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Abstract

Review

Soft tissue sarcomas (STS) encompass a diverse family of neoplasms of mesenchymal
origin, marked by significant heterogeneity in terms of physiopathology, molecular characterisation, natural history and response to different therapies. This review aims to
summarise the current strategies for the management of patients with STS, including
surgery, systemic treatments and radiation therapy, along with considerations applicable
to the most frequent subtypes, as well as particularities associated with less common
and specific histologies. It also provides insights into upcoming strategies to tackle this
challenging group of diseases.
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Introduction
Soft tissue sarcomas (STS) comprise a heterogeneous group of histologically diverse
tumours originated from mesenchymal cells throughout the body. The most commonly
diagnosed subtypes are undifferentiated pleomorphic sarcoma (UPS), gastrointestinal
stromal tumours (GIST), liposarcoma and leiomyosarcomas [1].
The anatomic site of the primary disease represents an important variable that influences
the clinical behaviour, response to treatment and long-term outcomes. Extremities (43%),
the trunk (10%), visceral (19%), retroperitoneum (15%), or head and neck (9%) are the
most common primary sites [2]. Tumours from extremities have a risk of local recurrence
of approximately 25% in 10 years, while intraabdominal or retroperitoneal disease can
recur in a period of time longer than 15 years and with rates around 60% [3].
STS represent less than 1% of adult and 15% of paediatric malignancies. Sarcoma
incidence in Europe was 5.6 per 100,000 per year between 1995 and 2002, of which
84% were STS. Among all the soft tissue sarcoma histologies, the most frequent was
leiomyosarcoma (20%), followed by unspecified sarcoma (18%) and liposarcoma (10%)
[4]. In 2018, 13,040 new cases of STS were estimated in the United States, resulting in
5,150 deaths. Despite the rarity of this group of diseases, STS represent the fourth leading cause of cancer death in people younger than 20 years in both sexes, and the fifth in
the third and fourth decades of life, in males [5].
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Genetic alterations
Although advances in molecular characterisation are changing our view of the genetics of many cancers, including sarcomas, most of them
have nonspecific genetic alterations, which are often complex and multiple and represent variable chromosomal gains and losses [6].
Sarcomas can be broadly divided in three groups, according to their genetic alterations: sarcomas with chromosomal rearrangement,
sarcomas with specific genetic mutation and sarcomas with complex and irregular genomic changes. Molecular markers often can be used
in their diagnosis (Table 1). Synovial sarcoma is an example of a sarcoma with chromosomal rearrangement, since it usually harbours t(X;18)
(p11.2;q11.2). GIST, although not thoroughly discussed in this review, is an example of a sarcoma with simple genome with specific genetic
mutation, typically involving KIT or PDGFRA. Sarcomas with complex genomic changes usually show higher mutational load, high grade or
pleomorphic morphology. They usually do not have specific molecular markers. Examples include UPS, leiomyosarcoma and pleomorphic
liposarcoma [7, 8].
In a recent study, Ballinger et al [12] aimed to investigate the genetic basis for bone and STS in the routine clinical practice. Their interpretation of the study was that about half of patients with sarcoma have putatively pathogenic monogenic and polygenic variation in known and
novel cancer genes, with implications for risk management and treatment.

Most often sporadic, genetic susceptibility factors linked to hereditary syndromes have been identified in STS. These include neurofibromatosis,
familial adenomatous polyposis, Li-Fraumeni syndrome and retinoblastoma [9–11].
Among external/environmental exposures that increase the risk of development of STS, radiation therapy is a well-characterised factor
although the precise mechanism remains unknown. Patients undergoing radiation therapy for common diseases, such as lymphoma, breast,
prostate or cervical cancer, are at increased risk for radiation-induced sarcomas (RIS) and other cancers [13]. The most recent Memorial Sloan
Kettering Cancer Center (MSKCC) update on RIS comes from Gladdy et al, who examined over 7,600 patients treated at MSKCC.A total of
34% of RIS were treated for breast cancer, 18% leukaemia or lymphoma and 17% for genitourinary tumours. The median latency period was
10 years. This period is different for each histology of radiation induced sarcoma. In a cohort by Gladdy et al [14], the shortest median latency
period occurred in liposarcoma (4.3 years) and the longest for leiomyosarcoma (23 years).
Table 1. Translocation related sarcomas.
Sarcoma Subtype

Chromosome translocation

Fusion gene
(most prevalent)

Alveolar Soft Part Sarcoma

t(X;17)(p11.2;q25)

ASPSCR1-TFE3

Clear cell sarcoma

t(12;22)(q13;12)

EWSR1-ATF1

Dermatofibrosarcoma protuberans

t(17;22)(q22;q13)

COL1A1-PDGFB

Epithelioid hemangioendothelioma

t(1;3)(p36.3;q25)

WWTR1-CAMTA

Ewing Sarcoma

t(11;22)(q24;q12)

EWSR1-FLI1

Fibromyxoid sarcoma

t(7;16)(q33;p11)
t(11;16)(p11;p11)

FUS-CREB3L2
FUS-CREB3L1

Inflammatory myofibroblastic tumor

t(2;19)(p23;p13.1)
inv2(2)(p21p23)
t(3;6)(q12;q22)
t(1;2)(q22-23;p23)

TPM4-ALK
EML4-ALK
TFG-ROS1
TPM3-ALK

Myxoid–round cell liposarcoma

t(12;16)(q13;q37)
t(12;22)(q13;q12)

FUS-DDIT3
EWSR1-DDIT3

Synovial Sarcoma

t(X;18)(p11;q11)

SS18-SSX1/SSX2

Adapted from reference 6
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Risk factors

In 1948, Stewart and Treves described the development of lymphangiosarcoma in the setting of chronic lymphedema in patients treated
for mammary carcinoma with mastectomy and axillary lymph node dissection. However, chronic lymphedema from any etiology besides
mastectomy has also been described as a risk factor for lymphangiosarcoma [15]. Environmental agents can be related to the development
of sarcoma, such as angiosarcoma in workers exposed to polyvinyl chloride [16]. It is also known that another sarcoma, Kaposi’s sarcoma, is
related to the exposure to human herpesvirus-8 and immunodeficiency, such as HIV infection or transplantation [17].

Clinical diagnosis and imaging

Magnetic resonance imaging (MRI) represents the method of choice for the initial evaluation of soft tissue masses when the diagnosis
of STS is suspected, particularly for lesions arising from the extremities, girdles or chest wall. For retroperitoneal tumours, computed
tomography (CT) is a reasonable alternative to the MRI. As a general recommendation, a chest CT is also recommended as a part of the
initial staging in patients with STS with metastatic potential. The histologic classification of the tumour may guide the need for further
exams (e.g., regional lymph node assessment in synovial sarcomas, epithelioid sarcomas and angiosarcoma/spine and abdominal staging
in myxoid liposarcomas/brain MRI in angiosarcomas and alveolar soft part sarcomas) [18]. Metastatic disease can also be diagnosed with
PET/CT, particularly occult lesions. A meta-analysis of 14 articles totalising 755 patients concluded that PET/CT is more accurate than
dedicated PET and may be useful to stage high-grade lesions. The increment in specificity and accuracy on PET/CT is probably explained
by the anatomical details present on the CT scan. Both are, however, sensitive and accurate enough to diagnose malignancy above a
threshold of SUV 2.4 [19].

Pathology
The definitive diagnosis of STS relies on a proper tissue sample and evaluation. The most common approach involves multiple core biopsies
(using needles > 16G), preferably performed by surgeons or interventional radiologists. The pathway of the biopsy, including the skin scar
must be safely removed in the final surgical procedure [18]. It is important to highlight that, if the diagnosis of gastrointestinal stromal tumour
is suspected, an endoscopic biopsy is preferable to a percutaneous procedure due to the risk of rupture of the tumour capsule and subsequent increased risk of peritoneal spread.

Pathology report
Histopathological diagnosis is guided by the 2014 World Health Organization classification. It is mandatory to report the malignancy grade,
assessed usually using the Federation Nationale des Centres de Lutte Contre Le Cancer grading system, that involves analysis of differentiation, necrosis and mitotic rate. An alternative grading methodology is the National Cancer Institute system, based on histology, necrosis and
mitotic rate. The report after surgery must also point whether the tumour was intact and describe the status of the margins. Morphology and
immunohistochemistry should be complemented by molecular pathology tests whenever indicated [18].
The molecular characterisation of STS with specific genetic alterations—usually simple karyotypes or those with nonspecific genetic alterations and complex unbalanced karyotypes may be useful in confirming the diagnosis and providing guidance for treatment decisions (Table 1).

Staging
There are some differences between staging in the seventh and eighth editions of the AJCC Cancer Staging Manual. In the latter, there is
greater attention to the anatomic primary site, with different rules to stage STS of (1) extremity and trunk, (2) retroperitoneum, (3) head and
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Most STS present initially as asymptomatic masses that may elicit mechanical symptoms resulting from progressive growth and compression
of other structures. Lymph node involvement is uncommon, occurring in less than 5%–10% of all STS. Nevertheless, nodal metastases may
develop more frequently in specific histologic subtypes, including clear cell sarcoma, epithelioid sarcoma, angiosarcoma, rhabdomyosarcoma
and synovial sarcoma.

neck and (4) visceral sites. These modifications are justified by the scarcity of data regarding STS of the two last groups. Besides that, lung,
gastrointestinal, genitourinary and gynaecologic sarcomas must be grouped separately [20]. Some differences between the seventh and the
eighth editions of the AJCC Cancer Staging Manual regarding STS are shown in Table 2.

Surgical treatment of STS
Ideally, the treatment of STS must be discussed in multidisciplinary boards, preferably in centres with experienced staff in the treatment of
this group of diseases [18].

Principles of surgery

For radiation induced sarcomas, surgery remains the main therapy. Local-regional control and survival appear inferior in comparison to nonradiation-induced sarcomas [6].

Surgical treatment of local recurrence
The surgical treatment of a local recurrence is often possible but with limited impact in overall survival. Recurrences before 16 months are
associated with poor prognosis specially those greater than 5 cm [22].
Table 2. Changes in the 8th ed of AJCC Cancer Staging Manual.
Changes

Details

Division according to the anatomic site

Emphasis is given to the primary site due to differences related to the risk of local and distant
relapse according to the location

New staging system for head and neck sarcoma

Tumors are diagnosed with smaller sizes, but they have higher risk associated with the size than
tumors in other locations. New TNM criteria were created to facilitate prospective data collection

New staging system for retroperitoneal sarcoma

The new system reflects more precisely the biology according to the location; besides that, there is
a validated nomogram that can be used to assist risk assessment

New staging system for visceral sarcoma

There are not superficial tumors in this category

Primary tumor definition (T)

New size categories reflect the rising risk of metastatic disease as the primary tumor size increases.
The discrimination between superficial and deep tumors, now considered of lesser importance, was
suppressed.

New T staging for sarcomas of the trunk, extremities
and retroperitoneum

T categories were increased from two to four.

Regional lymph node definition (N)

N1 disease behaves in a similar fashion in stage III and stage IV disease, so it is now considered
stage IV to simplify the classification

Unusual histologies and anatomic sites

Guidance related to some specific histologies and their biological behavior is given. Some histologies might metastasize early in the disease course, but patients can live longer with metastatic
disease than they would be if the histologic diagnosis were different

AJCC – TNM groupings and prognosis

The incorporation of these changes has modified TNMG grouping in the prognosis settlement
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Soft tissue sarcoma should be completely resected, if feasible, as surgery remains the major therapeutic modality for patients treated with
curative intent. The goal is to achieve a complete resection with a 2 cm margin. The proximity or involvement of structures such as nerves,
bones or vasculature may limit the resectability of STS. Amputation is nowadays very seldom indicated as it has been progressively replaced
by limb sparing procedures in combination to radiotherapy. For retroperitoneal or intraabdominal sarcomas, extended surgeries, including
multi-visceral resections have no proven benefit, unless a direct invasion of the organ is found [21].

Surgery for metastatic disease
Patients with high grade STS are at high risk of metastatic disease, most often to the lungs. The MSKCC group retrospectively reviewed the
medical records of 716 adult patients with extremity STS; 135 of them had pulmonary metastasis as the only site of metastatic disease. Of
those patients,78 underwent metastasectomy but only 65 with complete resection. The median overall survival of the 135 patients was 12
months in contrast to 19 months for the completely resected group. Two thirds of this patients had a pulmonary recurrence within 4 months
and the 3-year overall survival was 23%, suggesting that a subset of patients may still achieve long term benefits [23]. In another series
from MSKCC with 719 patients that developed or presented with lung metastasis, the most common diagnoses were leiomyosarcoma, UPS
and synovial sarcoma patients. Median overall survival was 15 months for all the patients in contrast to 33 months for those treated with
complete resection. Disease-free survival interval greater than 12 months was a favourable factor for prolonged survival. Negative factors
for survival included liposarcoma, malignant peripheral nerve sheath tumour (MPNST) and patients over 50-year old. There was no role for
systemic treatment before or after surgery [24, 25]. A role for repeat pulmonary metastasectomy was suggested by a cohort that included
539 patients, in which 41% underwent a repeat resection [26].

Radiation therapy

Radiation therapy aims to reduce the frequency of local recurrence, to allow tissue preservation and to avoid amputation. Brachytherapy,
intraoperative radiotherapy and intensity modulated RT (IMRT) can lead to better outcomes in STS patients. Randomised trials have examined the benefit of adjuvant radiation therapy either with brachytherapy or IMRT. An update of the brachytherapy trial from MSKCC showed
improved local control with brachytherapy, markedly in high grade lesions. However, there were no overall survival or distant metastasis-free
survival benefits associated with adjuvant brachytherapy. Advantages of brachytherapy over IMRT include the shorter treatment duration
(5–7 days against 6 weeks for IMRT) and potential reduced toxicity to adjacent structures.
External beam radiation therapy is the most widely used adjuvant approach, without requiring the sophisticated and often limiting catheter placement involved in brachytherapy [6]. The Canadian trial compared neoadjuvant versus adjuvant radiation therapy, demonstrating
a greater rate of surgical wound complications, yet a lower rate of long-term dysfunction (particularly fibrosis, movement disorders and
lymphedema) with the use of preoperative treatment. The update results of the trial did not show any difference in disease control rate [27].
Preoperative doses of 50 Gy in daily fractions of 1.8–2 Gy over 5 weeks are commonly utilised, and a postoperative boost may be considered
for those with involved surgical margins after complete resection. Postoperative doses of 50 Gy with a boost, to a total of 60 Gy, are indicated
for high grade extremity, trunk and head and neck sarcomas with more than 5 cm and negative margins.
The use of neoadjuvant or adjuvant radiation for retroperitoneal sarcomas remains investigational. There is evidence from two recent
retrospective series with a large group of patients, mainly with retroperitoneal leiomyosarcomas and liposarcomas, showing benefit
in overall survival with neoadjuvant or adjuvant radiation therapy [28, 29]. Tumours that are preoperatively irradiated might have a
reduction of tumour seeding during surgery and might be more easily resected. There are two prospective studies with long term results
pointing favourable relapse-free and overall survival (60% and 61%, respectively) after R0 and R1 resection for intermediate or high grade
retroperitoneal STS [30, 31]. An ongoing phase III, multi-center EORTC trial is evaluating preoperative RT for previously untreated nonmetastatical retroperitoneal STS [32].
Proton beam therapy (PBT) is currently being studied in the setting of retroperitoneal sarcoma, in which its dosimetric advantage could result
in lesser gastrointestinal and genitourinary toxicity. The NCT01659203 trial is a phase I/II that will evaluate local control rate in 2 years and
maximum tolerated dose of preoperative treatment as coprimary endpoints. PBT has the potential advantage of reducing normal tissue dose
up to 50%, and probably is useful in extremity and truncal STS [33].
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Neoadjuvant and adjuvant therapy

Systemic Treatment
Adjuvant chemotherapy
There are more than 20 randomised trials and 2 meta analyses evaluating the benefit of adjuvant chemotherapy in extremity sarcoma
patients with conflicting results, and its role remains uncertain [11]. In the first meta-analysis published in 1997, most of the chemotherapy
regimens included anthracyclines and fewer than 5% ifosfamide. overall survival favoured chemotherapy but was not statistically significant
(HR 0.89,95% IC 0.76–1.03—p = 0.12). In a subgroup analyses including only extremity and trunk sarcomas, there was a modest, but statistically significant benefit for chemotherapy HR 0.80, p = 0.029), which translated into a 7% absolute benefit in overall survival at 10 years [34].

Most of the evidence supporting the use of adjuvant chemotherapy comes from a randomised trial conducted by the Italian group, which
included 104 patients. After a median follow up of 59 months, median DFS (48 versus 16 months) and OS (75 versus 46 months) were significantly better in the treatment group; the absolute benefit for OS from chemotherapy was 13% at 2 years and increased to 19% at 4 years for
patients receiving chemotherapy, leading to a premature discontinuation of the trial due to the marked benefit resulting from adjuvant treatment. After a median follow up of 90 months, the difference between the groups was not statically different in the intent-to-treat analysis,
but it is important to highlight that relevant numerical differences were still noted and that the trial was stopped early before target accrual,
therefore losing its statistical power [36,37].
The largest randomised study of adjuvant ifosfamide and anthracycline was performed by EORTC. A total of 351 patients were included over
8 years, with different histologies, 40% with grade I and II tumours. There was no survival benefit with chemotherapy over placebo (64%
versus 69%). These trials had some limitations including the use of low dose of ifosfamide, inclusion of grade I and II tumours and different
histologies, limiting the interpretation and generalisation of its results [38].
The decision whether to prescribe or not adjuvant chemotherapy to a patient with a high-grade STS, particularly arising from the extremity or
trunk, should be discussed individually considering the unclear benefit and the short and long-term toxicities secondary to the chemotherapy.

Neoadjuvant chemotherapy
There is limited data addressing the role of neoadjuvant chemotherapy in STS. A small phase II trial randomised 150 patients with locally advanced
STS to doxorubicin 50 mg/m2 and ifosfamide 5 g/m2 for three cycles followed by surgery or surgery alone. There was no survival benefit with chemotherapy probably because of the low dose intensity of the chemotherapy used [39]. In a recently published study, Gronchi et al [40] randomised
287 patients with high risk soft tissue sarcoma to the standard treatment with epirubicin and ifosfamide versus a histotype-tailored chemotherapy
in the neoadjuvant setting for three cycles. The study included patients with leiomyosarcoma, high grade myxoid liposarcoma, malignant peripheral nerve sheath tumour, UPS and synovial sarcomas. There was no benefit of neoadjuvant histotype-tailored chemotherapy regimen over the
standard chemotherapy regimen. The question remains whether neoadjuvant chemotherapy is better than no systemic treatment, the number of
cycles and the best candidates for this treatment.
The use of chemotherapy in the neoadjuvant setting should only be considered in the setting of clinical trials or at reference centres, following
a thorough evaluation and multidisciplinary discussion.
The duration of perioperative chemotherapy was evaluated in a clinical trial by the Italian Sarcoma Group and the Spanish Sarcoma Group.
Patients were randomised to receive three cycles of epirubicin and ifosfamide preoperatively or three cycles of the same regimen followed by two
further cycles after surgery. The primary endpoint was noninferiority of three cycles of chemotherapy versus five cycles. There was no statistically
significant difference between both groups in terms of overall survival, and the study follow up update confirmed non-inferiority [41, 42].
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An updated meta-analysis was published in 2008, now including 4 randomised trials that used anthracycline-ifosfamide based combination.
Adjuvant chemotherapy reduced local, distant and overall recurrence risks, translating into an absolute risk reduction of death of 6% (95%
CI-2%–11%; p = 0.003), and 11% when analysed only the trials that included both anthracyclines and ifosfamide [35].

Other techniques
Special techniques can be discussed for patients preventing with locally advanced or unresectable STS. The use of intra-arterial chemotherapy
has been examined in a number of small studies using doxorubicin, cisplatin or both for STS. In these studies, some patients could avoid an
amputation. However, many complications have been described, including arterial thromboembolism, infections, gangrene, wound healing
complications requiring an amputation. Its use is limited to reference centres given the technical expertise required, and questionable benefits [43]. Isolated limb perfusion (ILP) with melphalan and TNF with mild hyperthermia has been used in some European centres in unresectable STS candidates for amputation. Eggermont et al [44] evaluated 246 patients, surgery to remove residual tumour was performed after
204 months of ILP. With a median follow up of 3 years, 71% of the patients had successful limb salvage. The procedure requires expertise
and specialised dedicated equipment and should only be performed in reference centers.

Metastatic disease

Olaratumab, a human IgG1 directed against PDGFRA, was a promising molecule. In its phase 1b/2 trial, it had been shown to improve
median progression-free survival (PFS) from 4.1 to 6.6 months and median OS from 14.7 to 26.5 months, when given in combination with
doxorubicin. In this study, olaratumab was administered along with doxorubicin for up to eight cycles versus doxorubicin alone. Although
this agent had been approved for clinical use in many countries, negative results of the phase 3 study evaluating the combination of
doxorubicin and olaratumab were presented at the 2019 ASCO meeting. Surprisingly, the results of the previous trial were not confirmed,
there was not an overall survival (20.4 versus 19.8 months, p = 0.69) benefit, and the PFS was lower in the investigational arm (5.4 versus
6.8 months, p = 0.04) [81, 82].

Leiomyosarcoma
Leiomyosarcomas are among the most common subtypes of STS and can occur in multiple sites of the body. More than 50% occur in the
retroperitoneum (23%) or intraabdominal (33%) sites, most commonly in the uterus.

First-line therapy
Analysis of a variety of randomised studies dissecting out the response rate for leiomyosarcomas versus other subtypes of sarcomas is useful
to delineate the differential response of leiomyosarcoma [45].
Doxorubicin is still the standard option for first line therapy in metastatic disease. Adding ifosfamide to doxorubicin in metastatic disease
did not increase overall survival, and the activity of this alkylator in leiomyosarcoma is debatable [46]. The GeDDiS comparing doxorubicin
to gemcitabine and docetaxel as first-line therapy showed that there was no significant difference of overall and progression free survivals
between the groups, and this combination was more toxic to patients [47].

Second- and third-line therapies
The combination of gemcitabine and docetaxel has been used as second line therapy based on phase II studies. Randomised and nonrandomised studies support the concept that combination therapy is superior to single agent gemcitabine [48, 49]. Other gemcitabine-based
combinations include gemcitabine/vinorelbine [50] and gemcitabine/dacarbazine [51].
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Patients with metastatic STS have a median survival of 12 to 15 months, with 20%–25% surviving longer than 2 years. Most patients with
metastatic STS, chemotherapy is administered with palliative intent to decrease tumour bulk, diminish symptoms, and improve quality of life.
The inclusion of different histologies makes interpretation of clinical trials difficult [6]. For patients presenting with oligometastic disease,
surgical resection of metastatic disease should be discussed in multidisciplinary boards.

The use of tyrosine-kinase inhibitors (TKI) in STS has yielded limited efficacy in the PALLETTE study [52]. This was a phase III study that
compared pazopanib versus placebo in non-adipocytic sarcomas and demonstrated an increase in median PFS favouring pazopanib (4.6
versus 1.6 months—HR 0.33—p < 0.0001). The response rate was <10% and the main side effects associated to pazopanib were: fatigue,
diarrhoea, weight loss, hypertension and nausea. There was no OS benefit. This multi kinase inhibitor should be used in oligosymptomatic
patients or with low volume metastatic disease.

A phase II study evaluated regorafenib as a second-line therapy in patients with advanced sarcomas after anthracycline failure. In the subgroup of patients with synovial sarcoma (5.6 versus 1.0 months p < 0.001) and leiomyosarcoma (3.7 versus 1.8 months p < 0.05), there was
a significant PFS benefit. There was no benefit for liposarcoma patients [55].

Liposarcoma
Liposarcomas account for approximately 20% of STS in adults and usually manifest as three biological subtypes. The most common type is
well differentiated liposarcoma and its high-grade variant dedifferentiated liposarcoma, followed by myxoid (low grade) and round cell (high
grade) liposarcomas; the third variant is pleomorphic liposarcoma. Diagnosis varies according to the subtype that includes assessment of
morphology, natural history and genetic changes [6].
Jones et al [56] retrospectively analysed the sensitivity of the different types of liposarcoma to chemotherapy and found that myxoid
liposarcoma (48%) had a significantly higher response rate compared to all other liposarcoma patients (18%) as well as to the well-differentiated and dedifferentiated subtypes (11%). The most frequently used chemotherapy agents were doxorubicin and ifosfamide. Two other
retrospective series confirm the sensitivity of myxoid liposarcoma to anthracyclines and ifosfamide [57, 58].
Maki et al [49] compared gemcitabine and docetaxel to gemcitabine alone in a phase II study with sarcoma patients refractory to anthracyclines.
The liposarcoma group with greater sensitivity to this combination was the pleomorphic subtype followed by dedifferentiated liposarcoma.
Trabectedin was shown to have important activity in patients with myxoid liposarcoma in phase II studies [59, 60]. Demetri et al [54] in the
phase III study compared trabectedin to dacarbazine, as cited above. Trabectedin demonstrated activity in all subtypes of liposarcoma. The
phase III study comparing eribulin to dacarbazine also showed important activity in the pre-planned subgroup analysis of liposarcomas with
increased overall survival (15.6 versus 8.4 months—HR 0.51) [53].
The activity of multi-kinase inhibitors, including pazopanib and regorafenib, is limited in liposarcoma patients.
As dedifferentiated liposarcoma is a sarcoma with complex genetic alterations, there is the hypothesis that immunotherapy could have
activity in this scenario. Pembrolizumab, a PD-1 inhibitor, has shown some activity in the SARC028 trial in metastatic dedifferentiated
liposarcomas, deserving further studies [61].

Synovial sarcoma
Synovial sarcoma is a rare subtype of STS, typically affecting young adults, mainly in the first two decades of life, with a mean age at diagnosis
of 30 years [6].
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In the third line setting, two phase III studies were published including patients with leiomyosarcoma and liposarcoma only. The first trial compared eribulin to dacarbazine and demonstrated a 2-month survival benefit in favour of eribulin (13.5 versus 11.5, respectively; p = 0.0169),
however without increasing response rate or PFS. In the subgroup analysis the benefit was restricted to patients with liposarcoma and the
drug was approved by the Food and Drug Administration (FDA) only for this subgroup of patients, and not for those with leiomyosarcomas
[53]. Another phase III trial compared trabectedin to dacarbazine in metastatic leiomyosarcoma or liposarcoma in the third line setting. There
was no benefit in overall survival with trabectedin (primary endpoint) however there was an increase in median PFS favouring trabectedin
(4.2 versus 1.5 months—HR 0.55—p < 0.0001). There was also an increase in 3 and 6-month PFS favouring trabectedin as well as an increase
in disease control rate (6.9 versus 3.7 months, respectively; p < 0.0001). Trabectedin was more toxic than dacarbazine, and the main adverse
events were nausea, fatigue, vomiting, neutropenia, anaemia, AST and ALT elevation, diarrhoea. However, 34% of the patients in the trabectedin arm could receive more than six cycles compared to only 17% in the dacarbazine arm [54]. The benefit was in both subgroups and the
drug was approved by the FDA in 2016.

Considering that synovial sarcoma is a chemosensitive sarcoma, normally these young patients receive adjuvant treatment with an
anthracycline combined with ifosfamide for three to six cycles. Unfortunately, development of metastatic disease is very common and
there is no standard chemotherapy in this scenario. Due to the pronounced antitumour effect in synovial sarcomas, ifosfamide should
always be considered among the salvage therapy options, particularly in those with a recurrence-free interval of at least 6 months following neo-/adjuvant treatment, either with high dose (14 g/m2) or standard dose (9 to 10 g/m2). The use of high dose ifosfamide is associated
with worse adverse events including fatigue (85%), nausea and vomiting (80%) myelosuppression (45%), encephalopathy (34%) and renal
impairment (14,3%) and should only be prescribed in reference centres [62].
The best option for these patients in the metastatic setting should be including in clinical trials as other agents like gemcitabine and docetaxel,
trabectedin, dacarbazine and pazopanib have limited activity in this subtype of sarcoma. The PALLETTE phase 3 trial showed that pazopanib
has activity in non-adipocytic sarcoma, such as synovial sarcoma, after previous lines of chemotherapy. There is also phase 2 evidence for
the activity of regorafenib [52, 55].
There are studies involving adoptive T-cell therapy (ACT) in the synovial sarcoma scenario. One cancer testis antigen, NY-ESO-1 is highly
prevalent in synovial sarcoma, and there are studies using ACT with objective responses observed. It remains investigational until the present
moment, however [63].

One of the most common subtypes of STS, UPS occurs predominantly in the extremities of older adults. Metastatic disease at the diagnosis
or shortly after is very common in these patients. Anthracyclines remain the standard first line therapy for these patients, with response rates
around 14% and a progression free survival around 4 months in most studies. No other drug until now has been proven to be better than
doxorubicin as first line therapy in metastatic disease [45]. Liposomal doxorubicin can be used in patients with poor KPS or in the elderly
with similar efficacy [64].
The combination with ifosfamide did not increase survival over doxorubicin alone and was associated with more toxicities and an increased
treatment discontinuation rate. However, the response rate with the combination was 26% against 14% with doxorubicin alone and the PFS
was 7.4 versus 4.6 months. Patients with high volume disease associated with symptoms are potential candidates for combined approaches,
while the remaining should be treated with sequential monotherapy [46].
As second-line therapy gemcitabine and docetaxel is a reasonable option for these patients. In the phase II study by Maki et al [49] comparing
gemcitabine to gemcitabine and docetaxel, the analysis of response by sarcoma subtype showed a good disease control in UPS with gemcitabine alone (two partial responses) and with the combination (three partial responses). However, more than 50% of the patients in the
combination arm discontinued treatment because of toxicity within 6 months of treatment. Another option, not yet tested in a randomised
study, is to give both gemcitabine and docetaxel on a low dose weekly schedule, with gemcitabine 600–900 mg/m2 d1 and d8 and docetaxel
30–35 mg/m2 d1 and d8 with or without growth factors, q21 days. Whether this schedule is as effective as the high dose docetaxel regimen
is to be seen but provides another treatment option for patients who are frail or with poor KPS. Gemcitabine combined with either dacarbazine or vinorelbine are other alternatives for second-line therapy in UPS [50, 51].
The recently published SARC028 study showed some activity of pembrolizumab in UPS, with 1 PR and 2 SD in nine patients evaluated. In a
median follow-up of 17.8 months, 18% of 40 STS patients had shown objective response, especially in UPS and dedifferentiated liposarcoma [65].

MPNST (Malignant Peripheral Nerve Sheath Tumour) and Triton Tumour
MPNST are tumours that arise from cellular components of the peripheral nervous system. They are uncommon and very aggressive soft
tissue tumours that develop in two settings: sporadic MPNST and those associated with neurofibromatosis (NF) type 1. Tumours associated
to NF1 have worse outcome [6].
For metastatic disease, the response rate with both doxorubicin-ifosfamide is better than with either agent alone, however no survival
benefit was proven in randomised trials [46]. Good disease control with carboplatin and etoposide have been reported in case series in
patients refractory to doxorubicin and ifosfamide [66]. Ifosfamide combined to etoposide showed some activity in a phase II study [67].
Both erlotinib (EGFR inhibitor) and sorafenib were tested in refractory MPNST, without activity [68, 69].
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Undifferentiated pleomorphic sarcoma

Special subtypes
Angiosarcoma
Angiosarcomas constitute a challenging family of tumours, given both their local-regional aggressiveness and elevated risk of mortality from
metastatic disease. There appears to be differential sensitivity to various chemotherapy agents based on the anatomic origin of the tumour,
and both anthracyclines and taxanes. Given that it is a tumour that is chemotherapy sensitive but frequently progresses after short interval,
adjuvant chemotherapy can be considered with active agents such as anthracyclines or taxanes, however with an unknown impact on overall
survival [70].
A series retrieved from a database from MSKCC including patients from 1987 to 2012 identified 119 patients, and concluded that angiosarcoma is a chemosensitive disease, although the benefit is often short-lived, with doxorubicin and taxanes having greater response rates. The
results of antiangiogenic agents or TKI were not appealing [71].
VEGF inhibitors may have some activity against angiosarcoma like bevacizumab, sorafenib, pazopanib. A phase II study compared paclitaxel
with or without bevacizumab in metastatic angiosarcoma. There was no impact in adding bevacizumab to paclitaxel in PFS and overall
survival [72].

EHE is a rare vascular neoplasm with distinct morphologic appearance, presenting as a deep painful soft tissue mass, although can be found
primarily in lungs, bone and liver. Multicentric presentation is often seen, particularly with visceral lesions. Only a minority of these tumours
progress over the course of 1–3 years with many appearing largely dominant for a decade or more, suggesting observation is a viable option
for management of such patients with unresectable multifocal disease [6]. Patients with EHE with aggressive behaviour can be treated like
angiosarcoma.

Solitary Fibrous Tumour/Hemangiopericytoma (SFT/HPC)
SFT represents a wide spectrum of tumours ranging from a benign behaviour to a high grade malignant lesion. It can arise in the pleura, pelvis
and in the dura. Primary therapy remains surgical and chemotherapy and radiation are only used for metastatic disease [6]. The combination
of temozolomide and bevacizumab was given to 14 patients with metastatic SFT/HPC. The median follow-up period was 34 months. Eleven
patients (79%) achieved a partial response based on modified criteria that include both dimensional and density assessments, with a median
time to response of 2.5 months. Stable disease occurred in two patients (14%) as best response, and the estimated progression-free survival
was 9.7 months. Other agents that can be used with some activity: sunitinib, sorafenib and pazopanib [73–75].

Epithelioid sarcoma
Epithelioid sarcomas tend to occur in young adults either in distal locations (classical form) or in the perineum (proximal type). The classical
form is usually a slowly growing lesion that metastasises relatively early to lymph nodes, which will be positive in a third of cases, in contrast
to the proximal type that has a more aggressive clinical behaviour [76, 77]. Reponses to a variety of chemotherapy agents are modest including doxorubicin, ifosfamide, cisplatin, vinorelbine and others.

Alveolar Soft Part Sarcoma (ASPS)
ASPS are rare STS that arise in the lower extremity of adolescents and young adults between 15 and 40 years of age. It frequently presents
with lungs metastasis bilaterally with a slow rate of progression, fatal outcome after 10—15 years of disease. Brain metastasis is a feature of
ASPS with a higher incidence compared to other sarcomas [78].
Chemotherapy is inactive in these sarcomas. The striking activity of cediranib against ASPS in one prospective trial revigorated interest in
systemic treatment for ASPS [79, 80]. As cediranib is not commercially available in some countries, sunitinib or pazopanib can be used [6].
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Epithelioid hemangioendothelioma (EHE)

Future directions
In respect to immunotherapy, some sarcomas may express PD-L1, which varies according to the histologic type and the assay for detection.
However, evidence does not provide enough basis for the prescription of immune checkpoint inhibitors. The SARC028 was a phase 2 study
that assessed the activity of pembrolizumab in patients of different histologies but did not meet its primary endpoint of overall response,
although there was one complete response in a patient with UPS and six partial responses, three in UPS, two in liposarcoma and one in
synovial sarcoma, in the 80 evaluable patients. A phase II study assessed the efficacy and safety of PD-1 targeting combined with metronomic cyclophosphamide in 57 patients, 50 of them evaluable for response. The dual primary endpoints were nonprogression and objective
responses at 6 months, which were not met. In evaluated tumour samples, there was strong infiltration by macrophages expressing indoleamine 2,3-dioxigenase, which highlight a possible role of this pathway in the resistance to immune checkpoint inhibition in STS and as a
possible target to pharmacological intervention [83].

The latest research efforts have focused on studying the molecular biology of soft tissue sarcoma to develop therapeutic modalities that
may be effective alone or combined with traditional chemotherapy. Individualising the treatment according to the molecular characteristics
similar to what is already done with GIST tumours should be the goal of all sarcoma reference centres in the world.

Conclusion
A multidisciplinary approach is essential in the treatment of STS. The involvement of medical oncologists, surgeons, radiation oncologists,
pathologists and radiologists is very important in such a rare disease. The greatest challenge in their management is still the evolution from
the one-size-fits-all approach to a strategy that embraces the singularities of each subtype. It is extremely important to acknowledge that
diversity to help patients derive the best outcomes from the most appropriate treatment.

Funding
No funding received.

Disclosures
GDRM—nothing to disclose. VPC—Honoraria: Eli-Lilly/BMS/Novartis/Roche; Advisory role: Eli-Lilly/BMS; clinical research: BMS/Roche.
RRM—Research involvement: BMS/Merck Serono/MSD/Novartis/Roche; Honoraria: BMS/Eli-Lilly/MSD/Roche/Novartis; Travel grants:
BMS/MSD/Roche/Novartis; Advisory role: Eli-Lilly/Merck Serono/MSD/Roche/Sanofi. GCJ—nothing to disclose.

References
1. Pisters PWT, Weiss M, and Maki R (2011) Soft tissue sarcomas Cancer Management: A Multidisciplinary Approach Medical, Surgical
&Radiation Oncology (UBM Medica LLC)
2. Coindre JM, Terrier P, and Guillou L, et al (2001) Predictive value of grade for metastasis development in the main histologic types
of adult soft tissue sarcomas: a study of 1240 patients from the French Federation of Cancer Centers Sarcoma Group Cancer 91(10)
1914–1926 PMID: 11346874

ecancer 2019, 13:958; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2019.958 

11

Review

The Alliance A091401 was a phase 2 trial, open label, as a combination of two phase 2 trials, in which patients were randomised for treatment with nivolumab or nivolumab plus ipilimumab. The primary endpoint was the proportion of patients achieving objective response. Only
the combination arm met the predefined primary endpoint, with an activity comparable to standard chemotherapy as it achieved 16% of
objective response [84]. Probably monotherapy targeting PD-L1 is not active enough and further studies shall clarify the utility of immunotherapy in the setting of STS.

3. Brennan MF, Antonescu CR, and Moraco N, et al (2014) Lessons learned from the study of 10,000 patients with soft tissue sarcoma Ann
Surg 260 416–422 https://doi.org/10.1097/SLA.0000000000000869 PMID: 25115417 PMCID: 4170654
4. Stiller CA, Trama A, and Serraino D, et al (2013) Descriptive epidemiology of sarcomas in Europe: report from the RARECARE project
Eur J Cancer 49 684–695 https://doi.org/10.1016/j.ejca.2012.09.011
5. American Cancer Society (2018) Cancer Facts and Figures (Atlanta: American Cancer Society) Date accessed 13/01/19
6. Brennan MF, Antonescu CR, and Maki RG (2016) Management of Soft Tissue Sarcoma 2nd edn (New York: Springer)
7. Mariño-Enríquez A and Bovée JV (2016) Molecular pathogenesis and diagnostic, prognostic and predictive molecular markers in sarcoma
Surg Pathol Clin 9 457–473 https://doi.org/10.1016/j.path.2016.04.009 PMID: 27523972 PMCID: 4988391
8. Soini Y (2016) Epigenetic and genetic changes in soft tissue sarcomas: a review APMIS 124(11) 925–934 https://doi.org/10.1111/
apm.12600 PMID: 27670825
9. Li FP and Fraumeni JF Jr. (1969) Soft tissue sarcomas, breast cancer, and other neoplasms. A familial syndrome? Ann Intern Med 71(4)
747–752 https://doi.org/10.7326/0003-4819-71-4-747 PMID: 5360287

11. Abramson DH, Melson MR, and Dunkel IJ, et al (2001) Third (fourth and fifth) nonocular tumors in survivors of retinoblastoma.
Ophthalmology 108(10) 1868–1876 https://doi.org/10.1016/S0161-6420(01)00713-8 PMID: 11581064
12. Ballinger ML, Goode DL, and Ray-Coquard I, et al (2016) Monogenic and polygenic determinants of sarcoma risk: an international
genetic study Lancet Oncol 17 1261–1271 https://doi.org/10.1016/S1470-2045(16)30147-4 PMID: 27498913
13. Berrington de Gonzales A, Kutsenko A, and Rajaraman P (2012) Sarcoma risk after radiation exposure. Clin Sarcoma Res 2 18 https://doi.
org/10.1186/2045-3329-2-18
14. Gladdy RA, Qin LX, and Moraco N, et al (2010) Do radiation-associated soft tissue sarcomas have the same prognosis as sporadic soft
tissue sarcomas? J Clin Oncol 28(12) 2064–2069 https://doi.org/10.1200/JCO.2009.25.1728 PMID: 20308666 PMCID: 3651600
15. Muller R, Hajdu SI, and Brennan MF (1987) Lymphangiosarcoma associated with chronic filarial lymphedema Cancer 59(1) 179–183
PMID: 3791146
16. Centers for Disease Control and Prevention (1997) Epidemiologic notes and reports. Angiosarcoma of the liver among polyvinyl
chloride workers—Kentucky. 1974. MMWR Morb Mortal Wkly Rep 46(5) 97–101 PMID: 9045039
17. Antman K and Chang Y (2000) Kaposi’s Sarcoma N Engl J. Med 342(14) 1027–1038 https://doi.org/10.1056/NEJM200004063421407
PMID: 10749966
18. Casali PG, Abecassis N, and Bauer S, et al (2018) Soft tissue and visceral sarcomas: ESMO-EURACAN Clinical Practice Guidelines for
diagnosis, treatment and follow up. Ann Oncol 29(Suppl 4) iv51–iv67 https://doi.org/10.1093/annonc/mdy096
19. Etchebehere EC, Hobbs BP, and Milton DR, et al (2016) Assessing the role of ¹⁸F-FDG PET and ¹⁸F-FDG PET/CT in the diagnosis of
soft tissue musculoskeletal malignancies: a systematic review and meta-analysis Eur J Nucl Med Mol Imaging 43(5) 860–870 https://doi.
org/10.1007/s00259-015-3242-z PMCID: 5048410
20. AJCC (2017) AJCC Cancer Staging Manual 8th edn (New York: Springer)
21. Russo P, Kim Y, and Ravindran S, et al (1997) Nephrectomy during operative management of retroperitoneal sarcoma Ann Surg Oncol
4(5) 421–424 https://doi.org/10.1007/BF02305556 PMID: 9259970
22. Eilber FC, Brennan MF, and Riedel E, et al (2005) Prognostic factors for survival in patients with locally recurrent extremity soft tissue
sarcomas Ann Surg Oncol 12(3) 228–236 https://doi.org/10.1245/ASO.2005.03.045 PMID: 15827815

ecancer 2019, 13:958; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2019.958 

12

Review

10. Sørensen SA, Mulvihill JJ, and Nielsen A (1986) Long-term follow-up of von Recklinghausen neurofibromatosis. Survival and malignant
neoplasms. N Engl J Med 314(16) 1010–1015 https://doi.org/10.1056/NEJM198604173141603 PMID: 3083258

23. Gadd MA, Casper ES, and Woodruff JM, et al (1993) Development and treatment of pulmonary metastases in adult patients with
extremity soft tissue sarcoma Ann Surg 218(6) 705–712 https://doi.org/10.1097/00000658-199312000-00002 PMID: 8257219
PMCID: 1243064
24. Billingsley KG, Burt ME, and Jara E, et al (1999) Pulmonary metastases from soft tissue sarcoma: analysis of patterns of diseases
and postmetastasis survival Ann Surg 229(5) 602–610 https://doi.org/10.1097/00000658-199905000-00002 PMID: 10235518
PMCID: 1420804
25. Canter RJ, Qin LX, and Downey RJ, et al (2007) Perioperative chemotherapy in patients undergoing pulmonary resection for metastatic softtissue sarcoma of the extremity: a retrospective analysis Cancer 110(9) 2050–2060 https://doi.org/10.1002/cncr.23023 PMID: 17828771
26. Chudgar NP, Brennan MF, and Tan KS, et al (2017) Is repeat pulmonary metastasectomy indicated for soft tissue sarcoma? Ann Thorac
Surg 104 1837–1845 https://doi.org/10.1016/j.athoracsur.2017.07.024 PMID: 29074153 PMCID: 5696033
27. O’Sullivan B, Davis AM, and Turcotte R, et al (2002) Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs:
a randomised trial Lancet 359(9325) 2235–2241 https://doi.org/10.1016/S0140-6736(02)09292-9

29. Nussbaum DP, Rushing CN, and Lane WO, et al (2016) Preoperative or postoperative radiotherapy versus surgery alone for retroperitoneal sarcoma: a case-control, propensity score-matched analysis of a nationwide clinical oncology database Lancet Oncol 17(7)
966–975 https://doi.org/10.1016/S1470-2045(16)30050-X PMID: 27210906
30. Zlotecki RA, Katz TS, and Morris CG, et al (2005) Adjuvant radiation therapy for resectable retroperitoneal soft tissue sarcoma: the University of Florida experience Am J Clin Oncol 28(3) 310–316 https://doi.org/10.1097/01.coc.0000158441.96455.31 PMID: 15923806
31. Pawlik TM, Pisters PW, and Mikula L, et al (2006) Long-term results of two prospective trials of preoperative external beam radiotherapy
for localized intermediate- or high-grade retroperitoneal soft tissue sarcoma Ann Surg Oncol 13(4) 508–517 https://doi.org/10.1245/
ASO.2006.05.035 PMID: 16491338
32. Debus J and Roeder FFF. Trial of neoadjuvant intensity modulated radiation therapy followed by surgery and intraoperative radiation
therapy in resectable retroperitoneal soft tissue sarcoma (RETROWTS). ClinicalTrials.gov. 2012: NCT01566123.
33. DeLaney TF and Haas RL (2016) Innovative radiotherapy of sarcoma: proton beam radiation Eur J Cancer 62 112–123 https://doi.
org/10.1016/j.ejca.2016.04.015 PMID: 27258968
34. Sarcoma Meta-analysis Collaboration (1997) Adjuvant chemotherapy for localized resectable soft-tissue sarcoma of adults: meta-analysis
of individual data Lancet 350(9092) 1647–1654
35. Pervaiz N, Colterjohn N, and Farrokhyar F, et al (2008) A systematic meta–analysis of randomized controlled trials of adjuvant chemotherapy
for localized resectable soft-tissue sarcoma Cancer 113(3) 573–581 https://doi.org/10.1002/cncr.23592 PMID: 18521899
36. Frustaci S, Gherlinzoni F, and De Paoli A, et al (2001) Adjuvant chemotherapy for adult soft tissue sarcomas of the extremities and
girdles: results of the Italian randomized cooperative trial J Clin Oncol 19(5) 1238–1247 https://doi.org/10.1200/JCO.2001.19.5.1238
PMID: 11230464
37. Frustaci S, De Paoli A, and Bidoli E, et al (2003) Ifosfamide in the adjuvant therapy of soft tissue sarcomas Oncology 65 (Suppl 2) 80–84
https://doi.org/10.1159/000073366 PMID: 14586155
38. Woll PJ, Van Glabbeke M, and Hohenberger P, et al (2007) Adjuvant chemotherapy (CT) with doxorubicin and ifosfamide in resected
soft tissue sarcoma (STS): interim analysis of a randomised phase III trial J Clin Oncol. 25(Suppl 18) 10008
39. Gortzak E, Azzarelli A, and Buesa J, et al; in behalf of EORTC Soft Tissue Bone Sarcoma Group and the National Cancer Institute of Canada
Clinical Trials Group/Canadian Sarcoma Group (2001) A randomised phase II study on neo-adjuvant chemotherapy for ‘high-risk’ adult
soft-tissue sarcoma Eur J Cancer 37(9) 1096–1103 https://doi.org/10.1016/S0959-8049(01)00083-1 PMID: 11378339

ecancer 2019, 13:958; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2019.958 

13

Review

28. Bates JE, Dhakal S, and Mazloom A, et al (2018) The benefit of adjuvant radiotherapy in high-grade nonmetastatic retroperitoneal soft
tissue sarcoma: a SEER analysis Am J Clin Oncol 41(3) 274–279

40. Gronchi A, Ferrari S, and Quagliuolo V, et al (2017) Histotype-tailored neoadjuvant chemotherapy versus standard chemotherapy in
patients with high risk soft tissue sarcomas (ISG-STS 1001): an international, open label, randomized, controlled, phase 3, multicentre
trial Lancet Oncol 18(6) 812–822 https://doi.org/10.1016/S1470-2045(17)30334-0 PMID: 28499583
41. Gronchi A, Stacchiotti S, and Verderio P, et al (2016) Short, full-dose adjuvant chemotherapy (CT) in high-risk adult soft tissue sarcomas
(STS): long-term follow-up of a randomized clinical trial from the Italian Sarcoma Group and the Spanish Sarcoma Group Ann Oncol 27
2283–2288 https://doi.org/10.1093/annonc/mdw430 PMID: 27733375
42. Gronchi A, Frustaci S, and Mercuri M, et al (2012) Short, full-dose adjuvant chemotherapy in high-risk adult soft tissue sarcomas:
A randomized clinical trial from the Italian Sarcoma Group and the Spanish Sarcoma Group J Clin Oncol 30(8) 850–856 https://doi.
org/10.1200/JCO.2011.37.7218 PMID: 22312103
43. Mason M, Robinson M, and Harmer C, et al (1992) Intra-arterial adriamycin, conventionally fractionated radiotherapy and conservative
surgery for soft tissue sarcomas Clin Oncol (R Coll Radiol) 4(1) 32–35 https://doi.org/10.1016/S0936-6555(05)80771-X
44. Eggermont AM, de Wilt JH, and ten Hagen TL (2003) Current uses of isolated limb perfusion in the clinic and a model system for new
strategies Lancet Oncol 4(7) 429–437 https://doi.org/10.1016/S1470-2045(03)01141-0 PMID: 12850194

46. Judson I, Verweij J, and Gelderblom H, et al; in behalf of the European Organization and Treatment of Cancer Soft Tissue and Bone
Sarcoma Group (2014) Doxorubicin alone versus intensified doxorubicin plus ifosfamide for first-line treatment of advanced or
metastatic soft-tissue sarcoma: a randomized controlled phase 3 trial Lancet Oncol 15(4) 415–423 https://doi.org/10.1016/S14702045(14)70063-4 PMID: 24618336
47. Seddon B, Strauss SJ, and Whelan J, et al (2017) Gemcitabine and docetaxel versus doxorubicin as first-line treatment in previously
untreated advanced unresectable or metastatic soft-tissue sarcomas (GeDDiS): a randomized controlled phase 3 trial Lancet Oncol
18(10) 1397–1410 https://doi.org/10.1016/S1470-2045(17)30622-8 PMID: 28882536 PMCID: 5622179
48. Hensley ML, Maki R, and Venkatraman E, et al (2002) Gemcitabine and Docetaxel in patients with unresectable leiomyosarcoma: results
of a phase II trial J Clin Oncol 20(12) 2824–2831 https://doi.org/10.1200/JCO.2002.11.050 PMID: 12065559
49. Maki RG, Wathen JK, and Patel SR, et al (2007) Randomized phase II study of gemcitabine and docetaxel compared with gemcitabine
alone in patients with metastatic soft tissue sarcomas: results of sarcoma alliance for research through collaboration study 002
[corrected] J Clin Oncol 25(19) 2755–2763 https://doi.org/10.1200/JCO.2006.10.4117 PMID: 17602081
50. Dileo P, Morgan JA, and Zahrieh D, et al (2007) Gemcitabine and vinorelbine combination chemotherapy for patients with advanced
soft tissue sarcomas: results of a phase II trial Cancer 109(9) 1863–1869 https://doi.org/10.1002/cncr.22609 PMID: 17385194
51. García-Del-Muro X, López-Pousa A, and Maurel J, et al; in behalf of the Spanish Group for Research on Sarcomas (2011) Randomized
phase II study comparing gemcitabine plus dacarbazine versus dacarbazine alone in patients with previously treated soft tissue
sarcoma: a Spanish Group for Research on Sarcomas study J Clin Oncol 29(18) 2528–2533 https://doi.org/10.1200/JCO.2010.33.6107
PMID: 21606430
52. van der Graaf WT, Blay JY, and Chawla SP, et al; EORTC Soft Tissue and Bone Sarcoma Group; PALETTE study group (2012) Pazopanib for
metastatic soft-tissue sarcoma (PALETTE): a randomized, double-blind, placebo-controlled phase 3 trial Lancet 379(9829) 1879–1886
https://doi.org/10.1016/S0140-6736(12)60651-5 PMID: 22595799
53. Schöffski P, Chawla S, and Maki RG, et al (2016) Eribulin versus dacarbazine in previously treated patients with advanced liposarcoma
or leiomyosarcoma: a randomized, open-label, multicentre, phase 3 trial Lancet 387(10028) 1629–1637 https://doi.org/10.1016/
S0140-6736(15)01283-0 PMID: 26874885

ecancer 2019, 13:958; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2019.958 

14

Review

45. Borden EC, Amato DA, and Rosenbaum C, et al (1987) Randomized comparison of three adriamycin regimens for metastatic soft tissue
sarcomas J Clin Oncol 5(6) 840–850 https://doi.org/10.1200/JCO.1987.5.6.840 PMID: 3585441

54. Demetri GD, von Mehren M, and Jones RL, et al (2016) Efficacy and safety of trabectedin or dacarbazine for metastatic liposarcoma
or leiomyosarcoma after failure of conventional chemotherapy: results of a phase III randomized multicenter clinical trial J Clin Oncol
34(8) 786–793 https://doi.org/10.1200/JCO.2015.62.4734 PMCID: 5070559
55. Penel N, Mir O, and Italiano A, et al and Sarcoma Platform Austria and French Sarcoma Group (2016) Regorafenib (RE) in liposarcomas
(LIPO), leiomyosarcomas (LMS), synovial sarcomas (SYN), and other types of soft-tissue sarcomas (OTS): results of an international, double-blind, randomized, placebo (PL) controlled phase II trial J Clin Oncol 34(15 suppl) 11003. https://doi.org/10.1200/
JCO.2016.34.15_suppl.11003
56. Jones RL, Fisher C, and Al-Muderis O, et al. (2005) Differential sensitivity of liposarcoma subtypes to chemotherapy Eur J Cancer 41(18)
2853–2860 https://doi.org/10.1016/j.ejca.2005.07.023 PMID: 16289617
57. Eilber FC, Eilber FR, and Eckardt J, et al (2004) The impact of chemotherapy on the survival of patients with high-grade primary extremity liposarcoma Ann Surg 240(4) 686–695 PMID: 15383796 PMCID: 1356470
58. Patel SR, Burgess MA, and Plager C, et al (1994) Myxoid liposarcoma. Experience with chemotherapy Cancer 74(4) 1265–1269
PMID: 8055448

60. Demetri GD, Chawla SP, and von Mehren M, et al (2009) Efficacy and safety of trabectedin in patients with advanced or metastatic
liposarcoma or leiomyosarcoma after failure of prior anthracyclines and ifosfamide: results of a randomized phase II study of two different schedules J Clin Oncol 27(25) 4188–4196 https://doi.org/10.1200/JCO.2008.21.0088 PMID: 19652065
61. Abdul-Hassan TH, Burgess MA, and Crowley J, et al and for SARC028 Investigators (2016) Safety and efficacy of PD-1 blockade using
pembrolizumab in patients with advanced soft tissue (STS) and bone sarcomas (BS): Results of SARC028—a multicenter phase II study
J Clin Oncol 34(15 suppl) 11006. https://doi.org/10.1200/JCO.2016.34.15_suppl.11006
62. Martin-Liberal J, Alam S, and Constantinidou A, et al (2013) Clinical activity and tolerability of a 14-day infusional Ifosfamide schedule
in soft-tissue sarcoma Sarcoma 2013 868973 https://doi.org/10.1155/2013/868973 PMID: 24369450 PMCID: 3867825
63. Dallos M, Tap WD, and D’Angeli SP (2016) Current status of engineered T-cell therapy for synovial sarcoma Immunotherapy 8(9) 1073–1080
https://doi.org/10.2217/imt-2016-0026 PMID: 27485079 PMCID: 5618931
64. Judson I, Radford JA, and Harris M, et al (2001) Randomised phase II trial of pegylated liposomal doxorubicin (DOXIL/CAELYX) versus
doxorubicin in the treatment of advanced or metastatic soft tissue sarcoma: a study by the EORTC Soft Tissue and Bone Sarcoma
Group Eur J Cancer 37(7) 870–877 https://doi.org/10.1016/S0959-8049(01)00050-8 PMID: 11313175
65. Tawbi HA, Burgess M, and Bolejack V, et al (2017) Pembrolizumab in advanced soft-tissue sarcoma and bone sarcoma (SARC028):
a multicentre, two-cohort, single-arm, open label, phase 2 trial Lancet Oncol 18(11) 1493–1501 https://doi.org/10.1016/S14702045(17)30624-1 PMID: 28988646
66. Steins MB, Serve H, and Zühlsdorf M (2002) Carboplatin/etoposide induces remission of metastasised malignant peripheral nerve
tumours (malignant schwannoma) refractory to first line therapy Oncol Rep 9(3) 627–630 PMID: 11956640
67. Higham CS, Steinberg SM, and Dombi E, et al (2017) SARC006: phase II trial of chemotherapy in sporadic and neurofibromatosis type 1 associated chemotherapy-naive malignant peripheral nerve sheath tumors Sarcoma 2017 8685638 https://doi.org/10.1155/2017/8685638
PMID: 29138631 PMCID: 5613633
68. Albritton KH, Rankin C, and Coffin CM, et al (2006) Phase II study of erlotinib in or unresectable malignant peripheral nerve sheat
tumors. (MPNST). ASCO Annual Meeting Proceedings. J Clin Oncol 24(18Suppl.) 9518
69. Maki RG, D’Adamo DR, and Keohan ML, et al (2009) Phase II study of sorafenib in patients with metastatic or recurrent sarcomas J Clin
Oncol 27(19) 3133–3140 https://doi.org/10.1200/JCO.2008.20.4495 PMID: 19451436 PMCID: 2716936

ecancer 2019, 13:958; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2019.958 

15

Review

59. Grosso F, Sanfilippo R, and Virdis E, et al (2009) Trabectedin in myxoid liposarcomas (MLS): a long-term analysis of a single-institution
series Ann Oncol 20(8) 1439–1444 https://doi.org/10.1093/annonc/mdp004 PMID: 19465423

70. Fury MG, Antonescu CR, and Van Zee KJ, et al (2005) A 14-year retrospective review of angiosarcoma: clinical characteristics, prognostic factors, and treatment outcomes with surgery and chemotherapy Cancer J 11(3) 241–247 https://doi.org/10.1097/00130404200505000-00011 PMID: 16053668
71. D’Angelo SP, Munhoz RR, and Kuk D, et al (2015) Outcomes of Systemic Therapy for Patients with Metastatic Angiosarcoma Oncology
89(4) 205–214 https://doi.org/10.1159/000381917
72. Penel N, Blay JY, and Mir Olivier, et al and French Sarcoma Group (GSF/GETO) (2014) ANGIOTAX-PLUS trial: a randomized phase II trial
assessing the activity of weekly paclitaxel (WP) plus or minus bevacizumab (B) in advanced angiosarcoma (AS) J Clin Oncol 32(15 suppl)
10501 https://doi.org/10.1200/jco.2014.32.15_suppl.10501
73. Park MS, Patel SR, and Ludwig JA, et al (2011) Activity of temozolomide and bevacizumab in the treatment of locally advanced, recurrent, and metastatic hemangiopericytoma and malignant solitary fibrous tumor Cancer 117(21) 4939–4947 https://doi.org/10.1002/
cncr.26098 PMID: 21480200 PMCID: 3135685

75. Martin-Broto J, Stacchiotti S, and Lopez-Pousa A (2018) Pazopanib for treatment of advanced malignant and dedifferentiated
solitary fibrous tumour: a multicenter, single arm, phase 2 trial Lancet Oncol 20(1) 134–144 https://doi.org/10.1016/S14702045(18)30676-4 PMID: 30578023
76. Guillou L, Wadden C, and Coindre JM, et al (1997) “Proximal-type” epithelioid sarcoma, a distinctive aggressive neoplasm showing
rhabdoid features. Clinicopathologic, immunohistochemical, and ultrastructural study of a series Am J Surg Pathol 21(2) 130–146
https://doi.org/10.1097/00000478-199702000-00002 PMID: 9042279
77. Sakharpe A, Lahat G, and Gulamhusein T, et al (2011) Epithelioid sarcoma and unclassified sarcoma with epithelioid features:
clinicopathological variables, molecular markers, and a new experimental model Oncologist 16(4) 512–522 https://doi.org/10.1634/
theoncologist.2010-0174 PMID: 21357725 PMCID: 3228127
78. Pennacchioli E, Fiore M, and Collini P, et al (2010) Alveolar soft part sarcoma: clinical presentation, treatment, and outcome in a series
of 33 patients at a single institution Ann Surg Oncol 17(12) 3229–3233 https://doi.org/10.1245/s10434-010-1186-x PMID: 20593242
79. Kummar S, Allen D, and Monks A, et al (2013) Cediranib for metastatic alveolar soft part sarcoma J Clin Oncol 31(18) 2296–2302
https://doi.org/10.1200/JCO.2012.47.4288 PMID: 23630200 PMCID: 3677840
80. Stacchiotti S, Negri T, and Zaffaroni N, et al (2011) Sunitinib in advanced alveolar soft part sarcoma: evidence of a direct antitumor
effect Ann Oncol 22(7) 1682–1690 https://doi.org/10.1093/annonc/mdq644 PMID: 21242589
81. Tap WD, Jones RL, and Van Tine BA, et al (2016) Olaratumab and doxorubicin versus doxorubicin alone for treatmant of soft-tissue
sarcoma: an open-label phase 1b and randomized phase 2 trial Lancet 388(10043) 488–497 https://doi.org/10.1016/S01406736(16)30587-6 PMID: 27291997 PMCID: 5647653
82. Tap WD, Wagner AJ, and Papai Z, et al (2019) ANNOUNCE: a randomized, placebo (PBO)-controlled, double-blind, phase (Ph) III trial of
doxorubicin (dox) + olaratumab versus dox + PBO in patients (pts) with advanced soft tissue sarcomas (STS) J Clin Oncol 37(18_suppl)
https://doi.org/10.1200/JCO.2019.37.18_suppl.LBA3
83. Toulmonde M, Penel N, and Adam J, et al (2018) Use of PD-1 targeting, macrophage infiltration and IDO pathway activation in Sarcomas: a phase 2 clinical trial JAMA Oncol 4(1) 93–97 https://doi.org/10.1001/jamaoncol.2017.1617 PMCID: 5833654
84. D’Angelo SP, Mahoney MR, and Tine BAV, et al (2018) Nivolumab with or without ipilimumab treatment for metastatic sarcoma (Alliance A091401): two open-label, non-comparative, randomised, phase 2 trials Lancet Oncol 19(3) 416–426 https://doi.org/10.1016/
S1470-2045(18)30006-8 PMCID: 6126546

ecancer 2019, 13:958; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2019.958 

16

Review

74. Domont J, Massard C, and Lassau N, et al (2010) Hemangiopericytoma and antiangiogenic therapy: clinical benefit of antiangiogenic
therapy (sorafenib and sunitinib) in relapsed malignant haemangioperyctoma /solitary fibrous tumour Invest New Drugs 28(2) 199–202
https://doi.org/10.1007/s10637-009-9249-1

