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Abstract: Uterine sarcomas comprise a group of rare tumors with differing tumor biology, 

natural history and response to treatment. Diagnosis is often made following surgery for presumed 

benign disease. Currently, preoperative imaging does not reliably distinguish between benign 

leiomyomas and other malignant pathology. Uterine leiomyosarcoma is the most common 

sarcoma, but other subtypes include endometrial stromal sarcoma (low grade and high grade), 

undifferentiated uterine sarcoma and adenosarcoma. Clinical trials have shown no definite 

survival benefit of adjuvant radiotherapy or chemotherapy and have been hampered by the 

rarity and heterogeneity of these disease types. There is a role of adjuvant treatment in carefully 

selected cases following multidisciplinary discussion at sarcoma reference centers. In patients 

with metastatic disease, systemic chemotherapy can then be considered. There is activity of 

a number of agents, including doxorubicin, trabectedin, gemcitabine-based chemotherapy, 

eribulin and pazopanib. Patients should be considered for clinical trial entry where possible. 

Close international collaboration is important to allow progress in this group of diseases.

Keywords: sarcoma, leiomyosarcoma, endometrial stromal sarcoma, undifferentiated uterine 

sarcoma, leiomyoma

Introduction
Soft tissue sarcomas arising from the uterus are a rare and varied group of neoplasms, 

all of mesenchymal origin. They can occur at any anatomical site and exhibit a wide 

range of behaviors, which largely depend on the histologic subtype and associated 

tumor grade. The incidence of uterine sarcoma is ~3%–7% of all uterine malignancies 

and is associated with a poor prognosis when compared to endometrial carcinoma.1 

Recent results from a Surveillance Epidemiology and End Results (SEER) database 

analysis have shown a higher incidence rate for those aged $50 years compared to 

younger patients and twice the incidence in women of Afro-Caribbean descent com-

pared to Caucasian women.2 The underlying etiology of this group of tumors is poorly 

understood, although there are putative links with raised or unopposed estrogen levels, 

treatment with tamoxifen, obesity and diabetes.3–5

The aims and objectives of this review were to summarize and critically appraise 

recently published literature concerning the clinical medical management of 

uterine sarcomas. To this end, a literature search has been performed using relevant 

search terms.

Background and histopathology
There are several distinct histopathological uterine sarcoma subtypes that can be 

described, and it is critical to distinguish these when considering optimal treatment 

pathways. Carcinosarcomas or mixed Müllerian tumors are tumors of epithelial 

rather than mesenchymal origin and are no longer considered as uterine sarcomas. 
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They are treated along a carcinoma paradigm and so will 

not be included in this review. Smooth muscle tumors such 

as uterine leiomyosarcoma (ULMS) is the most common, 

followed by low-grade endometrial stromal sarcoma (ESS), 

high-grade ESS (HGESS), undifferentiated uterine sarcoma 

(UUS) and adenosarcoma. Other rarer soft tissue sarcoma 

subtypes may also arise in the uterus, including rhabdomyo-

sarcoma, which is treated along specific pediatric rhabdomy-

osarcoma protocols, but are not included in this review.

Uterine sarcomas have been classified into two categories: 

non-epithelial and mixed non-epithelial/epithelial malignancy, 

dependent on the tissue of origin. The distinction between 

uterine sarcomas and other uterine tumors is clinically difficult 

and is reliant on histological and imaging features.6,7 Uterine 

tumors are rare mesenchymal tumors: the commonest are leio-

myomas and their variants usually occur in women between 

the ages of 40 and 50 years. Distinction between leiomyoma 

and leiomyosarcoma is made with conventional morphologi-

cal criteria (mitosis, atypia and necrosis). However, in certain 

circumstances, the criteria can be effected by hormonal status 

or other treatments; hence, a diagnosis of smooth muscle 

tumor of uncertain malignant potential (STUMP) is made 

when morphologically there are equivocal changes. ESSs are 

mesenchymal neoplasms composed of cells that morphologi-

cally resemble proliferative-phase endometrial stroma. They 

are classified into low-grade ESS and HGESS; a separate 

subtype of aggressive uterine sarcomas is classified as UUSs. 

High-grade uterine sarcomas (HGUSs) currently include UUS 

and HGESS. Uterine adenosarcomas have a benign epithelial 

component, whereas the stromal component is typically a 

low-grade sarcoma. The classification of uterine sarcomas has 

been further refined with the addition of immunohistochemi-

cal markers alongside morphological features to determine 

histological subtype (Table 1).

Diagnostic pathway
Preoperative diagnosis of uterine sarcomas remains very chal-

lenging. Presenting symptoms can be vague and nonspecific 

Table 1 Histological characteristics

Histologic 
subtype

Morphological appearance IHC/molecular genetics

LMS Spindle cells with blunt-ended nuclei and often paranuclear 
vacuolation and eosinophilic cytoplasm arranged in 
intersecting fascicles. Cytological atypia varies from mild to 
moderate and severe, and there is often tumor necrosis, with 
a variable mitotic index, often with atypical mitotic figures

Coexpression of SMA, desmin and h-caldesmon. p53, MIB, ER 
and PR may help differentiate between ULMS and STUMP and 
leiomyoma

Low-grade ESS Densely cellular tumor composed of sheets of ovoid cells 
with hyperchromatic nuclei and little cytoplasm, again 
resembling endometrial stroma. There is frequently little 
cytological atypia or pleomorphism, and mitoses are scant. 
Cells usually closely resemble benign endometrial stroma

CD10, ER and PgR
Chromosomal translocation, t(7;17) (p15;q21), which produces 
JAZF1–SUZ12 fusion (formerly JAZFl–ffAZFl), occurs in 65% of ESTs 
and 48% of ESSs

HGESS Densely cellular tumor with sheets and nests comprising a 
variable admixture of high-grade round cell elements and 
lower-grade spindle cell elements. The round cells show 
irregular hyperchromatic or granular nuclei and scanty 
cytoplasm. There is typical necrosis and a high mitotic index

Typically diffuse and is a strong expression of cytoplasmic cyclin D1 
in high-grade round cell elements, with negative CD10, ER and PgR 
expressions. Often CD117 is positive but DOG1 is negative.
More variable expressions of cyclin D in lower grade spindle cell 
areas, but these are typically diffusely positive for ER, PgR and 
CD10. YWHAE–FAM22 gene fusion

UUS High-grade tumor that lacks specific differentiation and 
any features of normal endometrial stroma. It is a highly 
aggressive neoplasm, exhibiting hemorrhage and necrosis, 
often myometrial invasion, marked nuclear pleomorphism 
and high mitotic activity

No specific immunohistochemical profile and can show variable 
focal desmin, SMA or cytokeratin expression

Adenosarcoma Epithelial and stromal elements with stromal hypercellularity
Epithelium is usually endometrioid and also ciliated, mucinous 
and even squamous
Stroma has polypoid or leaf-like projections into glandular 
lumina, resembling phyllodes tumor of breast
Stromal elements have mild or occasionally moderate atypia 
and resemble low-grade ESS but are less bizarre and less 
undifferentiated
33% have sarcomatous overgrowth

In areas without sarcomatous overgrowth, ER, PR, WT1 and CD10
Variable muscle markers, keratin (epithelial component) and 
androgen receptor

Abbreviations: IHC, immunohistochemistry; LMS, leiomyosarcoma; SMA, smooth muscle actin; ULMS, uterine leiomyosarcoma; STUMP, smooth muscle tumor of uncertain 
malignant potential; ESS, endometrial stromal sarcoma; EST, endometrial stromal tumor; ER, estrogen receptor; PgR, progesterone receptor; HGESS, high-grade ESS; UUS, 
undifferentiated uterine sarcoma.
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and may comprise lower abdominal or pelvic pain, abdominal 

distension and, most commonly, abnormal vaginal bleeding. 

A recent cohort study of women from Norway diagnosed 

with ULMS between 2000 and 2012 showed that in 52.4% 

patients, malignancy was not suspected at the time of surgery.8 

Increasing age is a risk factor for ULMS with an incidence of 

diagnosis of occult ULMS of 9.8/10,000 women in the 25- to 

39-year age group increasing to 33.4/10,000 women in the 

50- to 64-year age group in a group of US women having 

laparoscopic hysterectomy for presumed fibroids.9

Common imaging modalities such as ultrasound or 

magnetic resonance imaging (MRI) cannot yet accurately 

and reliably distinguish between benign leiomyoma and 

malignant pathology although progress is being made.10,11 

Preoperative diagnosis is essential for characterization of 

uterine tumors to determine the safest therapeutic strategy. 

Minimally invasive techniques, including laparoscopic 

intervention, morcellation, myomectomy and uterine artery 

embolization, have been developed for the treatment of 

uterine leiomyoma. However, preoperative differentia-

tion between atypical leiomyoma and LMS is critical with 

respect to both pathology and imaging as uterine sarcoma 

requires a specific surgical technique to prevent dissemi-

nation. Furthermore, given the high prevalence of benign 

uterine pathology, the cost of performing MRI scans on all 

women with likely benign leiomyoma makes such screen-

ing prohibitively expensive. Unlike ovarian cancer, there 

are no available tumor markers or blood tests to arouse 

suspicion. However, work has been published looking at 

the use of conventional and dynamic MRI scan and serum 

lactate dehydrogenase, which when used in combination 

does help to distinguish between degenerated leiomyoma 

and LMS with an increase in positive predictive and negative 

values from 93.3% and 83.3%, respectively, to 100% and 

100% in a series of 227 women.12 Most often the diagnosis 

is made postoperatively following histopathology review. 

There are certain clinical features that should raise suspi-

cion, for instance, a rapidly growing “fibroid” in a peri- or 

postmenopausal woman, which would not be expected given 

the usual decrease in circulating estrogen levels at this time. 

Furthermore, where a patient has a large and heterogenous 

uterine mass seen on MRI scan preoperatively, then a core 

needle biopsy to determine pathology should be considered 

before planned surgery.13

Management of early stage disease
Total abdominal hysterectomy and bilateral salpingo-

oophorectomy are the standards of care in the management 

of early stage uterine sarcomas. The risk of lymph node 

metastases and omental metastases is negligible, therefore 

avoiding the morbidity of bilateral pelvic lymphadenectomy 

and omentectomy. With the advent of minimally invasive 

techniques to remove benign uterine tumors, it is critical to 

ensure that these techniques are not used to remove a uterine 

sarcoma. Inadvertent myomectomy and/or morcellation have 

been reported to be a poor prognostic factor for survival.14,15 

Clear risk stratification is required to minimize the risk of 

pelvic and peritoneal dissemination of a uterine sarcoma. 

Brohl et al16 reported that the incidence of sarcomatous 

features within a fibroid increases with age, particularly in 

the perimenopausal state. Preoperative diagnosis is strongly 

recommended in women with a rapidly enlarging fibroid 

in the post- or perimenopausal state with other suspicious 

features such as postmenopausal bleeding.

Following the diagnosis of a uterine sarcoma, manage-

ment and surveillance should be undertaken in collaboration 

with a sarcoma reference center. Review of the operative 

findings, pre- and post-imaging, pathology review confirm-

ing histological subtype and endocrine status all aid the 

discussion to confirm staging and discuss the role of adjuvant 

therapy. International Federation of Gynecology and Obstet-

rics (FIGO) staging for uterine sarcomas has been adapted 

to account for specific histological subtype (Tables 2 and 3). 

To date, there is no evidence to support the role of adjuvant 

chemotherapy or adjuvant radiotherapy (RT) in all uterine 

sarcoma subtypes.

ULMS
As described, total abdominal hysterectomy and bilateral 

salpingo-oophorectomy are the standards of care for early 

stage ULMS. The risk of lymph node metastases has been 

reported to be between 3% and 11%; thus, routine pelvic 

Table 2 FIGO staging for ULMSs

Stage Definition

I Tumor limited to uterus IA: ,5 cm
IB: .5 cm

II Tumor extends beyond the 
uterus, within the pelvis

IIA: adnexal involvement
IIB: involvement of other 
pelvic tissues

III Tumor invades abdominal 
tissues (not just protruding 
into the abdomen)

IIIA: one site
IIIB: more than one site
IIIC: metastasis to pelvic and/or 
para-aortic lymph nodes

IV IVA: tumor invades bladder 
and/or rectum
IVB: distant metastases

Note: Data from International Journal of Gynecology & Obstetrics, 2009.
Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; 
ULMS, uterine leiomyosarcoma.
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lymphadenectomy is not routinely indicated. The role of 

oophorectomy in premenopausal women is unclear. The risk 

of ovarian metastases has been reported at 4%, and hence, 

ovarian conservation may be considered on a case-by-case 

basis in those with endocrine receptor-negative ULMS 

without compromising survival outcome.17,18

An European Organisation for Research and Treatment 

of Cancer/Gynaecologic Cancer Group (EORTC/CGC) 

randomized Phase III study of RT in uterine sarcomas, com-

paring external beam pelvic RT with observation in FIGO 

stage I and II ULMS, ESS and carcinosarcoma. The study was 

able to report on the ULMS cohort.19 There was no benefit 

for adjuvant RT in this group. Isolated local recurrences 

occurred in 4% and 24% of patients who had RT or were 

observed, respectively, but any local recurrence occurred in 

20% and 24% of patients, respectively. However, of those 

who received RT, 54% developed metastases compared with 

33% in the observation group. Sampath et al reported on a 

cohort of 920 ULMS patients who had adjuvant RT (n=230). 

The addition of RT resulted in the improvement of the 5-year 

locoregional disease-free survival rate from 84% to 98% 

(P,0.01) in stage II and above disease. In a disease where 

there is a high risk of metastases, adjuvant pelvic RT does not 

have a survival benefit in LMS but may reduce local pelvic 

recurrences, possibly for disease that has spread beyond the 

uterus (FIGO stages II–IV).20 Adjuvant RT could therefore 

be considered in selected cases where there may be a higher 

risk of local recurrence.

The risk of disease recurrence following resection of 

organ confined that ULMS has been reported at 50%–70% at 

2 years. The Gynecologic Oncology Group (GOG) conducted 

a randomized Phase III trial of doxorubicin compared with 

observation for ULMS or carcinosarcoma. Adjuvant pelvic 

radiation was also permitted at the clinician’s discretion. 

In the ULMS subgroup, a nonsignificant reduction in recur-

rence was reported with chemotherapy (44% in the doxoru-

bicin arm vs 61% in the observation arm).21

A prospective study of resected ULMS evaluated the role 

of four cycles of adjuvant gemcitabine plus docetaxel; 45% 

remained disease-free at 2 years. Among the 18 women with 

uterus-limited disease, 59% were progression free at 2 years. 

Median progression-free survival (PFS) exceeded 3 years. 

Because of the efficacy of doxorubicin in advanced LMS, the 

subsequent study was designed to offer four cycles of gemcit-

abine plus docetaxel, followed by four cycles of doxorubicin. 

A total of 47 women with uterus-limited disease participated 

in the study. With median follow-up of 27.4 months, 78% 

of women remained progression free at 2 years, and median 

PFS was 39.3 months.22 This led to a joint GOG and EORTC 

Phase III study of four cycles of gemcitabine and docetaxel, 

followed by four cycles of doxorubicin versus observation, 

in resected uterus-limited LMS. Unfortunately, the study 

has closed early due to poor accrual (National Clinical Trial 

identifier NCT01533207).

ESS
Total abdominal hysterectomy and bilateral salpingo-

oophorectomy are the standards of care. The risk of lymph 

node metastases from an ESS is reported to be ,10%, again 

advocating the avoidance of lymphadenectomy unless suspi-

cious lymphadenopathy is noted on preoperative imaging. 

An SEER database analysis of 1,010 women with ESS 

showed that addition of lymphadenectomy to hysterectomy 

did not improve either cause-specific survival or overall 

survival as compared with hysterectomy alone, either for 

“low”- or for “high”-grade disease.23

Low-grade ESS has an indolent behavior with high 

overall survival with episodes of recurrences, which may 

be amenable to resection and/or endocrine therapy. Unfor-

tunately, because of the rarity of the disease, there are no 

randomized data that have evaluated the role of adjuvant RT 

and where retrospective series that have reported on local 

therapy, HGESS or HGUS and low-grade ESS have not been 

separated. The aforementioned SEER database study also 

reported that adjuvant radiation conferred no survival benefit. 

However, other reports have suggested an improvement in 

local control with adjuvant RT; Gadducci et al reported on 

66 women with ESS, 26 having low-grade tumors and 40 with 

Table 3 FIGO staging for uterine ESS and adenosarcoma

Stage Definition

I Tumor limited to 
uterus

IA: tumor limited to endometrium/
endocervix with no myometrial invasion
IB: less than half or half myometrial 
invasion
IC: more than half myometrial invasion

II Tumor extends 
beyond the uterus, 
within the pelvis

IIA: adnexal involvement
IIB: involvement of other pelvic tissues

III Tumor invades 
abdominal tissues 
(not just protruding 
into the abdomen)

IIIA: one site
IIIB: more than one site
IIIC: metastasis to pelvic and/or 
para-aortic lymph nodes

IV IVA: tumor invades bladder and/or 
rectum
IVB: distant metastasis

Note: Data from International Journal of Gynecology & Obstetrics, 2009.
Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; 
ESS, endometrial stromal sarcoma.
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high-grade tumors. In the low-grade group, 31% receiving 

surgery alone relapsed locally, whereas none of the three 

women who had adjuvant RT had a local failure.24 Sampath 

et al showed a significant decrease in 5-year local–regional 

recurrence rate (8% vs 2%; P,0.05), with adjuvant RT 

compared with surgery alone in a retrospective analysis of 

376 women with ESS; however, the data were not reported 

by grade.25 For early stage, low-grade tumor, the National 

Comprehensive Cancer Network (NCCN) consensus guide-

lines recommend observation alone.26 It remains uncertain 

whether the toxicity and long-term risks from RT can be 

justified by a small relative gain in local control. The deci-

sion whether to use adjuvant RT should be determined on a 

case-by-case basis.

Low-grade ESS has generally low response rates to con-

ventional cytotoxic chemotherapy, and there is no evidence to 

support its use in the adjuvant setting. However, almost 80% 

of ESSs express estrogen receptor (ER) alpha and progester-

one receptor (PgR), providing an opportunity for adjuvant 

endocrine therapy. Two small reports have demonstrated a 

reduction in recurrence with adjuvant endocrine therapy. 

Chu et al27 reported on 22 patients: recurrence rate was 31% 

with progestins versus 67% with observation alone. Leath 

et al reported on 30 patients with low-grade ESS. Median 

overall survival was 97 months with endocrine therapy versus 

72  months with observation alone (P=0.07).28 Both these 

small studies suggest a possible benefit, and this provides 

some evidence to consider adjuvant endocrine therapy in 

cases at a high risk of relapse. However, there is uncertainty 

as to the optimal duration of endocrine therapy, and it is 

important to consider the potential impact on patients’ 

quality of life.

UUS and HGESS
UUS and high-grade endometrial sarcoma have also been 

reclassified by the World Health Organization (WHO) as 

HGUS. However, despite the different subtypes within this 

classification, HGUS and particularly HGESS have more 

aggressive behavior than low-grade ESS. The manage-

ment of early stage HGUS usually includes total abdominal 

hysterectomy and bilateral salpingo-oophorectomy. The 

value of lymphadenectomy and debulking of gross extra-

uterine disease remain unclear.24,28 No prospective studies 

of adjuvant treatments have been conducted, and where 

few studies have been reported, they have included both 

low-grade ESS and HGUS in the analysis and have provided 

very limited information on the value of adjuvant RT or 

adjuvant chemotherapy.

HGUS represents an aggressive subtype with poor 

outcomes regardless of the stage at presentation. A single 

institution series of 21 patients reported in 11 of 18 patients 

with complete gross resection at primary surgery presented 

with abdominal disease progression by the time they had 

undergone postoperative staging investigations.29 The 

patterns of relapse into the abdominal cavity and distant 

metastases highlight the limited role of adjuvant RT to the 

pelvis and the greater unmet need evaluating the role of 

systemic therapy.

Adenosarcoma
Adenosarcomas without sarcomatous overgrowth are indolent 

in behavior. In these cancers, a benign epithelial component 

exists together with a malignant stromal component that 

resembles low-grade ESS. As they are classified as low-

grade malignancies, cytotoxic chemotherapy is unlikely to be 

beneficial, particularly in the adjuvant setting. There are no 

studies advocating the role of radiation treatment in this cohort 

of patients. Endocrine therapy also has a limited role.

Advanced disease
Owing to the often aggressive disease biology of uterine 

sarcomas, patients may often present late with metastatic dis-

ease in situ. Even in those with resected early stage disease, 

the risk of distant metastatic relapse is high, and therefore, 

such patients should be placed under regular radiologic 

surveillance.

Systemic therapy in patients with locally advanced, 

recurrent or metastatic uterine sarcoma is an option for those 

with symptomatic disease progression. Disappointingly, 

response rates have not improved significantly over time, 

nor is there any definite overall survival benefit with chemo-

therapy, although this view may be challenged by publication 

of recent clinical trial data. As with all soft tissue sarcomas, 

choice of treatment is histology guided and the common 

uterine sarcoma histologic subtypes have varied response 

rates to systemic treatment.30 Where entry into clinical trials 

is possible, this should be encouraged in order to further gain 

knowledge of this disease group.

Other treatment options for metastatic uterine sarcoma 

include judicious use of surgery, RT, radiofrequency abla-

tion and other interventional radiology techniques. Ablative 

treatments can be considered for those with oligometastatic 

disease, ideally following a period of active surveillance and 

focused on those with long disease-free interval and relatively 

indolent disease biology. However, it is worth noting that 

there are little prospective data to support this approach and 
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retrospective data have inherent selection bias. Palliative RT 

may be a helpful treatment option for those with symptomatic 

or localized disease. Decisions around treatment options 

should be considered by the multidisciplinary sarcoma team 

and involve a patient-centered approach.

ULMS
Systemic chemotherapy
ULMS is commonly viewed as one of the more chemosen-

sitive soft tissue sarcoma subtypes. The choice of chemo-

therapy is along a soft tissue sarcoma paradigm, and optimal 

sequencing of agents remains under evaluation. Single-agent 

doxorubicin is standard first-line chemotherapy with response 

rates in the order of 25% in patients with uterine sarcoma.31 

The role of single-agent anthracycline-based chemotherapy 

versus combination was investigated by Judson et al32 in a 

large randomized EORTC trial. This showed that while the 

response rate was higher for a combination of doxorubicin 

and ifosfamide (60 [26%] of 227 patients on ifosfamide/

doxorubicin vs 31 [14%] of 228 patients on doxorubicin; 

P,0.0006), there was no overall survival benefit (median 

overall survival 12.8  months [95% CI 10.5–14.3] in the 

doxorubicin group vs 14.3 months [95% CI 12.5–16.5] in the 

doxorubicin and ifosfamide group; hazard ratio [HR] 0.83 

[95% CI 0.67–1.03], stratified log-rank test P=0.076). 

Although quality of life was not incorporated to this study, 

rates of hospital admission with febrile neutropenia were 

significantly higher in the combination group. This trial has 

helped to elucidate the use of doublet chemotherapy, which 

can be considered in patients where an increased response 

rate is required or when symptom burden is high.

Interestingly, ifosfamide as a single agent is less widely 

used in ULMS following retrospective data, also from pooled 

EORTC trials of first-line ifosfamide, showing that those with 

LMS benefited less in terms of overall survival.33 A Phase II 

trial of single-agent ifosfamide in patients with uterine LMS 

showed objective response rates of 17%.34 These studies 

when taken into consideration with the toxicity profile of 

ifosfamide, the need for inpatient administration and also 

the number of other systemic treatment options has led to a 

decline in its use.

Subsequently, drug development has focused on improv-

ing on the long-held standard of single-agent doxorubicin. 

Following the failure of large Phase III trials of agents, 

including doxorubicin and palifosfamide and doxorubicin 

and evofosfamide to demonstrate any clinically meaningful 

benefit, there has been considerable interest in a novel agent 

olaratumab, a monoclonal antibody to platelet-derived growth 

factor receptor α (PDGFRα). An open-label Phase I and 

randomized Phase II study of olaratumab in combination with 

doxorubicin included a relatively high proportion of patients 

with LMS (uterine and non-uterine; 36% in the intervention 

arm and 40% in the control arm) and met its predefined end 

point for improvement in PFS. Median PFS in the Phase II 

study was 6.6 months (95% CI 4.1–8.3) with olaratumab 

plus doxorubicin and 4.1  months (95% CI 2.8–5.4) with 

doxorubicin alone (stratified HR 0.67, 0.44–1.02, P=0.0615) 

and also showed an unexpectedly large improvement in 

overall survival (median overall survival was 26.5 months 

[20.9–31.7 months]) with olaratumab plus doxorubicin and 

14.7 months (9.2–17.1 months) with doxorubicin (stratified 

HR 0.46, 0.30–0.71, P=0.0003).35 The exact mechanism of 

action of olaratumab and how it exerts its effects in concert 

with doxorubicin remains undefined and is an area of consid-

erable interest. Interestingly, PDGFR has been found to be 

overexpressed in ~60% of patients with uterine LMS.36 In the 

trial, the exploratory assay used for PDGFRα showed that 

while 33% and 34% of patients in the intervention and control 

arms, respectively, were positive for PDGFRα expression, 

the interaction effect between expression and treatment was 

not significant for overall survival or PFS. The randomized, 

double-blind, Phase III trial of doxorubicin ± olaratumab 

(ANNOUNCE) with stratification for LMS has now com-

pleted accrual, and its outcome is awaited with interest.

The antimetabolite gemcitabine is also active in ULMS, 

either as a single agent or in combination. A Phase II GOG 

trial of single-agent gemcitabine showed an overall response 

rate (ORR) of 20.5% with median duration of response of 

4.9 months.37 The combination of gemcitabine and docetaxel 

is particularly active with ORRs quoted in the order of 

25%–53%.38,39 However, this regimen does have significant 

toxicity, namely, alopecia, myelosuppression requiring 

growth factor support and fatigue. The combination of gem-

citabine and docetaxel has recently been compared in the 

first-line setting in the UK GEDDIS trial for patients with 

metastatic/locally advanced soft tissue sarcoma where it was 

found to be non-inferior to doxorubicin but more toxic and was 

given with more dose delays.40 The addition of the vascular-

targeted agent bevacizumab to gemcitabine docetaxel failed 

to add any clinical benefit.41 Gemcitabine in combination 

with dacarbazine is also an active combination and may be 

utilized where high-dose steroids need to be avoided or where 

hair loss is preferred to be avoided.42 Dacarbazine as a single 

agent also has modest activity in ULMS and may be used 

beyond second line but toxicities such as nausea, fatigue and 

myelosuppression can be problematic.
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Trabectedin is a cytotoxic agent derived from the marine 

tunicate Ecteinascidia turbinata. Its mechanism of action is 

complex but in the main is thought to be through binding to 

the minor groove of DNA, leading to inhibition of transcription 

factors, which in turn results in cell-cycle arrest. Trabectedin 

is also thought to have immunomodulatory effects both 

on the tumor microenvironment and on tumor-associated 

macrophages.43 A prospective Phase II GOG study of previ-

ously untreated ULMS patients on trabectedin showed an ORR 

of 10%, disease control rate (DCR) of 60% and a median PFS 

of 5.8 months. One of the advantages of trabectedin is that it is 

well tolerated with little cumulative toxicity – adverse effects 

include neutropenia, fatigue and transient alterations of liver 

functions. Subsequently, a Phase II study of trabectedin and 

doxorubicin by the French Sarcoma Group in patients with 

LMS of gynecologic or soft tissue origin showed response rate 

of 59.6% and 27% SD with a DCR of 87.2% in the ULMS 

group.44 A retrospective pooled analysis of five Phase II trials 

showed ORR 16%, DCR 51% and median PFS of 3.3 months.45 

These results have been confirmed in a recently reported large 

Phase III study of trabectedin compared with dacarbazine in 

patients with LMS and liposarcoma.46 In clinical practice, the 

possibility of prolonged disease stability and a generally good 

toxicity profile makes trabectedin a good second line option 

for many patients with ULMS.

Targeted agents
Currently, the only licensed targeted agent is the oral multi-

targeted tyrosine kinase inhibitor pazopanib, which has 

activity against VEGF-1–3 and PDGFRα. The Phase III, 

placebo-controlled, double-blind PALETTE trial in patients 

with non-adipocytic soft tissue sarcoma following doxo-

rubicin showed a significant increase in PFS (4.6 months 

vs 1.6 months; P,0.001); ORR was 6%, but there was no 

statistically significant improvement in OS.47 A subsequent 

analysis of patients with uterine sarcoma in the PALETTE trial 

showed similar response rates to the overall population.48

Trials of other oral targeted agents have thus far proven 

disappointing, for example the multi-targeted drug sunitinib 

that failed to achieve stabilization or objective responses in 

ULMS and sorafenib with response rates too low for further 

investigation.49,50 More recently, there have been early reports 

of clinical benefit to the oral CDK4/6 inhibitor palbociclib 

in a patient with ULMS.51

Hormonal therapies
Immunohistochemical expression of ER and PgR in ULMS 

is variable and may have prognostic significance with those 

patients with a high level of hormonal expression reported 

to have disease that behaves in a more indolent manner.52 

This expression may be targeted for therapeutic benefit along 

a similar paradigm to breast cancer therapy. However, it is 

important to note that tamoxifen is not advised in this setting 

due to partial agonist activity. Retrospective data from our 

own institution of aromatase inhibitors used in the first- and 

second-line setting showed a clinical benefit rate of 62.5% in 

the first line and 50% in the second line, with patients with 

low-grade disease faring better when compared to those with 

high grade.53 There is only one prospective Phase II study 

of aromatase inhibitors in ULMS with primary end point of 

PFS at 12 weeks.54 While no objective responses were seen, 

stable disease was recorded in 14 out of 27 patients and PFS 

at 12 weeks of 50%, and median duration of treatment was 

only 2.2 months. This therapeutic approach has the benefit 

of being relatively well tolerated, especially when compared 

to chemotherapy and is recommended in patients with more 

indolent disease patterns and lower burden of disease.

Immunotherapy
Immunotherapy is an area of considerable area of interest in 

sarcoma, given significant gains seen in other tumor types 

such as malignant melanoma and renal cell cancer. Treat-

ment strategies include manipulation of immune checkpoints 

such as CTLA-4, PD-1 and PDL-1 vaccination and adoptive 

immunotherapy. It is also interesting to combining immuno-

therapy and RT, thus harnessing the abscopal effect. PD-1 

and PD-L1 expressions have been reported in soft tissue 

sarcoma in 105 patients with a variety of sarcoma subtypes 

including LMS.55 Some early data have shown activity 

of both nivolumab and pembrolizumab in LMS and have 

spawned a number of trials as monotherapy and in combina-

tion with metronomic chemotherapy.56,57

Low-grade ESS
This disease type often has very indolent disease biology and 

relapses are often late. Those patients with a low volume of 

metastatic disease may be offered the option of radiologic 

surveillance as a first option. Patients with oligometastatic 

disease can be considered for localized approaches such 

as surgery, RT or radiofrequency ablation. The hormonal 

receptors ER and PgR are frequently expressed and may be 

exploited for therapeutic benefit with response rates to aro-

matase inhibitors with a clinical benefit rate of 92.4% and a 

2-year progression free rate of 88.9% in our own institution.58 

Following radiologic and symptomatic disease progression 

on first-line hormonal treatment, then a switch to steroidal 
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aromatase inhibitors such as exemestane or to progestogens 

is advised. The development of endocrine resistance involves 

the mammalian target of rapamycin (mTOR) pathway, and 

adding an mTOR inhibitor such as sirolimus to hormone 

treatment may reverse hormonal resistance.59 Systemic 

chemotherapy may be considered on failure of hormonal 

treatment, although response rates are low in this subtype. 

There is some evidence to support the use of trabectedin.60

HGUS
This is an aggressive disease subtype (HGESS and UUS) 

with universally poor outcomes. These tumors are often 

undifferentiated neoplasms with low response rates to con-

ventional chemotherapy that is offered along a soft tissue 

sarcoma paradigm as outline earlier. These patients where 

fit should be considered for clinical trials of novel agents. 

A recent EORTC trial is investigating the use of maintenance 

with cabozantinib, an oral agent with activity against VEGFR 

and MET, for those patients with HGUS who have responded 

systemic chemotherapy (NCT01979393).

Adenosarcoma
In patients with recurrent or metastatic disease and sarcomatous 

overgrowth, treatment is generally along a sarcoma paradigm, 

although supportive evidence is sparse. Where there is 

hormone receptor expression, then a hormonal approach may 

be considered. There are published reports of the activity of 

trabectedin in this subtype.61

Conclusion and future perspectives
It is clear that in this challenging group of diseases, early 

recognition and diagnosis of uterine sarcoma are critical in 

order to improve patient outcomes. This will involve ongoing 

education and sharing of knowledge between colleagues 

working in the sarcoma field, primary care and the gyneco-

logical community. Patients should be referred to sarcoma 

centers, ideally before planned surgery so that multimodal 

measures may be considered as well as entry into appropri-

ate clinical trials. So far, surgery remains the only option for 

cure, and it is important that the correct approach is made, 

avoiding morcellation and unnecessary procedures such as 

lymphadenectomy and omentectomy. Thus far, adjuvant 

therapies are not of proven benefit, and the most recent 

clinical trial between EORTC and GOG closed early due to 

lack of accrual. It is important to include patient groups in 

devising future trials that are acceptable to all participants.

For those with metastatic disease, there remains a challenge 

of drug development in rare tumor types. This requires close 

cooperation between industry and also multicenter groups 

and careful choice of clinically meaningful trial end points, 

consideration of quality of life measures and appropriate 

imaging modalities. There remains hope that further progress 

in understanding of tumor biology and associated pathways, 

continued development of targeted novel therapies and 

immunotherapy will improve outcomes of patients with this 

group of rare diseases.
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