-
biopsy group. In addition, 12 patients in each group received radiotherapy (brachytherapy
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with or without external beam radiation). The rate of chemotherapy and radiotherapy was
too low to have an impact on the survival data.

Figure 2. Impact of endometrial biopsy on locoregional relapse-free interval in LMS and HGESS/USS.

Figure 3. Impact of endometrial biopsy on distant relapse-free interval in LMS and HGESS/USS.

4. Discussion

The detection rate of high-risk uterine sarcomas (HRUSs) by preoperative endometrial
biopsy is relatively low. The correct specific histologic diagnosis could be achieved in only
30.0% of leiomyosarcoma (LMS) and 33.3% of high-grade endometrial stromal sarcoma and
undifferentiated uterine sarcoma (HGESS/UUS). In fact, there are no prospective or large
retrospective studies on the impact of endometrial biopsy in uterine sarcoma in general
and in HRUSs in particular, regardless of the indication. There are limited retrospective
data with relatively small numbers of cases on the detection rate of uterine sarcomas by
endometrial biopsy. Most publications only refer to leiomyosarcoma.

A total of 178 women (42.9% of all patients) underwent endometrial biopsy prior to
surgery. The numbers were significantly higher in patients with HGESS and UUS (69.6%)
than in LMS (33.0%), confirming the fact that AUB occurs significantly more often when
HGESS and UUS are diagnosed.

AUB as the main indication for endometrial biopsy is considered the main symp-
tom in patients with uterine sarcoma. It indicates penetration of the sarcoma into the
uterine cavity or primary development within the endometrium [13,14]. AUB has been
described in 46% to 57% of LMS [15–17] and even more frequently in 56.4% to 65% of
HGESS/UUS [15,18]. AUB was the main indication for endometrial biopsy in 48% of LMS
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and 50% of HGESS/UUS, while a combination of AUB and abnormal intracavitary sono-
graphic findings or a macroscopically visible tumor in the cervical canal was the indication
in 41.0% of LMS and 35.9% of HGESS/UUS. Other symptoms and findings, as well as
heavy menstrual bleeding, were the indication for endometrial biopsy in 11.0% of LMS and
14.1% of HGESS/UUS.

According to our data, AUB occurred mostly as intermenstrual or postmenopausal
bleeding in about half of the patients with LMS (49.8%) and significantly more frequently
in patients with HGESS/UUS (67.0%) (p < 0.01). This difference is because HGESS and
UUS usually arise in the endometrium and spread very quickly into the uterine cavity. In
contrast, the majority of LMS are located primarily in the myometrium and invade the
cavity at a later stage [13,14].

Our analysis showed that the correct specific histologic diagnosis by endometrial
biopsy was unsatisfactorily low in 30.0% and 33.3% of LMS and HGESS/UUS, respectively.
From the pathologists’ point of view, a correct diagnosis based on endometrial biopsy could
be achieved in only 30% of cases [19]. However, if the results refer to all malignant uterine
tumors (including carcinosarcomas and carcinomas) detected by endometrial biopsy, the
detection rate is significantly higher with up to 45.0% in LMS and 78.2% in HGESS/UUS.
Relevant preoperative misdiagnosis (benign lesions and normal findings) was observed in
52.0% of LMS and 21.8% of HGESS/UUS.

Kho et al. recently published a similar analysis of 79 patients with uterine LMS who
underwent endometrial sampling with or without diagnostic hysteroscopy followed by
hysterectomy; 31.6% of LMS could be diagnosed preoperatively by endometrial sampling
alone and 66.7% when sampling was combined with hysteroscopy [2]. The impact of
diagnostic hysteroscopy on the detection rate of endometrial biopsy was not evaluated in
this study.

Hinchcliff et al. evaluated the role of endometrial biopsy in the preoperative detection
of 68 uterine LMS and showed that 51.5% of cases were diagnosed preoperatively as
LMS or spindle cell proliferation. Only 35% of cases were correctly diagnosed as uterine
LMS [20]. In the study of Skorstad et al., 142 of 209 women (67.9%) with LMS underwent
preoperative endometrial biopsy. A malignant finding without a specific diagnosis was
described in 38.7% of cases [21]. In the study of Bansal et al., preoperative endometrial
sampling suggested an invasive tumor in 86% and could predict the general histologic
diagnosis of sarcoma in only 64%, but not the specific entity [14]. Therefore, an exact
comparison with our data was not possible.

Studies and case reports of endometrial biopsy for stromal sarcoma are even rarer
than for LMS. Jin et al. reported only 23 cases of UUS and 47 cases of LGESS; endometrial
biopsy was performed in only 65% and 29.8% of cases, respectively. Overall, the correct
diagnosis was achieved in 89.6% of this small group [22].

Li et al. described 114 cases of uterine sarcoma. Preoperative endometrial biopsy
was performed in 48 patients. A diagnosis of uterine malignancy was made in 36 patients
(75%) [23].

In a previous study of the French Sarcoma Group, data from 39 patients with HGESS
and UUS were analyzed. Only 15 patients (38.5%) underwent preoperative endometrial
biopsy, and 7 patients (46.6%) were found to have uterine sarcoma [18].

Tanner et al. studied 21 uterine sarcomas (HGESS and UUS); 11 patients (50%) received
endometrial biopsy. The pathological diagnosis was correct in seven (64%) of the analyzed
tumors [24].

Wais et al. identified 302 patients with various uterine sarcomas, and 114 (51%)
underwent endometrial sampling. There was evidence of sarcoma in 65% of cases. The
main indications for this procedure were AUB including PMB [25].

Despite efforts, there are still no reliable diagnostic procedures to differentiate between
uterine leiomyoma and sarcoma [5]. Transcervical core needle biopsycan only be applied
in order to achieve clarification in cases in which the diagnosis remains uncertain despite
having performed all of the known diagnostic measures [26,27]. However, this is definitely
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not a diagnostic method for intermenstrual and postmenopausal bleeding. Nevertheless,
experiences with this approach have been surprisingly positive in selected cases. In one
study, transcervical core needle biopsies were taken from 453 women whose tumors were
LMS-suspicious (high SI in T1/2 W MRI and/or high LDH-values and/or rapidly growing
tumor with 3-fold gain in volume within one year) [26]. Among 372 eligible cases, only
seven sarcomas were found. Nonetheless, false-negative results must be reconsidered, in
particular for spindle-cell sarcomas [28]. One reason for this is because mitoses, atypia, and
necroses can in fact be concentrated in so-called “hot spots”. There is a real risk of missing
these hot spots using core biopsy, so that, essentially, only positive findings can be truly
relied on.

According to our data, the preoperative histologic diagnosis of sarcoma has an im-
portant impact on the mode of sarcoma surgery, whereas misdiagnosis could lead to
incorrect surgical treatment, resulting in suboptimal therapeutic approaches, prolonging
the operative time, or in some cases leading to a second surgical procedure. As expected
after endometrial biopsy, the indication of sarcoma for surgery increased from 26.4% to
57% in LMS and from 38.3% to 84.6% in HGESS/UUS. Consistently, the number of inade-
quately treated patients decreased from 42.4% to 28% in LMS and from 64.7% to 38.5% in
HGESS/UUS (p < 0.05 for both groups). The number of morcellated sarcomas decreased
significantly from 33.0% to 21% in LMS (p = 0.016) and from 32.4% to 11.5% in HGESS/UUS
(p = 0.017). To the best of our knowledge, there are no studies in the literature on the impact
of preoperative endometrial biopsy on surgical approach.

However, based on our data, preoperative endometrial biopsy does not affect overall
survival in patients with HRUS. Even when the histologic result of endometrial biopsy
was considered whether malignant or non-malignant, no significant difference in overall
survival was seen in both groups. This is consistent with the results published by Kho
et al. with a median overall survival of 50 months in LMS and no significant difference
between patients diagnosed before or after hysterectomy [2]. The biopsy group in our
study had more prognostically favorable variables, such as a smaller tumor diameter and
lower morcellation rate, than unfavorable variables, such as postmenopausal status (the
latter only for LMS) (Table 1).

The correlation between intrabdominal morcellation of uterine sarcoma and outcome
were reported previously [5,11]. However, only a few studies have evaluated the long-term
outcomes in these patients, with a clear impact on disease-free interval and very heteroge-
nous results regarding overall survival [4,29,30]. Similar results regarding morcellation
and outcomes in uterine smooth muscle tumor of uncertain malignant potential were
demonstrated [31]. Morcellation intraabdominally should be avoided, if the diagnosis
of sarcoma could not be excluded, otherwise specimen retrieval via a mini-laparotomic
incision seems to be a suitable alternative [32].

The effect of endometrial biopsy on recurrence-free interval has not been investigated
in the literature. As shown in a study from our group, tumor morcellation doubles the
risk of locoregional recurrence rate [4]. As tumor morcellation was performed significantly
less often with biopsy (32.5% with vs. 55.4% without biopsy, p < 0.001), the locoregional
recurrence-free interval remained unaffected between the two groups (log rank = 0.81).
Regarding morcellation, biopsy per se does not affect the local recurrence-free survival
in morcellated and non-morcellated women (log rank p = 0.84). In the non-biopsy group,
morcellation is associated with significantly worse local recurrence-free survival as shown in
univariate analysis (log rank < 0.001) (graphs not shown). However, in multivariate analysis,
only morcellation (HR 1.76, CI 1.23–2.52, p = 0.002) and postmenopause (HR 1.48, CI 1.03–
2.12, p = 0.03) but not the biopsy significantly influenced the local recurrence-free survival
(HR 1.11, CI 0.77–1.58, p = 0.566). The reduction in the morcellation rate is obviously an
advantage of biopsy, although it does not influence the local recurrence rate of morcellated
patients. As was also shown in a previous study [4], tumor morcellation significantly halves
the risk of distant metastases (HR = 0.52). This may explain why the distant metastasis-
free interval is longer without biopsy, because the proportion of morcellated tumors is
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significantly higher in this group. But, in the multivariable analysis, distant metastasis was
only dependent on morcellation (HR 0.68, 95%-CI 0.48–0.96, p = 0.031) and postmenopausal
status (HR 1.53, 95%-CI 1.11–2.1, p = 0.08) but not on biopsy performed (HR 1.25, 95%-CI
0.92–1.69, p = 0.14). As the proportion of postmenopausal women in both groups is not
significantly different, only the effect of morcellation on the recurrence-free interval of
distant metastases remains. The phenomenon of morcellation on distant metastases cannot
be explained at present and has already been discussed in the work of Reichert et al. [4].
Similar results were reported by Nobre [33].

Due to the small number of cases who underwent radiotherapy or chemotherapy, and
their unproven efficacy, chemotherapy and radiotherapy were not included or considered
in this analysis.

Strengths and limitations of this study: Our study used centralized data and was
limited by its observational retrospective nature, which may introduce selection bias. The
data were collected from several centers in Germany and the histological examination
was performed in different institutions, which limits our ability to identify factors that
may affect the quality of the results. As mentioned in the Section 2, the comparison with
the current literature was limited by the fact that our study only examined complete
endometrial curettage, whereas other groups used different methods of analysis, such as
endometrial sampling or endometrial biopsy, according to the literature.

5. Conclusions

The detection rate of histologically proven high-risk uterine sarcoma (HRUS) by en-
dometrial biopsy is up to 33%; meanwhile, its sensitivity is unknown when endometrial
biopsy was performed due to abnormal uterine bleeding or abnormal intracavitary sono-
graphic finding. Uterine malignancies, including misdiagnosed carcinomas and carcinosar-
comas, were detected in 45.0% of LMS and 78.2% of HGESS/UUS by endometrial biopsy.

The preoperative diagnosis of HRUSs by endometrial biopsy has a significant impact
on the surgical procedure. Therefore, inappropriate surgery, mainly in the form of tumor
morcellation, is performed significantly less. Preoperative endometrial biopsy does not
affect OS. By reducing the rate of tumor morcellation, endometrial biopsy reduces the risk
of the locoregional recurrences induced by this inadequate procedure. This appears to be a
benefit of biopsy. According to the available data, the distant recurrence-free interval is
only indirectly prolonged in the non-biopsy group.

Endometrial biopsy is a cornerstone in the management of AUB, no matter whether
sarcoma or other malignant uterine tumors are expected. However, benign or normal
findings, observed in up to 52% of LMS and 21.8% of HGESS/UUS, can also provide a false
sense of security. To minimize the rate of false negative findings, only clearly indicated
endometrial biopsies should be performed.

Author Contributions: Conceptualization: Z.A., V.M.C.R. and G.K.; formal analysis: Z.A., V.M.C.R.
and P.S.; methodology: Z.A., P.S. and G.K.; software: Z.A., P.S. and G.K.; supervision: Z.A. and M.Z.;
validation: V.M.C.R. and P.S.; writing—original draft: Z.A., V.M.C.R. and P.S.; writing—review and
editing: V.M.C.R., M.Z., and G.K.; approval of the final version of manuscript on behalf of all authors:
Z.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures performed in this study were in accordance
with the ethical standards of the local Institutional Research Committee of the University Medicine
Greifswald (identifier: BB 034/19) and with the 1964 Helsinki declaration and its later amendments.
All patients included in this study gave written consent to data collection and the use of personnel
records for research.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.



J. Clin. Med. 2024, 13, 4048 11 of 12

References
1. Major, F.J.; Blessing, J.A.; Silverberg, S.G.; Morrow, C.P.; Creasman, W.T.; Currie, J.L.; Yordan, E.; Brady, M.F. Prognostic factors in

early-stage uterine sarcoma. A Gynecologic Oncology Group study. Cancer 1993, 71, 1702–1709. [CrossRef] [PubMed]
2. Kho, R.M.; Desai, V.B.; Schwartz, P.E.; Wright, J.D.; Gross, C.P.; Hutchison, L.M.; Boscoe, F.P.; Lin, H.; Xu, X. Endometrial Sampling

for Preoperative Diagnosis of Uterine Leiomyosarcoma. J. Minim. Invasive Gynecol. 2022, 29, 119–127. [CrossRef] [PubMed]
3. Bartels, C.B.; Cayton, K.C.; Chuong, F.S.; Holthouser, K.; Arian, S.E.; Abraham, T.; Segars, J.H. An Evidence-based Approach to

the Medical Management of Fibroids: A Systematic Review. Clin. Obstet. Gynecol. 2016, 59, 30–52. [CrossRef] [PubMed]
4. Reichert, V.M.C.; Alwafai, Z.; Zygmunt, M.T.; Vollmer, M.; Köhler, G. Accidental Morcellation of Uterine Leiomyosarcoma

Influences Relapse Free Survival but Does Not Negatively Influence Overall Survival. J. Clin. Med. 2023, 12, 591. [CrossRef]
[PubMed]

5. Ricci, S.; Stone, R.L.; Fader, A.N. Uterine leiomyosarcoma: Epidemiology, contemporary treatment strategies and the impact of
uterine morcellation. Gynecol. Oncol. 2017, 145, 208–216. [CrossRef] [PubMed]

6. Exacoustos, C.; Romanini, M.E.; Amadio, A.; Amoroso, C.; Szabolcs, B.; Zupi, E.; Arduini, D. Can gray-scale and color Doppler
sonography differentiate between uterine leiomyosarcoma and leiomyoma? J. Clin. Ultrasound 2007, 35, 449–457. [CrossRef]
[PubMed]

7. Hata, K.; Hata, T.; Maruyama, R.; Hirai, M. Uterine sarcoma: Can it be differentiated from uterine leiomyoma with Doppler
ultrasonography? A preliminary report. Ultrasound Obstet. Gynecol. 1997, 9, 101–104. [CrossRef] [PubMed]

8. Ludovisi, M.; Moro, F.; Pasciuto, T.; Di Noi, S.; Giunchi, S.; Savelli, L.; Pascual, M.A.; Sladkevicius, P.; Alcazar, J.L.; Franchi, D.;
et al. Imaging in gynecological disease (15): Clinical and ultrasound characteristics of uterine sarcoma. Ultrasound Obstet. Gynecol.
2019, 54, 676–687. [CrossRef] [PubMed]

9. Köhler, G.; Evert, M.; Evert, K.; Zygmunt, M.; Hessler, P.-A.; Kaderali, L.; Lehnhoff, H.; Linke, L. Sarcoma of the Female Genitalia:
Volume 1: Smooth Muscle and Stromal Tumors and Prevention of Inadequate Sarcoma Surgery; De Gruyter: Berlin, Germany, 2016;
p. 422.

10. van Hanegem, N.; Prins, M.M.C.; Bongers, M.Y.; Opmeer, B.C.; Sahota, D.S.; Mol, B.W.J.; Timmermans, A. The accuracy of
endometrial sampling in women with postmenopausal bleeding: A systematic review and meta-analysis. Eur. J. Obstet. Gynecol.
Reprod. Biol. 2016, 197, 147–155. [CrossRef]

11. Raspagliesi, F.; Maltese, G.; Bogani, G.; Fucà, G.; Lepori, S.; De Iaco, P.; Perrone, M.; Scambia, G.; Cormio, G.; Bogliolo, S.; et al.
Morcellation worsens survival outcomes in patients with undiagnosed uterine leiomyosarcomas: A retrospective MITO group
study. Gynecol. Oncol. 2017, 144, 90–95. [CrossRef]

12. ACOG committee opin no. 557: Management of acute abnormal uterine bleeding in nonpregnant reproductive-aged women.
Obstet. Gynecol. 2013, 121, 891–896. [CrossRef]

13. Stemme, S.; Ghaderi, M.; Carlson, J.W. Diagnosis of endometrial stromal tumors: A clinicopathologic study of 25 biopsy specimens
with identification of problematic areas. Am. J. Clin. Pathol. 2014, 141, 133–139. [CrossRef] [PubMed]

14. Bansal, N.; Herzog, T.J.; Burke, W.; Cohen, C.J.; Wright, J.D. The utility of preoperative endometrial sampling for the detection of
uterine sarcomas. Gynecol. Oncol. 2008, 110, 43–48. [CrossRef] [PubMed]

15. Zhang, G.; Yu, X.; Zhu, L.; Fan, Q.; Shi, H.; Lang, J. Preoperative clinical characteristics scoring system for differentiating uterine
leiomyosarcoma from fibroid. BMC Cancer 2020, 20, 514. [CrossRef] [PubMed]

16. Lawlor, H.; Ward, A.; Maclean, A.; Lane, S.; Adishesh, M.; Taylor, S.; DeCruze, S.B.; Hapangama, D.K. Developing a Preoperative
Algorithm for the Diagnosis of Uterine Leiomyosarcoma. Diagnostics 2020, 10, 735. [CrossRef] [PubMed]

17. Köhler, G.; Vollmer, M.; Nath, N.; Hessler, P.-A.; Dennis, K.; Lehr, A.; Köller, M.; Riechmann, C.; Bralo, H.; Trojnarska, D.; et al.
Benign uterine mass-discrimination from leiomyosarcoma by a preoperative risk score: A multicenter cohort study. Arch. Gynecol.
Obstet. 2019, 300, 1719–1727. [CrossRef] [PubMed]

18. Meurer, M.; Floquet, A.; Ray-Coquard, I.; Bertucci, F.; Auriche, M.; Cordoba, A.; Piperno-Neumann, S.; Salas, S.; Delannes,
M.; Chevalier, T.; et al. Localized high grade endometrial stromal sarcoma and localized undifferentiated uterine sarcoma: A
retrospective series of the French Sarcoma Group. Int. J. Gynecol. Cancer 2019, 29, 691–698. [CrossRef] [PubMed]

19. Parra-Herran, C. Mesenchymal and Miscellaneous Lesions of the Uterus. In Gynecologic Pathology; Elsevier: Amsterdam, The
Netherlands, 2020; pp. 407–496. [CrossRef]

20. Hinchcliff, E.M.; Esselen, K.M.; Watkins, J.C.; Oduyebo, T.; Rauh-Hain, J.A.; Del Carmen, M.G.; Quade, B.J.; Muto, M.G. The Role
of Endometrial Biopsy in the Preoperative Detection of Uterine Leiomyosarcoma. J. Minim. Invasive Gynecol. 2016, 23, 567–572.
[CrossRef] [PubMed]

21. Skorstad, M.; Kent, A.; Lieng, M. Preoperative evaluation in women with uterine leiomyosarcoma. A nationwide cohort study.
Acta Obstet. Gynecol. Scand. 2016, 95, 1228–1234. [CrossRef]

22. Jin, Y.; Pan, L.; Wang, X.; Dai, Z.; Huang, H.; Guo, L.; Shen, K.; Lian, L. Clinical characteristics of endometrial stromal sarcoma
from an academic medical hospital in China. Int. J. Gynecol. Cancer 2010, 20, 1535–1539.

23. Li, D.; Yin, N.; Du, G.; Wang, S.; Xiao, Z.; Chen, J.; Chen, W. A Real-World Study on Diagnosis and Treatment of Uterine Sarcoma
in Western China. Int. J. Biol. Sci. 2020, 16, 388–395. [CrossRef] [PubMed]

24. Tanner, E.J.; Garg, K.; Leitao, M.M.; Soslow, R.A.; Hensley, M.L. High grade undifferentiated uterine sarcoma: Surgery, treatment,
and survival outcomes. Gynecol. Oncol. 2012, 127, 27–31. [CrossRef] [PubMed]

https://doi.org/10.1002/cncr.2820710440
https://www.ncbi.nlm.nih.gov/pubmed/8381710
https://doi.org/10.1016/j.jmig.2021.07.004
https://www.ncbi.nlm.nih.gov/pubmed/34265441
https://doi.org/10.1097/GRF.0000000000000171
https://www.ncbi.nlm.nih.gov/pubmed/26756261
https://doi.org/10.3390/jcm12020591
https://www.ncbi.nlm.nih.gov/pubmed/36675520
https://doi.org/10.1016/j.ygyno.2017.02.019
https://www.ncbi.nlm.nih.gov/pubmed/28209496
https://doi.org/10.1002/jcu.20386
https://www.ncbi.nlm.nih.gov/pubmed/17636502
https://doi.org/10.1046/j.1469-0705.1997.09020101.x
https://www.ncbi.nlm.nih.gov/pubmed/9132251
https://doi.org/10.1002/uog.20270
https://www.ncbi.nlm.nih.gov/pubmed/30908820
https://doi.org/10.1016/j.ejogrb.2015.12.008
https://doi.org/10.1016/j.ygyno.2016.11.002
https://doi.org/10.1097/01.AOG.0000428646.67925.9a
https://doi.org/10.1309/AJCPXD0TPYSNVI8I
https://www.ncbi.nlm.nih.gov/pubmed/24343747
https://doi.org/10.1016/j.ygyno.2008.02.026
https://www.ncbi.nlm.nih.gov/pubmed/18445505
https://doi.org/10.1186/s12885-020-07003-z
https://www.ncbi.nlm.nih.gov/pubmed/32493236
https://doi.org/10.3390/diagnostics10100735
https://www.ncbi.nlm.nih.gov/pubmed/32977421
https://doi.org/10.1007/s00404-019-05344-0
https://www.ncbi.nlm.nih.gov/pubmed/31677088
https://doi.org/10.1136/ijgc-2018-000064
https://www.ncbi.nlm.nih.gov/pubmed/30772825
https://doi.org/10.1016/B978-0-323-35909-2.00011-4
https://doi.org/10.1016/j.jmig.2016.01.022
https://www.ncbi.nlm.nih.gov/pubmed/26851414
https://doi.org/10.1111/aogs.13008
https://doi.org/10.7150/ijbs.39773
https://www.ncbi.nlm.nih.gov/pubmed/32015676
https://doi.org/10.1016/j.ygyno.2012.06.030
https://www.ncbi.nlm.nih.gov/pubmed/22750260


J. Clin. Med. 2024, 13, 4048 12 of 12

25. Wais, M.; Tepperman, E.; Bernardini, M.Q.; Gien, L.T.; Jimenez, W.; Murji, A. A Multicentre Retrospective Review of Clinical
Characteristics of Uterine Sarcoma. J. Obstet. Gynaecol. Can. 2017, 39, 652–658. [CrossRef] [PubMed]

26. Kawamura, N.; Ichimura, T.; Ito, F.; Shibata, S.; Takahashi, K.; Tsujimura, A.; Ishiko, O.; Haba, T.; Wakasa, K.; Ogita, S.
Transcervical needle biopsy for the differential diagnosis between uterine sarcoma and leiomyoma. Cancer 2002, 94, 1713–1720.
[CrossRef] [PubMed]

27. Kashiyama, T.; Oda, K.; Kawana, K.; Arimoto, T.; Kanetaka, Y.; Takazawa, Y.; Maeda, D.; Nakagawa, S.; Yano, T.; Kozuma, S.
Low-grade endometrial stromal sarcoma developing in a postmenopausal woman under toremifene treatment for breast cancer.
J. Obstet. Gynaecol. Res. 2013, 39, 424–429. [CrossRef] [PubMed]

28. Damjanov, I. Enzinger And Weiss’s Soft Tissue Tumors, 5th Edition. Shock 2008, 30, 754. [CrossRef]
29. Park, J.-Y.; Park, S.-K.; Kim, D.-Y.; Kim, J.-H.; Kim, Y.-M.; Kim, Y.-T.; Nam, J.-H. The impact of tumor morcellation during surgery

on the prognosis of patients with apparently early uterine leiomyosarcoma. Gynecol. Oncol. 2011, 122, 255–259. [CrossRef]
30. George, S.; Barysauskas, C.; Serrano, C.; Oduyebo, T.; Rauh-Hain, J.A.; Del Carmen, M.G.; Demetri, G.D.; Muto, M.G. Retrospective

cohort study evaluating the impact of intraperitoneal morcellation on outcomes of localized uterine leiomyosarcoma. Cancer 2014,
120, 3154–3158. [CrossRef] [PubMed]

31. Borella, F.; Cosma, S.; Ferraioli, D.; Ray-Coquard, I.; Chopin, N.; Meeus, P.; Cockenpot, V.; Valabrega, G.; Scotto, G.; Turinetto, M.;
et al. Clinical and Histopathological Predictors of Recurrence in Uterine Smooth Muscle Tumor of Uncertain Malignant Potential
(STUMP): A Multicenter Retrospective Cohort Study of Tertiary Centers. Ann. Surg. Oncol. 2022, 29, 8302–8314. [CrossRef]

32. Bogani, G.; Chiappa, V.; Ditto, A.; Martinelli, F.; Donfrancesco, C.; Indini, A.; Lorusso, D.; Raspagliesi, F. Morcellation of
undiagnosed uterine sarcoma: A critical review. Crit. Rev. Oncol./Hematol. 2016, 98, 302–308. [CrossRef]

33. Pedra Nobre, S.; Hensley, M.L.; So, M.; Zhou, Q.C.; Iasonos, A.; Leitao, M.M.; Ducie, J.; Chiang, S.; Mueller, J.J.; Abu-Rustum,
N.R.; et al. The impact of tumor fragmentation in patients with stage I uterine leiomyosarcoma on patterns of recurrence and
oncologic outcome. Gynecol. Oncol. 2021, 160, 99–105. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jogc.2017.03.090
https://www.ncbi.nlm.nih.gov/pubmed/28729098
https://doi.org/10.1002/cncr.10382
https://www.ncbi.nlm.nih.gov/pubmed/11920533
https://doi.org/10.1111/j.1447-0756.2012.01915.x
https://www.ncbi.nlm.nih.gov/pubmed/22690656
https://doi.org/10.1097/01.shk.0000336211.13924.d4
https://doi.org/10.1016/j.ygyno.2011.04.021
https://doi.org/10.1002/cncr.28844
https://www.ncbi.nlm.nih.gov/pubmed/24923260
https://doi.org/10.1245/s10434-022-12353-y
https://doi.org/10.1016/j.critrevonc.2015.11.015
https://doi.org/10.1016/j.ygyno.2020.10.020
https://www.ncbi.nlm.nih.gov/pubmed/33158511

	Introduction 
	Material and Methods 
	Results 
	Discussion 
	Conclusions 
	References

