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Preface

“Ask not what disease the patient has, but rather what patient the disease has”
- Sir William Osler

Soft tissue tumors are a heterogeneous group of neoplasms with a large range of
tumor types, each of which is characterized by unique features in terms of its epide-
miology, pathology, clinical behavior, therapy, and molecular biomarker pattern of
both diagnostic and therapeutic value.

This book presents an up-to-date overview of soft tissue tumors, which include both
benign and malignant phenotypes. While most soft tissue tumors occur in adults,
some are diagnosed in children and adolescents. These tumors present scientific and
clinical challenges due to their high incidence, morbidity, and mortality. Therefore,
there is a significant need for advanced diagnostic tests and novel therapeutic
approaches as well as a deeper understanding of soft tissue tumors at the pathological
and molecular levels.

Modern radiological diagnostic tools such as ultrasound, computerized tomography
(CT) scan, and magnetic resonance imaging (MRI), combined with histopathological
examination utilizing incisional biopsies, excisional biopsies, fine-needle aspirates,
and immunohistochemistry, are crucial for the accurate diagnosis and classification
of these tumors. Recent advancements in combined treatment modalities such as
advanced surgical techniques, radiation therapy, chemotherapeutic agents, and
cancer immunotherapy have led to enhanced clinical outcomes and prognoses for
patients inflicted with these mesenchymal tumors.

I would like to thank everyone at IntechOpen who helped with this publication.
Finally, I dedicate this book to my family, my colleagues, my mentors, and students
throughout my career.

Hilal Arnouk, MD, Ph.D.,

Department of Pathology,

Chicago College of Osteopathic Medicine,
College of Dental Medicine-Illinois,
Chicago College of Optometry,

Precision Medicine Program,

College of Graduate Studies,

Midwestern University,

Ilinois, United States






Chapter1

Introductory Chapter: Soft Tissue
Tumors of the Eye

Gloria Yum and Hilal Arnouk

1. Introduction

Orbital soft tissue tumors of eye are a highly diverse group of neoplasms. They
tend to manifest clinically as exophthalmos, with varying degrees of severity depend-
ing on the location and nature of each lesion, since the small anatomical space of the
orbit is crowded with different structures, including muscles, nerves, blood vessels,
and connective tissues (Figure1).

Recent advancements in radiological diagnostic tools, such as ultrasound, comput-
erized tomography (CT) scan, and magnetic resonance imaging (MRI), have signifi-
cantly improved the detection and patient management of these tumors. This chapter
provides a concise overview of some of these primary orbital tumors of mesenchymal
origin with a special focus on sarcomas.

2. Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is one of the most common orbital tumor in children
accounting for 5% of all pediatric cancers [1]. Although few children have it at the
time of birth, most patients are diagnosed on average between 6 and 8 years of age
[2, 3]. Orbital RMS leads to a rapidly progressing proptosis, which is the hallmark of
orbital RMS. Additionally, patients may experience ocular motility restriction, globe
displacement, and a tangible mass [4]. Orbital RMS is derived from undifferentiated
mesenchymal cells with the potential to differentiate into striated muscle cells in
the extraocular muscles as well as in the eyelids. Local extension to parameningeal
structures, such as roof orbit osteolysis, optic nerve, maxillary sinuses, ethmoidal
sinuses, and sphenoid, has been observed. Prognosis is variable depending on the site
of the primary tumor regardless of the histopathological features [5] or the stag-
ing proposed by the Intergroup Rhabdomyosarcoma Study Group (Figure 2) [6].
The location of the primary tumor correlates significantly with the success of local
therapy and sequelae [5]. Patients with localized orbital RMS have a 90% survival
rate [7]. Historically, orbital RMS patients were treated with exclusive orbital exen-
teration with 5-year survival rate less than 30% [4]. However, the survival rate has
improved significantly in recent decades, up to over 90% [8], due to early detection
[9] and combination therapies of chemotherapeutic agents and local radiotherapy [8].
However, relapse and refractory (R/R) orbital RMS can still occur in some patients,
which leads to a significant poor prognosis [10-12] since no standardized treatment
guidelines exist for these patients. The current combination therapies for R/R orbital
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Figure 1.
Schematic depicting a soft tissue tumor within the orbit.

m Definition

| Localized tumor, completely removed with pathologically clear margins and
no regional lymph node involvement

! Localized tumor, grossly removed with (a) microscopically involved margins,
(b) involved, grossly resected regional lymph nodes, or (c) both

1] Localized tumor, with gross residual disease after grossly incomplete removal,
or biopsy only

v Distant metastases present at diagnosis

Figure 2.
IRSG surgical + pathologic grouping system according to the Intergroup Rhabdomyosarcoma Study Group (IRSG).

RMS consists of multidrug chemotherapy, brachytherapy, radiotherapy, and different
surgical modalities [10, 11].

3. Leimyosarcoma

Leiomyosarcomas are malignant tumors of mesenchymal origin that recapitulate
smooth muscle differentiation [13]. These tumors are usually characterized by local
recurrences and distant metastases. Thus, they are typically diagnosed at an advanced
stage leading to poor prognosis. However, in primary conjunctival leiomyosarcomas,
prognosis is usually good due to their early detection and small tumor size [14]. It
is, however, challenging to distinguish leiomyosarcoma from other nonpigmented
conjunctival lesions morphologically [15]. Therefore, the differential diagnosis should
include leiomyosarcoma for any rapidly progressing subconjunctival tumor in the
vicinity of the limbus that maintains intact conjunctival epithelium and displays
prominent vascularization. Upon excisional biopsy, the presence of spindle cells can
help differentiate leiomyosarcoma from amelanotic melanoma. Primary conjunctival
leiomyosarcomas are rare, only 12 patients have been diagnosed with this tumor
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to date. These patients (eight male, four female) ranged in age from 20 to 81 years
[14] with half initially misdiagnosed at pathological examination [16, 17]. While all
the tumors were located within the palpebral fissure, several other locations were
reported in some patients, including the temporal limbus, the nasal limbus, and the
cornea [18]. A complete surgical excision with wide margins is the preferred method
of treatment for primary conjunctival leiomyosarcomas. Surgical treatment options
include exenteration, enucleation, evisceration, and a globe-sparing resection, which
can be attempted when only the bulbar conjunctiva is involved [14].

4. Alveolar soft part sarcoma

Alveolar soft part sarcoma (ASPS) is a slow-growing, distinct, and rare soft tissue
tumor with uncertain histogenesis and unique electron microscopic and histopatho-
logical characteristics [19, 20]. The name is derived from the alveolar arrangement
of epithelioid tumor cells separated by delicate fibrous septa. The tumor is typically
circumscribed [21, 22] and surrounded by a capsule or a pseudocapsule [21]. A
hallmark morphological feature of ASPS that is found in a majority of cases is the
presence of cytoplasmic crystals, which are diastase resistant and can be stained with
periodic acid Schiff (PAS) [23]. These morphological features can be pivotal for the
early detection of ASPS before it becomes metastatic and incurable. Orbital ASPS is
rare and can occur in adults and children alike [21, 22, 24, 25] with no gender predi-
lection. In a study that included nine patients, proptosis and ocular motility restric-
tion were observed in all the patients, two of nine had lid swelling, three of nine had
conjunctival congestion, one of nine had pain, eight of nine had normal visual acuity,
and one of nine had diplopia. The most common feature was nonpulsatile and non-
reducible proptosis [21, 26]. The tumor frequently indents or displaces the globe and
can compress the optic nerve resulting in decreased visual acuity due to its proximity
to the optic nerve and medial rectus muscle [21, 22, 27]. The differential diagnosis of
ASPS includes neurofibroma, schwannoma, and hemangioma [22, 27]. Wide surgical
excision is the first-line treatment option as complete surgical resection is required for
increased survival. Studies have shown that supplemental preoperative radiotherapy
is preferential to postoperative radiotherapy for improved overall survival, but it had
no effect on local and regional recurrence, progression-free survival, or the presence
of metastases [28].

5. Ewing sarcoma

Ewing sarcoma family of tumors (ESFT) comes from within bone or soft tissue
and includes peripheral primitive neuroectodermal tumor (pPNET) of the bone,
Ewing sarcoma of the bone (ESB), extraosseous Ewing sarcoma (EES) and Askin’s
tumor of the chest wall [29]. Most Ewing sarcoma in the orbit is due to metastases,
while primary orbital ESFT is very rare [30]. One retrospective study included 12
patients with primary orbital ESFTs that were verified by a pathological examina-
tion of the biopsies. The patients’ average age was 12 years, and all the patients
had unilateral eye involvement with about 80% of the cases involving the left eye.
Patients complained of superior eyelid swelling and proptosis with their symptoms
lasting for 9 weeks on average. The majority of patients had predominant osseous
lesion and extraorbital invasion, including intra cranial, nasal cavity, ethmoid
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sinus, maxillary sinus, and temporal fossa. At presentation, systemic metastases
involving the retroperitoneal lymph nodes, bone marrow, and kidney were seen

in about half the patients. Seven patients were diagnosed with ESB, two with EES,
and three with pPNET based on radiological findings, histopathology, and immu-
nohistochemistry. Since Ewing sarcoma is a systemic disease, all the patients in

the study received systemic chemotherapy, and half of the patients died while on
chemotherapy. The other half also received adjuvant external beam radiotherapy of
50 Gy to the orbit since this type of tumor is considered radiosensitive. Follow-up
over 21 months showed that 11 patients have died with a mean survival time of 10
months. After the diagnosis of ESFT, four patients survived for less than 6 months,
and these patients were all over the age of 5 years and had systemic metastasis

and predominant osseous lesion with intracranial tumor extension at the time of
presentation. One patient, with ESB tumor invasion into the maxillary sinus and no
metastatic disease, responded well to the treatment and remained disease free at 12

years of follow-up [31].

6. Kaposi sarcoma

Kaposi sarcoma is a malignant neoplasm of vascular origin. It is composed of
vascular spaces that are lined up by endothelial cells and surrounded by a clonal
population of spindle cells [32]. Kaposi sarcoma is commonly associated with
acquired immunodeficiency syndrome (AIDS) [33]. According to the Centers for
Disease Control, about 24% of AIDS patients manifest with Kaposi sarcoma, which
tends to be aggressive and resistant to treatments [33]. Ocular involvement of Kaposi
sarcoma was very rare before the AIDS epidemic [34]. One in five AIDS patients
may present with ocular involvement, including the conjunctiva, orbit, or eyelids
[35, 36]. Conjunctival lesions are found in about 5-10% of Kaposi sarcoma patients
[37]. These tumors can be misdiagnosed as cavernous hemangioma, foreign-body
granuloma, or subconjunctival hemorrhage. Morphologically, the lesions are slow-
progressing [38], and they appear raised or flat, have bright red coloration, and are
often surrounded by dilated tortuous vessels [39]. Eyelid lesions can be similar in
appearance to a hordeolum. In a study that included 100 homosexual males with
AIDS-related Kaposi sarcoma, ophthalmic involvement was observed in 20 out
of the 100 patients and was distributed between conjunctival and eyelid lesions.
Importantly, the ophthalmic lesion was the sole initial clinical manifestation of
Kaposi sarcoma in four patients [38]. Treatment modalities for Kaposi sarcoma of
the conjunctiva and eyelids include surgical excision, radiation, chemotherapy,
immunotherapy, and cryotherapy [40-42].

7. Conclusion

In conclusion, the radiological evaluation of orbital soft tissue tumors using MRI
and CT scans can be complemented with histopathological examination utilizing
incisional biopsies, excisional biopsies, fine-needle aspirates, and immunohistochem-
istry for accurate diagnoses and classification of these tumors. Due to recent advance-
ments in surgical procedures, chemotherapeutic agents, radiation therapy, and cancer
immunotherapy modalities, the clinical outcomes and prognoses have improved
significantly for patients inflicted with soft tissue tumors of the orbit.
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Chapter?2

Soft Tissue Tumors: Molecular
Pathology and Diagnosis

Frank Y. Shan, Huanwen Wu, Dingrong Zhong, Di A,
Riyam Zreik and Jason H. Huang

Abstract

Tumors of mesenchymal origin, also called soft tissue tumors, include tumor from
muscle, fat, fibrous tissue, vessels and nerves, which are a group of heterogeneous
neoplasms, and accounts for about 1% of all malignant tumors. They are uncommon
tumors in routine practice, with complex tumorigenesis. Due to the recent advance
in molecular pathology, we got a major achievement in the understanding of these
tumors at the gene level, which makes the diagnosis and prognosis of this type of
tumor more accurate and comfortable. This chapter will cover some molecular
pathology and diagnosis of soft tissue and bone tumors.

Keywords: DNA methylation, tumor induced osteomalacia, oncogenic osteomalacia,
paraneoplastic syndrome, biomarker, atypical lipomatous tumor/well-differentiated

1. Introduction

Compare to the epithelium-originated carcinomas, the incidence of malignant
mesenchymal tumors, refers to as sarcomas, are much less, which account for
approximately 1% of human malignancies. The terminology to descript those tumors
is usually related to the tissue origin of those tumors, such as the malignant tumors
from fibrous tissue is called fibrosarcoma, while the malignant tumor from bone is
called osteosarcomas. Each sarcoma usually has some histological subtypes, which
may present different clinical courses and prognoses. Like other tumors, pathological
diagnosis is the key point for the management of those tumors. However, pathology
diagnoses of mesenchymal tumors sometimes are challenge because of the rarity
and the histological diversity of this group of tumors [1], and most of the time,
the diagnoses are performed by senior pathologists or specialty-fellowship-trained
pathologists, in some cases, outside expert consultations are necessary. In addition,
clinical information is important for diagnosis, like patient’s age, tumor location,
and especially the radiology imaging studies. Some sarcomas have their favorite age
group and location, for example, liposarcoma often occurs in elderly patients’ deep
thighs, and retroperitoneum is a favorite location for at least three sarcomas, they are
well-differentiated liposarcoma, dedifferentiated liposarcoma, and fibrosarcoma.
This information is very helpful for making correct diagnoses. Since some soft tissue
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and bone tumors are with the characteristic radiological presentation. It also provides
avery important diagnostic clue for pathologists. For example, radiology for osteosar-
coma shows mixed lytic (bone destructive) and blastic (new bone formation) features
with invasive and destructive intraosseous mass and classic Codman triangle, while
chondrosarcomas likely occur on pelvic bones, femurs and humerus, and show on
radiology a unique popcorn-like calcification (Figure 1). Thanks to the recent massive
advance in molecular biology, our understanding of these tumors has moved to a new
level, which significantly affects both diagnosis and treatment of those neoplasms.
For example, 30 years ago, the treatment of choice for osteosarcoma, a malignant
bone tumor primarily affects teenagers and young adults, was amputation of the leg
in order to prevent fatal lung metastasis. However, currently, the first-line treatment
for this tumor is chemotherapy, which not only controls the tumor growth by pre-
venting lung metastasis but also saves the patient’s leg with improved patient’s quality
of life. Molecular pathology of soft tissue tumors includes tumor suppressor genes,
oncogenes, growth factors, and their receptors as well as DNA methylation, which are
closely associated with the behavior of the soft tissue tumors. Chromosomal analyses,
molecular cytogenetics (Fluorescent in situ hybridization, [FISH]) and molecular
assays (RT-PCR and NGS) may become increasingly useful in our routine practice,
providing important diagnostic, prognostic, and even therapeutic information and
leading to new insights and approaches into the classification and treatment of those
tumors. A small group of morphologically designed tumors called “small blue round
cell tumors”, include Ewing/peripheral neuroectodermal family of tumors, rhabdo-
myosarcoma, neuroblastoma, and lymphoma. The accurate diagnosis can be made by
genotypic technique, such as FISH; by using specific probes of interphase nuclei can
allow identification of tumor-specific chromosome changes in those sarcomas. We
hope that this new knowledge of genetic events will guide us toward the more rational
and successful development of new therapies for soft tissue tumors [2]. Gene muta-
tion and alteration may produce some specific biomarkers, which can be detected

by commonly used methods, like IHC, FISH, PCR and NGS. Understanding these
genetic abnormalities and the methods to detect them, are very useful for making an
accurate diagnosis in our practice. In addition, the diagnoses of some common and
uncommon soft tissue and bone tumors were reviewed here.

Figure 1.
Chondrosarcoma’s characteristic popcorn-like calcification (A). A unique Codman’s triangle in osteosarcoma on
imaging study is helpful for making a diagnosis (B, arrows).
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2. Molecular studies of tumorigenesis of soft tissue tumors

Similar to most neoplasms, inherited and environmental risk factors are the major
players in the development of soft tissue and bone tumors. The etiology of soft tissue
and bone tumors is multifactorial and largely unknown. Some tumors have a genetic
background, while other tumors may have both environmental and preexisting condi-
tions as major etiologic factors. In addition, many soft tissue and bone tumors have
both genetic and environmental factors interact to play a synergistic role to cause the
neoplasm. For example, patients with familiar retinoblastoma have a higher incidence
of bone and soft tissue sarcomas. Familiar osteochondromas and fibrous dysplasia
can also be complicated by osteosarcoma. Both are due to Rb gene mutation. Rb gene
is located in 13q14, and its mutation is associated with the development of at least
following tumors, such as malignant fibrous histiocytoma (MFH), leiomyosarcoma,
rhabdomyosarcoma, fibrosarcoma, liposarcoma, Ewing sarcoma, osteosarcoma,
and chondrosarcoma [2]. The other tumor suppressor gene, p53, when it becomes
mutated, has similar results for developing those sarcomas listed above [2].

Several chemicals can induce soft tissue sarcoma, but those chemicals’ tumorigen-
esis effect is sometimes under genetic control. Ionizing radiation represents a proto-
type carcinogenic agent and was first recognized for the induction of osteosarcoma
[2]. Other soft tissue tumors associated with radiation include MFH, extraskeletal
tumors of bone and cartilage, fibrosarcoma, hemangiosarcoma, and neurofibrosar-
coma [2] as well as meningiomas and gliosarcomas. In addition, soft tissue tumors
may also develop during the period of immunosuppression, which can be associated
with chemotherapy for hematological disorders, genetic diseases, or iatrogenic
(pharmacologic) treatments in order to prevent graft rejection after organ trans-
plantation, such as the steroid treatment after the organ transplantations. Moreover,
those preexisting bone diseases, like bone infarcts, chronic osteomyelitis, and Paget’s
disease are all associated with an increased incidence of bone tumors [2].

3. Tumor suppressor genes

The p53 gene, the first identified tumor suppressor gene, is located in 17p13.1.
Mutations generating defective P53 may represent early steps of carcinogenesis in
many neoplasms, including soft tissue and bone tumors. For example, mutations
of p53 have been detected in MFH, liposarcoma, leiomyosarcoma, angiosarcomas,
fibrosarcoma, synovial sarcomas, Ewing’s sarcoma, rhabdomyosarcoma, chondro-
sarcomas, osteosarcomas, and other tumors of bone, and even some brain tumor like
astrocytomas. It has been further suggested that overexpression of mutated p53 (P53)
is associated with a less-differentiated phenotype and more aggressive behavior in
tumors of soft tissue and bone tumors. p53 mutation can be easily detected by immu-
nohistochemical (IHC) stain as nuclear stain, which is assumed to be the result of p53
gene mutation leading to a prolonged P53 half-time [3, 4].

The retinoblastoma (Rb) tumor suppressor gene is located on chromosome
13q14, and encodes a 105-kd nuclear phosphoprotein, which plays an important role
in the regulation of cell proliferation. Mutation at the Rb locus or genetic altera-
tions that lead to the production of malfunctioning Rb protein has been detected in
osteosarcoma, MFH, liposarcoma, leiomyosarcoma, fibrosarcoma, and spindle cell
sarcoma. It has also been the primary event during sarcoma development. Again,
immunohistochemical analysis of Rb expression could serve as a screening step for
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a more specific analysis of molecular alteration of the Rb gene, since the complexity
of the Rb gene and its product, as well as the random pattern of its point mutation,
prevents us from fully understanding their role in tumorigenesis [5].

In addition, other tumor suppressor genes involved in the development of bone
and soft tissue tumors include the p21, p16, and p18 genes. Those genes’ products have
primarily involved in the regulations of cyclin-dependent protein kinases (Cdk). The
mutations of these louses have been detected in osteosarcomas, leiomyosarcoma, and
other soft tissue tumors. However, the specific role of p21, p16, and p18 genes in the
development of bone and soft tissue tumors requires further research [2].

4. Oncogenes and related genes

Overexpression of several oncogenes has been reported in tumors of soft tissue
and bone. The genes coding for nuclear transcription factors includes nzyc, myb, gli,
and fos [6-9]. The c-myc and c-myb are nuclear phosphoproteins that stimulate cell
proliferation (c-myc) or inhibit cell differentiation (c-myb) by binding to specific DNA
sequence [9]. Myc protein has a transcriptional activation domain, a DNA binding
domain, a nuclear localization signal, a helix-loop-helix motif and a leucine-zipper
motif, which allow for the formation of dimers necessary for transcriptional activity
[9]. Amplification, alteration, or increased expression of c-myc oncogene has been
detected in osteosarcomas, soft tissue sarcomas, and MFH [6-9]. Increased expression
of c-myb gene was found in some soft tissue sarcomas [8, 9], while c-fos DNA amplifi-
cation was detected in liposarcomas but not in other types of soft tissue tumors [8].

The oncogene of 7as family is another most common group of oncogene involved
in the development of both carcinomas and sarcomas. It contains isoforms of HRAS,
KRAS, and NRAS [6, 7]. Oncogenetic activation of these proteins owing to missense
mutations and these proteins control a complex molecular circuitry that consists of
awide array of interconnecting signal pathways to affect multiple cellular processes
and drive tumorigenesis. KRAS mutations are most frequently detected in colorectal
tumors, lung cancer (mostly non-small cell lung cancer (NSCLC) and was detected
in at least 30% of adenocarcinomas of the lung), and in pancreatic carcinomas;
HRAS mutation are associated with tumors of the skin and the head and neck; and
NRAS mutations are common in hematopoietic malignancies. In addition, mutations
or changes in expression of 7as genes were detected in a few sarcomas, including
embryonal, alveolar, and pleomorphic rhabdomyosarcomas, leiomyosarcoma, MFH,
and angiosarcoma [7, 10].

5. Growth factors and their receptors

Proliferation and differentiation of mesenchyme or epithelium-derived cells are
coordinated by peptide growth factors that activate corresponding receptors express-
ing tyrosine kinase function in multiple patterns [11, 12]. Within tumor cells, growth
factors can be produced by different cells, including malignant cells themselves; by
stromal elements, including fibroblasts, endothelial cells, and immune cells; or they
can be released from carrier circulating cells, such as platelets. Since both malignant
and normal cellular components of tumor express growth factors and corresponding
receptors, a complex regulatory network is formed, which include the function of
regulation of tumor cell growth and proliferation [2].
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The growth factor and their receptors protein are transmembrane growth factor
receptors that function to activate intracellular signaling pathways in response to
extracellular signals. They include platelet-derived growth factor (PDGF), epidermal
growth factor (EGF), transforming growth factor (TGF)-a and -, fibroblast growth
factor (FGH), insulin, and insulin-like growth factor (IGF), vascular endothelial
growth factor (VEGF), and Hepatocyte growth factor/scatter factor (HGF/SF)
[12-16]. The common traits of these receptors are the presence of an extracellular
ligand-binding domain, a single transmembrane region, a cytoplasmic portion with a
conserved protein tyrosine kinase domain, and regulatory sequences that are subject
to autophosphorylation or phosphorylation and dephosphorylation by exogenous
kinase and phosphatases [10, 12, 14, 15]. Regulation of signal transduction by recep-
tor tyrosine kinase involves ligand-induced receptor reorganization, which increases
the ligand binding and signals transduction capacity [14]. Altered growth factor
signaling caused by genomic amplification or mutations is oncogenic and had been
observed in multiple malignancies.

Insulin, besides its well-known metabolic effects, can act as a growth factor
directly or synergistically with other growth factors. The insulin signal is translated
into phenotypic effect by the insulin receptor, which is a disulfide-linked tetramer
with 2 « and 2 p subunits. The insulin receptor has serine, threonine, and tyrosine
kinase activities and can autophosphorylate the tyrosine residues on the C-terminal of
the f subunit [17].

Insulin-like growth factor-I (IGF-I) and IGH-II belong to a small family and are
related proteins, composed of single-chain polypeptides that play important roles in
growth, development, and metabolism. They are produced mainly by the liver and
regulated by the pituitary growth hormone (GH). The IGF-I receptor is structurally
similar to the insulin receptor and is composed of two a and two p subunits that have
tyrosine kinase activities [15, 18]. The IGF-II receptor is a transmembrane protein of
270 kd with a small cytoplasmic domain that lacks kinase activity [9, 17]. Insulin and
IGFs can cross-interact with corresponding receptors, although with lower affinity than
the native ligand [18]. Insulin-like growth factors are produced by the liver and periph-
eral tissues, including tumor stroma and malignant cells [10, 18]. IGF-1 and IGF-II were
detected in some sarcomas, like Ewing sarcoma, PNET, and osteosarcoma [13, 12, 18].

Human epidermal growth factors (EGFs) and their receptors are well known to be
involved in many neoplasms, from lung and breast cancers to malignant brain tumor
like primary glioblastoma.

The EGF family includes EGF and TGF-a [10, 12]. EGF is a peptide growth factor
of approximately 6 kd, which is synthesized as part of a large protein that is processed
to mature EGF and EGF-like polypeptides. These growth factors and their receptors
can regulate the proliferation of mesenchymal and epithelial cells, including cor-
responding sarcomas and carcinomas, through a signal transduction pathway [8].
Another example of EGF-R mutation in the development of malignant neoplasm
can be seen in primary glioblastoma. A WHO grade 4 (highest-grade) malignant
brain tumor often occur in elderly patients without previously existing low-grade
tumor. Studies show in this tumor, the EGF-R gene is often mutated and amplified in
primary glioblastomas, referred to as EGFRVIII (EGFR variant III), which results in
over-expression of the EGF-R protein. EGF-RVIII plays an important role in tumori-
genesis by activating Mitogen Active Protein Kinase (MAPK) and Phosphoinositide-
3-Kinase (PI3K-Akt) pathways, EGF-RvIII mutation is characterized by in-frame
deletion of exons 27, resulting in a truncated extracellular domain with the inability
to bind a ligand but retains ligand-independent constitutive activity and produce
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tonic activation of the pathway to promote tumor cell proliferation, which makes this
tumor one of the most challenge neoplasms in the treatment by neuro-oncologists.

The role of PDGF in the growth of soft tissue and bone tumors is well recognized
[12]. PDGF can be transported to the tumor site by circulating platelets or can be
produced locally by endothelial or immune cells in the tumor. PDGF consists of a
group of disulfide-bonded homodimers and heterodimers of A and B chains. During
tumoral transformation, the requirement for PDGF diminishes significantly, because
in some systems the tumor cells can produce PDGF-like molecules [10]. For example,
fibrosarcoma, osteosarcomas, and glioblastomas produce PDGF-like factors [12].

Fibroblast growth factor receptors (FGFRs) have a family of 4 (FGFR1-4) highly
conserved transmembrane receptor tyrosine kinases, and an additional receptor
(FGFRS5, also known as FGFRL1) binds fibroblast growth factor (FGF) ligands but
without an intracellular kinase domain. The FGF signal pathway has been implicated
in oncogenesis, tumor progression, and resistance to chemotherapy in many tumors
[12]. They share significant sequence homology and overlap in their binding specifici-
ties for different FGFRs.

The VEGF/VPFs and SF/HGFs play a crucial role in normal and tumor tissue’s
angiogenesis [15, 16, 19]. The degree of vascularization in a tumor has a profound effect
on its growth and behavior, such as in benign tumors of hemangioblastoma and malig-
nant tumors of renal cell carcinomas and glioblastomas [15]. It has been proposed that
activation of the SF-c-met receptor system is important for the development of Kaposi
sarcoma, a human herpesvirus 8 induced, an HIV and AIDS-related angiosarcoma
[16, 20, 21]. The important role of vascularization in tumor development is emphasized
by a potent antitumor effect of angiogenesis inhibitors, including angiostatin and end-
ostatin [19, 22]. Some VEGF-target inhibitors have been developed, such as sorafenib and
sunitinib, and applied clinically to treat those tumors with prominent vascular supply.

Oncogenes coding for growth factors or their receptors, or non-receptor tyrosine
kinases, might correlate in some tumors with increased malignant potential and poor
prognosis. A large fraction of osteosarcoma, approximately 42%, express the Erb-B2
protein and its expression correlates with malignant behavior, although no significant
alteration in the erb-B2 gene was found in those tumors so far [8].

6. DNA methylation in soft tissue and bone tumors

DNA epigenetic modifications (post-translational modifications), such as methyl-
ation are important regulations of tissue differentiation, contributing to processes of
development in both normal tissue and malignant tissue. That is strongly associated
with gene expression regulation. In that way, DNA methylation patterns reflect both
the cell of origin and gene expression changes associated with different tumor types
[23]. Current studies also indicate that DNA methylation status may affect prognosis
in tumors treated with chemotherapy, such as glioblastomas, a type of malignant
brain tumor. Furthermore, a new classification of sarcomas based on their DNA
methylation has been proposed [24, 25].

6.1 Ewing’s sarcomas and small round cell neoplasms and their chromosomal
translocations

With traditional histological approaches, it is often difficult to classify a group
of tumors that have been categorized by morphology as “small round cell tumors”

14



Soft Tissue Tumors: Molecular Pathology and Diagnosis
DOI: http://dx.doi.org/10.5772/intechopen.104096

or “small round blue cell tumors” (Figure 2). Those tumors include Ewing’s
sarcoma, peripheral primitive neuroectodermal tumors (pPNETs), rhabdomyo-
sarcoma, lymphoma, desmoplastic small round cell tumor, small cell lung cancer,
and neuroblastoma, characterized histologically by small round nuclei with scanty
cytoplasm, active mitoses and apoptosis, some are with nuclear molding, suggestive
of neuronal origin, because their homogeneous appearance by light microscopy
examination and their frequent lack of organ specificity, making a diagnosis a
challenging work during routine practice. An accurate diagnosis is essentially
important for treatment and prognosis because each tumor is biologically different.
Fortunately, with the greatest advance in molecular biology technique and each

of those above tumor’s distinctive chromosomal abnormalities as well as special
protein production, identification of those abnormalities became an important
method for establishing an accurate diagnosis. Those chromosomal anomalies

can be detected by conventional karyotyping, FISH with specific probes from loci
spanning or flanking the translocation breakpoints and RT-PCR analysis, and even
NGS [26-29].

Ewing’s sarcomas, a primarily children’s bone tumor, while in adults, it occurs
more commonly in soft tissue. Ewing’s sarcoma is the second most common primary
bone sarcoma, after osteosarcoma. Extraskeletal Ewing’s sarcoma usually affects the
deep soft tissue of the trunk and extremity, but unusual sites such as head and neck or
retroperitoneum have also been reported [30].

Ewing’s sarcoma affects children, adolescents, and young adults, with most
cases occurring in the second and third decades of life. The medium age at diagno-
sis ranges from 13 to 19 years. The few patients older than 30 years have a similar
spectrum of EWSR1-ETS fusions. The femur is the most common location of this
tumor and on gross examination, the tumor usually occupies the medullary (central
portion of bone/bone marrow) space with an expending into periosteal soft tissue.
Radiologically, the tumor shows a prominent periosteal reaction and forms an “onion
skin” like reaction (Figure 2).

Microscopically, most tumors are composed of a striking uniform cytomorphol-
ogy, with round nuclei showing smooth nuclear contour and vesicular fine chromatin.
The tumor cells are arranged in solid sheets and show ill-defined cell borders with
scant, often clear cytoplasm, nuclear molding is hard to see (Figure 2). The tumor
cells are positive for CD99 by immunohistochemical (IHC) stain that is usually used
as the first line of screening test of diagnostic workup.

Figure 2.
Gross picture of Ewing’s sarcoma shows the tumor stars from bone marrow and extends to the soft tissue around
the bone (A). Microscopically, Ewing’s sarcoma is a classic small round blue cell tumor (B).
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Ewing’s sarcoma (a tumor of unknown histopathogenesis) is with a unique chromo-
somal rearrangement, t (11; 22) (q24;q12) (EWS/FLI1), which was also found in periph-
eral primitive neuroectodermal tumors (pPNET, a tumor of neural origin), suggesting a
similar mechanism of tumorigenesis and a tissue of origin for these distinct clinicopatho-
logical entities. The 11;22 translocation or variants, therefore, are detectable cytogeneti-
cally or by molecular approaches in more than 95% of Ewing’s sarcoma and pPNETs
[28, 29]. Approximately 5% Ewing’s sarcoma and pPNETs are with slightly differently
chromosomal translocation and are referred to as “cytogenetic variant translocation”,
which is not uncommon due to the tumors’ heterogenesis. These variants exhibit rear-
rangements of 22q12 with a chromosomal partner other than 11q24. An example is the
21;22 translocation [t(21;22)9q22;q12) (EWS/ERG)]. At least four variant translocations
(including EWS/ERG) have been identified cytogenetically and molecularly [26-29].

Recent studies suggest that identification of the 11; 22 translocation of EWS/FLI1
fusion transcript is not only useful diagnostically in Ewing’s sarcoma and pPNETSs
but also affects the prognosis of tumors. Two large clinical studies have been shown
that the most common type of EWS/FLI1 fusion, seen in approximately two-thirds of
cases, is associated with significantly better survival [5, 28, 29].

Specific nucleic acid sequences can be shown in individual metaphase and inter-
phase cells by specially designed chromosome-specific probes and fluorescence in
situ hybridization (FISH). This technique can be applied on fresh or aged samples
(such as blood smear or cytological touch preparations), paraffin-embedded tissue
sections, and disaggregated cells retrieved from fresh, frozen or paraffin-embedded
material. FISH is usually the same day or overnight procedure with rapid turn-around
time (TAT), depending on the probes utilized. Paraffin-embedded material, however,
may require more prolonged pretreatment for deparaffin, which may be resulting in a
slightly longer turn-around time [26].

FISH is a valuable technique for detecting chromosomal rearrangements in
bone and soft tissue tumors. Those tumors/sarcomas have prominent and unique
chromosomal translocations. These chromosomal translocations indicate an
exchange of chromosomal material between two or more chromosomes, can be
visualized in interphase cells by the use of site-specific probes labeled with differ-
ent colored fluorescent dyes. Bicolor FISH with translocation breakpoint” flank-
ing” or “spanning” cosmid probes (labeled unique sequences using large-insert
probes) or whole chromosome paint probe can be used diagnostically. A significant
advantage of FISH is it is not dependent on the procurement of metaphase cells
and can be performed on the tissue of limited quality such as cytological touch
preparations. With these approaches, cryptic or masked translocations can be
identified. This highly sensitive and reliable technology has been adopted into
the routine practice of many clinical pathology laboratories, and as an effective
alternative to reverse transcriptase polymerase chain reaction (RT-PCR) analysis.
TAT usually takes a few days [26].

7. Reverse trabscriptase polymerase chain reaction (RT-PCR)
RT-PCR makes it possible to amplify RNA, usually mRNA. For TR-PCR, RNA
extracted from the tissue is purified and then converted into cDNA by reverse tran-

scriptase, an enzyme that transcribes RNA into single-stranded complementary DNA.
The cDNA then serves as the template in a conventional PCR.
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This technique can be used to detect chimeric or fusion genes created by transloca-
tion events such as the 11;22 translocation [t(11;22) (q24;q12)] in Ewing’s sarcoma.
Ideally, snap-frozen tissue is preferred for RNA extraction and RT-PCR analysis.
However, this procedure can also be performed on archival (formalin-fixed and
paraffin-embedded) material if RNA is of sufficient quality [26].

RT-PCR analysis is a very sensitive method. It may allow for the detection of
abnormalities present in cells too few to be detectable by traditional cytogenetic
or FISH methods. It can detect the sarcoma-specific fusion transcripts, and is also
capable of consistently detecting one t(11;22)-bearing tumor cell among 10° non-
t(11;22)-bearing cells [31]. Therefore, the RT-PCR technique has been considered
a potential method for monitoring minimal residual disease clinically in patients
undergoing sarcoma therapy or in identifying a micro-metastatic disease by testing
circulating tumor cells in the bloodstream [32-36].

This assay could become a clinically useful test for the early identification of
patients who may benefit from alternative therapy or who may be spared possible
overtreatment [32]. For example, several studies have been conducted at examining
peripheral blood and/or bone marrow specimens of patients with Ewing’s sarcoma/
pPNET, rhabdomyosarcoma and myxoid liposarcoma for molecular evidence of
circulating tumor cells at the time of diagnosis [32-37]. RT-PCR detection of circu-
lating Ewing’s sarcoma or pPNET cells in 23 patients (all with the clinically localized
disease in a study performed by de Alava [34]) is in accordance with the markedly
poor outcome of surgery alone for Ewing’s sarcoma or pPNET. In addition, prelimi-
nary studies suggest that the minimal marrow involvement by Ewing’s sarcoma or
PPNET cells can be detected by RT-PCR is it may be associated with a poor clinical
prognosis [35, 36].

Alveolar rhabdomyosarcomas are another tumor characterized by specific
chromosomal translocations that appear to have a relationship with clinical behavior
[38]. Most alveolar rhabdomyosarcomas exhibit one of two chromosomal transloca-
tions: t(2;13) (q35;q14) associated with a PAX3/FKHR fusion transcript or t(1;13)
(q36;q14) associated with a PAX7/FKHR fusion transcript [23]. The 2;13 transloca-
tions has been observed in approximately 75% of alveolar rhabdomyosarcomas
examined and the 1;13 translocations in 10%. A comparison study of the clinical
features of 18 patients with PAX3/FKHR alveolar rhabdomyosarcomas and 16
patients with PAX7/FKHR alveolar rhabdomyosarcomas showed that PAX7/FKHR
group had better overall survival and significant longer tumor-free survival time.
These findings suggest that, similar to Ewing’s sarcoma and pPNET, an association
with fusion transcript type and distinct tumor clinical behavior may exist in alveolar
rhabdomyosarcomas [38, 39].

In our routine practice, immunohistochemistry (IHC) plays an important role in
diagnoses. For example, Ewing’s sarcoma typically shows strong and diffuse mem-
brane expression of CD99 by IHC stain, which recognizes the p30/32 MIC2 glycopro-
tein on the membrane of the tumor cells, which is generally not observed to this extent
in other tumors; this pattern is therefore relatively specific for Ewing’s sarcoma. So
CD99 IHC stain is considered highly sensitive for Ewing’s sarcoma, which is used as a
first step screening test in practice. However, as shown recently, nuclear expression of
the transcription factor NKX2.2 is found in about 95% of Ewing’s sarcomas but is also
expressed in a subset of histologically mimics such as mesenchymal chondrosarcoma
(in 75% of cases) and is therefore not specific for Ewing’s sarcoma any more. However,
the combination of CD99 and NKX2.2 is still useful in diagnosis [1]. However, these
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tiny IHC stain differences (perinuclear vs. nuclear stain) can be recognized by experi-
enced pathologists.

7.1 Solitary fibrous tumor (SFT) vs. Hemangiopericytoma (HPC)

Used to be two separate dura-based mesenchymal tumors, which were considered
as two subtypes of meningiomas, and they are nowadays considered as one tumor with
different presentations. As SFT is at the end of benign tumor and hemangiopericy-
toma (HPC) as a more aggressive tumor. Both tumors are CD34 and STAT-6 immu-
noreactive spindle cell tumors origin from the dura, the cover of the brain and spinal
cord, with only minor histologically difference, as SFT is with small and thin-walled
vessels and HPC with large and branched vessels, with “staghorn” features.

SFET is a typically well-circumscribed and CD-34 immunoreactive fibroblastic
tumor, origins from the pleura as solitary fibroblastic mesothelioma. Although itisa
benign tumor, SFT has a high propensity for recurrence and metastasis.

SFTs affect men and women equally and are most common in adults between 40
and 70 years old. SFTs may occur at any anatomic location, including superficial and
deep soft tissue and visceral organs and bone; they are more common at the extra-
pleural location, like the abdominal cavity, the pelvis, or the retroperitoneum. Most
SFTs present as a mass lesion with associated clinical presentation. Abdominopelvic
tumors may present with distention, constipation, urinary retention, or early satiety,
whereas head and neck SFTs may present with nasal obstruction, voice changes, or
bleeding. In rare cases of SFT occurs intraventricularly, in that cases, hydrocephaly
may be present. Radiology examination shows SFTs a well-demarcated, multi-lobular
mass lesion, with heterogeneous contrast enhancement by MRI scan due to the
extensive vascular component in the tumor.

SFTs, microscopically, the tumor cells consist of uniform spindled cells in a variably
collagenous deposition or occasionally myxoid matrix, in which cellular and hyalinized
areas alternate in irregular patterns (Figure 3). A hemangiopericytoma-like vascular
feature with a complex or staghorn-like profile is present in most cases, at least in some
areas. The tumor cells have indistinct cytoplasm and oval nuclei, usually with inconspic-
uous nucleoli. Mitotic activity is usually low in most cases. Put here as the World Health
Organization (WHO) grading system currently used. The current WHO classification
gave SFTs 3 grades by histological evaluation based on mitotic activity. Specifically,
SETs with fewer than five mitoses per 10 high-power fields are considered grade 1, while
a mitotic count of five or more justifies a grade two designation. If, in addition to this
elevated mitotic count, necrosis is present, then a grade three designation is assigned.
There have been reported some rare histological patterns in SFTs, including lipomatous,
papillary, giant cell, and my=xoid, but these changes do not affect prognosis.

Final diagnosis requires IHC staining to show the tumor cells are positive for both
CD34 and STAT-6 (Figure 3) in order to confirm the diagnosis of SFT and HPC.

The NAB2 and STAT6 genes are adjacent genes on chromosome 12q13 that are
transcribed in opposite directions. This intrachromosomal fusion results from a
genomic inversion at 12q13 locus, fusing NAB2 and STAT6 in a common direction of
transcriptio. Require immunohistochemical staining showing the tumor cells are both
positive for CD34 and STAT-6 (Figure 2). Confirmative diagnosis of SFT and HPC
requires immunohistochemical staining support of tumor. Confirmative diagnosis
of SFT and HPC requires immunohistochemical staining support that tumor cells
are both positive for CD34 and STAT-6 by IHC staining (Figure 3), which are the
confirmative diagnosis for SFT and HPC. Careful microscopic evaluation is necessary

18



Soft Tissue Tumors: Molecular Pathology and Diagnosis
DOI: http://dx.doi.org/10.5772/intechopen.104096

Figure 3.

SFgT low power view shows spindle cell neoplasm HeSE stain x100 (A) SFT, small thin-walled vessels are
characteristic for ST, HeYE stain x100 (B). While lavger and branched vessels are unique for HPC, HeYE stain
%100 (C). SFT on high power view shows collagen deposition around tumor cells, He¥E stain x400 (D), SFT
immunoreactive for CD34 and STAT-6 immunohistochemical stain x100 (E and F).

to distinguish those two tumors, in which SFT is with thin-walled and smaller vessels
while HPC is usually with larger and branched vessels (Figure 3). Those are the only
microscopic difference between these two tumors.

7.2 Phosphaturic mesenchymal tumor (PMT)

Phosphaturic mesenchymal tumor (PMT) is a rare mesenchymal tumor of unknown
etiology, which can produce excessive fibroblast growth factor 23 (FGF23) and lead to
tumor-induced osteomalacia (TIO), a rare paraneoplastic syndrome [40-43].

PMT most commonly affects middle-aged adults but has also been reported in
children and the elderly. Men and women are equally affected. The age and gender
distribution of patients may be related to tumor location. PMT located in the alveolar
bone occurs more frequently in younger males. Approximately half of cases occur in
the extremities including femur, foot, and thigh soft tissue. The head and neck includ-
ing the sinonasal area and the mandible and maxilla are also commonly involved.
PMT rarely affects the trunk, pelvis, and spine [40].

Grossly, most PMT presents as non-specific soft tissue or bone masses and may
contain calcified or hemorrhagic areas. PMT typically focally infiltrates into surround-
ing tissues (Figure 4A), probably accounting for their high local recurrence rate. The
neoplastic cells typically have a low nuclear grade with absent or minimal nuclear
pleomorphism, absent to rare mitotic figures, and low Ki-67 proliferative index
(<5%). The tumor typically produces a characteristic “smudgy” matrix that calcifies in
a peculiar “grungy” or flocculent fashion, and sometimes osteoid, chondroid, and/or
myxoid matrix (Figure 5A-C). A variable component of osteoclast-like giant cells and
mature adipose tissue are also common findings in PMT (Figure 5D). The tumor con-
tains a small, arborizing network of capillaries. Prominent hyalinized and branching
HPC-like vasculature may be also found (Figure 5E-I). Due to the wide histological
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Figure 4.

Thgeuhistology of PMT avising from alveolar bone was characterized by admixed epithelial components, which
resemble odontogenic epithelium and may be easily overlooked or misinterpreted as multinucleated giant cells.
(A) PMT arising from alveolar bone typically focally infiltrates into surrounding mucosa. (B, C) The neoplastic
mesenchymal components are composed of spindle cells and arranged in a fascicular or storiform pattern.

(D-F) The epithelial cell nests highly resemble odontogenic epithelium.

Figures.

The wide histological spectrum of PMT. (A) Focal osteoid matrix. (B) “Grungy” calcification. (C) Slate-gray
crystals. (D) Osteoclast-like giant cell. (E) Prominent “staghorn” blood vessels. (F) Perivascular hyalinization.
(G) Dilated thin-walled blood vessels. (H) “Patternless” arrangement with elaborate microvasculature.

(I) Malignant PMT.
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spectrum, the tumor had been previously diagnosed as a variety of diseases including
fibrosarcomas, osteosarcomas, osteoblastoma, giant cell tumors, or other mesenchy-
mal tumors, and was finally categorized by Folpe et al. [42] in 2004 as PMT, mixed
connective tissue type (PMTMCT). PMT in sinonasal and craniofacial bone may show
some unique histopathological features. PMT arising from alveolar bone is character-
ized by haphazardly and diffusely distributed small, irregular odontogenic epithelial
nests, which has been named “Phosphaturic mesenchymal tumors” of the mixed
epithelial and connective tissue type (PMTMECT)” (Figure 4A-F) [40].

Although the histological criteria for malignant PMT have not been well devel-
oped, frankly sarcomatous features (high cellularity, marked nuclear atypia, elevated
mitotic activity and Ki-67 proliferative index, and necrosis) support the diagnosis
of malignant PMT (Figure 5I). Malignant PMT typically appears as a recurrent or
metastatic tumor [41].

Figure 6.

The polyimmunophenotypic profile of PMT. AE1/AE3 (A) and vimentin (B) positivity in the epithelial cell nests
and mesenchymal components of PMT arising from the alveolar bone, vespectively. (C) FGF23. (D) SSTR2A. (E)
NSE. (F) CDy9. (G) CDs6. (H) Bcl-2. (I) D2-40. (J) CD68. (K) SMA. (L) CD34.
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By immunohistochemistry, FGF23, SSTR2A, NSE, CD99, CD56, Bcl-2, D2-40,
CD56, CD68, SATB2, and ERG has also been demonstrated to be frequently expressed
in PMT (Figure 6A-]) [40, 44]. Other mesenchymal markers including FLI-1, SMA,
and CD34 were also expressed to varying degrees (Figure 6K and L). Although
immunohistochemistry is non-specific and thus of limited value, the polyimmuno-
phenotypic profile favors the diagnosis of PMT. Although previous studies have used
immunohistochemistry for detecting FGF23 expression, some pathologists believe
that commercially available antibodies to FGF23 have questionable specificity and are
not widely available, and prefer chromogenic in situ hybridization (CISH) for FGF23
expression detection in PMT [41]. However, CISH is not commonly used in routine
pathology practice. Besides, detecting the characteristic FN1/FGFR1 or FN1-FGF1
gene fusions by FISH or next-generation sequencing (NGS) can be of great value in
the diagnosis of morphologically ambiguous cases, cases without a given history of
TIO or so-called “Non-phosphaturic PMT” (tumors showing morphological features
of PMT without TIO).

Limited data have been obtained in regarding to TIO-associated mesenchymal
tumors other than PMT. The histopathological, immunohistochemical, and molecular
features of these tumors remain unclarified. Due to the apparent difference in the
clinical implications, great caution is recommended when diagnosing any other
specific type of mesenchymal tumor as the cause of TIO.

8. Atypical lipomatous tumor/well-differentiated liposarcoma

Liposarcomas account for approximately 20% of mesenchymal malignancies
[45]. Atypical lipomatous tumor/well-differentiated liposarcoma (ALT/WDLPS) is
alocally aggressive adipocytic malignancy. It is one of the most common subtypes
of liposarcoma and accounts for approximately 40% - 45% of liposarcomas [46, 47].
ALT and WDLPS are exchangeable terms with ALT used when tumors in the extremi-
ties site, and WDLPS used when tumors in deeper sites, such as retroperitoneum,
paratesticular region, or mediastinum. Amplification of a chromosomal region
(12q13-15) that covers MDM2 and CDK4 cell cycle oncogenes is the pathognomonic
genetic change and can be detected in most cases.

8.1 Clinical features and presentations

ALT/WDLPS affects middle age to elderly adults and is rare in children [47]. ALT/
WDLPS has been associated with Li-Fraumeni syndrome in childhood [48] patients
with ALT/WDLPS often present with slow-growing, painless mass in proximal
extremities, trunk, and retroperitoneum. Other less common anatomic sites include
paratesticular region, mediastinum, skin, and head/neck region. ALT/WDLPS in
retroperitoneum is usually large and asymptomatic.

8.2 Histopathology

The size of ALT/WDLPS is usually larger than 5 cm and can grow very large to
more than 20 cm, especially when located in deep sites, such as retroperitoneum.
Grossly, ALT/WDLPS is well circumscribed with a tan-gray to the yellow cut surface.
Fat necrosis or focal hemorrhages can be seen in large lesions. Thickened fibrous
bands also may be noticed on cut surfaces (Figure 7B).
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ALT/WDLPS appears close to mature fat in histology. It is composed of sheets of
well-differentiated adipocytes and lipoblasts. Adipocytes are in variable size and shape
in the tumor. Nuclear hyperchromasia and atypia can be seen in both adipocytes and
stromal cells. Stromal cells may have one to multiple nuclei and when multiple nuclei

Figure 7.
Representative well-differentiated liposarcoma (WDLPS) (A, B, C) and myxoid liposarcoma (MLPS) (D, E).

A, B. Gross picture and cut suface of WDLPS. C. High power view shows mature lipocytes and atypical lipoblasts
in WDLPS (denoted in blue arrow). D, E. Different power views show high-grade round cell morphology in
MLPS (denoted in green arrow).
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are present, floret-like morphology can be seen. Lipoblasts are usually hyperchromatic
and vacuolated. However, no significant nuclear pleomorphism or severe atypia should be
seen in ALT/WDLPS. The number of lipoblasts varies, or even rare to none (Figure 7).
Lipoblasts are not required to make the diagnosis for ALT/WDLPS. ALT/WDLPS
usually has cellular fibrous septa or even extensive sclerosing fibrosis. Lipogenic cells
in the fibrous septa are hypocellular and mitotic activity is rare or absent, which are
histologic features of ALT/WDLPS and help differentiate ALT/WDLPS from dediffer-
entiated liposarcoma (DDLPS). ALT/WDLPS may have mild myxoid stromal changes,
mimicking myxoid liposarcoma. In rare cases, heterologous components, such as bone,
cartilage, or muscle can be seen. However, the presence of heterologous components
does not change the prognosis. In some ALT/WDLPS cases, fat necrosis and atrophic
skeletal muscle cells are present, which possess a certain degree of nuclear atypia and
they should not be confused with lipoblasts.

WDLPS has three histological subtypes (from most common to least): adipocytic
(lipoma-like), sclerosing (common in retroperitoneum and paratesticular region) and
inflammatory (common in retroperitoneum) [49, 50]. Adipocytic subtype WDLPS
processes lobules of adipocytes with a mature appearance and irregular fibrous
septa of variable thickness. There is nuclear atypia in adipocytes and stromal cells.
Lipoblasts in WDL are rare and sometimes can be difficult to find. The sclerosing
subtype is composed of hypocellular adipocytic components and extensive stromal
fibrosis. Nuclear hyperchromasia and atypia of adipocytic components are present.
Stromal collagenization or hyalinization can be seen in this subtype. The inflamma-
tory subtype contains dense lymphoplasmacytic infiltrate in the stroma.

Ancillary tests, such as cytogenetic testing to detect the amplification of MDM?2
and CDK4 and IHC stain for nuclear MDM2 and/or CDK4 are required for diagnosis.

8.3 Prognosis and treatment

ALT/WDLPS is a locally aggressive malignancy. ALT/WDLPS has a recurrent rate of
up to 50%, depending on the site [50]. ALT/WDLPS does not metastasis unless dediffer-
entiation occurs. Both recurrence and dedifferentiation are anatomic location dependent.
Recurrence after complete surgical excision occurs more often from the intra-abdominal
cavity, retroperitoneum, mediastinum, or paratesticular regions. The risk for ALT/WDLPS
to dedifferentiate is very low in extremities (<2%), while much higher in retroperitoneum
(>20%). Radical surgical excision with a negative margin is the mainstay of management.
For tumors that occur in deep central anatomic sites, such as retroperitoneum, paratesticu-
lar region or mediastinum, radical excision with removal of multiple visceral structures is
recommended, which can increase relapse-free survival [50]. The median time to death is
6-11 years. Ten-year to 20-year mortality rates range from essentially 0% for ALT of the
extremities to >80% for WDLPS located in the retroperitoneum (see Figure 7).

9. Dedifferentiated liposarcoma

Dedifferentiated liposarcoma is typically a non-lipogenic sarcoma with variable
histologic grades. DDLPS can either be progressed from ALT/WDLPS (10%) or arised
de novo (90%). Dedifferentiation from WDLPS can occur at any site of the body. The
anatomic site of DDLPS is closely associated with prognosis and DDLPS from retro-
peritoneum predicts the worse prognosis. Same as ALT/WDLPS, DDLPS is character-
ized by amplification of chromosomal sequence from 12q13-15 region [51-53].

24



Soft Tissue Tumors: Molecular Pathology and Diagnosis
DOI: http://dx.doi.org/10.5772/intechopen.104096

9.1 Clinical features and presentations

Same as ALT/WDLPS, DDLPS occurs in middle-aged to elderly adults (peak
incidence in 60s-80s) with equal frequency in males and females. Dedifferentiation
happens in up to 10% of ALT/WDLPS and the rest of DDLPS cases arise de novo.
DDLPS is most common in deep soft tissue, such as retroperitoneum and abdominal
cavity, less common in paratesticular region, trunk, extremities, head/neck, and least
in the subcutaneous region [49]. The dedifferentiation risk of ALT/WDLPS is location
dependent. It is higher in deeper sites (such as retroperitoneum) and lower in other
sites (approximately 28% vs. up to 10%) [49, 51-53]. Patients with DDLPS typically
present as a large, painless mass within slow-growing and lasts a couple of years.
Patients can also present with symptoms due to organs impinged by tumors. The
symptoms include organ obstructions of the intestinal or urinary system.

9.2 Histopathology

Patients with DDLPS present with a well-demarcated, large and lobulated
mass. The cut surface reveals yellow to gray-white consistency and focal necrosis
and hemorrhage can be seen. DDLPS usually contains both ALT/WDLPS compo-
nents and non-lipogenic sarcoma components. An abrupt or gradual transition
from these two components can be appreciated microscopically. The amount
of lipogenic component/ALT/WDLPS in DDLPS differs and can be as little as
minimal to none. The diagnosis of DDLPS can be challenging in the absence of
the ALT/WDLPS part. Lipogenic components can be any histologic subtype(s)
of ALT/WDLPS. Non-lipogenic sarcoma component shows variable morphol-
ogy and histologic grade, depending on different dedifferentiated mesenchymal
component(s). Non-lipogenic sarcoma components can show variable morphol-
ogy, including spindled, fascicular, and storiform in the background of myxoid
stroma, which can lead to broad differential diagnoses, mimicking from fibrosar-
coma to undifferentiated pleomorphic sarcoma (UPS). DDLPS with the myxoid
background may resemble a low- to high-grade myxofibrosarcoma. However,
myxofibrosarcoma is not as commonly seen in retroperitoneum as DDLPS. Low
nuclear grade DDLPS with myxoid background could resemble myxoid liposar-
coma or low-grade fibromyxoid sarcoma. Spindle or fascicular morphology in
DDLPS can mimic fibromatosis, fibrosarcoma, leiomyosarcoma, or malignant
peripheral nerve sheath tumor. Sclerotic stroma in DDLPS can mimic sclerosing
subtype of ALT/WDLPS and lack of fat tissue in DDLPS can help tell them apart.
DDLPS with predominant storiform morphology can mimic dermatofibrosarcoma
protuberans. The whorled growth pattern in DDLPS can mimic a meningothelial
tumor. Inflammatory infiltrates in DDLPS may mimic inflammatory myofibro-
blastic tumor (IMT) or inflammatory subtype of ALT/WDLPS. Amplification
of MDM and CDK4 and/or immunohistochemical staining of nuclear MDM and
CDK#4 can be detected in DDLPS and ALT/WDLPS, while they are negative in
all other abovementioned differential diagnoses. Proliferation usually increases
in DDLPS (more than five mitotic figures in ten high power fields (HPF)).
Heterologous differentiation has been reported in 5-10% of DDLPS, including
myogenic and osteo/chondrosarcomatous elements [54]. Angiosarcomatous dif-
ferentiation is uncommon in DDLPS.

DDLPS and ALT/WDLPS share the same genetic alterations - amplifications of
the chromosomal sequence from 12q13-15 region, which cover MDM2 and CDK4
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oncogenes. In addition, studies have demonstrated that DDLPS harbors more genetic
changes, such as co-amplifications of 6q23 and 1p32 [47].

9.3 Prognosis and treatment

DDLPS is more aggressive (up to 40% local recurrence rate and 15-30% meta-
static rate) than ALT/WDLPS. However, it has a lower local recurrence or meta-
static rate than morphologically similar undifferentiated pleomorphic sarcoma
[5]. DDLPS in retroperitoneum shows a worst prognosis than DDPLS in other
anatomic sites. DDLPS can metastasize to distant sites, such as the liver, lungs,
brain, bone, and other soft tissue sites [49, 51-53]. Overall, 5-year survival rate for
DDLPS is approximately 25-30%. The percentage and histologic grade of the non-
lipogenic sarcoma component usually does not change the survival rate, except
high-grade DDLPS in retroperitoneum. The most important adverse prognostic
factor for DDLPS has been reported to be retroperitoneal location [55]. A recent
study found that DDLPS with myogenic differentiation has a better prognosis
than DDLPS without myogenic differentiation [56]. Radical resection remains
the mainstay of therapy and debulking surgery is an alternative solution when
complete resection is impossible. After surgery, other conventional treatment
options, such as chemotherapy or radiotherapy, are available for local recurrence
or metastasis. The study showed that radiotherapy can lower the local recurrence
rate, but not overall survival [51-53, 55]. Novel targeted therapies against gene
products from amplification of the 12q13-15 region are under investigation and
might provide new therapeutic options in the future.

10. Myxoid liposarcoma

Myxoid liposarcoma (MLPS) is the second most common subtype of liposarcoma
and accounts for approximately 20-35% of liposarcoma [46, 57]. More cellular
and high-grade MLPS was used to call round cell liposarcoma (RCLPS). However,
this term is now obsolete and not recommended by the World Health Organization
(WHO) Classification of Tumors: Soft tissue and Bone Tumors, 5th edition [46].
MLPS carries a characteristic FUS-DDIT3(CHOP) fusion oncogene (95% of
cases), resulting from a t(12;16) (q13;p11) chromosomal translocation. EWSRI-
DDIT3(CHOP) fusion is observed in the rest 5% of MLPS cases.

10.1 Clinical features and presentations

MLPS occurs in young to middle-aged adults, with the peak incidence between 40s
and 50s. It is the most common subtype of liposarcoma in children and adolescents
[58, 59]. MLPS occurs equally in males and females. MLPSs typically present more
commonly in the deep tissue of the lower extremities. Primary retroperitoneal MLPS
are extremely rare [60].

10.2 Histopathology

Patients with MLPS present with circumscribed, painless, lobulated masses, which
are usually larger than 10 cm (median 10-12 cm). MLPS can be unifocal or multifocal.
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The cut surface is usually tan-brown to red, glistening, and gelatinous. More cel-

lular and high-grade areas on the cut surface appear more firmer and more whitish.
Microscopically, low-grade MLPS is composed of non-lipogenic neoplastic cells (usu-
ally at the peripheral of the tumor), scattered signet ring lipoblasts, elaborate capillary
vasculature (chicken-wire pattern), and abundant myxoid stroma. Non-lipogenic neo-
plastic cells usually are monomorphic, small, round to oval, spindled, or stellate shaped.
Lipoblasts can be rare to none in number and are not required for diagnosis. Mitotic
figures usually do not increase. Extracellular mucin can be noticed in some cases. In rare
cases, a pulmonary edema-like pattern can be appreciated, which is a useful clue for
diagnosing MLPS. Mature lipomatous tissue can be present with the variable amount in
tumor. Chondroid and osseous metaplasia can be present in rare cases.

High-grade MLPS (formally called RCLPS) possesses more neoplastic cells, less
myxoid stroma and capillary vasculature than low-grade MLPS. Neoplastic cells in high-
grade MLPS are hyperchromatic, round cells with larger nuclei and prominent nucleoli.
The amount of round cells in MLPS is essential to report since more than 5% of round
cells in MLPS are closely correlated with increased risk for metastasis and death [57, 58].
Thorough sampling is recommended. Rare multinucleated cells can be seen in some
cases and it is unclear if the presence of multinucleated cells is associated with prognosis.

MLPS possesses FUS-DDIT?3 fusion oncogene, resulting from t(12;16) (q13;p11)
chromosome translocation. Amplification of MDM2/CDK4 and IHC stains for
MDM2/CDK4 are usually negative.

10.3 Prognosis and treatment

MLPS is an aggressive liposarcoma. The local recurrence rate is up to 25% of
all MLPS cases. Distant metastatic rate varies by histologic grade. Histologic grade
is an important prognostic factor. Metastatic risk of low-grade MLPS is less than
10%, while metastatic risk of high-grade MLPS is much higher (up to 60%). FUS-
DDIT3 and EWSR1-DDIT3 fusion gene products do not associate with differences
in histological grade or prognosis. MLPS is prone to metastasize to other fat-bearing
areas, such as the retroperitoneum, abdomen, chest, trunk, as well as occasionally
to extremities and bone. Lungs have been reported as distant metastatic sites [61].
Adverse prognostic factors include age (> 45 years), necrosis, TP53 and CDKN2A
mutations, and P53 overexpression. A study with 418 primary MLPS and RCLPS
cases showed that the overall 10-year local control rate was 93%. The 5- and 10-
year metastatic-free survivals were 84% and 77% for MLPS and 69% and 46% for
RCLPS [62]. Surgery is still the mainstay of the treatment of MLPS. Compared to
other soft tissue sarcomas, MLPS is sensitive to radiotherapy and chemotherapy.
RCLPS is usually treated with surgery combined with radiotherapy, which can sig-
nificantly prevent local relapse and reduce tumor diameter [57, 63]. Clinical study
has shown that patients with RCLPS treated with trabectedin have an encouraging
response rate [58, 64].

11. Pleomorphic liposarcoma
Pleomorphic liposarcoma (PLPS) is the least common, but most aggressive
subtype of liposarcoma. It is characterized by the presence of pleomorphic lipoblasts.

PLPS has no specific molecular or IHC features so far, and the only diagnostic criteria
are the presence of pleomorphic lipoblasts.
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11.1 Clinical features and presentations

PLPS accounts for less than 5% of all liposarcomas. It occurs in elderly adults with
a peak incidence in the 70s and slightly male predominant. Patients present with a
rapidly growing mass and tumor site-related compression symptoms. Three-quarters
of PLPS cases occur in the extremities (more in low extremities than upper extremi-
ties). Other less affected sites include the trunk, retroperitoneum, head/neck, abdo-
men/pelvis, and paratesticular region [16]. Rarely affected sites are the mediastinum,
breast, and colon. Same as other subtypes of liposarcoma, most PLPS tumors arise in
deep soft tissue (90%) and the rest 10% of tumors arise in subcutaneous fat.

11.2 Histopathology

Most PLPS tumors are large in size, ranging from a few centimeters to up to
23 cm. Patients with PLPS usually present with fast-growing mass within the last
few months. Tumors are nodular and well-circumscribed with myxoid changes. Cut
surface shows firm, tan-white to yellow with focal necrosis. Microscopically, PLPS is
composed of both lipogenic component (lipoblasts) and non-lipogenic component
(non-lipogenic sarcoma). Lipoblasts are hyperchromatic and have extremely large
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Figure 8.

Representative hematoxylin and eosin stains of well-differentiated liposarcoma (WDLPS) (A, B) and myxoid
liposarcoma (MLPS) (C, D). A, B. Low power views show mature lipocytes and rave atypical lipoblasts in
WDLPS (denoted in blue arrow). C, D. Low and high-power views show high-grade round cell morphology in
MLPS (denoted in green arrow).
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and remarkably bizarre nuclei, along with cytoplasmic vacuoles. Increased atypical
mitotic figures are readily appreciated in PLPS. The number of lipoblasts is variable
case by case and the presence of pleomorphic lipoblasts is the only diagnostic criteria
required to diagnose PLPS. A non-lipogenic component is composed of high-grade,
pleomorphic undifferentiated sarcomatous cells.

PLPS has three basic morphologic patterns: cellular pleomorphic, myxofibro-
sarcoma-like and epithelioid pattern. Cellular PLPS is the most common pattern,
containing sheets of pleomorphic spindled, round, or polygonal cells. Nuclei are
hyperchromatic, pleomorphic with severe atypia. Numerous atypical mitoses are pres-
ent. Intracellular and extracellular eosinophilic globules or nuclear pseudoinclusions
may be present. PLPS with pleomorphic tumor cells and capillary vasculature in the
background of the myxoid stroma is considered as the myxofibrosarcoma-like pat-
tern. Multinucleated floret-like cells can be present in this pattern. Epithelioid pattern
contains sheets of epithelioid cells. The cytoplasm of epithelioid cells can be clear or
eosinophilic, which mimic carcinomas with clear cell features, such as clear cell renal
cell carcinoma and adrenocortical carcinoma. Necrosis is not uncommon in PLPS.

Lipoblasts are positive for S100 protein; however, they are negative for the nuclear
stain of MDM2 and CDK4 by IHC stains.

11.3 Prognosis and treatment

PLPS is high-grade sarcoma with high local recurrence (30-50%) and metastatic
rates (50%). The overall 5-year survival rate is about 60%, which is similar to other
high-grade sarcomas, such as myxofibrosarcoma, leiomyosarcoma, and undifferenti-
ated pleomorphic sarcoma [65]. Metastases are most common in the lungs and pleura.
Adverse prognostic factors include a central location, large tumor size (>10 cm), and
brisk mitotic rate (>10 per 10 HPF). Patients with superficial tumors usually have a
better outcome, due to complete surgical excision. Surgical resection with or without
radiotherapy is the mainstay of treatment for PLPS. Incomplete excision of the deep
tumor will require postoperative radiotherapy (See Figure 8).

In conclusion, our understanding and knowledge of new molecular genetic altera-
tions in human soft tissue and bone tumors are rapidly evolving and ever-changing.

Ewing sarcoma/PNET t(11;22) EWS-LLI1
(21;22) EWS-ERG
(7:22) EWS-ETV1
Clear cell sarcoma t(12;22) EWSR1-ATF1
Alveolar rhabdomyosacoma t(2;13) PAX3-FAHR
t(1;13) PAX7-FAHR
Synovial sarcoma t(X; 18) SYT-SSX1
SYT-SSX2
Extraskeletal myxoid chondrosarcoma t(9;22) EWS-CHN
(9;17) TAF2N-CHN
4(9;15) TCF12-CHN
Dermatofibrosarcoma protuberant t(17;22) COLIA1-PDGFB
Table 1.

Most common chromosomal translocation and its fusion genes in human sarcomas.
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Table 1 summarized the most common human sarcomas’ chromosomal translocations
with corresponding fusion genes, which can be detected by FISH techniques as long as
the specific probes are available in the laboratory. In addition, DNA methylation-based
sarcoma classification may provide new insight for diagnosis, prognosis, and even
therapeutic information for this type of malignancy [5]. A challenging area for future
research is the production of monoclonal and polyclonal antibodies against the actual
proteins produced by the chimeric transcripts. Such antibodies would help in the
immunocytochemical and/or immunohistochemical diagnosis of sarcomas, which will
make our daily practice becoming more reliable and comfortable [2].

Abbreviations

SFT solitary fibrous tumor

HPC hemangiopericytoma

FISH fluorescent in situ hybridization

CNS central nerve system

t translocation

TAT turn-around time

RT-PCR reverse transcriptase polymerase chain reaction
MFH malignant fibrous histiocytoma

PMT phosphaturic mesenchymal tumor

pPNETs peripheral primitive neuroectodermal tumors
Cdk cyclin-dependent protein kinases

IHC Immunohistochemistry

NGS Next generation sequencing

HIV human immunodefiency virus

AIDS acquired immunodefiency syndrome
ALT/WDLPS  Atypical Lipomatous Tumor/Well-Differentiated Liposarcoma
(DDLPS dedifferntiated liposarcoma

MLPS myxoid liposarcoma

PLPS pleomorphic liposarcoma
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Chapter 3

Imaging of Benign Soft-Tissue
Tumors

Ahmed D. Abdulwahab

Abstract

Soft-tissue tumors account for less than 4% of all tumors in adult patients and
7-10% of all tumors in pediatric age group. The majority of these tumors are benign
in nature (more than 99%). Different imaging modalities play a significant role in the
diagnosis, treatment, and follow-up of these tumors. In this chapter, we will try to cover
the imaging appearances of different benign soft-tissue tumors and to demonstrate the
differentiation features. In addition, we will demonstrate a systematic approach for the
characterization of soft-tissue masses based on different imaging appearances.

Keywords: soft-tissue tumors, X-ray, CT scan, MRI, ultrasound, benign tumors

1. Introduction

Soft-tissue tumors (STTs) include both benign and malignant processes. Benign
lesions can be reactive in nature or clearly neoplastic [1]. They account for less than
4% of all tumors in adult patients and 7-10% of all tumors in pediatric patients. More
than 99% of STTs are benign [2].

Recently, there have been significant changes in the diagnosis and treatment of
STTs. Several developments in the field of radiology have significantly changed the
way STTs are currently diagnosed and treated. The radiologic evaluation of soft-tissue
masses showed dramatic advancement in the recent era. Before the development of
computer-assisted imaging, the radiologic assessment of the soft-tissue masses was
generally limited to conventional radiography, which gives very limited diagnostic
information [1-4].

The introduction of advanced imaging into the evaluation of soft-tissue masses
resulted in the development of multiple assessment tools with multiple options.

The introduction of magnetic resonance imaging (MRI), multidetector computed
tomography (CT), dual-energy CT, and positron emission tomography (PET) has
significantly improved our ability to detect and characterize musculoskeletal
soft-tissue masses [3, 4].

When facing a soft-tissue lesion, the radiologist has to decide whether the lesion
is benign or malignant; in some cases, this might be impossible. In these cases, biopsy
is indicated. All kinds of imaging modalities play a significant role in the radiological
evaluation (including conventional X-ray, ultrasound, CT scan, MRI, and radionu-
clide imaging) [5-7].

Figure 1 shows a practical approach to imaging a soft-tissue lesion.
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Figure 1.
A practical approach to imaging a soft-tissue lesion.

2. Magnetic resonance imaging in the evaluation of soft-tissue masses

MRI is now one of the best available imaging modalities in the evaluation of
soft-tissue masses as it provides detailed information of the localization and type of
the lesion [8, 9]. The appropriate protocol of imaging a patient should depend on
the clinical history, physical evaluation, and initial imaging, in addition to the age
and location of the lesion, in order to decide what sequences and planes to use and
whether there is a need for contrast material and additional imaging [8, 10, 11].

2.1Field of view (FOV)

It is one of the most important parameters. The referring physician usually orders
the examination by the anatomic area; for example, in a lesion at the groin, the MRI
examination may be ordered as hip MRI, which requires a large field of view, thus
decreasing the resolution and increasing the time of acquisition [12].

As a general rule, the FOV is determined by the size and location of the mass and
must be of adequate size to demonstrate the entire lesion. In general, a small FOV is
preferred [12, 13].

2.2 Imaging planes

In most institutions, axial plane is considered the primary plane of imaging. The
axial plane together with the sagittal and coronal planes is used to provide the best
assessment of the entire lesion in “profile” and to demonstrate its relation to the
neurovascular bundle and the surrounding structures [14, 15].

2.3 MRI sequences

The choice of an magnetic resonance (MR) sequence is largely dependent on the
type of lesion and the radiologist personal preferences; however, most musculoskel-
etal masses are well evaluated with conventional T1-weighted and fat-suppressed
fluid-sensitive images. Additional images are used accordingly; for example, myxoid
lesions generally show fluid signal intensity (SI), whereas collagenous/fibrous lesions
generally have low-to-intermediate signal intensity [14-16].
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Gradient echo (GRE) imaging is important in demonstrating prior intralesional
hemorrhage, revealing hemosiderin deposition as a result of its greater magnetic
susceptibility [16].

2.4 Contrast material

Contrast material is important in demonstrating the vascularity of a lesion, the
pattern of enhancement, and the delineation of the margins of an enhancing lesion.
In addition, it is useful in the assessment of the vascular anatomy; however, it has
limited value in the differentiation of benign and malignant lesions since both might
show increased or decreased contrast enhancement [10, 11].

Subtraction imaging is a relatively recent innovation; it is a very important technique
since it eliminates the possibility of misinterpreting the T1 shortening associated with
hemorrhagic change as vascular enhancement and also useful in patients with metal fixa-
tion because it eliminates the need for fat suppression at enhanced imaging [10-12].

2.5 Patient motion

The long imaging time in most of the MRI techniques makes them difficult
to employ in parts of the body that are susceptible to respiratory motion. Recent
advances in software and imaging applications now allow a variety of techniques that
can capture a complete set of images in a single breath hold [14, 15].

The gradient version of single-shot imaging (true FISP [true fast imaging
with steady-state precession], FIESTA [fast imaging employing steady-state acquisi-
tion], balanced FFE [fast field echo]) are generally preferred because they provide
high signal intensity of flowing blood and increased signal-to-noise ratio [16].

Rapid fluid-sensitive images can also be acquired using a spin-echo single-shot
technique (HASTE [half-Fourier acquisition single-shot turbo spin-echo], turbo
spin-echo, and single-shot FSE). These sequences are motion insensitive, ideal for
breath-hold imaging, and exquisitely fluid sensitive [16-19].

2.6 Quantitative MRI evaluation

This term can be used in any imaging method in which there is a measurable value.
Those that are most applicable to clinical practice are chemical shift and diffusion-
weighted imaging, both of which allow qualitative (visual) assessment as well as a quanti-
tative (measurable) result. In the recent years, MR spectroscopy has been added to this list;
however, the inherent technical challenges have limited its widespread adoption [20].

2.7 Chemical shift imaging

Chemical shift imaging is a gradient echo technique based on the fact that signals
from similar quantities of fat and water in a single voxel will cancel each other out. It
is designated as in-phase and opposed-phase images; the signals from fat and water
reinforce each other when in phase and cancel each other when out of phase [19].
This allows one to qualitatively and quantitatively (measured as percentage change in
signal intensity on opposed-phase relative to in-phase images) assess the amount of
microscopic fat in any lesion. It is useful in distinguishing reactive marrow changes
from tumor and microscopic fat in higher-grade liposarcoma [19, 20].
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2.8 Diffusion-weighted imaging

Diffusion-weighted imaging allows the qualitative and quantitative assessment of
the movement of water molecules through tissue. Thus, showing areas where normal
random motion is restricted, the restricted diffusion will be showing increased signal
intensity and measured as the apparent diffusion coefficient (ADC), with restricted
diffusion appearing dark on ADC maps [21, 22].

Although the value of diffusion-weighted imaging in distinguishing benign from
malignant lesions is still under evaluation, it can identify restricted diffusion, which
is also quite useful in identifying small pelvic lymph nodes [21, 22].

2.9 Spectroscopy

The most recent quantitative technique for the assessment of soft-tissue tumors in
musculoskeletal spectroscopy, choline, which is a marker for cell membrane turnover,
is measured. It is elevated in malignancies. It is a technically challenging and time-
consuming technique; thus, it is not usually used in routine practice [23].

3. Computed tomography

CT scan is a useful adjunct to MRI in regard to soft-tissue imaging. It is fast, cheap,
and patient friendly in comparison to MRI; also, it is a very useful tool for detecting
systemic metastases in the case of malignant lesions [6, 7].

3.1 Mineralization characterization

CT scan is very useful in identifying calcification and to characterize soft-tissue
mineralization. It is superior to radiography in detecting the zonal pattern of
mineralization, which is essential to the radiologic diagnosis of early myositis
ossificans (MO).

The ability of multiplanar reconstruction of CT images is very important to depict
the character of the interface between a soft-tissue mass and the adjacent osseous
cortex (to detect cortical remodeling or invasion) [9].

3.2 Dual-energy CT

Being relatively new technology, it is useful adjunct in the evaluation of soft-tissue
masses. Basically, it employs the differences in the energy attenuation of soft tissue at
80 and 140 kVp, thus allowing distinction of urate crystal deposits from other soft-
tissue calcifications [9].

3.3 CT angiography

The modern CT scanners are superior in their ability of rapid image acquisi-
tion; this allows an accurate assessment of lesion vascularity. CT angiography with
three-dimensional reconstruction was found equivalent to MRI regarding the
ability to demonstrate neurovascular involvement and, not surprisingly, superior
to MRI in its ability to identify calcification/ossification and cortical/marrow
involvement [8, 9].
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4. Ultrasonography (US)

US is the primary imaging method to guide the biopsy of soft-tissue masses. It is avail-
able, cheap, and noninvasive, making it the preferred method of the initial evaluation of
the size and consistency of a soft-tissue mass. It is helpful in differentiating a localized
mass from surrounding edema and differentiating the solid from the cystic lesions [9].

Therefore, in general, conventional radiography has an important role as an initial
step for the evaluation of STTs. It is cheap, fast, and delivers low radiation. It helps to
evaluate the presence of calcification within the lesion and its effect on the adjacent
bones and possible fracture risk. The development of new powerful ultrasound
machines has helped the evaluation of these masses, their echo pattern, vascularity
(using Doppler imaging), the extension through different anatomic compartments,
and guiding biopsy. However, it remains operator dependent and irreproducible. CT
scan is very important as a method for evaluating the pattern of contrast enhancement
of the lesion, whether it contains calcifications or invading adjacent tissues, and its
relation to the adjacent vessels; it can be used to guide biopsy. The best modality by far
in the matter of STT evaluation is MRI; it has superior contrast capabilities, multipla-
nar imaging, and can accurately detect whether the lesion contains hemorrhagic foci,
melanin, or calcific foci. It can also detect the extension of the lesion through different
facial planes and its relation to the neurovascular bundle. Modern MRI sequences
(such as spectroscopy, diffusion, prefusion, whole-body MRI, etc.) have remarkably
facilitated the accurate diagnosis and treatment and improved patient’s prognosis. PET
scanning (using all kinds of positron emitting radiopharmaceuticals) usually com-
bined with CT scan is an important method of evaluating the metabolic activity of the
lesion and (in cases of malignant tumors) detecting subtle metastatic deposits [7-11].

5. Benign lesions of soft tissues
In general, soft-tissue lesions can be classified according to their origin as follows:
1. Muscle and synovial origin
* Myositis ossificans

* Pigmented villonodular synovitis (PVNS) and giant cell tumor (GCT) of the
tendon sheath (tenosynovial giant cell tumor [TGCT])

* Synovial chondromatosis (SC)
2.Fibrous origin
a. Superficial
1. palmar (Dupuytren’s contracture)
2.plantar (Ledderhose’s disease)
3. penile (Peyronie’s disease)

4.knuckle pads
M
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b.Deep (desmoid-type fibromatosis)
1. extra-abdominal
2.abdominal
3. Fat origin
* Lipomas
4.Neurogenic origin
* Neurofibromas
* Schwannoma
5.Other rare conditions or pseudotumeral and benign lesions of the soft tissues
* Hemangioma
* Ganglia
* Hematoma
* Myxoma
* Angioleiomyoma
* Glomus tumor
* Nodular fasciitis
* Proliferative Fasciitis and proliferative myositis
* Pseudo tumoral calcinosis

¢ Hibernoma.

5.1 Muscle and synovial origin
5.1.1 Myositis ossificans

Myositis ossificans is a benign process that can involve any type of soft tissues
(mostly muscles) resulting in fibrolamellar bone deposition following some kind of
trauma such as injury, burns, and surgery; it is usually self-limiting [24].

There is a rare type of MO that is hereditary (fibrodysplasia ossificans progressiva
also called Munchmeyer’ disease) that affects mainly young males and is character-
ized by the progressive ossification of the skeletal muscles and when respiratory
muscles are affected; it can be fatal [25].
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The classic myositis ossificans usually presented with swelling and pain following
a trauma that usually subsides within few days, usually affecting the extensor muscles
of the thigh, flexor muscles of the arm, and then adductor or gluteal muscles [26].

The X-ray appearance in the early stage is usually negative. After about 2 weeks,

a periosteal reaction can be detected. After 3-4 weeks, the soft-tissue calcifications
become evident. Ossification starts to be evident at the periphery with a radiolucent
center after 6-8 weeks. After 6-12 months, an ossified mass is evident [27, 28].

Ultrasound examination in the early stage shows a peripheral hypoechoic area,
an intermediate hyperechoic area with calcification, and an inner hypoechoic area
corresponding to immature zone. CT scan in the early stage shows a hypo/isodense
soft-tissue lesion, so it is not specific in the early stage. It usually shows the classic
pattern of peripheral calcification and radiolucent central area only after few weeks,
so it is most useful in the intermediate stage [27-29].

MRI can be confusing in the early stages showing heterogeneous T1 and hyperin-
tense T2 signals, which may cause a diagnosis of sarcoma. After about 4-6 weeks, the
central part of the lesion becomes iso-to-hypointense in T1 and slightly hyperintense
in T2-weighted image (WI) to surrounding muscles, and a low T2 signal at the periph-
ery is seen corresponding to peripheral calcification; then, in the mature phase, a low
signal in all the sequences is seen corresponding to ossification (Figure 2) [27-30].

5.1.2 Pigmented villonodular synovitis (PVNS) and giant cell tumor (GCT) of the
tendon sheath (tenosynovial giant cell tumor)

PVNS is a benign progressive inflammatory process in the joint, tendon sheaths,
or bursae. It has no sex predilection usually presenting at 20-40 years of age; it can
be either paratendinous or in the joint, diffuse or localized, the paratendinous type
usually affecting the flexor tendon of the fingers and in the palm of the hand near the

F

(@) (b)

Figure 2.

a.: X-ray image of the vight thigh AP view showing an ill-defined ossification within the soft tissues on the medial
aspect of the thigh (empty black arrows in a.) 11 months following trauma consistent with the mature ossified
stage of myositis ossificans. b. and c.: MRI images: b. T2 WI coronal and c. T1 FS post-contrast axial image of the
left thigh (different patient than a.) showing a mass with heterogeneous T2 signal intensity (thin white arrows
in b.) within the vastus intermedius muscle with T2 central hyperintense signal and peripheral post-contrast
enhancement (black arrows in c.) corvesponding to myositis ossificans (4—6 week stage).
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Figure 3.

Kn%e MRI of three different patient a. sagittal T1 WI, b. axial T2 WI, and c. sagittal gradient image; note diffuse
synovial thickening with no significant bony erosions (empty black arrows in a., thin black arrows in b.); areas of
signal drop (blooming) are evident in the gradient image (empty white arrows in c.) consistent with pigmented
villonodular synovitis.

metacarpophalangeal joint and rarely in the foot, while the joint type mostly affects
the knee and less commonly the hip, wrist, ankle, and shoulder; in rare cases, it might
affect the bursae [31, 32].

Clinically, the diffuse variety presents with multiple nodules involving the whole
joint causing pain, swelling, and stiffness ending up with secondary osteoarthritis,
while the localized type presents with a single nodule causing locking, clicking, and
swelling of a joint, usually mild pain, and it can be almost asymptomatic. The course
is unpredictable [33-37]. TGCT is usually slowly growing and may remain unchanged
for many years. However, recurrence is very frequent in the diffuse type [38-41].

On conventional radiography, joint effusion can be seen; as the synovial tissue gets
thickened, we can see skeletal erosions with well-defined sclerotic margins. CT shows
alobulated enhancing tissue in the affected joint, bone scan may show increased
uptake, MRI can demonstrate a characteristic finding of heterogeneous, mostly
low signal both in T1- and T2-weighted images, enhancing, intra and peritumoral
enhancing curvilinear regions. PET scan usually shows markedly increased SUVmax
values in TGCT, mimicking a malignant process (Figure 3) [33-36, 39-41].

5.1.3 Synovial chondromatosis

Synovial chondromatosis (SC) is a benign neoplasm of the synovial membrane
of the joint, the tendinous sheath, or the bursae mucosae; it is a rare entity usually
affecting 30-50-year-old males. More than half of the cases are seen affecting knee,
then elbow, shoulder, wrist, hip, and ankle. Extra-articular form usually seen affect-
ing the fingers; clinically, it usually presents with pain, limitation of movement, and
joint crackling; rarely, it can present with locking of the joint and effusion. Solid
nodules may be palpable. The symptoms are usually slowly progressive. In aggressive
type, a multilobulated hard mass expanding around a joint can be felt [42].

Surgery is usually curative; however, late recurrences are reported. Very rarely can
transform into chondrosarcoma [43].

Conventional radiology may demonstrate intra-articular calcified nodules. Long
standing lesions can result in degenerative changes and bone erosion or cortical scalloping
in the aggressive variety. CT scan demonstrates intra-articular nodules, bone lesions, and
invasion of the periarticular tissues. MRI shows joint effusion, lobulated intra-articular
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(a) (b) (©

Figure 4.

a. %(—my of the knee AP view showing multiple intra-articular calcified nodules on the superolateral aspect

of the knee joint (thick white arrows in a.) with marked degenerative changes (periarticular osteopenia and
osteophytes), b. T2 FS sagittal and c. axial images of the shoulder (different patient) showing innumerable intra
articular intermedial signal intensity nodules (thin black arrows in b. and empty white arvows in c.) with some
joint effusion consistent with synovial chondromatosis.

mass of intermediate intensity if uncalcified or with white punctuated appearance if ossi-
fied on T1-weighted images, round, ring-like, dark signal voids with strong enhancement
of the synovial tissue on contrast-enhanced T1-weighted images, and hyperintense signal
of the joint fluid on T2-weighted images (Figure 4) [8, 9, 42, 43].

5.2 Fibrous origin

Fibromatosis consists in a wide group of benign mesenchymal proliferation.
They can be either superficial (including palmar (Dupuytren’s contracture),
plantar (Ledderhose’s disease), penile (Peyronie’s disease), and knuckle pads)
or deep desmoid-type fibromatosis (including extra-abdominal and
abdominal types) [2].

5.2.1 Desmoid-type fibromatosis

It is a locally aggressive proliferation of bundles of spindle cells in an abundant
fibrous stroma with an infiltrative pattern of growth. It does not metastasize, but high
rate of local recurrence after surgical excision is seen. It usually affects young adults
and females (25-35 years), seen more often in patients with familial adenomatous
polyposis, and usually seen affecting the scapula, pelvic girdle, lower limbs, and
upper limbs [44, 45].

Depending on the involved parts, the clinical features will vary; the tumor is usu-
ally a slowly progressive, painless, and hard mass; it appears adherent to surrounding
structures [46].

The infiltrative pattern of these tumors results in the involvement of the muscles
and facial planes by multiple nodules, which can arise proximally and distally and
even in different compartment of the same limb [45, 47].

If it arises close to a joint, a functional impairment may result. Neurological
symptoms are only seen when nerves are involved [48].

Conventional radiography may not show any abnormality; sometimes, a calcific
mass in soft tissue or a bony erosion can be seen when the tumor is located close to a
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(a) (b)

Figuress.

CT scan of the abdomen with oval and IV contrast sagittal a. and axial b. images showing a slightly lobulated
isodense lesion within the left rectus abdominus muscle with mild post-contrast enhancement (thick white arrows
in a. and empty white arrows in b.); biopsy showed desmoid tumor.

cortical bone [45]. Ultrasound usually shows a hypoechoic and heterogeneous echo pat-
tern lesion. CT scan shows an isodense lesion, showing post-contrast enhancement with
lobulated outline; it is very useful in demonstrating the bony erosion (Figure 5) [45].

MRI is very helpful. The active desmoid fibromatosis is usually heterogeneously
isointense on T1-weighted images and heterogeneously hyperintense on T2-weighted
images with heterogeneous post-contrast enhancement with the bands of low signal
on all sequences [48, 49].

Changes in MRI imaging features are used as evaluation for follow-up and for the
evaluation of treatment response, an increased hypointensity in T2, and a decreased
contrast enhancement indicating tumor response [48-50].

5.3 Fat origin
5.3.1 Lipomas

A benign tumor is composed of well-differentiated adipocytes. It is the most
common soft-tissue tumor and is more frequently observed between 40 and 60 years
of age more in females if it is superficial, whereas in males if it is deep and multiple.
Most commonly, it appears superficial in location mainly in the subcutaneous tis-
sue of the back, shoulder, neck, and proximal extremities, while, rarely, it is deep
between muscles or within muscles; it can be adherent to bone, tendons, joints, or
nerves. In about 5% of cases, lipomas are multiple [51-54].

Lipomas usually present as a solitary painless lump with slow or no growth; the
superficial lipomas very rarely grow to a large size (average 4 cm) and are mobile and
pliable, while deep lipomas are usually large in size (average 10 cm) and are rounded,
immobile, and firm. There is a possible association with hereditary familial multiple
lipomatosis (FML) [53-57].

On conventional radiography, it appears as a lucent lesion rarely with calcification.
If it is in contact with the cortex of a bone, it might cause mild cortical thickening,
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(@) (b)

Figure 6.

MIgQI images of the arm axial T1 WI a. and axial T1 FS image showing a well-defined homogenously hyperintense
lesion within the muscles of the anterolateral aspect of the arm (brachialis muscle) (thick white arrows in a)

that shows the complete loss of signal on fat-saturated images (empty white arrows in b.) consistent with an
intramuscular lipoma.

CT scan shows a lobulated, sharply marginated homogenously hypodense lesion
(around —50 to —60 HU). MRI shows an encapsulated mass that is hyperintense on
T1 and less hyperintense on T2-weighted images with the loss of signal on fat-saturated
(FS) images with no post-contrast enhancement. On angiography;, it appears avascular
and on bone scan shows no uptake [55-59].

Superficial lipomas are easily diagnosed and are asymptomatic. Usually, no
treatment is required; however, deep lipomas need histopathological study to exclude
liposarcoma (Figure 6) [60].

5.4 Neurogenic origin
5.4.1 Neurofibromas

It is a benign tumor of the peripheral nerve sheath. It is usually solitary; however,
multiple neurofibromas are seen in neurofibromatosis type 1 (NF1) [61].

Solitary neurofibromas are more frequent (90%) than multiple neurofibromas
and have no sex predilection affecting mainly 20-40-year-old patients, while multiple
neurofibromas are seen more in younger male patients [62].

Solitary neurofibromas are superficial in location usually in the skin or sub-
cutaneous tissues, while multiple neurofibromas (i.e., NF1) affect all sites and
organs [63-65].

Solitary lesions present as painless nodules or with some pain and swelling, while
multiple neurofibromas (NF1) present with “café-au-lait” spots, typically in the
axilla, pigmented hamartomas of the iris (Lisch nodules), skeletal abnormalities,
disorders of growth, and sexual maturation [62-65].
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(b) (c)

Figure7.

a. Sagittal T2 FS image of the lower femur showing a well-defined nodule in the posterior aspect of the lower
thigh with a nerve entering and exiting the nodule (thin white arvows in a) consistent with a nerve sheath tumor,
biopsy reviled a schwannoma, b. sagittal T2 FS images and c. axial T1 WI of the upper leg (different patient than
a.) showing multiple T2 heterogeneous masses along the course of the posterior tibial nerve (empty white arrows
in b.); these masses appear isointense to muscle on T1 WI with few areas of hyperintensity (thick black arrows in
c.) consistent with multiple neurofibromas in this patient with known NF1.

MRI nicely demonstrates a nerve trapped within or obliterated by the mass; they
are rarely encapsulated, usually homogeneous and isointense to muscle on T1-weighted
images, and may contain the areas of high T1 signal intensity. T2-weighted images show
an inhomogeneous, target appearance and hyperintense lesions, whereas contrast-
enhanced images show centrally higher enhancement never with necrosis [63-66].

Few variants are described; neurofibromas can be localized cutaneous, diffuse
cutaneous, localized intraneural, plexiform intraneural, and massive diffuse soft-tis-
sue plexiform. Malignant transformation is rare in solitary lesions but more frequent
(5-10%) in multiple neurofibromas, particularly when in NF1 (Figure 7) [67].

5.4.2 Schwannoma

It is a benign nerve sheath tumor composed of differentiated neoplastic Schwann
cells, usually affecting 20-50-year-old patients with no sex predilection. Rarely asso-
ciated with neurofibromatosis of the mediastinum or of the retroperitoneum, pero-
neal, and ulnar nerve [67, 68]. It is solitary in more than 90% of cases. Schwannoma is
usually asymptomatic or can present with mild and progressive pain; increase in pain
at night, stiffness, and even spinal contractures can be seen [68, 69].

Conventional radiography demonstrates scalloping of bone, while CT scan shows
a well-defined, homogeneous lesion isodense to muscle. Post-contrast images usually
show a non-enhancing necrotic lesion with cystic areas that cause an inhomogeneous
hyperdense lesion. MRI nicely demonstrates a nerve along the site of the mass that
is encapsulated, homogeneous, and isointense to muscle with frequent areas of low
signal on T1-weighted images and heterogeneous; sometimes, target appearance,
hyperintense mass on T2-weighted images, and post-contrast images show diffused
or peripheral enhancement [70].

Very rarely, it can show malignant transformation in epithelioid malignant
peripheral nerve sheath tumor (PNST), primitive neuroectodermal cells, epithelioid
angiosarcoma, or rhabdomyosarcoma [68, 69].
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Melanotic schwannoma is a type of schwannoma that has a low-malignant poten-
tial and rarely show late metastases (Figure 7) [69].

5.5 Other rare conditions or tumor-like and benign soft-tissue lesions
5.5.1 Hemangiomas

Benign vascular lesions are composed of various vessels and are common in
infancy and childhood; however, all age groups might be affected. Clinically, they
present with bluish skin discoloration with changing size; sometimes, pain may occur
following exercise [71, 72].

Hemangiomas can contain serpentine vessels, fat, smooth muscle, hemosiderin,
and phleboliths, so the identification of phleboliths on X-ray or CT scan images is
helpful in the diagnosis [73, 74]. MRI shows a well-defined or poorly defined margins;
periosteal reaction, cortical and medullary changes, and overgrowth can be seen,
with varying amount of hyperintense T1 signal owing to either reactive fat over-
growth or hemorrhage (Figure 8) [74].

5.5.2 Ganglia

It is not a true tumor. However, since it is a common lesion, it should be considered
in the work-up of a soft-tissue lesion [75]. Most common locations include the hand,

(a) (c) (d)

Figure 8.

a. %(—my AP view of the knee and leg showing a small mass at the medial aspect of the upper leg containing areas
of fat density and few tiny calcified phleboliths (thin black arrows in a.), b. axial T2 FS, c. axial T1 WI, and d.
T1 FS post-contrast coronal images showing a lesion that is heterogeneously hyperintense on T2 FS images (thin
white arrows in b. and thick white arrows in c.) with some flow voids and is showing post-contrast enhancement
(empty white arvows in d.) indicating soft-tissue hemangioma.
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wrist, and feet; it can arise from joint capsules, bursae, ligaments, tendons, and even
subchondral bone [75-77].

At arthrography and MRI, ganglia do not always show communication with the
joint [76]. They are usually asymptomatic; nerve compression can cause pain [78].

Typically, X-rays are normal; sometimes, the nonaggressive remodeling of the
bone is seen. On MRI, they appear as round masses, uni- or multiloculated, with
smooth surface, almost always in proximity to a joint or tendon (rarely far from a
joint). They are usually isointense or slightly hypointense to muscle on T1-weighted
images and hyperintense on T2-weighted images. They show a rim of contrast
enhancement, with or without thin low-SI enhancing septae; sometimes, a track
extending toward the joint can be seen (Figure 9) [77-82].

5.5.3 Hematomas

Hematomas occur after trauma, as well as in a patient who is using anticoagulant
treatment or who has a clotting problem. Clinically, ecchymosis may be present;
the appearance of a hematoma varies with its age. Acute-stage (a few days old)
hematomas are typically iso- or hypointense to muscle on T1- and T2-weighted MR
images. Subacute (1-3 months old) hematomas are usually T1 and T2 hyperintense.
The high T1 signal intensity, caused by methemoglobin, may initially be seen in
the periphery [83]. Chronic hematomas are T1 and T2 hyperintense but can have a
prominent hypointense rim representing a wall of fibrous tissue and/or hemosiderin.
Hematomas can be seen in association with underlying tumors, so any hematoma
with nodular areas of soft-tissue enhancement should be followed up especially if

(a) (b)

Figure 9.

a. Axial T2 FS image of the knee showing a cystic lesion with few septae on the medial aspect of the knee (thick
white arrows in a.), and it appears to be related to the joint consistent with a ganglion. b. Coronal T2 FS image
of the wrist joint (different patient than a) showing same features (empty white arrows in b.) of a ganglion of the
wrist joint.
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there is no history of trauma. Hematomas that are persistent may calcify or may
continue to bleed, resulting in a chronic expanding hematoma [84].

5.5.4 Myxoma

It represents a group of relatively common, benign unrelated lesions. These lesions
usually involve large muscles (intramuscular myxoma) and may occur around large
joints (juxta-articular myxoma) or in the skin (cutaneous myxoma). All types are
characterized by abundant myxoid matrix, bland stellate to spindled cells, and are
hypovascular. Local excision is sufficient treatment, but juxta-articular myxoma may
show local recurrence in 30% of cases, particularly if incompletely excised [85].

5.5.5 Angioleiomyoma

Also known as angiomyoma or vascular leiomyoma, it is a benign dermal or
subcutaneous lesion consisting of well-differentiated smooth muscle cells arranged
around many vascular channels. It involves all groups (most commonly between the
fourth and sixth decades) [12, 13].

Angioleiomyoma can occur anywhere in the body, mostly seen in the extremities,
the head, and trunk presenting as a small, slowly growing firm nodule measuring
<2 cm in diameter associated with pain in half of patients. It may show local recur-
rence if incompletely excised [86].

5.5.6 Glomus tumor

Also known as glomangioma and glomangiomyoma, it is a benign neoplasm
composed of cells resembling cells of the normal glomus body.

It is a rare tumor seen in about 2% of soft-tissue tumor, usually in young adults,
with no gender prelection. It is most commonly seen in the skin or superficial soft
tissue in the distal extremities presenting with a history of pain. Very rarely, glomus
tumor shows malignant changes.

Most commonly, it is a benign neoplasm that requires only simple excision. If
malignant, it is highly aggressive with metastases, and death occurs in up to 40%
patients [10, 12].

5.5.7 Nodular fasciitis

Is a pseudo-sarcomatous process, it is a common, benign, self-limiting lesion
mainly composed of myofibroblasts and fibroblasts. It is a solitary, small (<3 cm),
sometimes painful subcutaneous nodule usually presenting 20-50 years old with equal
sex distribution; it develops rapidly (often less than a month). It can be seen anywhere
but most commonly in the upper extremities especially in the forearm. Nodular
fasciitis is a proliferative lesion and is commonly mistaken for a sarcoma [87].

Simple excision is the treatment of choice with a percentage of local recurrences of
less than 2% of cases [30].

5.5.8 Proliferative fasciitis and proliferative myositis

They are morphologically similar to nodular fasciitis; the difference is that they
contain ganglion-like myofibroblastic cells [87].
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Proliferative fasciitis is usually seen in the subcutaneous tissue of the upper limbs
of middle-aged adults (40-60 years), whereas proliferative fasciitis mainly affects the
muscles of the trunk and shoulder girdle. In children, proliferative fasciitis may be cellular
and mitotically active, mimicking rhabdomyosarcoma or epithelioid sarcoma [30, 87].
Both these lesions are benign, self-limiting, and reactive process. Simple excision is
the treatment of choice. They very rarely show local recurrence [88].

5.5.9 Pseudotumoral calcinosis

It is also called tumoral calcinosis, calcifying bursitis, calcifying collagenolysis,
tumoral lipocalcinosis, and hip stone disease. It is a term used for an extraskeletal
soft-tissue calcification caused by hydroxyapatite deposition with a granulomatous
response seen in patients with secondary hyperparathyroidism or hypercalcemia,
usually idiopathic, or because of end-stage kidney disease [89].

5.5.10 Hibernoma

It is a benign adipocytic tumor composed of brown fat cells mixed with mature
white adipose tissue. It usually presents as a painless, slow-growing mass, mostly
involving the subcutaneous tissues of young adults with a predilection for the thigh, the
trunk, the upper limbs, and the head and neck areas. The differential diagnosis is with
atypical lipomatous tumor with hibernoma-like features. Local excision is curative [90].

6. A systematic approach for the characterization of soft-tissue masses

The utilization of the systematic approach can help in reaching a diagnosis or narrow-
ing the differential diagnosis and, thus, help in the clinical decision making. If alesion
cannot be characterized as benign, biopsy should be done to exclude malignancy [2].

6.1 Clinical history and physical examination

The clinical history and physical examination represent the starting point of
evaluation of any soft-tissue mass. Relevant information, including age, recent
trauma, fluctuating mass size, history of malignant cancer and familial syndromes,
and physical examination can help with lesion characterization [91].

A history of trauma definitely helps in the diagnosis of a hematoma or myositis
ossificans; however, some patients do not recall a history of trauma. In addition,
changes in the size of the mass are helpful indicator of the nature of the mass. Most
benign masses grow slowly or show no change in size; however, if intralesional
hemorrhage occurs, a rapid increase in the size can be seen. Fluctuation in lesion size
can be seen with ganglia or hemangiomas [91, 92].

Physical examination is important in determining whether the mass is fixed or mobile,
mobile masses are more likely to be benign, and skin changes are also helpful for narrow-
ing the differential diagnosis; for example, ecchymosis can be seen with trauma [92].

6.2 Location

Location is of great importance to the characterization of soft-tissue masses
since certain masses occur more frequently in certain parts of the body;
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elastofibroma, for example, is a benign tumor that occurs almost exclusively along
the inferomedial border of the scapula, deep to the latissimus dorsi, and rhomboid
major muscles [93, 94].

Morton neuroma is another example, which typically occurs at the plantar aspect
of the second or third interspace of the foot [50].

While location can be used to favor a given diagnosis, other lesions must be
considered if the imaging and, similarly, recognizing the structure from which the
lesion is arising (e.g., nerves, vessels, or tendons) can help in lesion characteriza-
tion. Tumors arising from nerves are most likely benign schwannomas and neuro-
fibromas [61].

Vascular tumors typically have dilated tortuous vessels entering and/or exiting the
lesion; these include hemangiomas, lymphangiomas, and angiosarcomas [71, 73].

Pseudoaneurysms usually develop following trauma, and it is important to make
the correct diagnosis avoiding biopsy [2].

Tumors arising from tendons are usually GCTs of the tendon sheath; other pos-
sibilities include ganglia, lipomas, and fibromas [39].

6.3 Radiographs

The important points that radiographs can provide regarding the evaluation of
soft-tissue lesions include any distortion of tissue planes, radiolucent fatty areas,
the presence and type of bone remodeling (indolent or aggressive), and soft-tissue
calcifications or ossification [7].

Clustered phleboliths should suggest the diagnosis of soft-tissue hemangioma,
while the presence of juxta-articular calcifications or ossific foci should suggest the
diagnosis of synovial sarcoma or synovial osteochondromatosis [9, 42].

Ossification in soft tissues is indicative of heterotopic ossification or myositis
ossificans, which may simulate an aggressive sarcoma in MRI [26, 27].

6.4 MR images

MRI allows local tumor staging, detection of tumor relation to the neurovascular
bundle, detection of foci of tumor necrosis, and preoperative planning [1].

6.5 Newer techniques

The use of recent techniques, such as MR spectroscopy and diffusion imaging, is
being considered in the evaluation of soft-tissue masses and mainly in monitoring
response to treatment; however, these techniques are not a part of the routine clinical
practice till now [23].

7. MRI of soft-tissue masses: technical considerations

A number of general principles apply to the MRI of soft-tissue masses; for
example, the lesion should be well demarcated before imaging, effort should be made
not to compress or distort the mass, and T1- and T2-weighted images are routinely
obtained for tissue characterization. The axial plane is most important for the com-
partmentalization of the lesion, and accordingly, the relevant longitudinal planes are
acquired [10, 11].
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71Imaging strategy

In cases where the required target is to detect the presence of a mass, a large field
of view (including the contralateral side) should be used to make it easier in detecting
asymmetry by comparing the abnormal side to the normal one; however, a large FOV
results in decreased special resolution, while in cases where detailed assessment of
a mass is required, a small field of view is employed to increase the resolution of the
image [13, 14].

7.2 Imaging sequences

The standard basic sequences used to evaluate any soft-tissue mass are T1- and
T2-weighted sequences. Depending on the protocol used, a fat-suppressed
T1-weighted sequence is used in lesions that have a high T1 signal intensity to show
the loss of the bright signal indicating the presence of fat within the lesion; a fat-
suppressed T2-weighted sequence is also important to demonstrate the areas of edema
within and around the mass. All of these anatomic imaging sequences should all be
obtained prior to the administration of contrast agent [13, 14, 16].

7.3 Additional sequences

A T2*-weighted gradient echo sequence is important in detecting the presence of
hemosiderin as hemosiderin with result in chemical shift artifact, which is an accen-
tuated loss of signal on T2*- and T2-weighted images (referred to as blooming). This
is observed in pigmented villonodular synovitis, some hemangiomas, and late-phase
hematomas [16].

7.4 Imaging plane

Axial images are the primary images in the evaluation of any soft-tissue lesion;
they are used for demonstrating the relevant anatomy of the lesion whether it is
confined to one compartment or is extending to the adjacent compartments.

Images obtained in other planes—coronal, sagittal, or oblique—are important to
demonstrate the extent of the mass and its relationship to anatomic landmarks [16].

7.5 Intravenous gadolinium-based contrast agents

An intravenous contrast agent is helpful in the evaluation of the soft-tissue masses
and to differentiate cystic from solid components, to assess the vascularity of the
tumor, and may help in evaluating the involvement of the vessels and other structures
by the mass.

Contrast enhancement can also help in defining the target tissue for biopsy [95-97].

7.6 Lesion characterization on the basis of MR images T1 hypo- or isointense
lesions

The vast majority of soft-tissue masses are iso- or hypointense to muscle on

T1-weighted images; therefore, low T1 signal intensity provides a limited benefit in
the ability to characterize a lesion. The differential diagnosis of a lesion with T1 low
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or isointense signal is wide; for example, ganglia, fibrosarcomas, and pleomorphic
sarcomas can all demonstrate T1 hypo- or isointensity [2, 3].

7.7 T1 hyperintense lesions

The signal intensity should be determined on nonfat-saturated images. The
substances that show increased T1 signal intensity include fat, methemoglobin,
proteinaceous fluid, and melanin.

T1 hyperintense lesions that do not show post-contrast enhancement include fat
containing mass, a hemorrhagic mass containing methemoglobin, various collections
that contain an appropriate concentration of proteinaceous fluid, and lesions that
contain melanin.

Fat suppression should be done for any lesion that shows hyperintense T1 signal.
If the T1 hyperintensity is suppressed on fat-saturated images, then this hyperinten-
sity is due to fat, and the most likely diagnoses include lipoma, well-differentiated
liposarcoma, hemangioma, and mature ossification [2-5].

If the mass is a lipoma, it will show minimal thin septations, whereas if the
lesion is greater than 10 cm in diameter, contains septa greater than 2 mm thick and/
or globular or nodular nonfatty components, or contains less than 75% fat, then a
diagnosis of well-differentiated liposarcoma is likely [10].

If a lipomatous mass contains benign soft-tissue component, it might show a more
complex features; thus, it might be difficult to differentiate from the well-differenti-
ated liposarcoma [10].

Hemangiomas, since they usually contain fatty component, show the suppression
of signal on fat-saturated images, but they tend to show certain features helping to
distinguish it from a lipoma. They tend to be lobulated and to have high-SI vascular
channels on T2-weighted images (due to slow flow) and may contain rounded low-SI
phleboliths on T1- and T2-weighted images (which are more apparent on X-ray
images than MRI images) [74].

Ossification (as seen with mature myositis ossificans or heterotopic ossification)
can show T1 hyperintensity due to fatty marrow; correlation with radiographs is
important to demonstrate the ossification (which may not be present in the early stage
of myositis ossificans; CT scan can help in these cases) [27, 29].

If the lesion does not lose signal intensity on the fat-suppressed T1-weighted MR
images, then it contains other T1 hyperintense substances such as methemoglobin,
proteinaceous fluid, or melanin.

Hematomas whether secondary to trauma or bleeding from a tumor show methe-
moglobin, so it should be followed up till it resolves (to exclude tumor as a source of
bleeding) [4].

Mass that contains an appropriate concentration of protein can have high T1 SI;
these incude ganglia, abscesses, and epidermoid inclusion cysts with high protein
content [12].

If the patient has a history of melanoma, any T1 hyperintense lesion should be con-
sidered metastatic; however, not all melanotic lesions show T1 hyperintense signal [10].

7.8 T2 hypointense lesions

Any mass that shows lower signal intensity than the muscle on T2-weighted
images is considered hypointense [98].
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Substances that appear hypointense on T2-weighted images include fibrosis,
hemosiderin, and calcification (distinct from ossification). Lesions with fibrotic
components have a low number of mobile protons because they are hypocellular and
appear hypointense on T2-weighted images, while hemosiderin appears hypointense
due to magnetic susceptibility. When present in sufficient quantities, hemosiderin can
appear more prominent (blooming) on T2*-weighted MR images [98].

Calcifications are typically T2 hypointense due to the lack of mobile protons; on
the other hand, calcifications may appear as higher SI when calcium crystals are sur-
rounded by a hydration shell [98].

Substances that have low proton density, such as air and some foreign bodies, can
also appear to be T2 hypointense [99].

Masses that appear hypointense on T2-weighted images are usually composed of
fibrotic material (can be benign or malignant) ranging from fibrotic scars to fibromas and
some fibrosarcomas; however, not all fibrous masses have low T2 SI; hypercellular fibrous
masses, such as desmoids and leiomyomas, may demonstrate higher T2 SI [98, 99].

Masses that contain large amounts of hemosiderin such as pigmented villonodular
synovitis and GCT of the tendon sheath also appear hypointense on T2-weighted
images [100].

Masses that are diffusely calcified may or may not have low T2 SI because this will
depend on the extent and distribution of calcification, the hydration of the calcifica-
tion, and any associated edema or inflammation [98].

In evaluating a mass with low T2 SI, the first step is to review the radiographs for
the presence and pattern of calcifications, for example, a cloud-like para-articular cal-
cifications seen in gout or the flocculent calcifications seen in tumoral calcinosis [89].

If the radiographs show no calcification, then the mass most likely contains substantial
amount of fibrosis; in this case, the location of the lesion is of greatest importance; for
example, single or multiple masses within a joint may indicate pigmented villonodular
synovitis. Similarly, a mass that abuts a tendon may be a GCT of the tendon sheath. A
history of prior surgery at the site of the lesion is indicative of a scar fibrosis [98, 99].

7.9 T2 hyperintense (cyst-like) lesions

A wide variety of lesions are hyperintense or heterogeneously hyperintense on
T2-weighted images and are difficult to specifically characterize.

The differential diagnosis for lesions that shows hyperintensity on T2-weighted
images includes fluid-filled lesions (e.g., ganglia, synovial cysts, and seromas) and
some solid lesions (e.g., myxomas, myxoid sarcomas, and small synovial sarcomas).
Other tissues that can mimic fluid on T2-weighted MR images are hyperemic
synovium and hyaline cartilage [101].

In case of a cyst-like lesion, IV gadolinium-based contrast agent is an important to
distinguish between true cysts and solid lesions. Cysts and fluid-filled components of
masses will not demonstrate internal enhancement, while solid structures will [102].

Ganglia are very common and should be considered in any periarticular T2
hyperintense mass.

Postoperative seromas, posttraumatic cysts, epidermoid inclusion cysts lympho-
celes, and lymphangiomas are other types of lesions that may demonstrate a thin rim
of peripheral enhancement [102].

When the rim of post-contrast enhancement is thick and/or irregular, the differ-
ential diagnosis should include inflamed or infected ganglia, abscesses, hematomas,
and necrotic tumor masses [102].
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A T2 hyperintense mass demonstrates internal enhancement (whether homoge-
neous or heterogeneous); then, the differential diagnosis should include soft-tissue
masses (e.g., intramuscular myxomas, myxoid sarcomas, PNSTs, and synovial
sarcomas) [103, 104].

Because of its high water content, myxoid material appears hyperintense on
T2-weighted MR images; it can be seen in a variety of benign and malignant masses;
for example, intramuscular myxomas are benign masses that typically have a uni-
form hyperintense signal on T2-weighted MR images with internal enhancement on
contrast-enhanced MR images. They have a thin rim of peripheral enhancement and
also demonstrate nodular or heterogeneous internal enhancement. Myxoid sarcomas
show the same features [104-106].

If an enhancing hyperintense lesion is in a para-articular location, synovial
sarcoma should be considered. If the lesion is fusiform and is associated with a nerve,
then most likely it is a PNST [103].

7.10 Contrast enhancement

Contrast agent administration is important for the purpose of differentiating
between cystic and solid lesions and demonstrating tumor nodules in cystic lesions.

Only a thin rim of enhancement with no central enhancement indicates a cystic
lesion of some sort. Internal enhancement is an indication that the lesion is partially or
totally solid.

The degree of enhancement can relate to the vascularity of the lesion, which is
important for preoperative planning.

The enhancement pattern cannot be used to reliably distinguish benign from
malignant lesions [95-97].

7.11 Other MRI features

A number of additional imaging features can be used in developing a more specific
diagnosis, for example, lesion size, homogeneity (versus heterogeneity) of the signal
intensity, contrast enhancement, shape and margins of the lesion, necrosis or sur-
rounding edema, presence of bone and/or neurovascular involvement, and extension
of the lesion beyond compartments.

Both hemangiomas and lipomas are T1 hyperintense, but hemangiomas usually
demonstrate circular, linear, or serpentine high T2 SI caused by slow flow, not a
feature of lipoma. Similarly, both myxomas and synovial sarcomas are T2 hyperin-
tense; however, perilesional edema and the presence of superior and inferior fat caps
are the features of myxomas, while the presence of triple signal (areas of hyper-,
iso-, and hypointensity to fat on T2-weighted MR images) is a feature of synovial
sarcomas [2-5].

7.12 The indeterminate lesion

If the lesion cannot be confidently characterized as a benign entity, then it is an
indeterminate lesion. These types of lesions needs further evaluation; a biopsy should
be strongly considered. Indeed, the World Health Organization recommends that
“soft-tissue masses that do not demonstrate tumor-specific features on MR images
should be considered indeterminate, and biopsy should always be obtained to exclude
malignancy.” In some instances, short-term imaging follow-up may be considered [4].
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Chapter 4

Soft-Tissue Tumors of the Head
and Neck Region

Ahmet Baki

Abstract

Fibroblastic and myofibroblastic neoplasms in the head and neck region are a rare
group of tumors ranging from benign lesions to malignant lesions. Due to the difficult
anatomy of the head and neck region, even neoplasms without metastatic potential
can pose significant therapeutic challenges in this region. In this section, the most
common soft-tissue neoplasms in the head and neck region will be discussed.

Keywords: head, neck, soft tissue

1. Introduction

A general approach to fibroblastic and myofibroblastic neoplasms is presented in
this section. Adequate clinical information and biopsy material are required to diag-
nose soft-tissue tumors. The patient’s age, tumor location, growth characteristic, and
rate of growth play an important role in diagnosis. There are significant differences
between soft-tissue tumors seen in children and those seen in adults. The location of
the tumor is important in terms of differential diagnosis. Sarcomas are usually located
deep, but benign and low-grade tumors are located superficially [1].

2. Pathological diagnosis of soft-tissue tumors

Diagnostic biopsies for soft-tissue tumors can be performed differently, depend-
ing on the location. Excisional biopsy may be preferred for superficial masses and
size suitable for complete removal. Incisional biopsy or FNAB (Fine needle aspiration
biopsy) may also be preferred for large masses [2].

3. Radiological imaging of soft-tissue sarcoma
3.1 Direct X-ray

Direct X-ray can be helpful in the diagnosis of soft-tissue tumors, with important
findings such as calcification in the mass or detection of invasion in the adjacent
bone. Calcification can be seen in many benign tumors, such as synovial sarcoma and
epithelioid sarcoma.
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3.2 USG (ultrasonography)

Ultrasound is an easily accessible and reproducible method and is the first method
of evaluation mostly for superficial soft-tissue tumors. Ultrasound is a limited method
in deep and large lesions. Ultrasound is the fastest informative method in distinguish-
ing the internal structure of the lesion from cystic/solid. It can also offer biopsy with
imaging. The vascularity of the tumoral lesion can be evaluated with Doppler USG.

3.3 Magnetic resonance imaging (MRI)

Magnetic resonance imaging provides important information in diagnosis, stag-
ing, and treatment follow-up with its multiplanar imaging capability and superior
soft-tissue resolution [3].

3.4 Diagnosis and determining of treatment response in soft-tissue sarcoma with
PET/CT

Soft-tissue sarcomas are rare mesenchymal cell tumors that arise from con-
nective tissue, fat, muscle, vascular, and nerve tissues. F-18 FDG PET/CT can be
used for initial diagnosis, staging, grading, therapy monitoring, and radiotherapy
planning. PET-CT can also be used to evaluate changes that occur after recurrence
and radiotherapy. F-18 FDG PET/CT cannot differentiate between benign or malig-
nant sarcomas, but it may help distinguish between high and low-grade malignant
sarcomas [4].

4. Nodular and cranial fasciitis

Cranial fasciitis is a fibroproliferative lesion of the scalp most commonly seen
in the very young pediatric population. Cranial fasciitis and nodular fasciitis are
histologically similar. The differences between these two lesions are the location and
patient age [5]. Nodular fasciitis (NOF) is a benign myofibroblastic neoplasm that
presents as a solitary subcutaneous mass on the upper extremities, trunk, or head
and neck. In the head and neck, NOF most commonly arises on the face or neck
but can also be seen in the oral cavity, orbit, parotid, and ear [6]. Although the age
range at presentation is wide, the peak incidence is in the third and fourth decades.
Tumors grow rapidly, typically in less than 3 months, may be painful or painless,
and are generally lesions less than 3 cm. Spontaneous regression before surgical
resection is characteristic, with “recurrences” only occurring after incomplete
surgical excision [7]. Cranial fasciitis (CF) is a rare variant of NOF that arises on
the scalp, most commonly in the temporal and parietal regions. In contrast to NOF,
CF typically presents in infants less than 2 years of age, including some congenital
tumors. Lesions often cause erosion of the outer table of the skull but occasionally
erode through the inner table as well. On examination, NOF and CF are rubbery,
fibrous, or myxoid, focally cystic masses, which can appear circumscribed or some
infiltrative [8]. Although there is no definitive evidence, trauma can be shown in the
etiology of both CF and NOF [9]. Because these tumors are self-limiting, the con-
cept of transient neoplasia has been proposed [10]. Treatment for cranial fasciitis is
surgical resection [11].
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5. Fibrous hamartoma of infancy

Fibrous hamartoma of infancy (FHI) is a rare benign neoplasm that presents as a
painless, solitary, subcutaneous mass in the axilla, trunk, or proximal extremities. A
total of 10% of cases occur in the head and neck region, including the cheek and scalp
[12]. FHI is typically seen under 2 years of age, is more common in male infants, and
occurs congenitally in 20% of cases [12]. Local recurrence can be seen in 15% of FHI
cases without invasion and metastasis [12]. FHIs are lesions ranging from 3 to 5 cm,
containing varying amounts of fat and fibrous tissue. FSI histologically includes three
components as spindle cell fascicles, mature adipose tissue, and nodules of primi-
tive mesenchyme composed of spindled to stellate cells within a loose basophilic or
myxoid stroma [13]. FHI treatment is local excision [14].

6. Nasopharyngeal Angiofibroma

Nasopharyngeal angiofibroma (NA), which occurs most commonly in adolescent
males, is a rare fibrovascular neoplasm of the posterolateral nasal wall [15]. NA clas-
sically has three clinical manifestations—nasal obstruction, recurrent epistaxis, and
nasopharyngeal mass. NA tumor can be locally aggressive, sometimes it can spread
to the paranasal sinus, skull base, and intracranial [15]. NA has been shown to be
associated with familial adenomatous polyposis in some cases [16]. The etiology of
NA is unknown, but its occurrence in adolescent males suggests that hormonal factors
are important [17]. Imaging methods are sufficient for diagnosis. There is no need for
a biopsy to make a preoperative diagnosis. Postoperative recurrence can be seen in a
quarter of cases [18]. Macroscopically, NA is typically a polypoid or lobulated lesion
[19]. NA histologically consists of multiple vascular spaces of variable size within a
fibrous stroma containing plump spindle to stellate stromal cells [20]. The androgen
receptor is located in stromal cells [21]. NA shows high positivity in nuclear staining
for B-catenin [22]. The testosterone receptor blocker flutamide can be used in the
treatment of stage I and II tumors [23]. Conformal radiotherapy provides a good
alternative to conventional radiotherapy in advanced diseases, such as diffuse juvenile
nasopharyngeal angiofibroma (JNA) or intracranial spread [24]. Biopsy is contra-
indicated in JNA. Surgically, a lateral rhinotomy, transpalatal, transmaxillary, or
sphenoethmoidal route is used for small tumors. The infratemporal fossa approach is
used when the tumor has a large lateral extension. The midfacial degloving approach
can be used for improves posterior access to the tumor [25].

7. Nuchal-type and Gardner fibromas

Nuchal-type fibroma (NTF) and Gardner fibroma (GAF) are two histologically
similar yet distinct benign fibroblastic tumors that arise within different age groups
and at different body sites, allowing for distinction in most cases. GAF, which affects
males and females equally. NTF has a strong male predominance. NTF occurs most
commonly in the 5th decade of life, while GAF is more common in young children,
although age ranges are wide for both tumor types. While NTF mostly occurs in the
back of the neck, it can also occur in the nape areas, including the face and upper back
[26]. GAF mostly occurs in the trunk and paraspinal area, only 15% is seen in the
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head and neck region. Desmoid fibromatosis occurs largely in the same region as GAF
[27]. The vast majority of GAF are associated with FAP and APC germline mutations
[28]. Simple excision is curative. Patients can develop a recurrence, so follow-up is
required [29].

8. Desmoid fibromatosis

Desmoid fibromatosis (DF) is a locally aggressive fibroblastic neoplasm, which
occurs in the head and neck region in about 15% of cases. It occurs in the head and
neck region in the majority of pediatric cases. Although structures such as the face,
mandible, paranasal sinuses, and larynx are affected, the neck is most affected in
the head-neck region [30]. As it can be seen at any age, it is most common in child-
hood and young adults. Clinically, a painless and rapidly growing mass is seen.
However, sometimes pain and neurological deficits can be seen [31]. DF occurs
in the head and neck region, as in other parts of the body, as a result of trauma
or, rarely, APC germline mutations. DF in the head and neck region has high
morbidity due to its therapeutic challenges, unpredictable tumoral behavior, and
proximity to vital anatomical structures. DF left untreated is generally stable and
even spontaneous regression may occur. It can be locally aggressive, with a recur-
rence rate of up to 30% after surgical excision. Treatment is typically surgery, but
in recent years conservative approaches such as radiotherapy and chemotherapy
have been preferred [31]. Macroscopically, DF appears white-tan, whorled, and
fibrous, with ill-defined borders. Histologically, the lesions are comprised of bland
spindled to stellate fibroblasts arranged in long sweeping fascicles within a col-
lagenous stroma, irregularly infiltrating through surrounding adipose tissue or
skeletal muscle [32]. Somatic mutations in exon 3 of CTNNBI are found in up to
90% of sporadic DF [33].

9. Dermatofibrosarcoma protuberans and giant cell fibroblastoma

Dermatofibrosarcoma protuberans (DFSP) and giant cell fibroblastoma (GCF)
are two cutaneous fibroblastic neoplasms that share clinicopathologic and genetic
features. GCF predominantly affects pediatric patients, but DFSP arises most often
in young to middle-aged adults, although both tumors can affect newborns to elderly
individuals. Both seen males predominantly and present with a slow-growing, pain-
less, often protuberant, multinodular, or polypoid cutaneous mass or plaque. While
both occur most frequently in the trunk and proximal extremities, GCF is rarely seen
in the head and neck region, while DFSP is seen in 15% of cases [34]. Local recur-
rence is seen in 50% of cases in cases of GCF and DFSP, inadequate resection. GCF
and DFSP do not metastasize, but the fibrosarcomatous variant of DFSP typically
metastasizes to the lungs in 15% [35]. Excision with wide surgical margins is the
treatment of choice. Tyrosine kinase inhibitors can be used in conservative treatment.
Generally, DFSP and GCF are infiltrative, predominantly dermal and subcutane-
ous lesions, but DFSP arising on the scalp may invade the periosteum or the skull.
Histologically, both neoplasms display honeycomb infiltration through subcutaneous
fat, often sparing entrapped skin adnexal structures [36]. The standard treatment
of DFSP is surgical excision at all stages. Initial resected tumors with positive mar-
gins or relapsed/recurrent tumors need to be additionally resected [37]. Adjuvant
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radiotherapy is used to reduce the incidence of both local recurrence and metastasis
[38]. The typical treatment for giant cell fibroblastoma is surgical resection. Surgery
should be performed as wide and complete tumor resection [39].

10. Solitary fibrous tumor

Solitary fibrous tumors (SFT) are more common in middle age and are equally
common in both sexes. SFT can see in any part of the body. It is seen in the sinonasal,
orbit, oral cavity, and salivary gland regions in the head and neck region propor-
tion of %10-15. Head and neck SFTs typically present as slowly growing painless
masses [40]. Although the local recurrence rate is high in head and neck SFTs, distant
metastasis rates are low. Recurrences may occur greater than 15 years after primary
excision. Advanced age, tumor size, increased mitotic activity, and tumor necrosis are
among the factors that increase the risk of metastasis and death [41]. Generally, head
and neck PFTs are limited, solid, white-tan, and fibrous lesions that may show infil-
trative growth and sometimes bone invasion. Histologically, SFTs are morphologically
heterogeneous [42]. Rarely, high-grade sarcomatous transformation may be seen [43].
Characteristically, SFTs are diffusely positive for CD34 [44]. The treatment of both
benign and malignant SFT is complete en bloc surgical resection [45].

11. Inflammatory myofibroblastic tumor

The inflammatory myofibroblastic tumor is a myofibroblastic neoplasm that
occurs in the lungs, abdomen, and pelvis [46]. About 15% occur in the head and neck,
where they are more common in adults. Laryngeal IMTs present with hoarseness and
dysphonia while sinonasal IMTs typically present with nasal obstruction and pain
[47]. While up to 30% of IMTs have systemic symptoms and laboratory abnormali-
ties, this is not seen in sinonasal or laryngeal IMTs [48]. Laryngeal IMTs generally
arise in the glottis and follow a benign clinical course following excision while
sinonasal and oral cavity IMTs are clinically more aggressive, with higher rates of
recurrence, metastasis, and mortality despite treatment [49]. Roughly, IMTs appear
polypoid or nodular, typically less than 3 cm in the larynx and less than 7 cm on the
head and neck. Histologically, IMTs may show a myxoid fasciitis-like pattern, a cel-
lular spindle cell pattern, and a hypocellular fibromatosis-like pattern, and sometimes
all can be seen within the same lesion [50]. The recommended treatment for IMT is
total resection of all tumor tissues [51].
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Chapter 5

Pathology of Alveolar Soft Part
Sarcoma

Yves-Marie Robin

Abstract

Alveolar soft part sarcoma (ASPS) is a rare orphan sarcoma of uncertain
differentiation according to the latest WHO classifcation of soft tissue tumors with
a somewhat indolent clinical course. The common histomorphological alveolar-type
presentation is unique. It is usually not graded according to the French Federation of
Cancer Centers grading system, but nonetheless defined as a high-grade sarcoma.
The tumor adopts a clinical pattern with a distinctive natural history marked by local
recurrences up to 50% of cases and a high prevalence of metastases in such diverse
sites such as the lung, liver, brain, bone that can occur more than 10 years after
the primary event. ASPS is driven by a specific recurrent nonreciprocal transloca-
tion der(17)t(X;17) (p11;q25). This chimeric gene fusion is also found (albeit in the
balanced mode) in a subset of renal cell carcinomas in the young. Nevertheless, its
high specificity and sensitivity in ASPS is a recognized feature and accurate diagnosis
requires trained pathologists and molecular testing. Prognostication is based on age,
size of tumor, primary site, and the presence or not of metastasis.

Keywords: differentation, immunohistochemistry, transcription factor E3, fluorescent
in situ hybridization, genetics, translocation, differential diagnoses

1. Introduction

Alveolar soft part sarcoma (ASPS) is a rare orphan malignant soft tissue tumor
of uncertain cellular lineage representing 0.5-1% among soft tissue sarcomas and
with a somewhat indolent yet lethal clinical course. It was first described in 1952 by
Christopherson, a fellow in surgical pathology at Memorial Sloan Kettering Cancer Center,
who reported 12 cases with similar clinical and pathology features [1]. It occurs mainly in
adolescents and young adults between 15 and 40 years of age. For localized disease, the
survival rate is 71% at 5 years and falls at 20% at 5 years for metastatic disease [2].

2. Clinical features
At diagnosis, a patient with ASPS describes a slow-growing mass in the extremi-

ties. Tumors in adults are most frequently involved located in the deep soft tissue of
the lower extremities, especially the thigh and buttock [2]. This stands in contrast to
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the pediatric population where the tumor clearly has a predilection for the head and
neck, and in particular the tongue and orbit [3]. ASPS has also been described asa
rare primary lesion of the calvarium [4] and the pleura [5]. In the viscera, occurrences
have been reported in such diverse anatomic sites as liver [6], lung [7], gastrointesti-
nal tract [8], breast [9], uterine corpus [10], cervix [11], and the bladder [12]. Some
deeply seated tumors may be quite large whereas those located in the head and neck
area and viscera usually measure much less.

Preferential sites of metastatic sites are lung, bone, and frequently the brain.
Metastases have been reported even 15 years after primary tumor diagnosis [2].

3. Pathology
3.1 Broad considerations

ASPS consists of nests of large rounded cells sometimes associated with charac-
teristic crystalloids and embedded in a finely capillarized stromal background. The
molecular genetics aspect involves the recurrent unbalanced translocation der(17)
t(X;17) (p11;q25) [13]. The female predominance could theoretically be based on the
statistical observation that the risk of a translocation involving the X chromosome
present in two copies is greater in women [14]. No differentiation lineage is estab-
lished according to the WHO classification of soft tissue tumors [15] although as is
well-known differentiation patterns are the basis of most of the histopathological
classifications of sarcomas.

After the original description of the lesion, one of the prevailing hypotheses,
now totally abandoned, concerned its alleged myogenic phenotype which had
fueled the unresolved question of its histogenesis. Masson had first numbered
this tumor among muscle lesions [16]. Much data then seemed to uphold striated
muscle differentiation based on different observations. Inmunohistochemistry
and immunofluorescent techniques showed cytoplasmic expression of muscle-
associated proteins, such as desmin, muscle-specific actin, MM isozyme of creatine
kinase [17-25], and nuclear expression of the skeletal muscle-specific regulatory
protein MyoD1 [23]. The myogenic hypothesis was ultimately set aside for the fol-
lowing reasons. Desmin is not considered a reliable marker of skeletal muscle tissue
differentiation and can be found expressed as well in smooth muscle proliferation,
rhabdoid tumors, Ewing sarcoma, or neuroblastoma [26]. As for the nucleophos-
phoproteins MyoD1 and myogenin, no subsequent studies confirmed positivity.
In the 12 cases reported by Wang et al. [27] and the 19 cases reported by Gomez
[28] et al. immunohistochemical nuclear expression was completely absent. These
authors observed nonspecific granular cytoplasmic staining linked to aberrant
cross-reactions with unrelated antigens. In their studies, western blotting failed to
highlight the 45-kd band of MyoD1, and MyoD1 transcript has not been detected
by northern blot analysis [20]. Neither had ultrastructural myofilaments been
observed in alveolar soft part sarcoma [27, 29]. The ultrastructure of the crystal-
loids supposedly composed of Z-band tropomyosin B, similar to rod structures
seen in rhabdomyoma [30] seemed to favor muscle differentiation but new data
demonstrated the absence of tropomyosin [31]. Some subsequent gene expression
profiling studies momentarily revived the concept of muscle cell differentiation
with the identification of differentially expressed genes [32, 33]. But later studies
failed to validate these findings [34].
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One report of expression profiling analysis suggested a neural differentiation
because of marked expression of the transcription factor PAX6, an activator of neural
genes [35, 36]. Curiously a neural crest origin had already been speculated [37].

DeSchryver-Kecskemeti et al. described ASPS as “malignant angioreninoma.”
Indeed fluorescein-tagged antirenin antibodies in tumor cell were detected [38].
However, patient arterial hypertension was missing, and no tumor renin secretion
(whether active or inactive) was biochemically revealed [31]. ASPS had also been
labeled, albeit incorrectly as “malignant myoblastoma,” “granular cell myoblastoma,”
“malignant granular cell myoblastoma” [39-41], or as “malignant tumor of the non-

chromaffin paraganglia” [42].
3.2 Gross morphology

When excised, ASPS has a soft consistency with encapsulated borders. The cut
surface has a white to yellow-brownish color tinged with hemorrhagic spilling or
central necrosis in large tumors (Figure 1a).

3.3 Light microscopy

ASPS shows a distinctive recognizable morphology in most cases with nests
or trabeculae (Figure 1b, c, and e) of large epithelioid round cells displaying an
alveolar (Figure 1d) and sometimes dyscohesive appearance (Figure 1d and h).
The stroma has a delicate vasculature with frequent lymphovascular invasions
(Figure 1j). Typical cytoarchitectural aspects include individual monomorphic
tumor cells with an abundant granular eosinophilic or clear glycogen-rich cyto-
plasm, sharp cytoplasmic borders, no striations, and an eccentric vesicular nucleus
containing a prominent central nucleolus. In some cases, sheets of contiguous
tumor cells may appear solid (Figure 1f and g), a finding more conspicuous in
children. Cells can be multinucleated (Figure 1h). Mitoses are few and necrosis
rare. Other possible aspects are nuclear pseudoinclusions, cystic or myxoid changes,
stromal sclerosis, calcification, and chronic inflammatory infiltrate [2, 13, 42-50].
Rarely, some tumors display a high mitotic rate, polymorphism, spindling, and
xanthomatous changes [9].

Special stains, such as periodic acid-Schiff with diastase can highlight crystal-
loids, rod-like or rhomboid diastase-resistant membrane-bound intracytoplasmic
crystalline formations originally noted by Masson [16] (Figure 1li—arrows). Ladanyi
et al. were able to conclude that these are complexes of monocarboxylate transporter
1 (MCT1) interacting with a CD 147, a chaperone protein [51]. Their microscopic
detection may be time-consuming and inconclusive. Some cases show simply a
granular substance instead of crystals which could be a pre-crystalline formation of
the MCTI-CD147 complex [51].

3.4 Ultrastructure

In electron microscopy, ASPS cells are poor in desmosomes and are lined by
incomplete basement membranes in contact with capillaries [43, 47]. The cytoplasmic
endoplasmic reticulum is as a rule sparse, mitochondria are numerous, and Golgi
apparatus is greatly developed [43]. The latter is associated with crystalloids or pre-
crystallized electron-dense granules mentioned above both of which are membrane-

bound [31, 43, 47].
79



Advances in Soft Tissue Tumors

Figure 1.
ASPS : gross pathology (cut surface) (a), typical cytoarchitectural features (b-j) and TFE3 immunohistochemical
nuclear staining (k).

3.5 Immunohistochemistry

Immunostaining is, in most cases, unnecessary for diagnosis. Transcription factor
TFE3 expression (Figure 1K) is linked to the gene fusion ASPL-TFE3 (Figure 2) but is
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not specific to ASPS as it can also be seen in subsets of epithelioid hemangioendothe-
liomas and PEComas [52], in granular cell tumor, malignant melanoma and pediatric
renal cell carcinoma [53].

This contrasts with sensitivity which is high (92%) Nevertheless, staining can also
be weak or even absent in some cases, particularly in pre-analytically ill-prepared
samples [54].

CD147/EMMPRIN, a glycoprotein of the immunoglobulin superfamily, is consid-
ered a marker of poor prognosis as well as for some authors a potential therapeutic
target [54, 55]. Secreted by the cancer cells as a conjugate protein of MCT1, a lactate
transporter, it induces matrix metalloproteinases production by neighboring stromal
fibroblasts hence facilitating local tumor progression and ultimately metastasis
[15, 54, 55]. Its expression is not limited to ASPS but has also been signaled in other
lesions, such as granular cell tumor and clear cell renal cell carcinoma [54].

Diffuse cytoplasmic immunostaining with cathepsin K, a protease activated
by the microphthalmia transcription factor (MITF) in osteoclasts, is fairly con-
stant. But it is also seen in melanoma, clear cell sarcoma, granular cell tumor, and
PEComa [56, 57].

Other possibly expressed markers with little significance in ASPS include
desmin, actin [5-12, 14], S-100 protein [21], NKIC3 [22], histiocytic marker CD68
KP1 [58], and vimentin [24]. Nuclear myogenin and MyoD1, cytokeratin, epithelial
membrane antigen (EMA), chromogranin, synaptophysin, neurofilament, and
glial fibrillary acidic protein (GFAP) are always negative [24, 47, 50]. The eventual
clinical utility of standard immune complementary immunohistochemical tests in
ASPS is yet to be determined. As mentioned earlier, lymphocytic infiltrate is rare.
However, Goldberg et al. reported having identified activation of the PD-1 (pro-
grammed death-1) pathway with cell immunoreactivity for PD-L1 (PD-ligand 1)
and individual CD8+ tumor-infiltrating T cells expressing PD-1 [59]. This, however,
needs to be confirmed.

3.6 Molecular genetics

The unbalanced translocation der(17)t(X;17) (p11;q25) and its consequential
fusion gene, a marker specific as well as sensitive [54], is the exhibited molecular label
of ASPS. Cullinane et al. first reportedly identified this alteration cytogenetically
[60]. This paved the way for the description of the two breakpoints on Xp11.2 and
17q25 [61] leading to the characterization of the two involved genes [14], the tran-
scription factor TFE3 on Xp11.2 and a novel gene with no yet known function, ASPL/
ASPSCR1 (alveolar soft part sarcoma locus/alveolar soft part sarcoma chromosomal
region 1) on 17q25 (Figure 3a and b). In the encoded protein, there is conservation
of the COOH-extremity and the DNA-binding domain of TFE3. Contrariwise its
N-terminal sequences are occupied by ASPL which alters TFE3 normal activity. The
oncoprotein then shifts to the nucleus where it behaves as a transcriptional driver.

Two published cases show a reciprocal translocation however [14, 62]. Further, two
mutually exclusive translocation variants have been identified although with no known
clinical consequence at present. The ASPL gene has a unique breakpoint whereas the
TFE3 gene possesses two possible breakpoints with two possible fusion types. According
to Ladanyi et al., in type 1 fusion, the ASPL gene is joined in frame to TFE3 exon four
(exon 3 is excluded). In type 2, it links with exon 3. Aulmann et al. [63] emphasized that
under the later reference sequence (GenBank NM_006521) with a modified nomencla-
ture (with no biological consequence) since Ladanyi’s publication [14], in type 1, the
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Figure 2.
Fluorescent in situ hybridization (FISH) using break-apart probes targeting the TFE3 gene. Cells in the upper left
quadrant show rearrangement of the gene with a split between red and green signals.

shortened ASPL gene (exons 1-7) joins directly with exon 6 of TFE3 (exon 5 is excluded)
and in type 2 with exon 5 (Figure 3c and d).

Rapid diagnosis is usually achieved by fluorescent iz situ hybridization (FISH)
using break-apart TFE3 gene target probes (Figure 2). RT-PCR analysis (reverse
transcription-polymerase chain reaction), is also satisfactory [56, 63, 64]. NGS being
multiplex is more and more in use in specialized establishments.

The molecular mechanisms driven by the ASPL-TFE3 oncoprotein are not entirely
known. Senescence promotion through p21 up-regulation wielding a mechanism of
tumor progression by senescence-associated secretory phenotype (SASP) via proin-
flammatory cytokines secretion has been proposed [65-68].

In gene expression profiling analysis, MET acts as a transcriptional target of the
ASPL-TFE3 fusion. The latter binds to the activated promoter, induces MET tyrosine
kinase autophosphorylation increasing MET protein expression in the presence of
its ligand hepatocyte growth factor (HGF), and upregulates downstream signaling,
to promote cell proliferation, growth, and invasion. MET appears to be a possible
candidate for targeted therapy in [69, 70].

Other actions of TFE3 aim at targeting hypoxia-inducible factor (HIF-1a) which
activates angiogenesis via factors, such as VEGFA, PDFG, or angiopoietin [32, 35,
71-74], findings useful for antiangiogenic therapy investigations.

Further, melanoma inhibitor of apoptosis (ML-IAP), a factor of cell survival in
melanoma targeted by MITF, is proven to be overexpressed in ASPS gene expression
profiling [71, 75]. Both MITF and TFE3 are members of the basic helix-loop-helix
leucine zipper transcription factors family and lock on to the same DNA motif, the
E-box DNA consensus segment CANNTG [65, 76, 77].

CGH array studies show complex anomalies at multiple levels—gains of 1q, 8q, 16q,
and Xpl1-pter [78] with translocations, deletions, trisomy 12, trisomy 8, and loss of
chromosome 17 after chemotherapy [79]. Updated results with high-resolution aCGH

82



Pathology of Alveolar Soft Part Sarcoma
DOI: http://dx.doi.org/10.5772/intechopen.102954

TFE3 11
Xp11.2 1 3 45 67

5| | R

(a) DNA binding site and COOH extremity in codec
protein

(b)

ASPL-TFE3 fusion type 1
6 7

5 N 3
(c)

ASPL-TFE3 fusion type 2
5 6 7

5 I [ ] I 5

(d)

Figure 3.
Representations of TFE3 (a) and ASPL (b) genes with breakpoints indicated by arrows; bottom figures
(c, d) correspond to the types 1 and 2 fusions respectively.

reported by Selvarajah et al. have confirmed these observations and suggested increased
genomic instability in the metastatic setting with still more gains and losses [35].

Recent literature relative to immunogenicity in ASPS mentions significantly
increased expression of host response factors to the lesion involving the innate
activating receptors TLR2 and TLR9 [59].

3.7 Differential diagnoses

In our experience, ASPS can have overlapping morphological features to some
degree with other lesions of which the most frequent are listed in Table 1, but these
mimics lack the specific recurrent nonreciprocal translocation found in ASPS. Key
cytoarchitectural aspects, such as severe atypia, spindling, or pleomorphism gener-
ally are not in favor of ASPS. Moreover, the latter belongs to different clinical and
immunohistochemical contexts. Generally, paragangliomas fit older patients [50] and
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Clear cell sarcoma of soft tissue

Metastatic melanoma

Clear cell renal carcinoma

Liver cell carcinoma

Granular cell tumor

PEComa

Paraganglioma

Rhabdomyosarcoma

Table 1.
Some basic differential diagnoses of ASPS.

are not readily observed in limbs. Unlike in ASPS, tumor cells are void of cytoplasmic
glycogen. More importantly, they show neuroendocrine differentiation with the
accompanying sustentacular cells being immunoreactive with anti-S-100 protein [57].
Clear cell sarcoma of soft tissue and metastatic melanoma consistently express mela-
nocytic markers, such as HMB45 and Melan A, as well as S100 protein. Equivocally
in metastatic melanoma, those antigens may be lost and like in ASPS, Cathepsin K
can be immunopositive. Clear cell sarcoma of soft tissue may likewise express focally
cathepsin K but harbors a reciprocal translocation t(12,22) resulting in the fusion of
EWSR1-ATF1 in most cases [57]. Granular cell tumors, like in ASPS, may immunos-
tain with TFE3 and cathepsin K but unlike ASPS they are also consistently reactive
with anti-PS100, anti-SOX 10, and anti-inhibin antibodies [57, 80].

Renal cell carcinoma in children shares with ASPS the same fusion gene resulting
from identical breakpoints [81-83] but here translocation is reciprocal. Reciprocity
can be assessed using the right primers to the nonfunctional fusion site [72]. Contrary
to ASPS, renal cell carcinomas immunostain with cytokeratin, epithelial membrane
antigen (EMA), and PAX8 and do not express cathepsin K. They can harbor other
fusion partners of TFE3, such as DVL2 and PRCC. These fusion genes, DVLE2-TFE3
and PRCC-TTF3 as well as the newly identified chimeric HNRNPH3-TTF3 have been
detected in ASPS also [84].

Liver cell carcinoma can morphologically represent an important diagnostic
pitfall, the liver being a possible primary site of ASPS. Hepatocarcinoma cells are
immunopositive for hepatocyte paraffin 1 (Hep-Parl), glypican-3, and polyclonal
carcinoembryonic antigen (P-CEA) [57].

Neuroendocrine or endocrine tumors, contrary to ASPS, stain with antibodies
against chromogranin, synaptophysin, and CD56.

PEComas are most often located in the pelvis, gynecologic tract, and retroperito-
neum. Like ASPS, a subset expresses TFE3 but with a double differentiation pattern,
smooth muscle and melanocytic, staining with h-Caldesmon, HMB45, less often Melan
A, all of which are negative in ASPS [85]. Adrenocortical carcinomas express Melan A or
inhibin. Rhabdomyosarcomas are consistently positive for skeletal muscle differentiation
markers (desmin, nuclear myogenin or MyoD1). A number of other lesions are perhaps
not likely to be confused with ASPS but can nevertheless, because of their epithelioid
cell morphology and abundant cytoplasm, be considered as differential diagnoses of the
tumor in its less frequent solid appearance without alveolar configuration. These include
epithelioid sarcoma, epithelioid angiosarcoma, epithelioid hemangioendothelioma,
myoepithelioma, chordoma, meningioma, or even histiocytic sarcoma. But these present
immunohistochemical and molecular profiles inconsistent with ASPS.
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High Intensity Focused Ultrasound
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(Benign Prostatic Hyperplasia
(BPH) and Prostate Cancer)
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Abstract

The minimally invasive, image-guided therapies are a clear option in the urologists’
armamentarium to treat BPH and prostate cancer. During the last decade, advances in
the HIFU systems improved the capacities to scan, fuse MR images to target a specific
zone, situation that improved the safety and possibility to ablate the cancer in a focal-
ized location or a whole gland ablation, preserving continence and erections, with a
proper selection of patients, with good results, comparable with surgery or radiation.
In some post radiation failures, it is a very safe option to treat the recurrent cancer. In
the case of BPH, the flexibility to ablate exclusively the prostate enlargement,
preserving the urethra is a great advantage, considering a fast procedure, no bleeding,
and a highly precise treatment, with improvement in the voiding function, improving
IPSS and uroflowmetry parameters.

Keywords: BPH, HIFU, HIGH INTENSITY FOCUSED ULTRASOUND,
prostate cancer, focal therapy, partial gland ablation, hemiablation,
lower urinary tract symptoms, LUTS, transurethral resection of prostate,
prostate-specific antigen

1. Introduction

Clinical benign prostate hyperplasia is an aging disease, with a high prevalence
after 40 years of age, from 8 to 60% at 90 years. The interventional treatments
include open adenoma removal, transurethral resection of the prostate, HOLMIUM,
and THULIUMenucleation, laser vaporization, steam ablation, microwave
thermotherapy, etcetera. Prostate cancer has a high incidence in men over 60 years
and is considered the second cause of death. Early detection assisted by PSA
(prostate-specific antigen), MR imaging, and in some centers PSMA PET SCAN, and
targeted biopsies, let us offer less invasive techniques, compared with radical prosta-
tectomy or external beam radiation, with a decrease of morbidity, achieving what has
been called “TRIFECTA”: disease control, urinary continence and erectile function.
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High intensity focused ultrasound, a relatively new technique, uses a sound beam
directed to a specific spot inside the prostate parenchyma, causing thermal ablation
with customized planning, including whole gland, the benign enlargement of local-
ized lesions, defined as focal therapies. More than 50,000 treatments have been
performed worldwide, with growing improvement in the outcomes, mainly caused
by a good selection of cases and technical improvements of imaging and emission of
sound beams. By 2010, Sonablate and Ablatherm devices were used widely in some
countries of Latin America (Mexico, Brazil, Ecuador, and Argentina), Europe and
Japan, in 2015 FDA cleared the usage of HIFU with both machines. Some countries
still consider HIFU as experimental therapy [1, 2].

2. Bases of HIFU
2.1 Physics of HIFU

Sound has been for several centuries a subject of interest for the different branches
of science, been the development of its understanding as a physical phenomenon and
its use in the different fields of science and technology the main topics. The medical
sciences have not been the exception in this search. Ultrasound, a technology derived
from sound, has had a significant boom in medicine due to its implementation as a
diagnostic or therapeutic instrument. It has been widely disseminated as a diagnostic
instrument due to its various advantages ranging from cost-benefit to high sensitivity
and specificity for diagnosing pathologies [3]. As a therapeutic option, ultrasound
has been used for the development of technologies such as extracorporeal lithotripsy,
HIFU, sonophoresis, sonodynamic therapy, sonothrombolysis or histotripsy, among
others, which base their efficacy on the induction of sonic bio-effects, both thermal
and non-thermal (cavitation, radiation, etcetera) to induce tissue changes [4, 5].

The difference between ultrasound as a diagnostic or therapeutic technology is
based on inducing a certain amount of bioeffect at the tissue level [4]. Ultrasound
as a diagnostic tool seeks to induce the least possible bioeffect [4, 6]. In contrast,
ultrasound as a therapy seeks certain technologies to achieve tissue ablation through
inducing thermal or non-thermal bioeffects, such as the HIFU [4-6].

HIFU had its first antecedents in 1942 when the first destruction of tissue was
recorded through an extracorporeal ultrasound energy source [5]; later, in the 1990s,
its technology was refined by integrating real-time imaging methods for monitoring
the procedure [5]. The use of real-time imaging has improved the efficacy of this
treatment, reducing morbidity and mortality at making the treatment more accurate
[5, 7]. Its clinical implementation increased significantly after the clinical case report
of a patient treating a malignant bone neoplasm in Chongqing, China, in 1997 [5].
During the following 15 years, the use of HIFU clinically reported more than 30,000
cases of kidney, pancreas, bone, liver, or uterine fibroids, showing its great utility as
a minimally invasive technology [5, 8]. Currently, HIFU technology can be divided
according to the radiological technique used to guide the procedure (Magnetic
Resonance or Diagnostic Ultrasound) or according to the system used to deliver the
energetic (transrectal for the treatment of prostate pathologies, interstitial for the
treatment of biliary or esophageal tumors, extracorporeal for the treatment of organs
accessible to sound through the skin) [5, 7, 9].

For this chapter, and to delve into HIFU therapy and its biophysical effects, it is
necessary to understand some basic concepts of the physics of sound.
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Sound can be defined as a wave, classified as a transverse or longitudinal wave [5, 7].
For the chapter, and because it is the most used form in medicine, the longitudinal
wave classification will be used [7].

Once a pulse is generated, the energy will oscillate the particles closest to the origin
of the pulse, and these particles will, in turn, oscillate with those immediately adjacent
so that this energy will be transmitted from proximal to distal. Each pulse generates
positive pressure and negative pressure in one wave, together are wave cycles [5, 7].

Frequency, the number of wave cycles (one positive part and negative part of a wave)
that occur in one second is measured in Hertz (one wave cycle per second = 1 Hert) [5, 7].

Amplitude is the distance that the most positive or negative part of each wave cycle
has about the basal pressure of the medium [5, 7].

Intensity-Power; Power is defined as the amount of ultrasound energy that a device
generates; the tissue receives this energy, this is where the intensity comes in; Intensity
can be defined as the amount of energy that passes through a point in 90°, so it is
expressed as the amount of power divided by the unit of area, Watts/cm? [5, 7].

The HIFU as a therapeutic ultrasound system generates an intensity of approxi-
mately 1000-20,000 W/cm?, generating an elevation of between 60 and 100° C in
1 second in that unit area while using a frequency around 0.8—5 MegaHertz (each
MegaHertz = 10° Hertz) (Figure1) [4, 6, 8].

2.2 Biologic effects of HIFU
Multiple bio-effects have been described (thermal and non-thermal) related to the

exposure of a sound field by a tissue. Different authors have classified these as thermal
and non-thermal bio-effects [4, 5]. For its part, the HIFU system predominantly

Frequency

Wave cycle

—— Amplitude

—— Negative Pressure Amplitude (higher)

Positive Pressure

Frequency (higher)

Figure 1.
Sound properties. Schematic representation of sound properties. Created with BioRender.com.
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generates thermal bio-effects; however, these are not pure, since the presence of other
non-thermal bio-effects such as cavitation has been described in the same tissue [4].

The main bio-effect caused by HIFU has been compared to the use of a magnify-
ing glass to focus the sun’s rays on a point [6] because it generates a frequency of
0.8—5 MegaHertz with a wavelength of 2—0.3 mm, this is translated into a small area
subjected to great ultrasonic power [6, 7]. As we previously mentioned, when this
power crosses a specific point can be translated into intensity, being in the case of
HIFU between 1000—20,000 watts/cm? [5, 6]. It is considered that it is necessary to
raise the temperature of the tissue to 56-60° C or more for about a second to produce
an irreversible cytotoxic lesion with protein denaturation and heat-induced coagula-
tive necrosis; using this concept of the irreversible lesion induced by heat, the result
can be inferred from raising the temperature to around 60-100° C at a focal point as
occurs with HIFU therapy (Figure 2) [4-6].

2.2.1 Coagulative necrosis

In different in vivo studies, it has been observed that the main effect caused by
HIFU as a thermal injury is the induction of coagulative necrosis through protein
denaturation and induction of apoptosis via nuclear lysis by endonucleases [5].
Specific characteristics have been described that differentiate this coagulative necrosis
derived from thermal injury from coagulative necrosis of ischemic origin. The differ-
ence is mainly due to the predominance in the interaction of giant cells with chronic

FOCUSED TRANSDUCER &, HIFUM X
EMITTING ULTRASOUND WAVES -

PROSTGTE cancer soLuTGn
VTLLOR'D LLDOY CHnToN

ACOUSTICAL PRESSURE

TISSUE HEATING

Figure 2.
Temperature changes ave produced at the focal point, and near the transducer. (Courtesy of HIFUMzx).
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Thermal ablation. Schematic representation of thermal ablation mechanism and specificity.

inflammation, unlike the tissue regeneration process via granulation tissue seen in
coagulative necrosis due to ischemia [5].

Associated with coagulative necrosis, the ability of HIFU to injure small-caliber
vessels (<2 mm) has been described as an endothelial lesion, and thrombosis of these
vessels with these characteristics has been found in various studies. However, the abil-
ity of larger vessels to dissipate temperature has been described, thus suffering minor
injury (heat sink) (Figure 3) [5].

2.2.2 Cavitation
The second most crucial mechanism described during the HIFU treatment is
the non-thermal bio-effect of a mechanical type induced through cavitation [5, 9].

Cavitation can be defined as gas or vapor cavities forming within a liquid medium
and their subsequent dynamics in this medium [5]. Cavitation formation can occur
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under different conditions (hydrodynamic, thermal, or acoustic energy changes); its
importance lies in the possibility of generating a lesion adjacent to the formation of
these cavities through micro-boiling, increased temperature, and shear stress [4, 5].
Cavitation, unlike temperature-induced injury, is more unstable in nature and less
predictable (Figure 4) [5].

Two types of cavitation have been described by their nature, stable (non-inertial)
cavitation and transient (inertial) cavitation [4]. Transient cavitation involves a
significant change in bubble size in a period of few acoustic cycles [4], resulting in a
more aggressive collapse [4, 5]. In contrast, stable cavitation maintains a more stable
range in terms of growth of its diameter without significant growth and remains
stable during many acoustic cycles [4, 5].

The appearance of these cavities depends on the different properties of both
the source of acoustic energy and the medium where this energy will be exerted.
Generally, it is known that to a greater extent, the temperature and pressure exerted on
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Figure 4.
Mechanical destruction. Schematic representation of mechanical destruction mechanism and specificity.
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Figures.
Massive controlled cavitation formed in the posterior aspect of the prostate adenoma (Urovallarta Urology
Center).

the medium are essential determinants for the formation of cavities. The temperature
is inversely proportional to the cavitation threshold (the possibility of a said event
happening) [4, 5].

Its importance lies in the possibility of causing more significant tissue damage,
currently a field of study for the development of therapies such as histotripsy, which
base their efficacy on this principle (Figure 5).

3. HIFU systems
3.1 EDAP - Ablatherm

The first HIFU technology used for the treatment of prostate cancer to become
available was Ablatherm® (Edap-Technomed, Lyon, France), with initial clinical
results published in 1996 [10].

The Ablatherm system uses separate crystals to produce an image (7.5 MHz)
and to deliver treatment (3 MHz), and since 2005, the two types of transducers
have been integrated into the same probe, which has a focal point of 45 mm from
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the crystal. The 3 MHz treatment crystal creates an ablation zone with a volume
that can range from 29 mm?’ to 36 mm®. The Ablatherm has 3 different types of
treatment algorithms, each designed for a specific application: HIFU as primary
treatment, HIFU as secondary treatment after failed Radiation Therapy, and HIFU
re-treatment [11].

The Ablatherm has a mechanism to detect patient movement based on an internal
automatic A-mode ultrasound detection system, which together with the external
ultrasound used during the treatment planning phase, measures the distance from the
rectal wall, and ensures that the patient has not moved [12].

Treatment with the Ablatherm is performed with the patient in a lateral decubitus
position, on their right side. This is done as a precautionary measure, since if there
were any bubbles in the liquid around the transducer used for the treatment, these
would rise out of the treatment field, with the patient on their side, and the bubbles
would not remain between the transducer crystal and the prostate [13].

3.2 Focal one

Focal One® (Edap-Technomed, Lyon, France) is the first HIFU device, specifically
designed to perform focal therapy and was introduced for the focal treatment of prostate
cancer. With this device, the procedure is performed on a conventional surgical table
with the patient in a lateral position to avoid air bubbles in between the crystal and the
rectal wall.

The transducer that uses focal one is a dynamic focus transducer, made with 16
isocentric rings, each ring is moved by a dedicated electronic system, composed of 16
lines, this allows the user to move the focal point of the transducer to a maximum of
8 different points that are between 32 and 67 mm from the transducer. The dynamic
approach treatment involves unitary HIFU lesions, stacked in the prostate, within the
axis of the ultrasound. Each lesion measures approximately 5 mm and by stacking 2 to
8 lesions it is possible to extend the necrotic area by 5 to 40 mm [14].

3.3 Sonablate

Focus Surgery (Indianapolis, IN, USA) introduced the Sonablate500® system and
preliminary results of its use for the treatment of prostate cancer were published in
2002 [15]. The Sonablate uses a single crystal to obtain the images and to deliver HIFU
treatment, to achieve this, the Sonablate uses a transducer that has two crystals placed
back-to-back.

At frequencies of 6/4 MHz, it can provide good image quality and effective
treatment, respectively. The 6 MHz frequency probe provides good resolution of
the anterior prostate but has a lower resolution of the posterior prostate margin
and rectal wall, compared to higher frequency transducers. Originally, the operator
could choose between different crystals depending on the size of the prostate, with
a focal length of between 30 and 40 mm.

The Sonablate does not have a real-time imaging system while the treatment is
given, but instead alternates between the treatment mode and image acquisition to
create an image overlay that is used to detect patient movement; this is achieved by
placing images of treatment planning along with images taken during treatment,
if both images are aligned, it is indicative that there has been no movement of the
patient (Figure 6) [16].
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Figure 6.
Schematics of the HIFU transducer used in the Sonablate system and the focal point within the tissue.

4. Magnetic resonance guided HIFU therapies MRgFUS
(Magnetic Resonance guided focused ultrasound surgery)

4.1 EXABLATE

Insightec, a company located at Tirat Carmel, Israel, developed a system called
EXABLATE 2100, which produces high-intensity focused ultrasound real-time
guided by MRI. The focused ultrasound is delivered through an endorectal probe,
with a 990-element phased-array transducer.

Once the probe is placed inside the rectum, it is filled with degassed water, producing
an interface between the prostate and rectal wall. The MRI imaging includes T1-weighted
dynamic contrast-enhanced, T2-weighted, and diffusion-weighted sequences, to
accurately localize the lesion to be treated; with these images the EXABLATE software
lets the user plan, manually contouring the area, including 5 mm tumor-free margins.
The system then produces a specific treatment protocol, calculating the energy required
and the number of shots to be delivered, avoiding damage to peripheral tissue. A
pretreatment low energy targeting is delivered, checked with MRI thermometry. This
information is overlapped on the anatomic images. Once confirmed, full power sonica-
tions are produced, monitorization is done with real-time MRI thermometry. A success-
ful therapy is considered when the temperature in sonicated tissue achieves a threshold
of 65°. A complete treatment is considered when non-perfused areas on MRI are found
[17]. During the 2021 AUA meeting, the FDA 510 k clearance was informed.

4.2 Profound-TULSA-pro

The prostate therapy system is called TULSA, which stands for Transurethral
Ultrasound Ablation. The device is designed to perform prostate tissue ablation in a
transurethral approach. The probe is placed through the urethra, once in place, MRI
guidance in real-time is used, so the treatment must be done in MRI suites.

In the main module, using high-definition MRI images, the prostate is contoured,
during the planning step, the area to be treated is defined, preserving the urethra,
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and a 3 mm margin of apical prostate immediately above the sphincter [18, 19]. As
described by the company [18], it is possible to treat bigger prostates compared with
the ultrasound-guided devices.

The TULSA system uses a robotically-driven directional thermal ultrasound; the
probe has 10 independent transducers, each of them delivering therapeutic ultra-
sound, so it is totally customizable, the user can select the number of elements to
be used, depending on the length of the prostate. The probe includes a water pump
cooling system, and an endorectal cooling device keeps 1 to 2 mm periurethral and
rectal protected from thermal damage.

The therapy is done using an intraurethral rotational movement of the probe,
creating a “sweeping heating pattern,” directional energy, with in-and-out sonication
into the prostate parenchyma. The probe is fixed by an MRI robotic system, control-
ling the linear and rotational movements. The real-time MRI guidance, shows the
thermal changes inside the treated volumes, every 6 seconds, allowing the users to
modify the treatment parameters if needed. At the end of the ablation, a complete
MRI revision is done, showing with the thermometric measures, all the missing areas
that did not receive adequate energy, reassuring a safe and complete treatment [20].

5. HIFU applications
5.1 Benign prostate hyperplasia (BPH)

The use of HIFU for the treatment of BPH has been described since 1992. The
physical principle for treating an adenoma is not different from whole gland treat-
ment. Tissue temperatures in the range of 80-90° C can produce thermoablation of
the treated tissue, and it is possible to induce intra-prostatic cavities comparable to
post-TURP effects.

In a series of 50 cases of prostatectomies after treatment with HIFU, it was possible
to study the extent of coagulative necrosis caused by HIFU. Madersbacher reports that
the prostate volume that can be destroyed during BPH treatment, with a probe with a
focal length of 3—5 cm, is 8 cm?, and 14 cm® with a focal length of 4 cm, so he calcu-
lates that approximately 25—30% of the total prostate could be destroyed during the
procedure in these patients while keeping the tissue damage on the adjacent tissues
minimal [21].

These results encouraged the search for new, less invasive treatment techniques
to alleviate lower tract symptoms while reducing possible adverse effects. The main
difference in the treatment of BPH against the whole gland lies in the possibility of
delimiting the treatment area only to the prostatic adenoma, leaving the rest of the
prostate intact.

In order to decrease the rate of complications due to TURP, Ebert et al. reported
the use of HIFU for the treatment of prostate enlargement in 50 patients using a
Focus Surgery HIFU generator. The short-term results were interesting, with a mean
increase in Qmax from 5.7 to 11.6 ml/s at 6 weeks post-treatment, while the incidence
of complications seems to be in favor of HIFU versus TURP [22].

In another report by Madersbacher et al., where 98 patients underwent HIFU for
BPH, the author obtained similar results of improvement in urodynamic parameters
at 12 months post-treatment, however, in the long-term follow-up, they observed that
43.8% of the treated patients had to undergo re-treatment with TURP due to unsatis-
factory clinical results [23].
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Both authors concluded that this method is promising, and although the long-term
results were not satisfactory, they noted that there was a lot of variability in the results
due to the heterogeneity of patients with inclusion criteria (prostate size, detrusor
activity, middle lobe, etc.) So more protocols are needed to identify the ideal patient
for this technique.

Currently, the authors of this chapter are working on the development of a novel
technique for the treatment of BPH using a Sonablate HIFU device, with an up-to-
date HIFU system and improved protocols: using higher energies, looking to modify
the cavitation threshold, to achieve more cavitation than thermal lesions, with
promising results in the time of treatment, catheterization and reduction volume of
adenoma.

5.2 Prostate cancer
5.2.1 Whole gland treatment

In the last 20 years, the indications for HIFU have expanded, from its original
indication for prostate ablation in localized prostate cancer in patients who were not
the candidates for radical prostatectomy to hemi ablation or focal therapy for local-
ized disease or as salvage therapy after failed radiation therapy [24].

5.2.1.1 Patient selection

Whole gland prostate ablation with HIFU as primary treatment is indicated in
patients with localized prostate cancer (T1 - T2, Nx, M0) without high-risk factors.
They must not have any anorectal pathology that prevents the correct placement of
the endorectal transducer.

The physician must be mindful of the anteroposterior diameter of the prostate and
the focal point of the HIFU device he or she is using, since the prostatic tissue that
is beyond the focal point will remain outside the ablation zone. If the dimensions of
the prostate exceed the capabilities of the transducer in the longitudinal or transverse
planes, it is possible to reposition the probe and perform the ablation in two or more
phases, but it is not possible to reach tissue beyond the focal point.

It is also important to ensure that there are no significant prostatic calcifications,
especially if they project posterior acoustic shadow, since the ultrasound beam could
bounce off these calcifications, potentially compromising the oncological outcome of
the procedure or the integrity of the rectal wall. It is a common practice to perform a
TURP prior to HIFU treatment to remove large calcifications or reduce prostate size,
and the procedure can be safely performed 6 weeks after TURP.

5.2.1.2 The HIFU procedure

The HIFU procedure in the prostate is performed using a HIFU generator con-
nected to an endorectal transducer, which contains piezoelectric crystals capable of
generating ultrasound waves; this can alternate between high energy for ablation and
low energy for image visualization [25].

The endorectal tube is usually connected to a cooling system that maintains the
rectal wall at a temperature between 14 and 16°C. The procedure begins with the
introduction of the probe and the visualization of the field to be treated. While
Ablatherm requires a special surgical table, and the patient is placed in the lateral
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position, with Sonablate the patient is in a dorsal position and is performed on a
standard surgical table.

Treatment planning is a bit different between devices, with the Ablatherm, the
prostate is divided into 4 to 6 volumes, and is treated apex to base, slice by slice in an
automated process. With Sonablate, the treatment is carried out in 2 to 3 coronal lay-
ers, starting with the anterior area and moving towards the posterior zone, in contact
with the rectal wall [26].

The prostate normally must be divided into regions or lines of ablation, which
correspond to the focal length of the transducer. The transducer can be moved
longitudinally and rotated 180° around the axis of the transducer so that the system
can plan an ablation line in the longitudinal or transverse plane as long as it is at
the same focal length. Although the focal length is fixed, it is possible to move the
transducer, which is attached to a mechanical arm, in an antero-posterior direction
to achieve the stacking of several treatment planes, making ablation of the entire
gland possible.

Once the treatment is finished, the prostate tissue does not undergo immediate
necrosis, but rather through a process of progressive ischemia that ends with coagula-
tion necrosis several days after treatment. The thermal damage suffered by the tissue
leads to edema and inflammation of the prostate, with an increase in the volume of up
to 30% of its base value, this causes an incidence of acute urine retention between 1
and 20% of patients [27].

During this post-surgical period, it is necessary to perform a urinary diversion
through a suprapubic or transurethral Foley catheter to ensure urinary drainage, dur-
ing this time, it takes the prostate tissue to complete the sloughing phase, which is the
elimination of necrotic tissue through the urethra, which happens between the first
and fourth weeks after surgery; during this time the patient may complain of dysuria
and urgency, in addition to obstructive symptoms.

5.2.1.3 Outcomes and follow-up

In 2012, Blana et al., analyzed data from 9 European centers, where 1975 patients
received whole gland ablation with HIFU (Ablatherm device): clinical stages T1/

T2, 356 (18%) were classified as “complete HIFU patients”; 160 (44.9%) had low-
risk cancer, 141 patients (39.6%) intermediate, 52 (14.6%) high risk and 3 (0.8%)
were unclassified. 205 had a preHIFU TURP. The median PSA Nadir was 0.11 ng/mL
(0.78-3.6 ng/mL), obtained at a mean of 14.4 weeks (3.2 months PO-HIFU). Negative
biopsies were reported in 182 patients (80.5%): low risk group 86 (86%), intermedi-
ate risk 73 (78.5%), and high risk 23 (78.2%). The biochemical disease-free survival
rates (DFSR) at 5 years were: low risk 49 cases (88%), intermediate 82 (40%), and
high risk 11 (78%). At 7 years: low-risk group 22 (80%), intermediated 14 (82%), and
high-risk 3 (64%) [28].

Crouzet reported in 2013: in 1002 patients treated in a single center the following:
a median follow-up of 6.4 years. 392 patients received androgen deprivation therapy
prior to HIFU, during a median duration of 4.3 months, to shrink the prostate, and it
was stopped after HIFU in all cases.

PO-HIFU biopsies were done in 774 patients (77%), being negative in 485 (63%)
and positive in 289 (37%). PSA Nadir was at <6 months PO-HIFU in all patients, with
a median nadir of 0.14 ng/mL.

Biochemical recurrence (Phoenix definition) in 205 cases (21.2%). The biochemical
free-survival rates at 5 and 8 years was: low risk 86—76%, intermediate risk 78—63%,

104



High Intensity Focused Ultrasound (HIFU) in Prostate Diseases (Benign Prostatic Hyperplasia...
DOI: http://dx.doi.org/10.5772/intechopen.102663

and high-risk group 68-57%, respectively (p < 0.001). The overall BFSR at 10 years
was 60%.

The adverse effects reported in this series were: urinary incontinence grade 2/3
from 6.4 to 3.1%, mostly managed conservatively and with physiotherapy (94.5%),
requiring artificial sphincter in 3.4%, and suburethral sling in 2.1%. Bladder neck
or urethral strictures, from 34.9 to 5.9%, resolved with cold knife incision or TURP.
3 patients required a urethral stent. Erections were preserved in 42.3% of patients
with a baseline IIEF score > 17 (<70 years: 55.6%; > 70 years: 25.6% (p < 0.001).
Rectourethral fistulas presented in 4 patients (0.4%) were related to repeated HIFU
ablation [29].

Dickinson et al. reported medium-term results of 569 patients, in a multicenter
study, where they received total gland ablation with HIFU as a treatment for localized
prostate cancer, using the Sonablate 500 system.

They found that prostate ablation with HIFU is a treatment effective in cancer
control in the medium term, with a 5-year relapse-free rate of 70%, with 87%, 63%,
and 58% for low, intermediate, and high-risk groups, respectively. 29% required
re-treatment with HIFU.

The adverse events reported were unique urinary tract infection in 58 of 754
(7.7%); repeated infection with epididymo-orchitis 22/754 (2.9%); rectourethral
fistula 1/754 (0.13%); 183/754 (88%) continent; and form 236 patients with good
erection prior to HIFU, 91 (39%) remained with good erections after HIFU. In the
study, they concluded that HIFU is a repeatable outpatient treatment with good
oncological control in localized cancer, with a low complication rate [30].

5.2.2 Focal therapy

“Focal therapy” and “partial gland ablation” are therapeutic options more frequently
considered as good alternatives to treat localized prostate cancer, decreasing morbidity,
seen more frequently after radical prostatectomy and external beam radiation.

According to an International Multidisciplinary Consensus on standardized
nomenclature and surveillance methodologies, the definition of “focal therapy”
describes “a guided ablation of an image-defined, biopsy-confirmed, cancerous lesion
with a safety margin surrounding the targeted lesion” [31]. The therapeutic guided
term “partial gland ablation” as stated by the consensus, is regional image-guided
ablation based on biopsy location. This alternative therapy does not use the identifica-
tion of lesions by imaging, but anatomical limits, trying to preserve functionality,
with a complete tumor treatment. Included in the partial ablations are quadrant
therapy, hemiablation, hockey stick, and subtotal ablation.

The main goal of focal therapies is to ablate the prostate cancer focus, with an
adequate margin, considered 8 to 10 mm, to have a good oncological control, with
preservation of the surrounding tissue, in order to decrease secondary morbidity
common in more extensive treatments, maintaining a good quality of life, continence
and erectile function.

The frequency of detection of localized prostate cancer has increased importantly
with the routinary usage of PSA; since the refinement of the mpMRI of the prostate,
and the updated PI RADS, the possibility of defining suspicious lesions is more reli-
able. Using this high definition T2-weighted MRI images in the fusion systems (Koelis,
Artemis, etc.), have improved the precision in targeting smaller and localized cancers.

The description of the “index lesion”, is defined as the tumor lesion responsible
for the biological behavior of prostate cancer. The panelist in the consensus, to
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standardize nomenclature, considered that all MRI-visible lesions with clinically
significant cancer should be used as a target for Focal therapies [31-33]. All these
parameters are suggested to be considered as decision-making guides to select
patients for focal therapies or partial gland ablation.

5.2.2.1 Focal therapy bases

It must be remarked, that focal therapy and partial gland ablation are not included in
the AUA or EAU guidelines for the prostate cancer treatment, as a consequence we will
base on the recommendations suggested in the expert consensus [31] to indicate them.

The clinically significant prostate cancer (CsPC) has been defined as prostate
cancers with a volume more than 0.5 cc, or a T3 stage or major in a whole-mount
specimen, and at least one core with Gleason score of 3 + 4 or 6, with core length
more than 4 mm [34].

The detection of clinically significant prostate cancer (CsPC) has been facilitated
with MRI-TRUS, in-bore MRI-targeted biopsy, and cognitive biopsy techniques. In
systematic reviews, MRI-targeted biopsies demonstrated that CsPC detection was
significatively more frequent than TRUS-guided biopsy, with the relative sensitivity
of 1.16 (95% CI 1.02-1.32) compared with TRUS-guided biopsy [34, 35].

In a meta-analysis that included 16 studies with an accumulated number of 1926
patients, the rate of general detection of prostate cancer was similar between MRI-
targeted biopsy (sensitivity, 0.85; 95% CI 0.80—0.89) and TRUS-guided biopsy (sen-
sitivity, 0.81; 95% CI 0.70—0.88); in contrast to detection of CsPC by MRI-targeted
biopsy, greater than TRUS-target biopsy (sensitivity 0.91; 95% CI 0.87-0.94 vs. 0.76;
95% CI 0.64—0.84), and a lower detection rate of insignificant cancer (sensitivity 0.44;
95% CI 0.26—0.64 vs. 0.83; 95% confidence interval 0.77—0.87, respectively) [36].

5.2.2.2 Selection of patients

Patient selection is a mandatory step to indicate a focal therapy or a partial gland
ablation. As mentioned before, a precise image location of a lesion (PI RADS/LIKERT
systems) and a pathology report of an index lesion; the agreement about index lesion
(that of greater volume and pathology grade) capable of inducing the risk of prostate
cancer progression.

The goal to treat the index lesion is to produce an acceptable oncologic control,
decreasing morbidity preserving surrounding structures [32, 33]. The proposed selection
criteria included: prostate-specific antigen (PSA) level < 10 ng/mL, no Gleason 4 or 5, the
maximum length of cancer in each core of 7 mm, and less than 33% of positive cores [37].
In a multicenter study, reporting safety outcomes and complications, the selection criteria
included: Gleason score < 4 + 3 = 7b, if unilaterality, clinical stage T1 or T2, PSA levels -
<15 ng/mL, and life expectancy >10 years [38].

5.2.2.3 Planning

The definition to perform focal therapy or partial gland ablation depends on a
good visualization of tumoral lesion, corroborated by pathology test, within limits
of tumor volume that allows safe oncologic margins; in those cases, with multiple
cancer lesions in the same parenchymal topography, the recommended treatment is
a templated organ-preserving partial gland ablation, which in general uses urethra as
anatomic landmark. Figure 7 defines focal and partial ablations [31].
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Figure7.

Differences between focal therapy and templated partial gland ablation. Focal therapy: Focused ablation of
image-visible, biopsy-confirmed lesion(s) plus a safety margin. Quadrant ablation: Inclusion of all tissue within
a quadrant of the prostate. Hemiablation: Inclusion of all tissue within a latevalized hemisphere of the prostate or
the anterior half of the prostate. Hockey stick: Destruction of tissue within a lateralized hemisphere and anterior
contralateral zone. Subtotal ablation: Inclusion of most of the parenchyma preserving the postevior lateral
zone(s). The intention is to preserve at least one neurovascular bundle.

5.2.2.4 Therapy

Treatment is accomplished using any of the two available commercial softwares:
Focal-one or Sonablate, both systems can import standard DICOM MRI, to fuse and
define the treatment zone, or as cognitive guidance.

Using high definition T2-weighted images as a guide, the prostate contour is done
and the ROI section is marked, to be used in the HIFU system, the software allows

107



Advances in Soft Tissue Tumors

through elastic fusion to match both MR and ultrasound images, to localize the
suspicious lesion, and proceed with the therapy, customizing the number of zones,
margins, and power to be used; limits and number of shots are defined automatically
by the equipment, starting the treatment [15].

The validation of the treatment is done, in the FOCAL ONE system, once the
therapy is finished, doing a CEUS volume, injecting microbubbles. The acquired
volume shows very clearly the devascularized area. All sectors treated not showing
enhancement after microbubbles injection are considered as entirely destroyed; when
prostate sectors show enhancement, this tissue can be considered as living tissue
(benign and malignant). The images obtained after CEUS can be fused in the initial
planning sequence, showing the treated areas, and if needed new areas can be added
to complete the ablation [15].

In the Sonablate system, two seconds immediately after sonication, the equipment
scans, updating the prostate images in sagittal and axial, and a proprietary system
measures the quality of RF caused in the treated tissue, giving a colorimetric scale:
orange adequate energy delivered, yellow energy enough to destroy the tissue, green
suboptimal energy delivered, and gray not measured.

This TCM system lets the physician replan those suboptimal or not measured
spots and retreat, adjusting the energy to achieve the correct lesion. The second and
more reliable procedure to validate the effectiveness of each shot, is the presence of
cavitation, called “pop corn”, because the change of echogenicity, same as with TCM,
2 seconds after the sonication, the updated scan, shows in real-time the presence of
a hyperechoic lesion, that must be evaluated, to control the power delivered, keeping
itinside of the treatment box, as mentioned previously, the main goal is to cause
extensive controlled cavitation in the treated tissue [39].

5.2.2.5 Post-HIFU evaluation

The suggested way to evaluate the treated zone, and the peripheral tissues, is
Gadolinium-enhanced (non-dynamic) MRI. The immediate images reveal a central
zone without enhancement that explains devascularization secondary to the coagula-
tive necrosis, surrounded by an enhanced rim. After six months post-HIFU, a shrinkage
of prostate volume is noticed (61% of median volume reduction), with a decrease of
the signal intensity on T2-weighted images [15, 40].

5.2.2.6 Outcomes after focal HIFU

In 2018, Guillaumier S. et al., reported a 5-year outcomes study after focal therapy
with HIFU. It was a prospective study including 625 patients with localized clinically
significant prostate cancer. The study took place from January 1, 2006, to December
31, 2015, the inclusion criteria were: Gleason score 69, clinical-stage T1c-3bNOMO,
prostate-specific antigen of <30 ng/mL.

All patients were followed for 3—6 months PSA, with mpMRI done at 1 year and
1-2 years the following years. All rises in PSA after nadir were evaluated with prostate
biopsy or mpMRI, when suspicious with MRI-targeted biopsy. When clinically sig-
nificant prostate cancer was found on biopsies, in field or out field, a repeat HIFU was
offered. 599 patients completed at least 6 months follow-up, and 505 (84%) presented
as intermediate of high-risk prostate cancer (D’Amico classification).

The Failure-free survival was: 1 year 99% (95% CI 98—100%), at 2 years 92%
(95% CI 90—-95%), and at 5 years88% (95% CI 85-91%). Kaplan-Meier estimated
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at 5 years for low risk 96% (95% CI 91-100%), intermediate risk 88% (95% CI
84-93%), and high risk group 84% (95% CI 78—90%). 8 patients opted for salvage
radical prostatectomy, 36 salvage radiotherapy, and 1 androgen deprivation therapy.
10 patients progressed with metastases: Kaplan—-Meier estimated for metastases-free
survival: 1 year 99.7% (95% CI 99-100%), 3 years 99% (95% CI 98—100%), and

5 years 99% (95% CI 97—-100%). Repeat focal HIFU: one done in 112, and two repeat
HIFU in 9.56 patients out of 222, required biopsy after HIFU, secondary to PSA rise
or mp MRI suspicion; 29 had in-field recurrence, 16 histological evidence of out-field
cancer; and 11 patients both in and out-field cancer [41].

As described by Schmid, Schindele et al., in his multicenter study, included 98
men with localized low to intermediate risk prostate cancer, the parameters were
median-PSA before HIFU of 6.5 ng/mL (1.03—14.9 ng/mL); clinical T stage >2 with
c¢T1in 76.5% (n = 75), cT2in 23.5% (n = 23); Gleason score 3 + 3 = 6in 17.3% (n = 17),
3+4=7ain65.4% (n = 64),and 4 + 3 = 7bin 17.3% (n = 17); median prostate volume
of 39.6 cc (21.6—135.2 cc); the treated index lesion volume of 10.5 cc (3.9-28.2 cc).

Their evaluation showed the following complications after HIFU therapy: 35
patients (35.7%) had adverse effects during the following 30 days after HIFU treat-
ment with Clavien-Dindo grade > II: 15 points (15.3%) with urinary tract infection
and 26 patients (26.5%) with urinary retention. 4 patients (4.1%) needed another
procedure (Clavien-Dindo grade IIla/b). Late post HIFU complications, happening
during days 30 to 90 was 2.0%. Considering the cancer location, the most common
complications were those located at the anterior base in 50% of cases. When the
urethra was ablated, the complications were present in 48.8% of cases (20 of 41),
considered as a significant risk factor during the 30 days post-HIFU (odd ratio = 2.53;
95% confidence interval: 1.08—5.96; P = 0.033) [38].

5.2.3 Post external beam radiotherapy vecurrences

Recurrence of prostate cancer after EBRT is a common condition, reported in up
to 46% of patients treated with radiation. The therapeutic options used to control the
progression are salvage prostatectomy, usually indicated in selected cases, because
of technical difficulties, and higher morbidity; salvage cryotherapy, hormone
blockage, and salvage HIFU. Biochemical recurrence (using PSA levels) in relation
to the ASTRO-AUA-EAU guidelines, is a safe parameter to detect local recurrences,
between 10—-30% of cases. Extension studies must be included in the staging process,
mpMRI and PET SCAN PSMA have shown excellent options to discard metastatic
involvement.

Ideal patients considered as candidates for salvage HIFU must have PSA levels
up to 2 ng/mL according to the ASTRO-Phoenix guidelines, correlated with
extension studies as mpMRI or PET SCAN PSMA that will show suspicious tumors
in the prostate, biopsy should be used as a confirmatory method; patients with
metastatic involvement should be offered another type of procedure but HIFU.
Additionally, candidates should have a Gleason score < 8, and clinical-stage
<T1-T3aNoMo.

Fulfillment of the guidelines can assure a better prognosis among prostate cancer
patients treated with HIFU, since case selection is a determinant factor for a suc-
cessful result, as described in a 2011 evaluation that was performed on a group of 84
men with biochemical failure after EBRT and a whole-gland salvage HIFU. Results
have demonstrated that 93% of them were discharged within 23 hours following
treatment, and only 20% (17 of 84 patients) needed an intervention for bladder
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obstruction. Within a follow-up of 19.8 months, 25% (21 of 84 patients) of the
cohort presented a residual cancer detected on biopsy after salvage HIFU [42]. It is
noteworthy that repeated HIFU procedures are a high-risk factor for rectal fistula
development.

In a 2017 prospective study at University College London Hospitals and NHS
Basingstoke Trust, in 150 men who received salvage HIFU between 2006 and 2015,
the Kaplan—-Meier overall survival at 60 months was 92% and among complications,
UTI was 11.3% (17 of 150 patients) and bladder neck strictures of 8%. In addition, 87.5%
remained pad-free at 2 years among those pad-free at baseline [43].

6. Conclusions

High-Intensity Focused Ultrasound or Focused Ultrasound Surgery is an emerg-
ing image-guided therapy for obstructive benign prostatic hyperplasia and prostate
cancer.

With the advent of new methodologies in MRI, specifically multiparametric MRI;
the possibility of fusioning the MR images in real-time ultrasound scans, changed the
accuracy of targeting biopsies, and recently the therapy targeting to improve control
of focalized lesions.

Recently, the usage of MRI guidance with EXABLATE and TULSA-PRO, taking
advantage of thermometric scanning, allowed more accurate treatments, limited
by the need for MRI facilities. In the case of whole gland ablation, it is compared in
outcomes with radical prostatectomy and EBRT, with less adverse effects.

The most common consideration of less aggressive treatments for clinically signifi-
cant prostate cancer made the focal therapy a growing alternative, only limited at this
time for the availability of good technical mpMR images, necessary to assess accu-
rately the parenchymal lesions. The general results in different centers make HIFU a
highly promising therapeutic option.
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Chapter7

Effect of Metabolic Syndrome
in Patients with Prostate Cancer
(Review)

Maxim N. Peshkov, Galina P. Peshkova and Igor V. Reshetov

Abstract

The human prostate gland is an endocrine organ in which dysregulation of various
hormonal factors plays a key role in the development of non-tissue transformation
and leads to the formation of prostate cancer. Existing epidemiological data confirm
the role of the components of the metabolic syndrome, namely obesity, hypercholes-
terolemia, diabetes, and hyperinsulinemia, in the development and/or progression of
prostate cancer. Although the exact mechanisms underlying the relationship between
metabolic syndrome and prostate cancer remain largely unknown, it has been
shown that various “in vitro” and animal experiments with models of the metabolic
syndrome contribute to survival, mitogenesis, metastasis, and treatment resistance
pathways through various adaptive reactions, such as intracellular steroidogenesis
and lipogenesis. Although the exact biopathophysiological mechanisms between
metabolic syndrome and prostate cancer have yet to be studied, drugs that target
specific components of the metabolic syndrome have also provided evidence for the
relationship between metabolic syndrome, its components, and prostate cancer. The
appearance of “in vitro” results and molecular genetic research data will bring us
closer to using this knowledge to determine specific ways of cancer-specific survival
and improve treatment outcomes in patients with this disease.

Keywords: prostate cancer, metabolic syndrome, insulin resistance (IR), high-density
lipoproteins (HDL), body mass index (BMI), adipocytes, adipokines

1. Introduction

Metabolic syndrome (MS) describes a group of comorbidities including central
obesity, high serum glucose, dyslipidemia, and systemic hypertension. Over the past
decade, various definitions have been proposed for MS. The International Diabetes
Federation and the American Heart Association/National Heart, Lung, and Blood
Institute have resolved differences in definitions of metabolic syndrome (Table 1) [1].

Metabolic syndrome is considered a growing public health problem and an emerg-
ing risk factor in the etiology of several cancers, including prostate cancer (PCa).

The influence of individual MS components, such as hypertension, obesity, and
dyslipidemia, which were associated with PCa, was revealed [3].
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Criteria for diagnosing metabolic syndrome

I. Main criterion

Central (abdominal) type of
obesity—waist circumference
(white men)

>94 cm

II. Additional criteria

High blood pressure (BP)

BP level >140 and 90 mm Hg or treatment of previously diagnosed
arterial hypertension with pharmacological drugs

Elevated triglyceride levels

>1.7 mmol/L or specific treatment for this lipid abnormality

Decreased HDL cholesterol levels

<1.0 mmol/l

Increasing the level of LDL
cholesterol

>3.0 mmol/l

Impaired glucose tolerance (IGT)

Elevated plasma glucose 2 hours after loading 75 g of anhydrous glucose

with OGTT >7.8 and <11.1 mmol/l, provided that the fasting plasma
glucose level is less than 7.0 mmol/l.

Impaired fasting glycemia (IFG) Elevated fasting plasma glucose >6.1 and <7.0 mmol/l, provided that

plasma glucose after 2 h with OGTT* is less than 7.8 mmol/I**.

Combined CGI/IGT disorder elevated fasting plasma glucose >6.1 and <7.0 mmol/l in combination

with plasma glucose after 2 h with OGTT >7.8 and <11.1 mmol/l.

*OGTT—oral glucose tolevance test.
**Reliable MS is considered in the presence of three criteria: one main and two additional.

Table 1.
Criteria for metabolic syndrome (The International Diabetes Federation) [1, 2].

2. Metabolic syndrome

Metabolic syndrome is a group of risk factors for cardiovascular disease, including
hypertension, central obesity, hypertriglyceridemia, hyperglycemia, and low HDL-C,
with insulin resistance (IR) as the main feature. The definition of metabolic syn-
drome by the International Diabetes Federation [2] is shown in Table 1. In IC, normal
glucose levels are insufficient for a normal response to insulin from fat, muscle, and
liver cells, often with central obesity as a physical manifestation of this condition. CI
in fat cells causes hydrolysis of stored triglycerides and an increase in free fatty acids
(FA). These free fatty acids are taken up by the liver, leading to an increase in triglyc-
erides, low-density lipoprotein cholesterol, and a decrease in HDL. In addition, CI
causes a decrease in glucose uptake in the muscles and a decrease in the accumulation
of glucose in the liver, which leads to the development of hyperglycemia [4].

Metabolic syndrome (also known as syndrome X, Riven's syndrome [5], insulin
resistance syndrome) is defined by a cluster of lipid and non-lipid metabolic risk
factors for cardiovascular disease with central insulin resistance.

With insulin resistance (IR), there is an increased response of insulin to carbohy-
drates entering the body, especially with a high glycemic index (GI). Insulin acts on
fat cells to hydrolyze stored triglycerides, which increases plasma free fatty acid levels.
These free fatty acids are taken up by the liver, resulting in increased production of
triglycerides and very-low-density lipoprotein (VLDL) cholesterol and decreased
production of high-density lipoprotein (HDL) cholesterol. Insulin acts in the muscles
to decrease glucose uptake, while in the liver it reduces glucose accumulation, both

118



Effect of Metabolic Syndrome in Patients with Prostate Cancer (Review)
DOI: http://dx.doi.org/10.5772/intechopen.105357

of which increase blood glucose levels. High levels of insulin cause increased sodium
absorption in the kidneys, spasm of the arteries, and hence hypertension. Endothelial
effects of elevated insulin levels are also observed, mediated by the action of nitric
oxide. In addition, there is a violation of cellular repair with an increased level of
pro-inflammatory cytokines. In the blood serum, the concentration of bound and
free serum testosterone, sex hormone-binding globulin (SHBG), and the androgen
receptor is reduced [6].

In the past two decades, the prevalence of metabolic syndrome has increased
markedly, coinciding with the global epidemic of obesity [7] and type II diabetes
[8]. Studies using the Third National Health and Nutrition Survey (NHANES III)
database showed that the prevalence of metabolic syndrome increased from 29.2% in
1988-1994 to 32.3% in 1999-2000 [9, 10]. The prevalence varies by race and gender
and increases with patient age [11].

3. The influence of metabolic syndrome on the development of prostate
cancer

There is strong evidence showing that the metabolic syndrome may contribute to
oncogenesis and that the individual components of the metabolic syndrome have a
synergistic effect, increasing the risk of tissue neotransformation [12]. Evidence for
a causal relationship between metabolic syndrome and prostate cancer is conflicting
(Figure1).

The presence of factors such as elevated body mass index (tBMI), arterial
hypertension (1BP), and low HDL levels increases the risk of developing PCa.
Hyperinsulinemia (1 insulin) and low testosterone levels are interrelated and may
contribute additionally. An increase in pro-inflammatory cytokines can lead to the
development of the aggressive properties of a prostate tumor through an increase in
the activity of NF-kB (1 NF-kB). However, the lower IGF-1 activity seen in metabolic
syndrome reduces the risk of PCa. The presence of a low prognostic risk tumor in
stage T2 may be secondary to a hypoinsulinaemic condition.

The story goes on to present the impact of individual metabolic syndrome factors
on the risk of developing prostate cancer.

In a study by Laukkanen et al. [13], the association between insulin resistance (IR)
and the development of prostate cancer was assessed in 1880 patients, 19% of whom
had insulin resistance. After a mean follow-up of 13 years and adjusted for age, life-
style, and diet, the relative risk of prostate cancer was 2 (95% CI 1.07.3.53; p = 0.03).
In insulin-resistant patients who were also obese, the relative risk (RR) approached
three (95% CI 1.22.7.34; p = 0.02). In patients with metabolic syndrome and BMI > 27,
the risk of developing PCa is three times higher [13].

The relationship between diabetes mellitus and prostate cancer risk is unclear, dia-
betes is commonly associated with obesity, and obesity is associated with an increased
risk of disease recurrence [14] and higher cancer-specific mortality [15].

Smith et al. [16] evaluated the relationship between diabetes mellitus and mortal-
ity in patients with locally advanced prostate cancer after radiotherapy and ADT. The
study cohort included 1554 patients receiving radiotherapy and adjuvant therapy
with goserelin for locally advanced prostate cancer. Median follow-up was 8.1 years; a
total of 765 deaths were recorded, of which 210 (27%) were associated with prostate
cancer. Diabetes is associated with a lower risk of prostate cancer. Most men with
diabetes are obese, and obesity is associated with more deaths from prostate cancer.
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Figure 1.
Mechanisms of influence of metabolic syndrome factors on the development of prostate cancer.

Whether diabetes affects outcomes after verification of prostate cancer remains
unclear. After adjusting for age, race, tumor stage, Gleason score, PSA level, weight,
and treatment, being overweight (>89.5 kg) was associated with more prostate cancer
mortality (HR = 1.77 [95% CI 1.22-2.55]; p = 0.002), while there was no overt dia-
betes (HR = 0.80; 95% CI, 0.51-1.25; p = 0.34). Elevated levels of insulin and IGF-1
observed in obese patients may be responsible for this association [17] rather than all
of the metabolic consequences of diabetes.

Kasper J.S. and colleagues [18] demonstrated in a multivariate analysis that diabe-
tes mellitus was associated with a 17% reduction in the risk of developing generalized
PCa, a28% reduction in the risk of localized PCa, a 31% reduction in the likelihood
of developing high-risk PCa, and a 24% reduction in the incidence of PCa. low risk
of progression. Further analysis showed that overweight patients with diabetes
(BMI = 30) had a 19% lower risk of PCa than overweight patients without diabetes
[18]. A further prospective multivariate analysis of 72,670 patients showed that 4 years
after the diagnosis of diabetes mellitus, the incidence of prostate cancer decreased by
37% [19]. Similar data from the CPSII NC cohort showed that diabetes mellitus was
less likely to develop nonaggressive tumor type (stages I and II with Gleason < 8) and
aggressive tumor type (stages III and IV with Gleason > 8) PCa (RR 0.71 and 0.51,
respectively) [19]. An inverse correlation has been reported between triglyceride levels
and the incidence of PCa [20].

Mistry et al. [21] suggested that obesity and adipokines may play a role and
promote the progression of established prostate cancer based on their study of leptin
and adiponectin, two adipokines that, at high circulating levels, respectively, stimu-
late and inhibit the development of prostate cancer. In addition, there is evidence
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from in vitro studies suggesting that unsaturated fats specifically affect prostate
cancer signaling [22]. Prostate cancer cells perceive adipocytes as an energy source
during early bone marrow metastasis in vitro [23], since the cell and prostate cancer
usually migrate to bone marrow adipocytes rather than subcutaneous fat, indicating
that adipocytes have different effects [24]. The use of statins reduces mortality from
prostate cancer by ~50% [25].

Univariate analysis also showed positive associations with PCa prevalence and
hyperglycemia (OR, 7.31), low HDL (high-density lipoprotein) cholesterol
(OR, 9.93), increased waist-to-hip ratio (WHR), systolic arterial pressure, and
diastolic blood pressure heart rate [26]. Another study found that every 12 mm Hg
increase in diastolic blood pressure was independently associated with an 8% increase
in the incidence of PCa [27].

According to the Helsinki study, patients with elevated BMI (>28) and systolic
blood pressure (>150 mmHg) are more than two times more likely to have PCa and
more than three times more likely to have low HDL (<1.05 mmol/l) [28].

In a prospective cohort study of 950,000 patients, age stratification showed that
in an obese man aged 50-59 years, the incidence of prostate cancer increased by 50%
compared with patients with a normal BMI [29]. In addition, a significant positive
correlation has been shown between BMI and the incidence of PCa [29]. A meta-
analysis of 56 studies with 68,753 cases showed an overall increase in the risk of PCa
by 5% for every 5 kg/m2 (BMI) [30].

Some research suggests that components of the metabolic syndrome may also
lead to more aggressive PCa. In the previously mentioned meta-analysis [30], each
increase in BMI by 5 units significantly increased the risk of a more advanced stage
of PCa (relative risk [RR]—1.12). A recent retrospective study found that white
men with a BMI > 35 were approximately two-three times more likely to experience
pathologic features during radical prostatectomy (including Gleason score > 7, posi-
tive surgical margin, extraprostatic extension, and seminal vesicle invasion) than lean
men analogues (BMI < 25) [31].

Hammarsten and Hogstedt [32] demonstrated that the stage and grade of PCa are
directly related to BMI, waist measurement, fasting triglycerides, and fasting plasma
insulin and indirectly to HDL. A prospective study also demonstrated that higher
plasma insulin levels were noted in those who died compared with those who survived
after PCa, and moreover, PCa mortality was significantly related to the number of
metabolic syndrome features present [33]. The researchers also reported a positive
relationship between waist-to-hip ratio (WHR), diastolic blood pressure (DBP), and
serum PSA in patients with PCa, as well as a negative feedback between high-density
lipoprotein (HDL) levels and serum PSA levels [26, 34].

Low testosterone levels associated with metabolic syndrome are associated with
a poorer prognosis for prostate cancer. In a retrospective analysis, patients with low
plasma total testosterone (<3 ng/mL) were more likely to develop high-risk PCa
(Gleason score > 7; OP 2.59) [35]. Other researchers have found no relationship
between testosterone levels and the risk of developing PCa or a more aggressive form
of PCa [36].

A number of mechanisms can play both a positive and a negative role in the occur-
rence of PCa. Low testosterone levels disturb the hormonal balance, leading to tissue
neotransformation and the appearance of tumor cells that proliferate independently
of androgens and to a more aggressive phenotype [37]. Angiogenesis is critical for
tumor survival, and androgens have been shown to regulate sustained expression of
vascular endothelial growth factor (VEG-F) in PCa models [38].
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Schatzl and colleagues [39] demonstrated that intratumoral microvascular density
(MVD) is inversely proportional to serum testosterone levels in men with newly
diagnosed PCa. Low testosterone levels are also closely associated with hyperinsu-
linemia, but the etiology of this relationship is not fully understood [40]. Insulin is
known to have promitotic and anti-apoptotic effects, and elevated insulin levels have
been associated with increased growth of the PCa cell line (LNCaP) [41]. It has been
established that the activity of 5a-reductase androgen receptor (AR) is increased
in patients with DM-2 and obesity [42] and may increase the risk of cancer due to
greater stimulation of the prostate [43, 44].

There is sufficient evidence that IGF-1 is associated with the metabolic syndrome
and that it may influence the development of PCa. An increasing number of compo-
nents of the metabolic syndrome were inversely correlated with serum IGF-1 levels, as
well as with the IGF-1/insulin-binding growth factor-3 (IGFBP-3) ratio, a marker of
IGF-1 bioavailability [45-47].

Significant direct associations have been reported between IGF-1 levels and an
increased risk of development of prostate cancer, as well as between the levels of low
and high levels of prostate cancer [48, 49]. In PCa cell lines, IGF-1 has been shown to
induce proliferation and inhibit apoptosis [18].

Prostate epithelial cells have also demonstrated the ability to synthesize low levels of
VEG-F in response to IGF-1 stimulation, providing a mechanism for enhanced angio-
genesis [18]. The relationship between SD-2 and PCa initially seems paradoxical. CD-2 is
associated with hyperinsulinemia, which itself is associated with a reduced risk of devel-
oping PCa. However, CD-2 has been shown to protect against high severity diseases. This
phenomenon may be related to the time factor. Although T2DM is associated with insulin
resistance and initial hyperinsulinemia, islet cell desensitization and insulin depletion
(the so-called depletion of released insulin - an “over-worked” or “exhausted” b-cell) can
develop over time, which contributes to a decrease in insulin levels [50]. The proposed
concept is confirmed by the previously mentioned data of Rodriguez and colleagues [19],
who demonstrated a decrease in the incidence of prostate cancer 4 years after diagnosis.

Chronic inflammation associated with metabolic syndrome increases the risk of
developing PCa. We previously mentioned that IL-1p, IL-6, TNF-a, CRP, and IL-8
are elevated in metabolic syndrome. TNF-a, IL-6, and IL-8 have been associated with
an increased risk of PCa and PCa stage, as well as with metastasis [51]. IL-1p has also
been associated with metastasis [52].

IL-8 has chemotactic and angiogenic activity and can stimulate androgen-
independent growth of LNCaP cells [51]. Both IL-1p and TNF-p have been shown to
induce IL-8 expression in androgen-dependent (LNCaP) and androgen-independent
(DU-145 and PC-3) PCa cell lines [51]. These cell lines also demonstrated the ability
to secrete IL-6, which can function as a paracrine signal in LNCaP cells and an auto-
crine signal in DU-145 and PC-3 cell lines [53]. In vivo, PCa cells have demonstrated
the ability to secrete TNF-a, and the ability of TNF-« to reduce androgen receptor
expression and sensitivity to DHT in LNCaP cells suggests that this may contribute to
the development of androgen insensitivity in PCa [54].

IL-1p, IL-6, IL-8, and TNF-stim are known to stimulate the nuclear factor-B (NF-kB)
pathway, and this has been suggested as a possible link between increased levels of inflam-
matory cytokines and the development of PCa [55].

Increased activity of the transcription factor NF-kB is associated with PCa. In both
PC-3 and DU-145 cell lines, NF-kB was shown to be constitutively activated [56].
Inverse correlations between NF-kB activity and androgen receptor sensitivity in PCa
models suggest a role for NF-kB in the androgen-independent pathogenic pathway of
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PCa [57]. Indeed, inhibition of NF-kB in metastatic PC-3M cell lines of PCa leads to
a decrease in the expression of VEG-F and IL-8, which correlates with a decrease in
revascularization and metastasis to the lymph nodes in native mice [56].

Lessard L and colleagues [58] showed that in tissue samples after radical prostatec-
tomy, the localization of nuclear NF-kB was directly related to the degree of invasion
into the lymph nodes. IGF-1 appears to modulate pro-inflammatory cytokines as
it has been shown to stimulate IL-8 expression in DU-145 cells independently or in
synergy with IL-1p [51].

IGF-1 can also induce the expression of IL-6, IL-8, and TNF-f in human immune
cells [51]. Interestingly, IL-6 and TNF-p themselves have been shown to decrease
serum IGF-1 levels while increasing hepatic CRP synthesis [45], explaining the
aforementioned feedback between CRP and IGF-1.

The low levels of IGF-1 seen in metabolic syndrome may be associated with
decreased levels of these pro-inflammatory cytokines, thereby reducing the risk
of developing PCa. However, it is important to note that some researchers have not
found a correlation between these adipokines and the risk of developing PCa [47, 59].

4, Conclusion

Metabolic syndrome is a complex disease consisting of many interrelated patho-
physiological entities, including obesity, hypertension, dyslipidemia, hyperglycemia/
insulin resistance, and endothelial dysfunction. The main approach to cancer preven-
tion in patients with metabolic syndrome is the prevention of risk factors. Lifestyle
changes, including weight loss and a healthy diet, are known to reduce the risk of
cancer in the general population.

In conclusion, it should be noted that the recent pandemic, metabolic syndrome
and obesity lead to an increase in the number of oncological and cardiovascular
diseases and, as a result, to a decrease in life expectancy. The single most effective
preventive method is lifestyle modification. Preventive initiatives aimed at preventing
the development of the metabolic syndrome and its components are measures of pri-
mary and secondary prevention of the development of oncological diseases, including
neotransformation of prostate tissue.
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