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ARTICLE INFO ABSTRACT
Keywords: Among all Soft Tissue sarcomas there are some subtypes with low incidence and/or peculiar clinical behaviour,
Sarcomas that need to be consider separately. Most of them are orphan diseases, whose biological characteristics imply a

Rare Sarcomas
Uncommon Sarcomas
Alveolar Soft Part Sarcoma
Epithelioid Sarcoma

Clear Cell Sarcoma

clearly different diagnostic and therapeutic approach from other more common sarcoma tumors. We present a
brief and updated multidiciplinary review, focused on practical issues, aimed at helping clinicians in decision
making. In this second part we review these subtypes: Alveolar Soft Part Sarcoma, Epithelioid Sarcoma, Clear
Cell Sarcoma, Desmoplastic Small Round Cell Tumor, Rhabdoid Tumor, Phyllodes Tumor, Tenosynovial Giant

Desmoplastic Small Round Cell Tumor Cell Tumors, Myoepithelial Tumor, Perivascular Epithelioid Cell Neoplasms (PEComas), Extraskeletal Myxoid
Rhabdoid Tumor Chondrosarcoma, NTRK-fusions Sarcomas. Most of them present their own radiological and histopathological
Phyllodes Tumor feautures, that are essential to know in order to achieve early diagnosis. In some of them, molecular diagnosis is
Tenosynovial Giant Cell Tumors mandatory, not only in the diagnosis, but also to plan the treatment. On the other hand, and despite the low
Myoepithelial Tumor incidence, a great scientific research effort has been made to achieve new treatment opportunities for these

Perivascular Epithelioid Cell Neoplasms
(PEComas)

Extraskeletal Myxoid Chondrosarcoma
NTRK-fusions Sarcomas

patients even with approved indications. These include new treatments with targeted therapies and immuno-
therapy, which today represent possible therapeutic options. It is especially important to be attentive to new and
potential avenues of research, and to promote the conduct of specific clinical trials for rare sarcomas.
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Introduction

In this second part of the “Uncommon and peculiar soft tissue sar-
comas: multidisciplinary review and practical recommendations” from
Spanish Group for Research on Sarcoma (GEIS -group), we will review,
in a multidisciplinary way, another group of uncommon sarcoma sub-
types, with the same objectives and rules we set up in the first part. We
will analyze here the following subtypes: alveolar soft part sarcoma,
epithelioid sarcoma, clear cell sarcoma, desmoplastic small round cell
tumor, rhabdoid tumor, phyllodes tumor, tenosynovial giant cell tu-
mors, myoepithelial tumor, perivascular epithelioid cell neoplasms
(PEComas), extraskeletal myxoid chondrosarcoma, and a new emerging
group of NTRK-rearranged sarcomas.

We will highlight the most relevantsubtypes, highlighting the more
relevant questions with clinical implications. Provided our multidisci-
plinary approach, to facilitate understanding, we show separately dif-
ferential radiological (Table 1) and pathological (Table 2)
characteristics of each sarcoma subtype,as well as a summary table of
systemic treatment (Table 3).

As we did in part I, levels of evidence and strength of recommen-
dation gradings are those adapted from those published by the Infectious
Disease Society of America (Table 4) [1].

Alveolar soft part Sarcoma (ASPS)

ASPS involve about 1% of all STS, and usually occur in adolescents
and young adults, with a male/female ratio of 1:2. ASPS generally
appear in skeletal muscles of lower limbs. The natural history of this
tumor is characterized by a relative indolent behavior, but metastatic
disease is a common event, predominantly to the lungs [2]. Patients with
ASPS can develop metastasis in unusual sites, as brain in up to 19%
metastatic patients. Local recurrence occurs in 20-30% of cases, and
prognosis depends mainly on initial presentation (localized versus
metastatic), tumor size and age [3]. 56% of 5 years Overal survival rate
has been reported in these tumors [4]. Radiological features include a
lobulated well-defined mass, highly vascularized, with intense contrast
enhancement (CE) (Table 1).

The most distinctive microscopic feature is the organoid or nesting
growth pattern, frequently discohesive with focal central necrosis, giv-
ing the so-called pseudoalveolar appearance. Cells are uniform in size
and shape. In most cases intracytoplasmic PAS diastase-resistant crystals
may be observed but in variable amount. Strong nuclear staining for
TFE3 (C-terminus antibody) and diffuse cathepsin K is characteristic.
Epithelial and melanocytic markers are consistently negative [2,4].

ASPS is defined by a specific translocation t(X;17) (p11;q25) that
originates the gen fusion ASPSCR1-TFE3 [4,5]. Partners other than
ASPSCR1 have been recently described [6]. RT-PCR or FISH for TFE3-
rearrangements (more sensitive than immunohistochemical stain) are
robust methods for molecular diagnosis purposes [2,4-6]. Differential
diagnosis includes renal cell carcinoma and PEComas due to the
morphology and molecular overlap.

Several signaling pathways are involved in tumorigenesis, and
potentially useful as therapeutic targets. One is overexpression of the
MET tyrosine receptor kinase, induced by the ASPSCR1-TFE3 fusion
protein. This leads to intracellular activation of the promitotic growth
kinases AKT and MEK1/2. Other targets include the VEGF tyrosine ki-
nase receptor and its ligand, as well as tumor cell receptor tyrosine ki-
nases [7]. It has been proposed that ASPS translocation may engender
immunogenicity, leading to explore the activity of immuno check-points
inhibitors (ICIs) in these tumors [8].

Currently, the main local treatment for ASPS is wide surgical resec-
tion, including the pseudocapsule and a cuff of normal tissue around the
tumor to minimize the risk for local recurrence [9,10]. Resection of
metastases may play a role of metastatic disease, even when located
outside the chest [11].

There is a paucity of data regarding the use of radiation therapy (RT).
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In one small retrospective series with 11 patients with localized disease,
adjuvant radiation seems to offer favorable results (IV, B) [12].

ASPS are not sensitive to conventional cytotoxic chemotherapy (CT).
Anthracycline-based treatments have shown disappointing results with
overall response rate (ORR) lower than 10% (IV, C) [13,14]. Similarly,
trabectedin has shown limited activity in a small retrospective study
[15].

In the absence of clinical trial options, there is enough evidence to
support the use of antiangiogenic tirosin-kinasa inhibitors (TKIs) as first
choice (II, B). Cediranib is a VEGFR 1,2,3 inhibitor, that has shown in a
recent randomized phase II trial significant higher ORR than placebo
(21.4 vs 0%) [16]. Sunitinib (PDGFRB, VEGFR2 and RET inhibitor) has
shown in retrospective studies ORR between 28 and 55%, and median
progresion free survival (mPFS) between 17 and 41 months [17-19].
Pazopanib (PZ) (VEFGR 1,2,3 inhibitor) has presented activity with 35%
ORR, and mPFS of 13 months [20]. Anlotinib (VEGFR, FDGFR, PDGFR
and KIT inhibitor) is also a treatment option with an ORR of 46% and
mPFS of 21 months described in a phase II trial [21].

Interestingly, combination of antiangiogenic agents and immuno-
therapy has recently been tested with very promising results in 2 phase II
trials. Axitinib plus pembrolizumab has shown activity in a cohort of 12
patients with ASPS, with 7 of them showing partial response with a 6-
month PFS of 38.1% [22]. Nivolumab plus sunitinib also has shown
activity a partial response in 2 of 3 patients with ASPS included in a
phase II trial [23]. Inmunotherapy as monotherapy has been showed as
useful in recent works. Recently, in a phase II trial with pembrolizumab
as single agent has been reported a 50% of patients achieving partial
responses and a median PFS of 7.5 months in 14 patients with ASPS
[24]. An ORR of 37.2% and 37% have also been described in both phase
II trials with 44 and 37 patients respectively treated with atezolizumab
[25] or geptanolimab (GB226), anti PD-1 antibody [26]. A retrospective
review of data from a world-wide registry with different Inmuno
checkpoint inhibitors shows an ORR of 40.4% [27].

Currently, ongoing clinical trials in ASPS are focused mainly on TKIs
and ICIs, and their combinations [28-30]. AKT pathway and micro-
phthalmia transcription factor (MiT) are also being explored in this
disease [31,32].

Epithelioid Sarcoma (ES)

ES is an ultra-rare sarcoma, with less than 0.2 [33] and 0.5 new
cases/million inhabitants/year [34] in Europe and the US, respectively.

ES has a high rate of loco-regional and distant relapse. Lymph node
involvement is very characteristic of this entity and has been described
in 29-48% of cases [34-36]. 5-year specific overall survival (OS) was
68% in the Surveillance, Epidemiology and End Results (SEER series),
and age <16years, negative node involvement, localized stage at
diagnosis and resectability of primary disease were predictive factors of
survival [34]. Radiological features include a lobular infiltrative mass
with frequent central necrosis and intense CE. Attention must be paid to
fascial spread (Table 1). Proportion of necrosis has been related to
metastasis at diagnosis.

ES has two main variants: classical and proximal [4,37]. Classical
type is nodular patterned and constituited by a mixture of moderately
atypical spindle and eosinophilic epithelioid cells with variable nuclear
atypia and low mitotic activity. These nodules may show central
granuloma-like necrosis [37], dystrophic calcification and metaplastic
bone formation [4]. Proximal type shows a multinodular pattern with
predominance of large epithelioid cells with severe atypia, prominent
nucleoli, and frequent mitosis. Rhabdoid features and necrosis can be
present. Some cases show hybrid features [4]. Inmunohistochemically
both show EMA, cytokeratins (keratins 8 and 19 but keratin 5/6 are
typically negative) and vimentin positivity. CD34 is observed in
approximately half of the cases. ERG can be positive. Loss of nuclear
expression of SMARCB1 (INI1) is presented in both types (90% of ES)
[4,38]. Genetically rearrangement of 22q11 that included inactivation
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Table 1
Main Radiological Characteristics of Each Uncommon Sarcoma Subtypes.
Tumor XR CT MRI us PET
ASPS Unspecific soft tissue-mass, Well-defined lobulated Mass slightly hyperintense to Non-specific slightly lobulated Intense 18FDG-uptake
[190] sometimes with small contours with infiltrative muscle on TIWI and hypoechoic mass, sometimes with SUVppax > 6.
calcifications. pattern in poles, where large hyperintense on T2WI. Many with a punctate hyperechoic
vessels are present. serpiginous flow void vessels background. Great
Homogeneous and slightly (>5) are present at both poles, vascularization on doppler-US,
reticular CE pattern. Central periphery and center of the especially on poles, that show
necrosis and calcifications can tumor. Homogeneous and low resistive index (RI).
be seen. slightly reticular CE, sometimes
peripheral if central necrosis.
ES [191] Unspecific soft tissue-mass or Isodense or slightly hypodense  Lobulated infiltrative mass Hypoechoic myxoid pattern Avid 18FDG-uptake with
without findings. lobular mass with infiltrative located either deeply, or with well-defined or mild heterogeneous or
margins. Heterogeneous CE. cutaneous ulcer-like. infiltrative margins. Well irregular ring pattern.
Nodal involvement is often Unspecific heterogeneous vascularized on doppler-US, Recommended for nodal
seen. signal on TIWI and T2WI but necrotic areas. staging.
reflecting variable degree of
necrosis and hemorrhage.
Surrounding edema is
common, as well as fascial and
tendon spread. Regional lymph
nodes must be included in
staging.
CCS Unspecific soft tissue-mass, Isodense well-defined mass or Well defined or lobulated Non-specific heterogeneous Mild or avid
[192] that can erode bone without slightly heterogeneous with lesion that use to be located on  hypoechoic mass, in same heterogeneous 18FDG-
periosteal reaction; or without =~ hyperdense areas, and mild CE.  deep fascia, tendons or locations as described in MRI, uptake. Recommended
findings. It can erode adjacent bones up  aponeurosis, with slow with mild vascularization on for nodal staging.
10%. Calcifications are rather growing rate. It is isointense or ~ doppler-US.
rare. mild hyperintense on TIWI
(melanin) and heterogeneously
hyperintense on T2WI, with
strong CE. Nodal spread is
common.
DSRCS Abdominal mass effect with Bulky omental disease with Because it uses to be an Lobulated peritoneal masses Intensely avid 18FDG-up-
[193] fixed or displaced bowel loops. ~ multiple lesions, with a abdominal tumor, MRI is the with variable echogenicity. take with SUVpax > 6.
dominant one in most cases. next alternative to CT. Ithasan  Dystrophic intratumoral Recommended for nodal
Cystic changes in large masses hypointense TIWI and calcification in 20%. Thickened =~ and metastatic staging.
with heterogeneous hyperintense T2WI pattern, peritoneum. Ascites. Serosal
enhancement after contrast. with heterogeneous hepatic metastases are often
Calcifications in 20% and enhancement after gadolinium.  seen.
ascites in 30%. Lymph node
involvement can be seen up
50%.

RT [194] Unspecific soft tissue-mass. Large hypodense masses with Lobulated mass with un- Solid lobulated heterogeneous Intense 18FDG-uptake
Extra-pleural features on heterogeneous CE. RTK use to specific features (hypointense mass, with moderate with SUVp,ax > 6. Staging
Chest-XR. have subcapsular hematoma T1WI / heterogeneous vascularization. Acoustic and response evaluation.

and renal vein invasion. hyperintensity on T2WI). shadows when calcifications.
Calcifications are possible. Heterogeneous CE with
hypovascular areas of necrosis.

PT [195] High-density round and well Not useful in local imaging. Ovoid mass with sharp Oval homogeneous hypoechoic ~ Only casual or metastasis
defined noncalcified mass on margins. Isointense on TIWI tumor with parallel orientation  reports. Mild or avid
mammography. Irregular or and heterogeneous of echoes (also described in heterogeneous 18FDG-
indistinct margins can be seen, hyperintensity on T2-WI/STIR. fibroadenomas). Internal fluid uptake.
as well as a lucent halo sign Heterogeneous internal CE. filled spaces and heavy
from fat. It may mimic a Neither Diffusion-MRI, nor posterior acoustic
fibroadenoma. DCE-MRI patterns are helpful enhancement help to

to distinguish PT from differentiate PT from
fibroadenoma. fibroadenoma.
TGCT Soft tissue mass that may show  Soft tissue mass hypo/isodense  Either localized, well defined Nodular hypoechoic masses Homogeneous avid
[196] bone erosion with smooth to muscle, next to tendons or mass, and diffuse form are around, or next to tendon 18FDG-uptake in located
margins (slow growing). Joint  joints. Synovial thickening described. It shows low signal sheaths and/or joints. Well forms and more
effusion. and/or tenosynovial/joint on T1WI and heterogeneous vascularized on doppler-color. heterogeneous avid
effusion. Bone erosion withlow  slightly hyperintense T2WI uptake in diffuse form.
aggressiveness pattern. signal. On gradient sequences it
shows patchy hypointense
areas secondary to hemosiderin
deposits. Strong and
homogeneous CE. Slow values
of ADC on Diffusion-MRI.
MT [197] Unspecific soft tissue-mass, Homogeneously isodense to Well-defined lobular or slightly =~ Well-defined heterogeneous Most cases with avid

that can infiltrate cortical
bone; or without findings.

muscle mass with mild CE.
Bone erosion may be seen.

infiltrative soft-tissue mass.
Heterogeneous T1WI signal

mass. Irregular hypoechoic

18FDG-uptake.

(continued on next page)
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Table 1 (continued)
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Tumor XR CT MRI Us PET
Most descriptions in with occasional bleeding areas;  areas from necrosis or myxoid
head&neck locations. heterogeneous T2WI/STIR changes may be seen.
signal with peripheral
hyperintensity. Heterogeneous
CE.
PEComas Abdominal mass effect with Retroperitoneal and Unspecific low signal on T1WI Well-defined heterogeneous Moderate-intensely avid
[198] displaced bowel loops if large genitourinary predilection. and high signal on T2WI. Areas  echogenic mass, with 18FDG-uptake. Can help
enough. Large and well-defined mass of fat hypersignal on TIWI if hypoechoic areas if necrosis. to differentiate malignant
hypodense to muscle, with secondary to AML. Renal Mild vascularization on from the benign
significant CE, mostly location may have cystic Doppler-US. counterpart (low or
heterogeneous. Fat density foci ~ appearance with thick septa absent 18FDG uptake).
when associated to AML. and hemorrhagic changes.
Hepatic PEComa may mimic Intense heterogeneous CE.
focal nodular hyperplasia.
EMC Unspecific soft tissue-mass, Lobulated hypodense mass. Lobulated well-defined mass Very hypoechoic mass with Variable 18FDG-uptake
[199] that can infiltrate cortical Heterogeneous mild CE, mostly ~ with myxoid pattern: iso/ lobulated well-defined related to myxoid (low

bone; or without findings.

peripheral and septa,
sometimes nodular.

hypointense to muscle on TIWI
and high hyperintense on
T2WI, with hypointense T2
internal septa. Peripheral and
clearly septal CE, very
heterogeneous, sometimes with

margins. Septa can appear
slightly echogenic. Low to mild
vascularization on doppler-US.

uptake) / cellular (high
uptake) ratio.

“spoke on wheel” pattern.

ASTS: Alveolar soft tissue sarcoma; ES: Epithelioid Sarcoma; CCS: Clear Cell Sarcoma; DSRCS: Desmoplatic Small Round Cell Sarcoma; RT: Rhabdoid Tumors; PT:
Phyllodes tumor; TGCT: Tenosynovial Giant Cell Sarcoma; MT: Myoepithelial Tumors; PEComas: Perivascular Epithelioid Cell Neoplasms; EMC: Exytrasqueletal
Myxoid Chondrosarcomas; XR: X-ray; CT: Computed Tomography; MRI: Magnetic Resonance Imaging; US: Ultrasound; PET: Positron-Emision Tomography; CE:

contrast enhancement.

of SMARCBI1 because of mutation or deletions, as well as 8q gains have
been implicated.

ES exhibits aggressive local invasiveness. Wide surgical resection is
the mainstay of treatment. Microscopically free margins are the most
important prognostic factor for recurrence [39]. Because distal sites are
often affected, amputation has to be considered as an option in selected
patients, especially after the first local disease relapse [40]. Sentinel
lymph node biopsy/regional lymphadenectomy are not routinely rec-
ommended [41]. Perioperative RT is indicated for improving local
control in primary and recurrent cases [42], with favorable results in
local control compared to amputation, without impact in OS (IV, A)
[43]. CT is generally not recommended in the localized setting due to
lack of evidence on its activity.

Anthracycline-based regimens have showen activity in the advanced
setting, with ORR of 22% and mPFS of 6months (IV, A) [33].
Gemcitabine-based (ORR of 27%, mPFS of 4 months) and PZ (mPFS of
3 months) could be options for second and further lines (IV, B) [44].
Tazemetostat (EZH2 inhibitor) has recently been approved by the FDA
for advanced ES [45]. A phase II trial showed ORR of 15% with some
long-lasting responses and median OS of 18 months and should be
offered as second line if available (III, A) [46].

Recently, 20% of responses have been reported with pembrolizumab.
But the role of immunotherapy is still under research [47-49].

Clear cell sarcoMA (CCS)

CCS is another ultra-rare sarcoma, with an estimated incidence of
0.06-0.14 new cases/million inhabitants/year in US [50].

CCS is an aggressive entity, usually presenting as deep-soft tissue
masses in the extremities (with predominance in low limbs) [4,51].
Lymph node and/or regional involvement is frequent, being present in
16-33% of cases in the biggest series [50,52-54]. Brain metastasis can
be developed, and central nervous system image can be considered for
staging [55]. The estimated 5-year disease-specific survival is 62-67%
[56]. The presence of necrosis, tumor size, stage at diagnosis, regional
lymph node involvement and local recurrence have been described as
prognostic factors [50,51,57]. They are well-defined or lobulated lesions
that use to be located on deep fascia, tendons or aponeurosis, with slow

growing. Main MRI features include slightly hyperintense T1WI
(melanin), and heterogeneously hyperintense T2WI signal (Table 1).

This entity frequently shows melanocytic differentiation, and the
main differential diagnosis is made with malignant melanoma [4]. It
grows in a nested pattern separated by collagenous bands. The cells
present epithelioid, and less frequently, spindle-cell morphology, with
clear or pale eosinophilic cytoplasm. Multinucleate giant cells are often
present. Gastrointestinal CCS sometimes has more eosinophilic cyto-
plasm and giant cells are infrequent. Immunohistochemically, CCS
shows positivity for S100, HMB45 and MITF. The genetic hallmark of
CCS is a reciprocal translocation t(12;22) (q13;q12) with EWSR1-ATF1
fusion in > 90% of cases. The most common is exon 8 of EWSR1 fused in-
frame with ATF1 codon 65. In a 6% of cases the translocation is t(2;22)
(q32;q12) with EWSR1- CREBI1 fusion [4], more specific of gastroin-
testinal CCS but it can also be present in some soft-tissue CCS. In cases
where EWSR1-rearrangement is detected without partner, CREM should
be considered [58].

Treatment for early-stage CCS is wide surgical resection with nega-
tive margins (IV, A) [59]. Routine use of sentinel node biopsy is not
recommended, however it is suggested in the presence of suspicious
lymph nodes during staging, although impact on OS has not been
demonstrated (IV, B) [60]. Isolated limb perfusion (ILP) with high-dose
tumor necrosis factor-alpha (TNF-a) and melphalan could be considered
for local control in locally advanced unresectable tumors or in patients
with concomitant metastatic disease (IV, A), after discussion in multi-
disciplinary tumor board [61,62]. The benefit from ILP seems lower in
patients with in-transit metastasis (IV, C) [63]. There is no specific data
about the role of adjuvant RT in this subtype; so general recommenda-
tions for sarcomas should be applied (IV, C). There is no evidence of any
role of adjuvant CT in this subtype, so it is not recommended (IV, C).

Local treatment of metastatic disease can be considered following
general principles for STS. CCS is considered as a not very responsive
entity to classic cytotoxic agents. In a series of 11 patients treated with
anthracycline-based regimens 2 short-lasting responses were described)
IV, B) [63]. Antiangiogenics such as anlotinib (III, A) [21], PZ (III, B)
[65] or sunitinib (V, A) [66] have been reported as active in this entity
and could be offered as upfront line if available. Crizotinib, a MET in-
hibitor, was evaluated in a multicohort phase II trial, showing moderate
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Table 2

Main pathological and molecular characteristics.

Cancer Treatment Reviews 99 (2021) 102260

Main morphological features Immunohistochemistry Molecular alterations
ASPS Organoid or nesting growth pattern, frequently discohesive — TFE3+ — ASPSCRI-TFE3 [4]
with focal central necrosis, giving the so-called pseudoalveolar =~ — Cathepsin K+ — HNRNPH3-TFE3 [6]
appearance. — DVL2-TFE3 [6]
— PRCC-TFE3 [6]
ES - Classical type: atypical spindle and eosinophilic epithelioid - EMA+ Inactivation of SMARCBI [4]
cells. Central granuloma-like necrosis — CKs (CK8 and 19 + but CK 5/6-) 8q gains [4]
— Proximal type: Large epitheloid cells with severe atypia, — CD34+(50%)
rabdoid features. Focal necrosis. — Loss of expression of INI1 (90%)
CCS Epithelioid and spindle-cell, with clear or pale eosinophilic $100, HMB45 and MITF+ — EWSRI- ATF1 (90%) [4]
cytoplasm. Multinucleate giant cells — EWSRI- CREBI [4]
— CREM [58]
DSRCS Uniform small round cells arranged in nests within a prominent ~ Co-expression: — EWRSI1-WT1 [4]
desmoplastic stroma
— epithelial (CK and EMA)
— mesenchymal (vimentin)
— myogenic (desmin, 75% dot-like
pattern)
— neural markers (NSE and CD56).
— WT1 + (C-terminal)
— CD99+/-
ERT Rhabdoid cells” organized in sheets or solid discohesive — Co-expression of vimentin and — Loss of SMARCBI (INI1/SNF5/BAF47) [94]
trabecular pattern. epithelial markers (CKAE1AE3, — Mutation and/or loss of SMARCA4 (BRG1) [97]
EMA +)
— INI1 -
PT Benign, borderline or malignant based on [4]: — CD34 + (majority of PT, decreasein =~ MED12, RARA, TERT, FLNA, SETD2 and KMT2D
malignant PT) mutations PIK3CA, RB1, TP53, PTEN, BRAF and
— presence of stromal cellular atypia, — CD117 + (10% OF PT) EGFR promote progression to borderline and
- mitotic activity, — p53+ (more common in malignant malignant PT.
— well-defined vs. infiltrative margins PT) [4,107,111,112]
— presence of stromal overgrowth. — p- catenin + (nuclear, more often in
benign PT, not useful for diagnosis)
— P63, p40 and CK + focal in
malignant PT
TGCT Variable proportions of mononuclear cells, osteoclast-like giant - large mononuclear cells: clusterin, — COL6A3-CSF1 [126,128,200]
cells, foamy macrophages and siderophages within a D2-40 and desmin (50%) + — CSF1-S100A10 [129]
collagenized stroma — small histyocites: CD68, CD163,
Subclassification: CD45 +
- Site:
intra-articular
extra-articular
— Growth pattern and behavior:
localized type
* diffuse type
MT Reticular, trabecular, nested, or solid pattern with myxoid or — Broad-spectrum keratins, S100 and — EWSRI1-POU5F1, EWSR1-PBX1, EWSR1-PBX3,

hyalinized stroma. Tumor cells are epithelioid, spindled or
plasmocytoid.Myoepithelial carcinoma shows severe nuclear
atypia, with high mitotic rate and necrosis.

calponin.

They can show EMA, GFAP, SMA
and p63.

Loss of expression of INI1

SOX10 (in myoepithelial tumor, not
in myoepithelial carcinoma)

WRSR1-ATF1, EWSR1-ZNF444, EWSR1-VGLL1
— PLAGI rearrangement (mixed tumor)
FUS and SRF-E2F1 rearrangements
[4,37,144,145]

PEComa family

AML: benign neoplasm composed of thick-walled blood vessels,
smooth muscle cells and adipose tissue.

LAM: pulmonary interstitial infiltrate of myoid cells associated
with dilated lymphatics and cystic changes

CCST: clear epithelioid cells, with a nested pattern and
prominent vasculature

PEComas: admixture of uniform epithelioid and spindled cells
arranged in radial fashion around blood vessels

Co-expression of melanocytic
(HMB45, S100) and muscle
markers (SMA, desmin)
TFE3+ (subset)

Loss of function mutation in TSCI or TSC2 genes.
TFE3 gene rearrangements [155]

EMC

Multilobular architecture
Uniform cells with reticular pattern within chondromyxoid
stroma

Vimentin +

$100, EMA, CD117, synaptophysin
and NSE +

INI1 - (in cases with rabdoide
features)

— EWSRI-NR4A3 [166,167]
— RBP56-NR4A3 [166]

— TAF15-NR4A3 [166,167]
— TFG-NR4A3 [166,167]

— TCF12-NR4A3 [166,167]
FUS-NR4A3 [166,168]

(continued on next page)
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Table 2 (continued)

Cancer Treatment Reviews 99 (2021) 102260

Main morphological features Immunohistochemistry Molecular alterations
NTRK- Morphological spectrum with prominent bundles of collagen — S100 +/- NTRK-rearrangements [178]
rearranged and perivascular keloid-like hyalinization — CD34 +/-
Sarcomas - anti-pan-TRK + cytoplasmic or

— low grade monomorphic spindled neoplasm (so called LPF-
NT) -
— highly cellular proliferation (hemangiopericytoma-like or
MPNST-like)

nuclear

H3K27me3 retained

ASPS: Alveolar Soft Part Sarcoma; ES: Epithelioid Sarcoma; CCS: Clear Cell Sarcoma; DSRCT: Desmoplastic Small Round Cell Tumor; ERT: Extrarenal Rhabdoid Tumor;
PT: Phyllodes Tumor; TGCT: Tenosynovial Giant Cell Tumors; MT: Myoepithelial Tumor; EMC: Extraskeletal Myxoid Chondrosarcoma; LPF-NT: Lipofibromatosis-Like
Neural Tumor; MPNST: Malignant Peripheral Nerve Sheat Tumor; CK: cytokeratin.

activity in CSS (III, B) [67].
Desmoplastic small round cell tumor (DSRCT)

DSRCT is a rare and aggressive tumor that predominantly occurs in
male adolescents, and young adults, with an estimated incidence be-
tween 0.2 and 0.5 cases per million [68,69]. It typically presents with
multiple intra-abdominal tumors, involving the pelvis, retroperitoneum,
omentum and mesentery [68-72]. Prognosis for this disease is poor,
with a reported median survival ranging from 17 to 25 months and 3 and
5-year survival rates from 44% to 15-25% respectively [73,74]. Com-
puter tomography is the preferred imaging study, frequently showing a
bulky omental disease with heterogeneous CE, that may have calcifi-
cations (Table 1).

Histologically, it is characterized by monotonous small round cells
arranged in nests, very often with peripheral palisading and central
necrosis, surrounded by a prominent stromal desmoplasia. These poorly
differentiated cells have small hyperchromatic nuclei, scant cytoplasm
and indistinct cytoplasmic borders. Nuclear molding or glandular or
rosette patterns can be found. A subset of tumors may present intra-
cytoplasmic eosinophilic rhabdoid inclusions or larger cells. Mitosis and
apoptosis are frequent [4,72,75]. The typical immunohistochemical
profile is characterized by co-expression of epithelial (keratin and EMA),
muscular (desmin), and neural markers (NSE and CD56) as well as WT1
(C-terminus antibody). Recurrent translocation of EWRS1-WT1 is seen
in virtually all cases [4,71].

DSRCT often presents as advanced abdominal disease with nodal and
synchronous liver involvement. Lung, splenic and bone metastases are
also possible [69,72].

The standard of care for patients presenting without extra-abdominal
metastases is multimodal therapy with multiagent intensive CT and
aggressive debulking surgery (IV, B) [68,71,74,77].

The most effective chemotherapeutic regimen still is debated. Most
combinations are based on alkylating agents, similar to those in Ewing
sarcomas and included combinations of doxorubicin, vincristine, dacti-
nomycin, cyclophosphamide, ifosfamide, and etoposide (IV,A)
[69-71,77]. Metronomic therapy with cyclophosphamide/vinblastine
correlated with prolonged time to relapse in one series [78]. Experiences
with High dose CT Autologous Stem Cell Transplant has been explored
especially in patients in first complete remission, with no clear conclu-
sive results, so it is not recommended as standard [79].

The value of consolidative whole abdomen RT at dose of 30 Gy, with
or without a focal boost has been explored in several retrospective se-
ries. Its added value in terms of survival is unclear, and it has been
associated to significant hematological and gastrointestinal toxicities
[79,81]. Other groups have reported disease-free survival ofless
than 1 year with mostly, intraperitoneal relapses (V, C) [81,82].

Once cytoreduction is completed, the role of hyperthermic peritoneal
perfusion with CT (HIPEC) using cisplatin, remains unclear (V, C)
[68,71,74,77].

Topoisomerase-containing regimens such as temozolomide/irinote-
can or cyclophosphamide/topotecan, high-dose ifosfamide, and gemci-
tabine/docetaxel, are common second- and third-line regimens in

recurrent DSRCT (V, B) [70-74].

Trabectedin has demonstrated clinical activity in some retro-
pospective reports [83,84]. There are data on clinical activity with

Table 3

Proposed and potential systemic treatments in unresectable/metastatic un-
common sarcoma subtypes.

Sarcoma Preferred first line Alternative/ Potential future
subtype Successive Line treatments
ASTS Pazopanib [20] Sunitinib [17-19] Immunotherapy
Cediranib [16] [22-28]
ES Anthacycline- Gemcitabine [44] Immunotherapy
based CT [33] Pazopanib [44] [47-49]
Tazemetostat
[45,46]
CCS Antiangiogenic CT [64] MET-inhibitors
TKIs [21,65,66] Immunotherapy
[67]
DSRCS Poli-CT (similar to Metronomic —-CT Antiangiogenic
Ewing-sarcoma) [78] TKIs + CT
[69-71,771 Antiangiogenic [69,71,86]
[70,72,85] Androgenic-
Trabectedin blockade [87]
[83,84] Immunotherapy
[86]
IGFR1 antibody
[88]
RT Poli-CT [101] EZH2 inhibitors
[104]
HDAGs inhibitors
[104]
Inmunotherapy
[105,106]
PT Anthracycline- Antiangiogenic
based CT TKIs [122]
[107,108]
TGCT Pexidartinib [136] Imatinib [138,139]
MT Anthracyclyne-
based CT [149]
PEComa mTOR-inhibitors Antiangiogenic
[160-162] TKIs [161]
CT [161]
EMC Pazopanib [174] Sunitinib Immunotherapy
[175,176] [177]
Anthracycline-
based CT [172,173]
NTRK- TRK inhibitors Classic treatment Second generation
rearranged [188,189] according to TRK inhibitors

sarcomas

histological subtype

[185,186]

ASTS: Alveolar Soft Tissue Sarcoma; ES: Epithelioid Sarcoma; CCS: Clear Cell
Sarcoma; DSRCS: Desmoplatic Small Round Cell Sarcoma; RT: Rhabdoid Tu-
mors; PT: Phyllodes tumor; TGCT:Tenosynovial Giant Cell Sarcoma; MyoT:
Myoepithelial Tumors; PEComas: Perivascular Epithelioid Cell Neoplasms; EMC:
Exytrasqueletal Myxoid Chondrosarcomas; CT: chemotherapy ; TKIs: Tirosin-
Kinase-Inhibitors.
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Table 4
Levels of evidence and Grades of recommendation.

Levels of evidence

I Evidence from at least one large randomized, controlled trial of good methodological
quality (low potential for a bias) or meta-analyses of well-conducted randomized
trials without heterogeneity

II Small randomized trials or large randomized trials with a suspicion of bias (lower
methodological quality) or meta-analyses of such trials or of trials with
demonstrated heterogeneity

III Prospective cohort studies

IV Retrospective cohort studies or case—control studies

V Studies without control group, case reports, and experts’ opinions

Grades of recommendation

A Strong evidence for efficacy with a substantial clinical benefit, strongly
recommended

B Strong or moderate evidence for efficacy but with a limited clinical benefit,
generally recommended

C Insufficient evidence for efficacy or benefit does not outweigh the risk or the
disadvantages (adverse events, costs...), optional

several targeted treatments, especially TKIs such as sunitinib, sorafenib
or PZ with or without mTOR inhibitors [70,72,85]. New therapies under
investigation include targeting angiogenesis blockade in combination
with irinotecan and temozolomide, and immunotherapies that target
DSRCT specific surface antigens (V,C) [69,71,86]. Other potential tar-
gets that have been investigated are androgen receptor blockade and
type-1 insulin-like growth factor receptor antibody [86-88].

Rhabdoid tumor of the kidney and soft tissue extracranial
malignant rhabdoid tumOR (RTK/ EMRT)

RTK/ EMRT are rare and highly aggressive malignant tumors
occurring predominantly in children younger than three years, with the
higher incidence in infants younger than one year [89]. They receive
different names depending on the location: atypical teratoid/rhabdoid
tumor (AT/RT) in the central nervous system (65%), rhabdoid tumor of
the kidney (RTK) (9%) and the soft tissue extracranial extrarenal rhab-
doid tumor (EMRT) (26%) that may arise at any site. RTK tends to
present early, usually in the first year of life, is frequently associated
with hypercalcemia and tends to develop brain metastasis [90].

RTK imaging features include a hypodense lobulated mass on com-
puter tomography, often with necrosis and subcapsular haematoma
(Table 1) [91].

RTK tends to present early, usually in the first year of life, is
frequently associated with hypercalcemia and tends to develop brain
metastasis [90].

EMRT is an extremely aggressive tumor with trend to recur and
metastasize. Stage and age at diagnosis are the main prognostic factors,
being those patients with metastatic disease at diagnosis (about 30% of
patients) and those younger than 24 months or older than 18 years those
with the worst prognosis (IV) [92]. Most EMRTs appear in the trunk and
upper abdomen as large hypodense lesions with heterogeneous contrast
enhancement on computer tomography, and unspecific US and MRI
features (Table 1).

They are characterized by the presence of homogenous “rhabdoid
cells” (eosinophilic cytoplasm and eccentric nuclei with prominent
nucleoli), organized in sheets or solid discohesive trabecular pattern.
Mitotic figures are frequently observed. Foci of undifferentiated small
round cells can be present [4]. Inmunophenotype shows characteristi-
cally, loss of SMARCB1 (INI-1). Most tumors also express epithelial
markers (keratins and EMA) and could also express CD99, synapto-
physin, ERG, SALL4 and glypican-3 among others [93,94]. All these
tumors are related to tumor suppressor role for the SWI/SNF (SWltch/
Sucrose Non-Fermenting) complex involved in the remodeling of chro-
matin. As consequence of this, the main oncogenic event in RT formation
is loss of SMARCB1 expression, SMARCB1 (INI1/SNF5/BAF47) [96].
This event can be identified by the loss of INI-1 staining in IHC. Rare
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tumors with retained SMARCB1 expression (5%) are characterized by
mutation and/or loss of SMARCA4 (BRG1) gene [96,97]. Recently, new
entities of thoracic SMARCA4 deficient carcinomas and sarcomas have
been characterized with gene profiling distinct from lung carcinomas
but more related to EMRTs, although there is already a paucity of data
about their clinical behaviour and therapeutic implications[98,99].

Germline mutations of SMARCBI, rarely SMARCA1 are present in
25-35% of patients, constituting a “rhabdoid tumor predisposition
syndrome” inherited in an autosomal dominant manner (incomplete
penetrance). Up to a 35% of the “sporadic” cases have a de novo
germline SMARCB1 pathogenic variant [100].

In 2010 the European Rhabdoid Registry (EU-RHAB) was created
aimed to homogenize treatment throughout Europe [101]. In recent
years specific trials with multimodal regimens combining surgery, RT
and CT have been developed, showing improvements in survival rates.
The current therapeutic standard approach, following the European
Rhabdoid Registry (EU-RHAB) recommendation is gross total resection,
multidrug conventional CT (including anthracyclines and alkylating
agents, combining DOX-ICE-VCA cycles), intrathecal methotrexate and
permissive use of myeloablative chemotherapy (CARBO-TT) with stem
cell rescue, and RT.

Upfront complete wide resection of the primary tumor is the rec-
ommended choice. Radical resection with sufficient margins often im-
plies nephrectomy in kidney and anatomical resections for other
locations. All visible tumor sites should be resected or at least biopsied
(V, B) [102].

Current data suggest the benefit of early RT, as benefits in survival
have been reported [103]. EU-RHAB recommendation is to start RT as
soon as feasible in patients older than 18 months. In case of primary
metastatic disease RT may be delayed until the end of intensive CT.
Doses varies depending on the residual disease after surgery (36-50,4
Gy for EMRT, less for RTK). Doses greater than 25 Gy were associated
with better outcome (IV, B) [92].

Despite aggressive intensive multidrug therapy, long-term survival
remains unsatisfactory (15-50%) and activity of conventional therapy is
insufficient, especially in refractory tumors and for patients with initial
poor prognosis risk factors.

Novel targets therapies such as EZH2 inhibitors (tazemetostat), his-
tone deacetylase (HDACs) inhibitors (vorinostat, valproic acid), CDK4/6
inhibitors, Gli 1 inhibitors and aurorakinase (alisertib), are being
developed currently in ongoing clinical trials. Inmunotherapy has also
become a research topic with agents as the PDL-1 antibody atezolizumab
[104]. In regards to SMARCA4 deficient thoracic tumors, both chemo-
terapy and inmunotherapy have showed promising activity in isolated
cases both in monotherapy and combining schemes [105,106].

Phyllodes tumor (PT)

PT is an infrequent subtype of fibroepithelial breast tumor that
constitutes less than 1% of breast tumors, and has a broad spectrum of
biological behavior, from tumors quite similar to fibroadenomas to those
that resemble high-grade sarcomas [107,108].

WHO sub-classified them histologically as benign, borderline, or
malignant. Benign tumors are more frequent (35-64%)while malignant
cases comprise about 25% of cases.

PT is included in this review as its management and biological
behavior is closer to sarcomas than epithelioid tumors.

In malignant PT, the stromal component frequently shows a sarco-
matous pattern and constitutes the main neoplastic component while the
epithelial component is benign. Heterologous differentiation may be
present in the form of chondrosarcoma, osteosarcoma, liposarcoma, or
rhabdomyosarcoma. Recent studies have shown that PT and non-
angiosarcoma breast sarcomas have mutations in MED12 and TERT
genes, supporting the hypothesis that they have the same origin [109].
The majority of PT appear in women, and it has been associated with Li-
Fraumeni syndrome [110].
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Classical presentation includes an enlarging painless, well defined
breast mass, mobile and with variable size. Most PTs are classified in
mammography and US as BIRAD-3. Main features include a smooth and
polylobulated mass on XR, and a solid, well defined and hypoechoic
mass, with cystic foci, on US (Table 1). Misdiagnosis with fibroadenomas
is common, but a rapidly progressing course is useful in the differential
diagnosis [107,108,111].

PT shows a prominent intracanalicular architectural pattern with
leaf-like stroma fronds, capped by luminal epithelial and myoepithelial
cell layers, with stromal hypercellularity [4]. They are classified in
benign, borderline, and malignant [4]. Malignant phyllodes are diag-
nosed when the tumor has all these features: marked stromal atypia,
stromal overgrowth (absence of epithelial elements in 40x magnifica-
tion), >10 mitosis/10 HPF, increase stromal cellularity and infiltrative
borders or when malignant heterologous component is present even in
the absence of the previous features. When some but not all histological
characteristics are seen, a diagnosis of borderline PT is made [4]. PT has
implicated mutations in MED12, RARA, TERT, FLNA, SETD2 and
KMT2D [4,111,112]. Others like PIK3CA, RB1, TP53, PTEN, BRAF and
EGFR have been described and related with promotion of progression to
borderline and malignant PT [108,113].

Since surgical approach differs substantially according to histologi-
cal classification, an accurate expert-based pathological diagnosis is
mandatory previous to establish any treatment. Most patients with
benign or borderline PT are cured by surgery alone with just conserva-
tive procedures, since the risk of recurrence is low and does not appear
to affect prognosis [114]. In malignant cases where, the survival rates
decrease to 60-80%,initial surgical treatment consists of wide local
excision with tumor free margins, with conservative surgery (partial
mastectomy), whenever possible. Mastectomy is the choice in tumors
that cannot be resected with negative margins using conservative sur-
gery (II, B). Positive surgical margins should be avoided due to the
higher risk of local relapse[107,110,115]. Adequate margin width is
controversial: although most advocate a surgical margin of 1 cm, recent
studies suggest that tumor free margins (3 mm) may be adequate to
prevent recurrence (IV, B) [115]. Due to the infrequency of lymph node
involvement prophylactic axillary lymphadenectomy is not indicated
(v, B) [107,110,115].

The administration of adjuvant RT in benign PT after extensive
surgery is not recommended (III, B). The role of adjuvant RT in malig-
nant PT remains controversial: it could improve local control, with no
clear survival benefit (I, B) [115,117]. A recent metanalysis suggested
a role of RT in prevention of metastasis [118].

Adjuvant CT is not a standard treatment, without randomized studies
available. This might be evaluated on an individual-case basis in
selected patients with large, high-risk malignant PT or after recurrence
(I, C) [107,110]. Two observational studies showed no impact of
adjuvant CT on OS [108,118]. Hormone therapy is not recommended
despite the existence of hormonal receptors in the epithelial component
(V, B) [107,119].

In case of local recurrence, wide excision with or without adjuvant
RT is recommended (V, B). Patients with metastatic disease should be
treated following treatment guidelines for patients with metastatic STS
(v, B) [107,108].

Some genomic alterations with potential clinical interest have been
identified, such as the fusions KIAA1549-BRAF or FGFR3-TACC3
[120,121]. Angiogenesis may play a role in oncogenesis and prog-
nosis, so antiangiogenic treatments also may been explored in this entity
[122].

Tenosynovial giant cell tumORS (TGCT)

TGCT is a group of lesions of synovial origin, which involve joints,
tendon, sheaths, and bursae. They may be intra- or extra-articular and,
according to growth pattern and behavior, they are classified as
localized-type (L-TGCT) and diffuse-type (D-TGCT). D-TGCT was
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previously called pigmented villonodular synovitis (PVNS), term no
longer recommended [4].

TGCT has a female predominance (2:1) occurring at any age but
usually at 30-50years with an earlier onset in the diffuse type
(<40 years). L-TGCT is the most common subset, presenting as a painless
swelling small well-circumscribed mass, mostly monoarticular and
commonly seen in small joints (fingers). D-TGCT presents with mono-
articular pain, swelling and limited joint motion. It is commonly large
(>5 cm), counts with an infiltrative pattern affecting larger joints (knee)
and has high propensity for recurrence [4,123]. MRI features include a
diffuse or nodular mass that usually has patchy areas of hypointensity in
all sequences, especially gradient ones; and homogeneous CE (Table 1).

Histologically, apart from the growing pattern, both forms are
similar, composed by variable number of mononuclear cells, osteoclast-
like giant cells, inflammatory cells, foamy macrophages and side-
rophages within a collagenized stroma. Two type of mononuclear cells
are present: the larger ones are positive for clusterin and can also express
desmin while the smaller histyocite-like cells show CD68 and CD45
expression [4]. Malignant transformation in diffuse type (coexistence of
benign forms with malignant areas or by recurrence as a sarcoma) oc-
curs in less than 3% of cases [124]. Metastases with benign histology
have also been reported [125].

TGCT are characterized for harboring Colony Stimulating Factor 1
(CSF-1) gene rearrangements in a minority of the cells leading to aber-
rant expression of CSF-1. One of the most frequent is translocation t(1;2)
(p11;q36-37) (COL6A3-CSF1) [126]. Other multiple partners for CSF1
have also been depicted, along with CBL gene mutations, that lead to
increased CSF1/CSF1R signaling and are involved in the characteristic
inflammatory changes frequently described in these tumors [127,128].

Surgery is the most common approach to treat L-TCGT. Primary
resection may be total or subtotal synovectomy. In localized forms,
recurrence rate is less than 10%. Disease control is achieved with either
arthroscopic or open surgical approach (IV, C) [130]. Most authors
report low recurrence rates (10%) with arthroscopic synovectomy,
excellent functional results and no local complications. Extensive en-
bloc surgery is not indicated [131].

Treatment of diffuse forms is more complex, given its infiltrative
growth pattern, and recurrences are common within several years of
primary diagnosis [123].

To date, a randomized controlled trial comparing arthroscopic versus
open synovectomy has not been performed. We recommend performing
a complete open synovectomy if the option of an arthroscopic resection
is not available (IV, B) [132]. Intraarticular radionuclides have been
used in the past as an antiproliferative measure for recurrence of disease,
although its role is not established (V, C) [123,133].

External beam radiation within 3-4 months from surgery has been
used in some patients with persistent recurrence of disease, extra-
articular involvement, or residual disease (total recommended doses
30-36 Gy) achieving recurrence rates lower than 20% [134].

RT could be discussed as primary treatment for inoperable disease,
but its role in TCGT diffuse type is currently unclear, especially with the
development of systemic therapies (IV, C) [135].

Medical oncology approach in TCGT has historically offer symptom
palliation with analgesics, anti-inflammatory drugs or steroids. Pex-
idartinib (PLX3397), a small molecule inhibitor of CSF1 Receptor, is
currently approved by the FDA for the treatment of symptomatic TGCT
associated with severe morbidity or functional limitations not amenable
to improve with a further surgical procedure (I,A) [136]. However, this
drug has currently no marketing authorization in Europe, based on its
potential hepatic toxicity [137]. Imatinib has also been used in TCGT not
amenable for surgery, and may be useful, as an alternative to pex-
idartinib while this drug is not available in Europe (V, B) [138,139].
Other CSF1 inhibitors are currently in clinical development in this entity
[140].
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Myoepithelial tumor (MT)

MT of the soft tissue is an uncommon STS and although it is
considered a different entity from myoepithelial carcinoma that arises
from salivary glands, they share many molecular features [141]. It
typically presents as a palpable mass in the superficial or deep soft tissue
of the limbs or head and neck of both children and adults [4,142]. Im-
aging features are summarized in Table 1.

MT is usually a well-circumscribed tumor showing a broad
morphological spectrum: reticular, trabecular, nested, solid pattern with
myxoid or hyalinized stroma. Tumor cells can be epithelioid, spindled or
plasmocytoid. These tumors could show cartilaginous or osseous dif-
ferentiation and, occasionally, squamous or adipocytic metaplasia [4].
Myoepithelial carcinoma shows severe nuclear atypia, often with high
mitotic rate and necrosis [4]. High-grade cytology, with moderate to
severe nuclear atypia, remains the best predictor of aggressiveness
[4,37].

Broad-spectrum keratins, S100 and calponin are widely expressed;
EMA, GFAP, SMA and p63 can also be expressed. They may be SOX10
positive [143]. EWSR1 gene rearrangement has been identified in
45-50% of cases (EWSR1-POU5F1, EWSR1-PBX1, EWSR1-PBX3,
ERSR1-ATF1, EWSR1-ZNF444, EWSR1-KLF17, and EWSR1-VGLL1 fu-
sions) [4,37,144]. Homozygous deletions of SMARCB1, PLAG1, FUS and
SRF-E2F1 rearrangements have also been identified [4,37,145].

Standard treatment for localized soft-tissue MT is surgical resection
following sarcoma principles [145,146]. The majority of lesions behave
in an indolent fashion. Recurrences are observed in 17-20%, but me-
tastases are rare, thus complete surgical excision with negative margins
is recommended [4,147]. No clinical or histological features predictive
of local recurrence have been identified [148]. However, myoepithelial
carcinomas should be managed in high volume centers with expertise in
the treatment of such rare cases.

A systematic review of 691 patients (including patients with head
and neck and soft tissue tumors), studied the efficacy of perioperative
RT, showing that RT (adjuvant or neoadjuvant) significantly decreased
locoregional relapses in patients with worse risk factors [148]. In an
analysis of 234 cases from the SEER Registry, RT showed an OS benefit
in patients with high-grade tumors. Thus RT should be proposed. (IV, B).

In unresectable recurrences, some activity from doxorubicin has
been reported, but the identification of further active options of systemic
therapy is an unmet need (IV, C) [142,149].

Malignant perivascular epithelioid cell neoplasms (PEComas)

PEComas are rare tumors having hybrid smooth muscle and mela-
nocytic characteristics, which may derive from distinctive perivascular
epithelioid cells. The PEComa family encompasses a variety of diagnoses
such as angiomyolipoma (AML), lymphangioleiomyomatosis (LAM),
pulmonary clear cell sugar’ tumour (CCST), primary extrapulmonary
sugar tumor (PEST), clear cell myomelanocytic tumor of the falciform
ligament/ligamentum teres (CCMMT), abdominopelvic sarcoma of
PECs, and other group of tumors arising in different sites also termed as
PEComas [4,150-153].

AML is a benign neoplasm that arises in the kidney and less
frequently in the liver, composed of thick-walled blood vessels, smooth
muscle cells and adipose tissue, admixed in variable proportions. Renal
epithelioid AML often behave in a malignant fashion, particularly if
atypia and necrosis is present [150,152,153].

LAM is found almost exclusively in pre-menopausal women, char-
acterized by a pulmonary interstitial infiltrate of myoid cells associated
with dilated lymphatics and cystic changes. It may also arise as a tu-
moral mass (lymphangiomyoma) in lymph nodes, retroperitoneum,
pelvis and mediastinum [150].

CCST is a benign pulmonary neoplasm of clear epithelioid cells, with
a nested pattern and prominent vasculature [150].

Malignant PEComas should be considered as a spectrum of their
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benign counterparts, and many of the imaging features of benign
PEComa are applicable to the malignant PEComa (Table 1).

PEComas show an admixture of uniform epithelioid and spindled
cells with clear cytoplasm in a fascicular or nested pattern, showing a
characteristic radial fashion arrangement around blood vessels [4,150].
15% of cases have densely collagenous stroma (sclerosing PEComas)
[151]. Although criteria for malignancy have not been established yet,
Folpe’s classification in 3 categories is the best available approach
[151,154]. Malignant tumors should have two or more worrisome fea-
tures (>5 cm, infiltrative, high nuclear grade and cellularity, mitotic
rate > 1/50HPF, necrosis, vascular invasion) [150].

Co-expression of melanocytic (HMB45, the most sensitive, and Melan
A) and smooth muscle markers such as SMA (smooth muscle actin) is the
characteristic immunoprofile [151].

Conventional PEComas frequently harbor inactivating mutations
and loss of heterozygosity of TSC2 gene (tuberin) or more rarely of TSC1
(hamartin) gene and can be associated with tuberous-sclerosis complex
or be sporadic. TSC1 and TSC2 gene products contribute to a molecular
complex, which negatively regulates the mTOR complex 1 (mTORC1)
[156]. As a consequence of TSC1 or TSC2 alterations, the mTOR
pathway is constitutively activated. Another subset of PEComas (23%)
harbors TFE3 gene rearrangements correlating with strong nuclear
immunoreactivity. Both pathogenic pathways are distinct and mutually
exclusive. The most common described fusion partner is SFPQ (PSF), but
new partners are being described (DVL2, NONO and RBMX) [155,156].
Recently, FLCN mutations under LOH have been also described [157]. In
addition, novel RAD51B gene rearrangements have been identified in
8% of uterine PEComas [155].

Primary treatment for localized PEComa is wide surgical resection
(IV, B). Although some PEComas carry biological features that favor the
use of RT, evidence on RT is based on isolated cases and its role remains
unclear (IVB) [158]. RT has been used both pre and postoperatively, and
even SBRT for unresectable liver PEComas [159]. The used doses range
45-60 Gy in the case of adjuvant RT and 50 Gy in neoadjuvant. CT seems
to have no benefit in the adjuvant setting (V, B) [160].

PEComas usually show benign behavior and do not recur following
complete resection. However, nearly 20% of newly diagnosed patients
are advanced and up to 70% of localized malignant PEComa will
develop local recurrence and metastatic disease. In this setting, the
traditional cytotoxic CT has shown limited efficacy. Anthracycline-
based and gemcitabine-based CT have shown, in retrospective studies,
disease control rates of 56.5 and 33.3 % and mPFS of 3.2 and 3.4 months
respectively (IV, B). Antiangiogenic agents can result in disease stabili-
zation in some patients. In PEComas with TFE3 translocations the
treatment with VEGFR inhibitors such as pazopanib or sunitinib could
be an option (IV, B) [161,162].

Case reports and retrospective case series patients treated with
mTOR inhibitors (sirolimus, temsirolimus or everolimus) have showed
durable tumor responses including complete responses in several cases,
especially with sirolimus. For this reason, although there are no spe-
cifically approved drugs for the treatment of advanced PEComa, mTOR
inhibitors are currently recommended in some guidelines (III, B)
[161,162].

The AMPECT study, a single-arm phase 2 trial with a new intrave-
nous nanoparticle albumin-bound mTOR inhibitor called nab-sirolimus
(ABI-009) is the first and only prospective clinical trial developed for
advanced PEComa. The trial showed an independently assessed ORR of
39% (95% CI 22-58%) with durable responses (50% of patients with
ongoing responses lasting more than 25 months; range: 6.5 to 42.4+
months) and acceptable safety profile. This trial suggests that Nab-
sirolimus may be a good option in advanced PEComas (III, B) [162].
Recently, addition of antiestrogen treatment to mTOR inhibition has
been postulated as beneficial, although in a small retrospective series of
patients (III, C) [163].
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Extraskeletal myxoid chondrosarcoma (EMC)

EMC arises more frequently in males (2:1). Extremities are the most
frequent site for primary tumor, although they can appear at any site.
The course of the disease is usually indolent, with a progressive slow
growth. The distant recurrence-free survival and OS rates at 10 years
were 58% and 65%, respectively, and late relapses can occur [164].
Metastases can appear in lungs, but also in lymph nodes and soft tissues.
Imaging features include hypodense CT mass, and myxoid MRI pattern
with hypointense septa in T2WI. Heterogeneous peripheral and septal
contrast enhancement (Table 1).

EMC is a malignant neoplasm of uncertain differentiation, charac-
terized by multilobular architecture of uniform cells arranged in cords,
clusters, trabecular or reticular pattern within an abundant chon-
dromyxoid hypovascular stroma. No evidence of true cartilaginous dif-
ferentiation is seen. Mitotic figures are scarce. Some tumors could
display rhabdoid appearance, hypercellularity and even higher grade
epithelioid morphology [4]. Immunophenotype is unspecific (S100,
EMA, CD117, synaptophysin and NSE in 20-30%). Tumors with rhab-
doid features may lose INI1 expression [165].

EMC is characterized by specific NR4A3 (CHN, TEC or NOR1) rear-
rangements in more than 90% of cases. Partners involved are EWRS1
(>75%), RBP56, TAF15, TCF12, TFG or FUS4 [166,167]. EMCs with
non-EWSR1-NR4A3 fusions could behave more aggressively [167,168].

Treatment of localized disease is based in radical resection. Both
margin status and radiation therapies are associated with better local
control rates (IV, B) [169]. Although this tumor has been considered
radioresistant, general recommendations of the European Society of
Medical Oncology (ESMO) support adjuvant RT for those tumors larger
than 5cm and high-intermediate grade, given their high local recur-
rence rate. Several retrospective studies have reported better local
control with adjuvant RT. A SEER review of 156 patients with localized
disease, observed better specific cancer survival at 3 and 5 years for the
combined arm of surgery and RT compared with only resection (97%
and 85% vs 94% and 85% respectively). In another analysis of 172 pa-
tients included in the SEER database, 5-year cancer specific survival
were improved in those who received adjuvant RT (95% vs 85%) [170].
Based in these data, perioperative RT could be considered (IV, B). In
contrast adjuvant CT is not recommended in this subtype (V, C) [171].

EMC had been considered a tumor with limited chemosensitivity.
However, retrospective series showed activity of antracycline-based CT
in this entity (ORR 40-50%), although its impact in survival is unclear
(Iv, C) [172,173]. The better available evidence supports the activity of
TKI antiangiogenics in this subtype, with promising data coming from a
phase II trial and a retrospective series. Recently, the first clinical trial
developed in EMC has been published. Twenty-three patients with
advanced/unresectable molecularly confirmed ECM (87% with NR4A3-
EWSR1 and 13% with NR4A3-TAF15 fusions) were treated with pazo-
panib (800 mg daily) and included in the efficacy analysis. ORR and
stable disease were 18% and 73%, respectively, and mPFS was
19 months (19.4 in EWSR1-NR4A3 and 4.1 in NR4A3-TAF15 fusions)
[174]. The 4 tumors that experienced partial response had EWSR1-
NR4A3 fusion, and the 3 with progression disease had NR4A3-TAF15
fusion. With this data and given the modest benefit of conventional
CT, pazopanib should be considered as the preferred treatment for
advanced EMC (III, B).

A small series of 10 patients treated with sunitinib (37.5mg on a
continuous daily dosing schedule) showed ORR of 60% and stable dis-
ease of 20%. All responders had EWSR1-NR4A3 fusion, whereas non-
responders had TAF15-NR4A3 fusion [175]. The updated results
showed a mPFS of 34 months, while OS had not been reached [176].

A phase Ib/II study testing the combination of sunitinib with nivo-
lumab in several sarcoma subtypes, showed 3 objective responses (1
complete and 2 partial) among the 4 ECM patients included [177].
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NTRK-rearranged sarcomas

Oncogenic fusions involving neurotrophic receptor tyrosine kinase
(NTRK) genes have been recently identified in a wide range of tumors
including sarcomas. Especially interesting are the discovery of NTRK1
and NTRK3 fusions, where NTRK inhibitors have shown remarkable
activity.

There is no accurate data about what percentage of sarcomas are
associated with NTRK-rearrangements, but overall, it is thought to be
present in less than 1%. Tumor harboring NTRK-rearrangement had
been previously described in the case of Infantile fibrosarcoma, defined
by the ETV6-NTRK3 fusion. This spindle cell sarcoma, with typical
herring-bone pattern, typically is presented in children younger than
2 years (described in part I of our work). NTRK fusions have also been
identified in some cases of adult fibrosarcoma, either on soft tissues or
viscera, with not specific histologic pattern [178].

Apart from fibrosarcomas, NTRK-rearranged spindle cell neoplasms
have shown a wide morphological spectrum. At one side tumors are
formed of monomorphic spindle cells, with low mitotic count, no ne-
crosis and an infiltrative growth pattern, the so-called lipofibromatosis-
like neural tumor (LPF-NT). At the other end highly cellular pattern less
proliferation showing hemangiopericytoma-like or Malignant Periph-
eral Nerve Sheat Tumor (MPNST) -like patterns have been described.
Some clues to suspect NTRK rearrangements are the presence of prom-
inent bundles of collagen and perivascular keloid-like hyalinization.
Most NTRK-related tumors show coexpression of $100, CD34, and anti-
pan-TRK cytoplasmic or nuclear positivity, with H3K27me3 retained
[179].

NTRK1 fusion-positive STS are associated more frequently to tumors
arising in children and with benign behavior. NTRK3-fusions have been
associated to more malignant course and typically fibrosarcoma or
MPNST-like features [179].

A recent experts consensus panel has proposed a three different risk
groups of sarcomas with different priority for testing NTRK fusions: 1)
High priority (Infantile fibrosarcomas and ALK and ROS1 fusion-
negative inflammatory myofibroblastic tumors), 2) Intermediate prior-
ity (Complex-genomic sarcomas and wild-type GIST) and 3) Low pri-
ority (Sarcomas with canonical oncogene alterations) [180].

Surgery is the mainstay of therapy in localized resectable tumors, but
beyond that, identification of NTRK fusions has become of heightened
importance, particularly in advanced tumors, due to the recent avail-
ability of selective and highly effective targeted therapies. NTRK fusions
can be targeted with TRK inhibitors (TRKi), including larotrectinib and
entrectinib, which are well tolerated and effective in about 75% of pa-
tients with NTRK-translocated tumors, often producing durable re-
sponses [181,182].

A specific review of activity of larotrectinib of 71 adult and paedi-
atric patients with TRK fusion sarcomas, enrolled in three trials, showed
an ORR of 87% (77-94) with a mPFS of 28.3 months (95% CI 16.8-NE)
[183]. Another study analyzed activity of entrectinib in 13 patients with
TRK-fusion STS on other three trials, showing and ORR of 46.2 % with a
mPFS of 11.0 months [184].

Despite the remarkable efficacy of TRKI the development of resis-
tance is common. This can occur through the development of mutations
of the NTRK gene, mutations of MAPK pathway genes such as BRAF
(V600E) and KRAS (G12D), and the amplification of MET. However,
second-generation TRK inhibitors have been developed, such as seli-
trectinib and repotrectinib, which have shown activity in these patients
[185-187].

In unresectable or advanced disease, provided that recent FDA and
EMA approval of NTRK targeted treatments, these inhibitors are the first
choice of therapy (III, A) [188,189].
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