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Preface

Soft tissue tumors include a heterogeneous group of diagnostic entities, most of them
benign in nature and behavior. Malignant entities, soft tissue sarcomas, are rare
tumors that account for 1% of all malignancies. These are predominantly tumors of
adults, but 15% arise in children and adolescents. The wide biological diversity of soft
tissue tumors, combined with their high incidence and potential morbidity and
mortality represent challenges to contemporary researches, both at the level of basic
and clinical science. Determining whether a soft tissue mass is benign or malignant is
vital for appropriate management.

This book is the result of collaboration between several authors, experts in their fields;
they have tried to convey to the reader the complexity of soft tissue tumors and the
diversity in the diagnosis and management of these tumors.

In this book, entitled Soft Tissue Tumors, we have highlighted many of the significant
advances in the diagnosis and treatment of soft tissue tumors; we tried to offer a
comprehensive overview of this wide field, from basic mechanisms underlying soft
tissue tumors to current advances and future directions in the prevention, early
detection and management of these neoplasms.

The presented textbook is subdivided into five sections termed: Fundamental Aspects
of Soft Tissue Tumors, Diagnosis and Investigations, Types and Classification of Soft
Tissue Tumors, Treatment of Soft Tissue Tumors, Prognosis of Soft Tissue Tumors.

Although this book does not cover all aspects related to soft tissue tumors, it is
intended for at least two kinds of readers : residents of intermediate and advanced
courses in medicine; oncologist, pathologist, surgeon, radiologists and all doctors
whatever their specialty.

As editor in chief of this textbook, I would like to acknowledge the efforts made by all
of the contributing authors and the entire editorial team in the publishing of this book
especially Mrs Marija Radja for her very precious collaboration. Their dedication to the
publication of the most contemporary and comprehensive scientific data has this
excellent work as a result. I would like to dedicate this textbook to all my colleagues
surgeons, pathologist, oncologist and radiologist at Sahloul Hospital, the past and
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actual deans of our university Professor Mohsen Jeddi, Sahloul Essoussi, Abdelkrim
Zbidi, Nejib Mrizak and Ali Mtiraoui for their encouragement, and Professor Moncef
Mokni pathologist in the department of pathology at Farhat Hached Hospital in
Sousse.

I would like to express a special dedication to our first dean and professor of
pathology who had dedicated a lot of his scientific efforts to the soft tissue tumors. His
name is Professor Chedly Bouzakkoura. He passed away last year.

I also dedicate this book especially to Professor Ridha Ben Hadj Hamida, and
Professor Rached Letaief, surgeons at the department of surgery in Sousse. A special
dedication to Professor Gharbi Slaheddine and Hamadi Farhat, the first surgeons at
Sousse University who died a few years ago.

You have taught me, since my first steps as resident, not only to manage different
types of digestive malignancies using the highest quality surgical and medical care
but as well instilled in me a sense of responsibility to improve as a person and as a
clinician.

Fethi Derbel

Professor of General and Digestive Surgery
University Hospital Sahloul

Sousse

Tunisia
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Considerations for Treatment Development in
Rhabdomyosarcoma: In Vitro Assessment
of Novel DNA Binding Drugs

Steven J. Wolf!3, Laurence P.G. Wakelin? and Daniel R. Catchpoolel?

IThe Biospecimens Research Group and Tumour Bank, Children’s Cancer Research Unit,
The Kids Research Institute, The Children’s Hospital at Westmead, Westmead, NSW,
2The School of Medical Science, The Faculty of Medicine,

The University of New South Wales, Sydney, NSW,

SFaculty of Medicine, The University of Sydney, NSWV,

Australia

1. Introduction

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children and is
believed to originate from mesenchymal cells that resemble undifferentiated striated muscle
cells (Wexler and Helman, 1997). It is a relatively rare tumour type with approximately 350
patients below the age of 20 diagnosed each year in the USA (Gurney et al, 1999). Incidence
in Australia is also low with only 31 RMS cases out of the total 1,003 childhood cancers
diagnosed between 2001 and 2005 in the state of NSW (Tracey et al 2007). Histological
staining of tumour samples led to the classification of two distinct forms of tumour types:
embryonal (ERMS) and alveolar (ARMS). ERMS is the most common histologically
diagnosed variant of the disease and is associated with an earlier onset, most commonly
around the age of 2 to 5 years (Qualman et al, 1998). Diagnosis of ERMS is made when the
cells fit the criteria of appearing as stroma-rich spindle cells which are not densely packed
and show no alveolar pattern of growth which characterises ARMS. Variant forms of ERMS,
including botryoid and spindle cell types, have been described as being histologically
similar to standard ERMS (Wexler and Helman, 1997).

Treatment of rhabdomyosarcoma employs a multimodal approach that utilizes surgical,
radiological and chemotherapeutic protocols. Unlike in the treatment of adult sarcomas,
surgical removal of the tumour mass in paediatric RMS patients is usually only attempted if
complete resection can be guaranteed without causing cosmetic or developmental damage
to the child. For this reason chemotherapy is the frontline option in the treatment of
paediatric RMS both as a means of local tumour mass control and for the prevention of
residual and micrometastatic disease (Stevens, 2005). Over 70% of patients with non-
metastatic RMS will respond well to chemotherapy and reach a 5 year event free survival
milestone. Patients with metastatic or stage IV ERMS however, and those with ARMS who
generally present at diagnosis with an advanced metastatic form of the cancer, continue to
face a poor prognosis as a result of diminished tumour response to the current
chemotherapy options. Currently, less than 30% of patients with metastatic disease survive



4 Soft Tissue Tumors

without relapse and despite this drastic difference in tumour response, chemotherapy
protocols continue to utilize the same compounds regardless of tumour subtype,
progression or stage (Wexler and Helman, 1997).

Without agents to target specific molecular pathways and proteins of RMS, such as the PAX3-
FKHR chimeric protein, chemotherapy protocols continue to utilize general cytotoxic
compounds that rely on the rapid proliferation of tumour cells for selectivity and optimal
efficacy. Most of these agents bind to DNA and disrupt key molecular processes involved in
DNA transcription and replication. Treatment usually involves the vinca alkaloid vincristine,
the transcription inhibitor actinomycin D and the alkylating prodrug cyclophosphamide
(Breitfeld et al, 2005). Several other general cytotoxic agents, including the topoisomerase
poisons etoposide, doxorubicin, epirubicin, topotecan and irinotecan as well as the alkylating
agents ifosfamide and carboplatin have also been used in alternative treatment protocols and
large scale clinical trials (Table 1). Many agents included in RMS clinical trials and standard
treatment protocols can be broadly classified as general cytotoxic agents, a large proportion,
including etoposide, doxorubicin and topotecan, specifically target and poison the function of
the topoisomerase enzymes, whilst actinomycin D is a transcription inhibitor that has been
successful in the treatment of a wide variety of tumours, including RMS.

2. DNA binding agents underpin RMS therapy — a review of clinical trials

Prior to the 1970s the prognosis for RMS patients was extremely poor regardless of tumour
subtype. The earliest large scale collaboration to be established was the Intergroup
Rhabdomyosarcoma Study Group (IRSG), a joint effort between US and Canadian
researchers. Five trials were carried out by this group between 1972 and 2000 at which point
the group merged into the Children’s Oncology Group (COG) under which more recent
trials have been carried out. Patients enrolled in IRSG or COG clinical trials were grouped
based on various prognostic factors before an appropriate treatment schedule was assigned.
The second collaboration to be established was the European based group ‘International
Society for Paediatric Oncology’ (SIOP) which launched several large cohort trials in 1975,
1984, 1989 and 1995 from which many findings were reported. A selection of key findings
from IRSG, COG and SIOP clinical trials are presented in summarized form in Table 1. With
5 year event-free survival rates (EFS) reaching 70%, patients with gross residual tumour
were believed to have benefited the most in early studies. It was clear however, that patients
with stage III or IV RMS required more intense chemotherapy than those in stage I and 1I
and it was concluded that despite the successes of the VAC combinational therapies,
introducing additional agents, such as topoisomerase I poisons, would help subdue the
onset of local and distant failures. The prognosis for patients with non-metastatic RMS
continued to improve after the fourth and fifth IRSG studies were completed, yet despite
years of large cohort clinical trials and the subsequent retrospective analysis of data,
response rates in patients with metastatic ERMS and ARMS remained considerably low.
This has been attributed to many factors including combination chemotherapy leading to
additive and overlapping adverse side effects which limit the dosages used as well as
intrinsic or acquired drug resistance mechanisms.

3. Therapeutic advancement in RMS requires new agents

It is clear from this review of the chemotherapeutic treatment options available for RMS that
novel agents are desperately required to improve the prognosis for patients with metastatic
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Study RMS . Protocol Tested Results References
Classification
IRSG Groupl VAC+R No benefit from Maurer
Study I additional R et al, 1988
Group I VC+R+A No benefit from
additional A
Group III +1IV [VAC+R+D No benefit from
additional D
IRSG Group III Intense repetitive pulse |Improvement over IRSG |Maurer
Study II VAC + radiation 1: et al, 1993
or VDC + radiation (SR) increased -50% to
66%
(CRR) increased - 56% to
73%.
GroupsI-1IV |VDC No improvement vs.
VAC. Fatal side effects
GroupsI-1I |[VA+C No improvement from
additional C
GroupsI-1II |Repetitive pulse VAC  |[Improvement over IRSG
1
IRSG Groups I -1 |VAC, with either VAI or |3yr EFS: 75% VAC, Crist
Study IV VIE 77% VAL 77% VIE et al, 2001
Overall EFS of 83%.
Surgery + VAI + VIE
was equally effective as
VAC only
IRSG Intermediate |3yr FFS improved due to doubling of alkylating  |Baker
Study IV |risk ERMS agent dosage compared to the treatment protocol |et al, 2000
used in IRSG study III. Cyclophosphamide or
ifosfamide had same effect.
High Risk /  |VAI or VIE every 3 wks / |63% OR Sandler
Stage IV 12 wks + (12 weeks) et al, 2001
VAC every 3 wks for 36
wks.
SIOP Group III, Novel treatment which  [60% OS (5yr) Stevens
MMT89  |Stage III combined 6 drugs (IVA) |versus et al, 2005
+ (CbEV) + (IVE). 42% OS (5yr) MMT84
Independe |Recurring varying doses of Cb + 33% OR Marina
nt Phasel |solid tumours |fixed doses of I + E (4% increased) etal, 1993
Indepe- Refractory STS|ICbE 32% CR Kung
ndent sarcomas 63% OR et al, 1995
Phase I/11
CCG 27 RMS ICbE 78% 1yCR, 33% 2yCR, |Van
Study 1 patients in a 66% OR Winkle

total cohort of

ERMS ARMS

et al, 2005
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Study RMS . Protocol Tested Results References
Classification
97 STS 82% 1yrOS 40% 1yr
patients oS
46% 2yr OS 20% 2 yr
0sS
SIOP Untreated Single Course C, Epi + V 53% Total OR Frascella
MMT89 Stage IV RMS ERMS ARMS et al, 1996
46% OR  58% OR
IRSG V Stage IVRMS |Tor T+ VAC 46% Total OR Pappo
ERMS ARMS et al, 2001
28% OR 65% OR
Independe |Intermediate |VDC + EI at 3 week 91% OS Arndt
nt Trial risk RMS intervals over a total 10  [85% EFS et al, 1998
cycle course.

Table 1. Results from Selected RMS clinical trials involving general cytotoxic compounds.
A=actinomycin D, C=cyclophosphamide, D=Doxorubicin, E=etoposide, Epi=Epirubicin,
I=ifosfamide, R=radiotherapy, V=vincristine, Cb=Carboplatin; CR=Complete Response,
CRR=Complete Response Rate, EFS=Event Free Survival, OR=Overall Response,
OS=0verall Survival, SR=Survival Rate.

or stage IV ERMS and ARMS. To date, the only genetic abnormality consistently associated
with ARMS is the t(2:13)/t(1:13) translocations that produce the oncogenic PAX3/7-FKHR
chimeric proteins. One day these may be targeted by small molecules or genetic based
therapies, however, the immediate future of RMS treatment remains highly dependant on
general cytotoxic agents. Unfortunately, all of the available general cytotoxic agents are
associated with adverse side effects that place severe limitations on the concentrations of
drug that can be administered to children with the disease. To minimize these side effects
each agent is used in low doses both in combination with other general cytotoxic agents and
over an extended period of time. Such treatment protocols rarely guarantee full recovery
and often promote the development of drug resistance mechanisms within the cancer cells
that manifest themselves either during initial rounds of therapy, or more commonly,
following tumour relapse.

Optimization of existing chemotherapy protocols, and the introduction of established
cytotoxic agents into RMS clinical trial, has resulted in improved response rates for ERMS
patients in recent decades. Despite this, ARMS and metastatic ERMS, are still associated
with a poor prognosis (Breitfeld and Meyer, 2005). With such a high dependency on general
cytotoxic agents for the treatment of RMS, novel compounds with improved efficacy and
fewer side effects must be developed. Efforts to improve the outcome in poor prognosis
patient groups focus largely on trials involving new combinations of existing clinically-
active compounds. Some of the most commonly used agents in RMS protocols exploit the
fragility of DNA transcription, and chromosome integrity, by physically interfering with
these processes and structures. For example, actinomycin D inhibits transcription by
intercalating into DNA and impeding the progression of DNA-dependant RNA
polymerases. Etoposide, along with the anthracyclines, camptothecin and its analogues, trap
topoisomerases in their DNA cleavable complexes, resulting in the accumulation of DNA
double strand breaks, fragmented chromosomes, and cell death at mitosis (Pommier Y,
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2006). Given the apparent importance of these biochemical targets in RMS therapy, here, we
have investigated the efficacy of a number of novel DNA binding transcription inhibitors
and topoisomerase poisons in 5 RMS cell lines that represent both ERMS (RD and JR1) and
ARMS (RH30, RH3 and RH4) tumour subtypes. We have also compared their activity with
that of the established transcription inhibitors actinomycin D, chromomycin, and
nogalamycin, and the topoisomerase poisons etoposide, amsacrine, doxorubicin,
mitoxantrone, and topotecan. Each new agent has been designed with altered DNA
association/ dissociation kinetics, improved tumour penetration compared to the established
agents and with this in mind, their efficacy and vulnerability to common mechanisms of
resistance are examined.

3.1 Novel DNA binding cytotoxic agents

With a range of novel cytotoxic compounds available to us through colleagues at the
University of New South Wales and the Auckland Cancer Society Research Centre, we
aimed to assess the efficacy of selected agents from various classes in an in vitro RMS cell
line model that best represented both subtypes of the disease. In doing so it was our
intention to identify agents with the potential to expand treatment options for RMS patients
and further improve the efficacy of chemotherapy protocols that utilize general cytotoxic
agents. Each of the novel compounds assessed in this study contain tricyclic carboxamide
moieties that act as DNA intercalating chromophores and have previously been shown to be
cytotoxic in leukaemia and/or solid tumour cell lines (Wakelin et al, 2003; Baguley et al,
1995; Atwell et al, 1984).

One group of novel transcription inhibitors (Figure 1A) contain dual intercalating
chromophores that are joined via their 9-amino groups by linker chains of various structures
and contain N,N-dimethylaminoethyl (DMAE) active side chains. These agents bind to
DNA in a bisintercalating threading fashion inspired by the binding mechanism of
nogalamycin (Wakelin et al, 2003). In this design the carboxamide sidechains spear the DNA
helix and make bonding interactions with guanine bases in the major groove to promote
transcription inhibition by enhancing DNA residence time without increasing binding
affinity. This is a desirable characteristic for activity in solid tumours where tumour
penetration correlates inversely with DNA binding affinity (Wakelin et al, 2003). Differences
in these compounds are found in their linker chains with flexibility, charge and length all
varying. With the linker chains laying in the minor groove of the DNA helix they play a
crucial role in the overall activity of the compound by placing a physical block in the path of
DNA tracking enzymes (Wakelin et al, 2003).

The second class of transcription inhibitors (Figure 1B,C) contain representatives of
phenazine-1-carboxamide dimers bridged via their side chains with alkylamino linkers of
various structures (Spicer et al, 2000). Within this class, the clinical candidate
MLN944/XR5944 bisintercalates with its linker in the DNA major groove making hydrogen
bonding interactions to guanines in a sequence specific manner. This compound possesses a
unique mechanism of action, including the inhibition of transcription factor binding to
DNA, which ultimately leads to the inhibition of transcription (Byers et al, 2005). The
bis(phenazine-1-carboxamides) studied are of two structural types: SN26356
(MLN944/XR5944) and SN26700 are 9-methylphenazines joined via a dicationic -
(CH2)2NH(CH2)NH(CH2)2- linker, and differ in that SN26700 has the amines substituted
with a methyl group (Figure 1B). SN26871 has an N-methylated monocationic -
(CH2)3N(Me)(CH2)3- linker and an 8,9-benzphenazine chromophore (Figure 1C). §
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X=Y=H DACA,
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Fig. 1. Molecular structure of (A) novel transcription inhibitors Bis(9-
aminoacridinecarboxamides), C8 DMAE, C3ANC3 DMAE and C2pipC2 DMAE, (B-C) novel
transcription inhibitors Bis(phenazine-1-carboxamides), 26356 (MLIN944 /XR5944), 26700
and 26871 (D) novel topoisomerase poisoning, monointercalating acridine-4-carboxamides,
DACA, 9-amino-DACA, AS-DACA and SN16713.

A third class of novel compounds, also structurally based around the acridine-4-
carboxamide intercalating chromophore, have previously been identified as topoisomerase
poisons (Finlay et al., 1996) and act as monointercalating agents that feature electron-
withdrawing moieties in place of a single active side chain (Figure 1D). N-[2-
(dimethyl)aminoethyl]-acridine-4-carboxamide (DACA), a dual topoisomerase 1/II poison
and the parent compound from this class of agents, was unsuccessfully taken into phase II
clinical trial in patients with non-small cell lung carcinoma, advanced ovarian cancer,
recurrent glioblastoma and advanced colorectal cancer (Twelves et al, 2002; Caponigro et al,
2002). 9-amino derivatives of DACA, however, have greater cytotoxic and dose potencies,
and modifications in the 5-position, such as the methyl sulphone group in AS-DACA,
promote solid tumour activity (Atwell et al, 1987). In contrast to DACA, 9-amino-DACA and
AS-DACA appear to be more specific poisons for topoisomerase II (Bridewell et al, 2001)
with AS-DACA, a less lipophillic derivative (Haldane et al,1999) also known to have a wide
spectrum of activity in solid tumours (Atwell et al, 1987).

4. Screening novel agents indicates differential response

A panel of 5 RMS cell lines were selected for in vitro assessment of cytotoxicity of novel and
established transcription inhibitors and topoisomerase poisons. RD and JR1 were selected to
represent the ERMS subtype whilst RH30, RH3 and RH4 were selected to represent the
ARMS subtype. We assessed the cytotoxicity of a range of novel and established
transcription inhibitors and topoisomerase poisons against 5 established RMS cell lines.
MTT cell viability assays were used to determine cell survival after a 72 hour exposure to
each compound. Published ICs5y values (Wolf et al, 2009) are plotted as ‘A Plots” which
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graphically represent the differences in efficacy of each drug in each cell line relative to the
median (m) ICs of all drugs in all cell lines (Figure 2).
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Fig. 2. A plots showing variations in drug potency in 5 RMS cell lines. ICss are plotted as a logio
measure of sensitivity or resistance against the median (m) ICsp of all agents across all cell
lines (m = 600 nM). This measure of potency, taken as a whole across all RMS cell lines,
serves to highlight the relative differences in drug efficacy. (Wolf, 2009)

Our findings enable classification of these agents into 3 classes; those that are potent in all 5
cell lines; those that show differential responses across the panel; and those that require
higher concentrations to be toxic in all cell lines. The first class includes the naturally
occurring transcription inhibitors actinomycin D, chromomycin and nogalamycin, which are
the most potent amongst the agents studied, the topoisomerase II poisons doxorubicin and
mitoxantrone, and the experimental acridine-4-carboxamide topoisomerase II poison 9-
amino-DACA. Class two includes the bis(phenazine-1-carboxamide) SN 26356, otherwise
known as MLN944/XR5944, identified as a transcription inhibitor and topoisomerase I
poison, the topoisomerase I poison topotecan, and the acridine-4-carboxamide
topoisomerase poison AS-DACA. AS-DACA and topotecan have the same spectrum of
cytotoxic activity, which is complementary to that of SN 26356. Agents such as those
described in group 2 may offer alternative treatment options for RMS tumours unresponsive
to the traditional chemotherapy protocols.

4.1 Cytotoxicity of novel and established transcription inhibitors in RMS cells

The antitumour antibiotics actinomycin D, chromomycin and nogalamycin are amongst the
classical template inhibitors of transcription, each binding to DNA reversibly, but
dissociating slowly so as to present a long-lived block to the passage of RNA polymerases.
Actinomycin D is a monofunctional intercalating agent which places bulky cyclic peptides
in the DNA minor groove, chromomycin is a minor groove binding agent (Yang et al, 1999)
and nogalamycin is a monofunctional threading agent which intercalates with its nogalose
sugar lying in the minor groove and its bicyclic amino sugar spearing the duplex making
hydrogen bonding interactions with guanines in the major groove (Li and Krueger, 1991).
All are known to bind selectively to GC-rich sequences and block RNA polymerase
progression by placing a bulky group in the DNA minor groove. Furthermore, all cause
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similar profound perturbation to transcription profiles (Zilhif et al, 2006). We have found
that all three agents have indistinguishable activity in the 5 RMS cell lines and that they are
the most potent agents studied, with activity in the nM range (Figure 2). Seemingly, the fine
details of how they interact with DNA to block RNA polymerase do not affect their
cytotoxicity. With actinomycin D routinely used in RMS protocols (Table 1), this observation
suggests that chromomycin and nogalamycin are worthy of consideration for inclusion in
clinical studies.

The development of the bisintercalating bis(9-aminoacridine-4-carboxamide) transcription
template inhibitors was inspired by the threading mechanism of nogalamycin (Wakelin et
al, 2003). Their threading design, in which the carboxamide sidechains spear the DNA helix
to make bonding interactions with guanine bases in the major groove, promotes
transcription inhibition by enhancing DNA residence time without increasing binding
affinity, a desirable characteristic for activity in solid tumours where tumour penetration
correlates inversely with DNA binding affinity. The three examples studied here, C8 DMAE,
C3NC3 DMAE and C2pipC2 DMAE, despite having ICsq values in human leukaemia CCRF-
CEM cells of 35, 50 and 63 nM respectively (Wakelin et al, 2003), and similar potencies (nM)
in a range of human cancer cell lines (Wakelin unpublished), are found to be about 4 to 40
times less potent in the rhabdomyosarcoma cells, which is some 100 to 1000 times less active
than the naturally occurring transcription inhibitors. RD is the only RMS cell line that could
be considered sensitive and is the only one in which all three threading dimers produced
ICs0s marginally lower than m (Figure 2). The origins of the intrinsic resistance of the RMS
cell lines to these agents are unclear.

This  generalized resistance to the bisacridines also extends to the
bis(phenazinecarboxamide) dimers, with one important exception. These compounds were
designed as bisintercalating topoisomerase I and II poisons (Spicer et al, 2000), but their
actual mechanism of action is complex and appears to involve both transcription inhibition,
along with topoisomerase I poisoning (Byers et al, 2005). The three compounds studied here
are potently cytotoxic in mouse leukemia P388, mouse Lewis lung and Jurkat human
leukemia cells (Gamage et al, 2001). The toxicity of SN26700 and SN26871 however, is
diminished some 35 to 2200 times in the RMS panel, with their ICsgs clustering around m or
greatly exceeding it (Figure 2). The exceptional response is found with SN26356 which was
used in clinical trial as MLN944 /XR5944 (Verborg et al, 2007). Its potent activity in previous
studies is maintained in the RD, RH3 and RH4 cell lines, with an average 1Cso of about 40
nM. The origins of this selectivity are unknown, but our findings point to the importance of
considering SN26356 as a possible clinical trial candidate in RMS.

4.2 Cytotoxicity of novel and established topoisomerase poisons in RMS cells

The trapping of topoisomerases in a cleavable complex with DNA is a well established
mechanism of action of many DNA binding drugs (Li and Liu, 2001). Representative
topoisomerase poisons, both established and novel, were examined in this study, and
produced widely ranging results. For example, amongst the clinically used topoisomerase II
poisons, etoposide and amsacrine were uniformly, poorly active across the RMS cell line
panel, with ICses all greater than m, ranging from 600nM to 22mM (Figure 2). Such a finding
sits oddly with the inclusion of etoposide in clinical RMS protocols (Van Winkle et al, 2005).
In contrast, doxorubicin and mitoxantrone are uniformly active in the RMS cells with
average ICsos of about 200nM and 400nM respectively, a finding that supports their
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inclusion in clinical studies. The only clinical topoisomerase I poison studied, topotecan,
produced a differential response with activity of 10nM and 140nM in RH30 and JR1 cells,
but ICsps of ImM to 15mM in the remaining 3 RMS lines. Interestingly, this is the inverse
selectivity of SN26356, which is inactive in RH30 and JR1, and raises the intriguing question
of the potential clinical activity of their use in combination.

The novel topoisomerase poisons evaluated are structurally based on the acridine-4-
carboxamide chromophore, the parent compound of which, DACA (Figure 1), has been
identified as a dual topoisomerase 1/1l poison (Finlay et al., 1996). Despite its wide solid
tumour activity and its clinical evaluation (Twelves et al, 2002; Caponigro et al, 2002;
Haldane et al, 1993), it shows poor potency in all RMS cell lines with ICss about 2 to 4 mM.
In contrast, its dicationic derivative, 9-amino-DACA, which binds to DNA 6-fold more
tightly than DACA and is only weakly active as a topoisomerase I poison (Finlay et al.,
1996), is 10 times more potent in all RMS cell lines, making its activity comparable to that of
doxorubicin and mitoxantrone (Figure 2). Although the extra charge on the chromophore of
9-amino-DACA enhances cytotoxic potency and antileukaemic activity in mouse tumour
models (Atwell et al, 1987), it diminishes solid tumour activity as a consequence of poor
tumour penetration due to its elevated DNA affinity. Electron withdrawing substituents in
the acridine 5-position lower the chromophore pK, and AS-DACA, bearing a 5-
methylsulphone, has a neutral chromophore at physiological pH, binds DNA with an
affinity between that of DACA and 9-amino-DACA, and is intermediate between these two
agents with respect to topoisomerase selectivity (Finlay et al, 1996). These characteristics
make it generally more cytotoxic than DACA, and endow it with widespread solid tumour
activity (Atwell et al, 1987). In the RMS panel it returns a differential response, strongly
reminiscent of topotecan, with JR1 and RH30 cells being sensitive, but the remaining three
cell lines have ICsps above 1mM (Figure 2). Lastly, within the acridinecarboxamide family,
we examined the activity of SN16713, a monofunctional threading agent that superposes the
structures of amsacrine and 9-amino-DACA, selectively poisons topoisomerase II which has
an ICsp of 120nM in CCRF-CEM cells (Zihlif et al, 2006) and 7nM in Jurkat leukaemia (Finlay
et al, 1996), is poorly active in RMS cells (Figure 2).

Several novel agents displayed comparable or improved efficacy over their established
counterparts in our in vitro drug cytotoxicity study in RMS cell lines. Despite the resistance
of some cell lines to these agents their overall efficacy necessitates further preclinical
development for possible inclusion in RMS clinical trials. Of particular interest were the
novel agents AS-DACA and 9-amino-DACA. 9-amino-DACA showed efficacy across all cell
lines comparable to the established topoisomerase poisons flagging its potential as a
candidate for future RMS clinical trials. By contrast AS-DACA produced a variable cytotoxic
response across the cell line panel. Many factors may be responsible for this observed
variation, in particular the 190x fold difference observed between two archetypal RMS cell
lines, RD and RH30 (Wolf et al, 2011). The remainder of this discussion will explore our
study of AS-DACA cytotoxicity in two RMS cell lines; RD and Rh30, along with AS-DACA-
resistant cell line we derived from RH30, named Res30 (Wolf et al, 2011), as an illustration of
the complexities of developing new treatment strategies for RMS.

5. Causes for differential drug cytotoxicity in RMS cells

Drug “resistance” is a phenomenon that impedes the efficacy of every compound used in
the treatment of cancer at some stage. Mechanisms governing cellular resistance to
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chemotherapy may be intrinsic, however in most cases they are acquired following repeated
or extended exposure to chemotherapy. Although “acquired” drug resistance is a term that
is used to describe the development of drug resistance within cells that were originally
chemosensitive, it may in fact result from a clonal proliferation of a subpopulation of
intrinsically resistant cells within the original tumour or cell culture. This has been noted to
occur within RMS with resistant, differentiated cells making up the majority of tumour
remaining after chemotherapy treatment (Klunder et al, 2003). The complexity and number
of mechanisms that contribute to drug resistant phenotypes makes identifying and
circumventing the source of the problem a challenge for researchers and clinicians alike.
Some well established mechanisms of resistance include alterations in drug target levels and
function, enhanced drug efflux via membrane bound transport proteins and drug
sequestration/altered intracellular drug distribution. Further, it must be assumed that drug
resistance mechanisms, intrinsic only to certain RMS cell types, act in a manner dependent
on the subtle structural differences which exist between the DNA-binding compounds used.
Given the importance of in vitro studies in pre-clinical drug investigations, it is worthwhile
investigating commonly used RMS cell lines to identify the subtle biological mechanisms
which are intrinsic to them and produce these selective drug resistance phenotypes.
Consequently, in the remaining sections of this review, the impact of different mechanisms
of resistance will be explored, with a specific focus on the differential response of AS-DACA
in RD and RH30 as a paradigm of this complexity.

5.1 ‘Classical’ drug resistance involving transport proteins

One of the most described mechanisms of drug resistance in RMS cell lines, is ATP-Binding
Cassette (ABC) transport protein mediated drug efflux. ABC transport proteins span the
plasma membranes of almost all cells and are responsible for active transport of many
compounds, including a number of agents used in cancer therapy (Klein et al, 1999). In total
49 human genes have been described that encode various ABC transport pumps (Chang,
2007). Whilst each protein is structurally and functionally distinct, all members of the ABC
transport protein family share three conserved sequence motifs within nucleotide binding
domains and are common to many proteins that bind ATP (Leslie et al, 1999). For many
years it was believed that the MDR1 gene, also known as ABCBI1, which encodes P-
glycoprotein (P-gp), was the prime contributor to drug efflux (Leslie et al, 1999). Subsequent
studies however led to the identification of several related proteins which have also been
linked to the multidrug resistance phenotype and include multidrug resistance-associated
proteins MRP1 to MRP5 and Breast Cancer Related Protein (BCRP) (Komdeur et al 2003).

5.1.1 Multidrug Resistance-Associated Protein 1 (MRP1)

MRP1 (ABCC1) is a 170kDa protein (190kDa in its glycosylated form), that belongs to the
ABC family of membrane bound transport proteins. MRP1 is comprised of 17
transmembrane segments that are grouped into three transmembrane domains (TMDs), two
cytoplasmic linker regions and two cytoplasmic nucleotide binding domains. This structure
is common to most members of ABCC subfamily. Although the cytoplasmic linker region,
which lies between TMDO and TMD], has been shown to be vital for drug transport, loss of
TMDO does not greatly affect drug transport (Chang, 2007). MRP1 is understood to
transport a greater number of substrates than P-gp, despite being an anion transporter. The
anthracycline antibiotics, vinca alkaloids, folate based antimetabolites, antiandrogens,
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organic anions and heavy metals are just some of the known substrates for MRP1 (Munoz et
al, 2007). This phenomenon has been attributed to the presence of glutathione (GSH) with
several studies indicating that without physiological concentrations of GSH present, MRP1
has no ability to transport unmodified anti-cancer drugs. Hence it is considered that MRP1
may co-transport GSH together with anticancer drugs, or GSH may bind to MRP1 and
enhance the transport of hydrophobic molecules (Chang, 2007).

MRP1 is overexpressed in many tumours including RMS and other soft tissue sarcomas. In
2005 a study that assessed the expression levels of various ABC transport proteins detected
MRP1 in 43% of the surgically resected STS samples examined and found that its expression
correlated to a larger tumour size and age of the patient (>20 years) (Oda et al, 2005).
Similarly, an earlier study reported MRP1 expression in 11 out of 13 paraffin-embedded
primary tumour RMS samples before chemotherapy. In follow up assessments it was found
that a metastasis of a tumour which had previously not expressed the protein did so after
chemotherapy, and showed increased expression in three other primary tumour samples
also following chemotherapy. All other samples however showed equal or decreased levels
of expression following drug exposure (Klunder et al, 2003). In a separate study of 29
paediatric and 16 adult RMS cases it reported that MRP1 was expressed in 56% of cases
however this expression did not contribute to the poorer response to therapy in older RMS
patients (Komdeur et al, 2003).

5.1.2 P-Glycoprotein (P-gp)

P-gp is a 170 kDa protein that predominantly transports cationic or uncharged molecules
and is known to efflux many of the compounds used in RMS therapy including the
anthracycline antibiotics, actinomycin D, etoposide and the vinca alkaloid vincristine
(Larsen et al, 2000). The extent to which P-gp contributes to the poor drug response
associated with metastatic RMS has seen much debate with many studies presenting
conflicting evidence on the matter. In 2003 a study that screened P-gp levels in 13 pairs of
paraffin-embedded RMS samples from patients before and after treatment could not
identify any consistent pattern of change in the expression levels of the protein. Of the 13
samples tested, 4 cases saw a decrease in expression of P-gp, 5 cases showed no change and
only 4 cases showed an increase in expression post treatment (Klunder et al, 2003). Similarly,
in 1996 it was reported that high P-gp expression was not correlated to poor drug response
in RMS patients following therapy (Kuttesch et al, 1996). This study, which used
immunohistochemistry to detect and measure P-gp levels from 71 patients that had been
treated between 1969 and 1991 found no association between the expression levels at
diagnosis and patient outcome following treatment. Instead it was suggested that multidrug
resistance is a consequence of combining agents from several drug classes that subsequently
induce a range of resistance mechanisms within a single population of cells. Another
separate study found that despite a poorer prognosis in older RMS patients, age at diagnosis
has no effect on expression levels of the protein (Komdeur et al, 2003). Whilst these studies
suggested P-gp contributed little to the poor drug response associated with metastatic RMS,
several papers had previously presented a strong relationship between patient prognosis
and P-gp expression level. One such example correlated P-gp levels with relapse in 30
biopsy samples from RMS and STS patients, and found that of the 9 patients with detectable
P-gp levels, all relapsed. Of the 21 patients without detectable P-gp levels, only 1 patient
relapsed (Chan et al, 1990).
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5.1.3 MRP1 transport of AS-DACA in RMS cells

The monointercalating acridine-4-carboxamide compounds used in this study are
vulnerable to transport via these efflux pumps. AS-DACA is a substrate for P-gp whilst
DACA, the parent compound from this class, is not (Haldane et al, 1999). Using western blot
analysis the influence of AS-DACA on the expression levels of MRP1 was investigated in
both resistant and sensitive cell lines. Western blot analysis of MRP1 expression levels
showed substantial change in RD and RH30 cells following a 16 hour exposure to double the
ICs0 of AS-DACA for each cell line (Figure 3A). This protein was also expressed in Res-30
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Fig. 3. The influence of MRP1 expression on AS-DACA activity in RMS cells. (A) Expression
levels of MRP1 (170kDa) were determined by western blot before (-) and after (+) exposure
to AS-DACA (2xICs for 16 hours). Densitometry was performed on triplicate blots with
band intensity normalized for both background noise and total protein loading differences
as determined by Ponceau S staining. (B) The influence (R)-verapamil has on AS-DACA
efficacy was established using MTT cell viability assays. RD and Res-30 cells were treated
with 1uM and 10pM of verapamil whilst being exposed to various concentrations of AS-
DACA for 72 hours. Error bars represent the SEM of three independent experiments in each
case. (C) Intracellular localization of MRP1 in RH30 cells before and after AS-DACA
exposure as determined by immunofluorescence microscopy. MRP1 appears green.
Highlighted with yellow arrows is a bright staining vesicular structure in the perinuclear
region following exposure to AS-DACA. All cells are co-stained with the nuclear stain DAPI
(blue) and displayed as merged artificially coloured monochromatic images. Untreated
Res30 show the same structures indicating it has acquired this feature during selection.
Scale bars = 10um.
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cells without an additional exposure to AS-DACA. Exposure to the MRP1 inhibitor (R)-
verapamil at concentrations of 1 and 10 mM failed to alter AS-DACA-induced cytotoxicity
(Figure 3B), indicating the differential toxicity of AS-DACA in the RMS cells is not simply
explained by understanding classical drug resistance involving MRP1 (Wolf et al 2011). So
whilst the higher levels of the ABC transport protein MRP1 following treatment with AS-
DACA was detected, typical of a ‘classical’ multidrug resistance phenotype in RMS cells,
this treatment-induced increased expression of MRP1 in cell lines does not explain the
differential in sensitivity to AS-DACA induced cell death. Firstly, both RD and RH30 cell
lines demonstrated an equivalent increase in MRP1 expression (Figure 3A). The absence of
any effects of the MRP1 inhibitor verapamil (Figure 3B), indicate that despite the changes in
protein levels, impedance of MRP1 activity did not alter AS-DACA toxicity in any RMS
cells.

Interestingly, MRP1 protein was shown to localize to vesicular membranes in all three cell
lines (Wolf et al, 2011) this being most prominent in cells directly after exposure to AS-
DACA (Figure 3C). Active mechanisms that drive sequestration of weakly basic
compounds into vesicles of the membrane trafficking system are not uncommon. Several
of the ABC transport pumps have been implicated in such mechanisms and alternative
pathways involving the trans-golgi network (TGN), lung-resistance-related protein 1 and
major vault proteins have been proposed to modify intracellular drug distributions by
altering transport between the nucleus, endosomal vesicles, lysosomes and the cytoplasm.
Rajagopal et al (2003) used HeLa cells to demonstrate MRP1, P-gp and BCRP were
localized to membranes of intracellular vesicles that they contributed to drug resistance
phenotypes via sequestration-based mechanisms at these sites. With this growing
evidence suggesting that various ABC transport proteins, including MRP1, are localized
to vesicles of the membrane trafficking system where they actively transport drug from
the cytoplasm into lysosomes (Rajagopal et al, 2003) these experiments further implicated
MRP1 with drug sequestration, rather than drug efflux from the cell. It is clear that
understanding this impact is vital for the future development of AS-DACA and other
members of the class of monointercalating acridine-4-carboxamides and hence, deserves
further attention in future studies.

5.2 Alterations in drug target: Reduced topoisomerase levels

The consequence of trapping topoisomerase enzymes in cleavable complexes with DNA is
an accumulation of double strand breaks in the DNA helix. There is strong evidence that
AS-DACA induced cell death results from an accumulation of double stranded DNA breaks
following the trapping of topoisomerase II in a cleavable complex with DNA (Bridewell et
al, 2001). Hence, we determined that the expression level of each topoisomerase isoform was
a contributing factor in the variation of RMS cell response to AS-DACA exposure. We first
establish the level of DNA damage induced by the compound correlated with the degree of
sensitivity or resistance exhibited by each cell line. Using an enzyme linked immunosorbent
assay (ELISA) for phosphorylated histone 2A (yH2AX) (Burma et al, 2001), DNA damage
was assessed in both sensitive and resistant cell lines following low dose exposures
equivalent to the ICsp in RH30 cells (20nM) of AS-DACA over a time course of 48 hours. The
results are displayed in Wolf et al 2011. DNA damage was substantially reduced in Res-30
cells when compared to the parental RH30 cell line even after 48 hours exposure to the drug.
Whilst DNA damage was evident after just 1 hour in the sensitive RH30 cells, it does not
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appear until 24 hours later in the resistant Res-30 cells. Interestingly, DNA damage is
detected in RD cells after just 4 hours despite the drug exposure being approximately 450
times lower than its ICsy in this cell line. After 48 hours the level of DNA damage has
reached 40% of what would be reached when the cells are exposed to their ICsp dose for the
same length of time. In Res-30 cells only 10% of the DNA damage induced with a 4pM dose
of AS-DACA was observed after a 48 hour exposure to 20nM of AS-DACA. From these
findings it is clear that the level of DNA damage induced in each cell line correlates to the
ICs0 of AS-DACA in each cell line. Not surprisingly, the levels of DNA damage increase as
the time of exposure to AS-DACA increases and this is most obvious in the sensitive cell line
RH30.

The immediate interpretation of this result is that AS-DACA is being prevented from
intercalating with the DNA and forming cleavable complexes. With DNA damage having
been confirmed as a primary consequence of AS-DACA exposure (Wolf et al, 2011), it was
essential to assess the relationship between the expression levels of each topoisomerase
isoform and the levels of DNA damage induced in each cell line following exposure to the
drug. Since the trapping of topoisomerase in its cleavable complex with DNA is the
primary mechanism by which AS-DACA induces DNA damage (Finlay et al, 1996), we
hypothesized that the differences in response between the RD and RH30 cell lines to AS-
DACA was due, in part, to intrinsic differences in the levels of the primary drug target,
topoisomerases. Mechanisms are known to reduce the efficacy of topoisomerase poisons
through decreased expression of the target enzyme, topoisomerase. It is well established,
for example, that the topoisomerase I enzyme is reduced following cell exposure to the
topoisomerase I poison camptothecin and the subsequent activation of the ubiquitin/26S
proteasome pathway. As described in Desai et al 1997, topoisomerase I-ubiquitin
conjugates were discovered to form within minutes of camptothecin treatment in Chinese
hamster ovary (CHO) cells decreasing levels of topoisomerase 1 by up to 80%, 2 hours
after treatment. The expected reduction of topoisomerase I following camptothecin
treatment was reversed using the 26S proteosome inhibitors MG-132 and lactacystin
demonstrating that the ubiquitin/26S pathway was involved in the camptothecin induced
down regulation of topoisomerase I (Desai et al, 1997). This correlation was further
highlighted using a panel of breast cancer cell lines that had previously been shown to
exhibit a high variability in their response to the drug, which was shown to result from
the down regulation of topoisomerase I (Li and Liu, 2001).

This phenomenon is not exclusive to the topoisomerase I isoform however with published
data suggesting that both topoisomerase lla and topoisomerase II} may also be down
regulated following exposure to various topoisomerase II poisons. One study highlighted
that in a panel of cell lines representing various tumour types, both isoforms of
topoisomerase II were degraded following activation of a proteasome pathway that
specifically targeted the enzyme when it was trapped to DNA in complex with etoposide
(Fan et al, 2008). The down regulation of topoisomerase Ila as a means to circumvent drug
cytotoxicity is however controversial as this enzyme has previously been shown to be
essential for cell survival with topoisomerase IIf unable to compensate in its absence
(Austin et al, 1998). On the other hand it has been shown that topoisomerase Ila is
overexpressed in several tumour types (Murphy et al, 2007) and hence may permit a down
regulation of the enzyme to a level that does not compromise cell viability yet limits the
efficacy of topoisomerase Ila poisons.
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Fig. 4. (A) Topoisomerase I (90kDa), (B) Topoisomerase Ila (175kDa) and (C) Topoisomerase
IIB (180kDa) levels were determined by western blot before (-) and after (+) exposure to AS-
DACA (2x ICs for 16 hours). Densitometry was performed on triplicate blots with band
intensity normalized for both background noise and total protein loading differences as
determined by Ponceau S staining. Error bars represent the SEM of intensity for each band

in three independent experiments.

As topoisomerase levels are known to be reduced in many cell lines in response to
topoisomerase poison exposure, we explored using western blotting whether one or more
isoforms of the enzyme were altered in our RMS cell lines following AS-DACA exposure.
The expression levels of each topoisomerase isoform were assessed in both treated and
untreated cells following an overnight exposure to AS-DACA (16 hours) at a
concentration double the ICsy for each individual cell line. From this analysis of
topoisomerase I and II western blots (Figure 4), it was evident that the basal levels of each
isoform varied in the cell lines assessed. Basal levels of topoisomerase I appeared
marginally higher in the RH30 cell line compared to RD and were substantially reduced in
Res-30 cells - to at least 50% of the level observed in the parental RH30 cell line. Levels of
topoisomerase 1 were unaffected by a 16 hour exposure to AS-DACA in both RD and
RH30 cell lines whilst a modest reduction was observed in the Res-30 cell line. No change
in topoisomerase Ila levels were observed following an overnight exposure to AS-DACA
in any cell line, however RH30 cells again appeared to possess modestly higher basal
levels of this protein compared to both RD and Res-30 cells. Although Res-30 cells
possessed the least amount of this protein, its expression was similar to that observed in
the RD cells. Topoisomerase IIp was the only isoform to be reduced, albeit modestly, in
each cell line following overnight exposures to AS-DACA. Again RH30 appeared to
possess an increased basal expression of this enzyme in comparison to both RD and Res-
30 cell lines and unlike the former two isoforms, the expression of topoisomerase IIp was
at least double that of RD.

Upon examination of the expression levels of each topoisomerase isoform in RD and RH30
cells (Figure 4) (Wolf et al, 2009), it became clear that intrinsic differences in their basal levels
were present as hypothesized. As all isoforms are clearly expressed in RD, and DNA
damage is induced with even small concentrations of drug (Wolf et al, 2011), it is unlikely
that the levels of each isoform exclusively promote the resistant phenotype, although it may
be a contributing factor. In comparison, the modest overexpression of topoisomerase I and
topoisomerase Ila isoforms as well as the substantial overexpression of topoisomerase 1Ip in
RH30 cells may promote an enhanced drug efficacy. A higher expression of the target
enzyme could translate to an increased frequency in the formation of cleavable complexes
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which are subsequently trapped by AS-DACA, resulting in the induction of permanent
DNA damage. Furthermore, the expression levels of each isoform may also contribute to the
rate at which DNA damage is induced with higher levels of topoisomerase resulting in a
more rapid formation of trapped cleavable complexes. Importantly, the difference in efficacy
of AS-DACA in each cell line is unlikely to be linked to an ability of the cells to decrease
protein levels during an overnight exposure to the drug. A modest decrease in
topoisomerase IIf3 levels was evident in both sensitive and resistant cell lines and hence is
unlikely to influence drug efficacy(Figure 4). The AS-DACA resistant Res-30 which was not
cross resistant to known topoisomerase poisons (Wolf et al 2011) suggests a resistance
mechanism peculiar to AS-DACA. The absence of double strand breaks in the Res-30 line
(Wolf et al, 2011) indicates extensive impedance of the agent from its primary cytotoxic
target.

5.3 Drug sequestration through the endosomal pathways

It was not long after the discovery of the lysosome by Nobel laureate Christian de Duve in
the 1960’s that a mechanism of drug sequestration involving acidic vesicles had been
proposed (Kaufmann and Krise, 2007). In early studies of lysosomal sequestration
correlation was drawn between the pKa of compounds and their ability to “induce
vacuolization” (Yang et al, 1965). It was well known that weak acids and bases are capable
of readily diffusing lipid bilayer membranes providing pH gradients exist on either side of
the membrane partition.

The membrane trafficking system, illustrated in Figure 5A, is responsible for the transport
and processing of proteins, cellular waste and foreign materials. It is comprised of several
vesicle types that traffic along the cytoskeletal network of microtubules to various locations
throughout the cell. Some of these vesicles include lysosomes, late stage endosomes (LSE),
early endosomes (EE), multi-vesicular bodies (MVB) and macropinosomes. Each vesicle
differs not only in their function but also in their intravesicular pH and in the receptors they
express. Early endosomes, which originate from clathrin coated pits (CCP) in the cell’s
plasma membrane, are an integral component in the endocytic uptake of extracellular
material (Saraste et al, 2007). These vesicles, with an approximate pH of 6.2, express SNARE
proteins, the GTPases Rab4 and Rab5 and the early endosome antigen 1 (EEA1) protein.
During the fusion of vesicles and formation of late stage endosomes, the vesicle pH drops to
around 5.5 which not only aids in the degradation of intravesicular material but promotes
recycling of the various membrane bound proteins back to the plasma membrane in
recycling vesicles (Luzio et al 2001). Late stage endosomes, which express the membrane
bound proteins Rab7, Lysosome Associated Membrane Protein-1 (LAMP-1) and mannose-6-
phosphate receptor, receive and process material from both early endosomes and the TGN
(Luzio et al 2001). The TGN is the end point in many endocytic pathways, internalizing a
range of extracellular materials which are destined for endosomes or lysosomes And are
trafficked in transport vesicles through a process regulated by the mannose-6-phosphate
receptor. Material contained within the late stage endosomes is generally destined for
degradation and when this cannot be achieved by the endosomes themselves, fusion of the
vesicles with lysosomes will take place. Lysosomes, which continue to express the
membrane bound protein LAMP1, may have a pH as low as 4.7 and contain acid hydrolases
that degrade cellular waste including proteins and lipids (Luzio et al 2001).
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Fig. 5. (A) Schematic Diagram of the Membrane Trafficking System. This system is responsible
for the distribution and processing of various proteins, lipids, foreign material and
cellular waste. In this diagram CCP stands for Clathrin Coated Pit, EE for early endosome,
LSE for Late Stage Endosome and MVB for multi-vesicular body, TGN for trans-golgi-
network. (B) Partitioning Theory - Schematic diagram of the pH partition that is believed to
be the predominant driving force in the sequestration of weakly basic in lysosomes. In the
neutral conditions of the cytosol, compounds with pKa’s near neutral will exist mainly in
the free base form, maintaining its membrane permeability. In the lower pH of the
lysosomes weak bases will exist predominately in the ionized or protonated form
rendering the molecule impermeable to lipid bilayers. This figure has been reproduced
from Kaufmann et al, 2007.

Classically, vesicle sequestration of the anthracycline antibiotics appears to be dictated by
the “partitioning theory”. The partitioning theory (Figure 5B) of drug sequestration, which
was proposed not long after the discovery of the lysosome in the 1960’s, is still believed to
contribute significantly to drug resistance. This basic biochemical property formed the
foundation of the partitioning theory of drug sequestration that was described by Christian
de Duve is still accepted today (De Duve et al, 1974). The partitioning theory is based upon
the principle that weak acids and bases are capable of readily diffusing lipid bilayer
membranes down pH gradients, rendering these compounds able to accumulate in acidic
vesicles due to protonation by free H+ ions present in the vesicular lumen. Such ionization
renders the drug impermeable to the membrane and accumulation will continue whilst
vesicular H* ion concentrations are maintained. So long as H* ion concentrations are
maintained by V-type H*-ATPase vacuolar proton pumps, drug accumulation will continue
(Kaufmann and Krise, 2007). It has also recently been noted that this theory may be
extended to explain the rapid drug efflux that occurs from tumour cells growing in hypoxic
conditions. This occurs as a result of acidification of the extracellular space from anaerobic
glycolysis and the subsequent exaggeration of the cytosol-extracellular fluid pH gradient
(Chen et al, 2006).

Without an ability to view the intracellular distribution of weakly basic compounds, this
sequestration may go completely unnoticed. As a research tool, the anthracycline antibiotics
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are commonly used because their fluorescence properties allow the intracellular distribution
of the drugs to be explored using fluorescence techniques. In 1986 it was first reported that
doxorubicin accumulated in lipid based vesicles as a result of its distribution being
determined by pH gradients (Mayer et al, 1986). In another study it was shown, using
microspectrofluorometry, that the anthracycline antibiotic pirarubicin accumulates in the
Golgi body of drug resistant K562, CEM and LR73 cells. It was proposed that this
accumulation occurred as a result of the Golgi body being more acidic in MDR cells and
hence possessing a stronger pH gradient across its membrane that influenced the passive
diffusion of the compound (Belhoussine et al, 1998). The importance of pH gradients in the
vesicular sequestration of the anthracycline antibiotics was again reported in 2003 by Ouar
et al. In this study pH gradients were abolished in resistant cells using concanamycin A, an
inhibitor of the vacuolar proton pumps that are responsible for the maintenance of pH.
Inhibition of the proton pumps restored sensitivity to daunorubicin, doxorubicin and
epirubicin and prevented the redistribution of daunorubicin from the nucleus into
lysosomes.

Although vesicular sequestration of weakly basic compounds is still believed to be
facilitated by passive diffusion down pH gradients, several recent studies have indicated
that other mechanisms may influence this process. In 2007 it was shown that knockdown of
the major vault protein (MVP) using siRNA disrupted lysosomal uptake of not only
doxorubicin, but also the intracellular pH probe LysoSensor and the lysosomal specific
antigen LAMP1. This study indicated that MVP was integral in redistributing the drug away
from the nucleus to the lysosomes (Herlevsen et al, 2007). In another study, cells were
exposed to various weak bases before lysosomes were isolated and their contents quantified
using high performance liquid chromotography. It was found that the lysosomes
sequestered 3 to 15 times the volume of compound that would be expected if passive
diffusion was the only mechanism facilitating this process. Hence this study also arrived at
the conclusion that alternative mechanisms were active in the lysosomal sequestration of
weakly basic compounds (Duvvuri and Krise, 2005).

Despite strong evidence implicating acidic vesicles of the membrane trafficking system in
the sequestration of weakly basic compounds in in vitro settings, there is poor
understanding of the influence this mechanism plays in the overall efficacy of compounds in
a clinical setting. It was recently reported that disruption of vesicular sequestration
following cellular exposure to the proton pump inhibitor omeprazole increases not only the
potency of doxorubicin but also its penetration through an in vitro multicell layer culture
(Lee and Tannock, 2006). This article hypothesized that it is in the effective treatment of
solid tumours that vesicular sequestration of anti-cancer drugs may be truly relevant. As an
effective treatment is dependant on the compound’s ability to penetrate the tumour mass, in
situations where drug is captured in the outer layers of a tumour, penetration is limited and
treatment will be rendered ineffective. Furthermore, it is important to note that other agents
used in the clinic in combination with weakly basic compounds may inadvertently promote
their vesicular sequestration. In 2007 it was revealed that vincristine treatment produced not
only a larger number of acidic vesicles retained in the cell but also the presence of unusually
large lysosomal compartments. It was believed that this occurs following destabilization of
the microtubule network, which is required to direct and maintain the movement of the
lysosomes, endosomes and autophagosomes (Groth-Pedersen et al, 2007).
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5.3.1 AS-DACA fluorescence allows monitoring of its distribution in RMS cells
AS-DACA is a unique compound that has dynamic fluorescence properties. These had
never been characterized nor had they been exploited for experimental purposes. Clearly,
such a property provides an invaluable tool in the assessment of intracellular drug
distribution and for this reason an experimental protocol was optimized that allowed the
visualization of the drug in our RMS cell lines. Initial examination of the intracellular
distribution of AS-DACA revealed that it was being localized to areas other than the
nucleus, but also that each compound fluoresced different colours depending on the area to
which they had localized. This latter finding was unexpected as all other established
cytotoxic agents that are associated with fluorescence, emit only single colours, in all
intracellular situations. The findings presented in Figures 6 highlight that AS-DACA emits
different colours when excited at a single wavelength. This suggests that depending on the
microenvironment to which the compounds had localized, a change in drug structure may
alter the emission wavelength.

Fig. 6. Images of the intracellular distribution of AS-DACA in (A) RD and (B) RH30 cells. Images
were captured using digital colour photography after a 4 hour exposure to 2uM of the drug.
The agent was excited between 330nm - 385nm. Images were captured at 600x
magnification. Scale Bar = 10mm (Wolf et al, 2011 for experimental details)

As we had hypothesized that AS-DACA would be vulnerable to protonation in low pH
environments such as those found in vesicles of the membrane trafficking system, we
reasoned that this shift in colour emission may correlate directly with the pH of the
microenvironment in which the drugs had localized. Furthermore, AS-DACA is known to
be lipophilic (Haldane et al, 1999) and thus vulnerable to sequestration in acidic vesicles.
AS-DACA not only retains the ability to passively diffuse membranes but also contains a
site in its structure that may be protonated at a lower pH making it subject to the
partitioning theory. These factors together make the drug vulnerable to such a mechanism
of sequestration. To determine if this hypothesis was correct, the influence of pH on the
fluorescence properties of each compound was assessed. A luminescence spectrophotometer
was used to measure the entire spectrum of emission from both compounds following
excitation at 262nm in a range of solutions of differing pH. The results presented by Wolf et
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al 2011 clearly highlight that pH influences AS-DACA’s fluorescence profile substantially.
Although green emission does not appear to change greatly, blue emission, particularly at
around 440nm, decreases significantly as pH rises, indicates that between pH 6.2 and pH
6.8, the intensity of blue fluorescence becomes lower than the intensity of green
fluorescence. Above pH 6.6 the intensity of green fluorescence is stronger than that of blue
(Wolf et al 2011).

AsDACA Lysotracker Red

Excitation Wavelength  Excitation Wavelength
330nm-385nm 345nm-580nm

Fig. 7. Intracellular Distribution of AS-DACA and LysoTracker™ Red in RD and RH30 Cells. RD
and RH30 cells were exposed to 2uM of AS-DACA for 4 hours and 100nM of LysoTracker™
Red for 45 minutes before being viewed on an epifluorescent microscope. Images were
captured at 600x magnification. Scale bars represent 10pm.

In defining the influence pH has on the fluorescent properties of AS-DACA, it was shown
that the compound fluoresced blue in the pH range below ~6.2. This provided evidence that
the membrane trafficking system plays a role in AS-DACA’s intracellular distribution.
However, as this was only correlative, a more direct approach was taken to assess this
potential link. Figure 7 highlights that following simultaneous short incubation with AS-
DACA and LysoTracker™ Red, an intracellular probe that stains vesicles of low pH, RH30
cells consistently failed to stain with LysoTracker™ Red yet showed a strong sequestration
of AS-DACA. In the RD cell line, whilst LysoTracker™ Red was observed within acidic
vesicles co-localization was rare with most cells displaying vesicular accumulation of
LysoTracker™ Red or AS-DACA individually. In rare instances however co-localization of
AS-DACA and LysoTracker™ Red was observed in RD cells. Careful deconvolution of
images following epifluorescence microscopy indicated that in RD cells exposed to
LysoTracker™ Red, simultaneously with AS-DACA, some incomplete co-localization was
observed, and limited to only a proportion of cellular vesicles (Wolf et al, 2011).
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5.3.2 Determining which vesicles sequester AS-DACA

With all the evidence thus far suggesting that the observed sequestration of AS-DACA was
a specific redistribution mechanism involving acidic vesicles of the membrane trafficking
system, it became important to establish which vesicles were involved, and to determine
how this redistribution of AS-DACA was taking place. As each intracellular vesicle
functions as part of a larger network. Early endosomes traffic material to late stage
endosomes which in turn traffic material to lysosomes. AS-DACA was shown to fluoresce
blue when in environments below pH 6.2 (Figure 7), this confirmed that sequestration of the
drug was occurring in acidic vesicles. However, this did not provide any insight into which
vesicle types were responsible. To help determine which vesicles were involved in AS-
DACA’s sequestration, expression levels of markers specific for the various vesicle types
were assessed using Western blot analysis (Figure 8). Sensitive (RH30) and resistant (RD
and Res-30) cells were exposed to double the ICsp of AS-DACA overnight and the expression
levels of early endosome antigen 1 (EEA1), Rab5, LAMP1 and Rab7 were assessed. As
detailed above, the two former markers are localized to the membranes of early endosomes
whilst the latter two are found on late stage endosomes and lysosomes. We suspected that in
order to assist in the drug’s redistribution away from the nucleus, an increase in vesicle
number may occur in resistant cells following drug exposure. This would be reflected by an
increase in the expression levels of the marker proteins localized to the vesicle involved.
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Fig. 8. Expression levels of (A) EEA1, (B) Rab5, (C) LAMP-1 and (D) Rab7 in RMS cells. Cells
were processed by western blot for each protein before (-) and after (+) exposure to AS-
DACA (2x ICs for 16 hours). Densitometry was performed on triplicate blots with band
intensity normalized for both background noise and total protein loading differences as
determined by Ponceau S staining. Error bars represent the SEM of intensity for each band
in three independent experiments.
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Shown in Figure 8A, expression of EEA1, a marker of early endosomes, was not altered in
any cell line following a 16 hour exposure to double the ICsp of AS-DACA. Expression of the
protein was however, substantially higher in the resistant RD and Res-30 cell lines and the
clear increase observed in Res-30 cells relative to RH30 cells was independent of an
additional overnight treatment of drug. Similarly, Rab5 which is also associated with early
endosomes, showed no change in expression level in any cell line following a 16 hour
exposure to AS-DACA (Figure 8B). A marked increase however was again observed in Res-
30 cells relative to RH30 which supported the overexpression of EEA1 in Res-30 cells.
LAMP-1, which is associated with both lysosomes and late stage endosomes, showed
minimal change in expression levels in all cell lines following a 16 hour exposure to AS-
DACA (Figure 8C) This was supported by the expression levels of Rab7, a protein associated
with late stage endosomes, which also showed minimal change in expression levels in all
cell lines following a 16 hour exposure to AS-DACA (Figure 8D). This opposed our original
hypothesis and implicated early endosomes, or unidentified transport vesicles with similar
markers, in the sequestration and redistribution of AS-DACA.

5.3.3 Disrupting the membrane trafficking system: Influence of Brefeldin A

To further assess the hypothesis that AS-DACA is selectively redistributed away from the
nucleus into vesicles of the membrane trafficking system, drug efficacy and intracellular
distribution were assessed in resistant cell lines following pretreatment with Brefeldin A
(BFA). BFA, a potent disrupter of Golgi, functions due to its inhibition of Arfl, which is vital
for formation of transport vesicles originating at the TGN (Klausner et al, 1992).

It has previously been shown that small molecules may be taken up into Golgi apparatus
(Belhoussine et al, 1998) and it is well established that nuclear waste is often removed via
the ER and sorted in the TGN before being transported to vesicles of the membrane
trafficking system for degradation. With this in mind Golgi function was disrupted by BFA
in order to establish the influence this organelle plays in AS-DACA’s sequestration by the
membrane trafficking system. Importantly, BFA is known to be inherently cytotoxic and
could therefore only be administered at doses that did not lead to a reduction in cell growth.
Using an MTT based cell viability assay it was established that BFA was cytotoxic at
concentrations above 15nM in both cell lines and hence this was defined as the maximum
tolerated dose (Figure 9A). The cytotoxic effect of Brefeldin A pretreatment on AS-DACA
efficacy in the resistant RD cell line increased sensitivity to AS-DACA modestly with a two
fold reduction in ICsq (Figure 9B). This suggested that disruption of the trafficking system at
the TGN may influence drug resistance of RD. These changes to drug efficacy appear to
correlate to the intracellular distribution of AS-DACA in both cell lines with little to no
vesicular accumulation was observed in RD cells (Figure 9 C,D). To ensure however that the
BFA pretreatment impacted only on vesicle formation from the Golgi body and not on the
integrity or function of preexisting vesicles, cells were exposed to 100nM of LysoTracker™
Red for 1 hour. This probe provides an indication of both vesicular pH and functionality
after BFA exposure and it is clear (Figure 9 C,D) that BFA exposure does not alter the
frequency, integrity or functionality of vesicles in the RD RMS cell line.

Following pretreatment of these cells with agents that disrupt various stages of the
membrane trafficking pathway, such as brefeldin A, provides further evidence to suggest
resistance to AS-DACA is determined by sequestration into the endosomal trafficking
pathways. Together, these results highlight that AS-DACA is sequestered by acidic vesicles
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of the membrane trafficking system through a range of mechanisms. It appears that the TGN
contributes to the redistribution of drug in RD cells whilst MRP1, or other membrane bound
transport pumps, localize to vesicles in RH30 and Res-30 where they contribute to drug
uptake into acidic vesicles. The results presented highlight not only that AS-DACA is
vulnerable to sequestration in vesicles of the membrane trafficking system in RMS cell lines.
Although the exact mechanisms that drive sequestration has not been fully defined, it
appears that several pathways contribute to the removal of drug from the nucleus and
subsequent accumulation in vesicles of low pH. Whether AS-DACA is merely redistributed
away from the nucleus or whether it is effluxed from the cells remains unknown.
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Fig. 9. The influence BFA has on AS-DACA efficacy in RMS cells. (A) MTT cell viability assay
for BFA to determine maximum tolerated dose (MTD). (B) RD and Res-30 cells were
pretreated for 16 hours with 15nM of BFA before being exposed to various concentrations of
AS-DACA for 72 hours. A two fold difference in drug efficacy was seen in the RD cell line.
(C-D) Images of AS-DACA distribution in RD cells with (D) and without (C) 16 hour
exposure to 15nM of BFA and subsequent 4 hour exposure to 2uM of AS-DACA. For
comparison, RD cells were pretreated with 15nM of BFA for 16 hours followed by 100nM of
the acidicc vesicular probe LysoTracker™ Red for 1 hour. Images were captured using
epifluorescence microscopy at 600x magnification with excitation of the probe between
545nm and 580nm.

6. Conclusion

With RMS being one of the most common paediatric solid tumours associated with poor
drug response, this mechanism deserves further attention. Despite significant improvements
in the treatment of non-metastatic ERMS in the past 30 years, patients with metastatic ERMS
and ARMS continue to face a poor prognosis. This is due, in part, to a lack of response of the
tumours to current the chemotherapy options. In this chapter, the cytotoxic effect of novel
topoisomerase poisons and transcription inhibitors assessed in a panel of human RMS cell
lines have been described. Findings were presented that reveal variable cell responses
following exposure to a novel topoisomerase poison, AS-DACA. With this series of
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experimenst we have illustrated some of the cell biology which needs to be considered when
exploring the therapeutic potential of new agents. Complexities include “non-classical”
resistance mechanisms that are driven by the reduction of key target proteins (eg
topoisomerases), drug sequestration mechanism which result in the accumulation of AS-
DACA in acidic vesicles of the membrane trafficking system. This complex suite of cellular
responses to general cytotoxics raises the consideration that such patient-specific differences
in RMS tumours may lead to these agents contributing to personalised therapeutic
strategies.
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1. Introduction

1.1 Telomeres and tumorigenesis

1.1.1 Telomere structure

Human chromosomes, which are composed of linear double-stranded DNA, are capped at
their ends by nucleoprotein complexes called telomeres (reviewed in (Martinez & Blasco,
2011)). This telomeric cap prevents end-to-end fusion events between chromosomes, and
protects chromosome ends from being recognized as double-stranded breaks by the DNA
damage machinery in the cell. Telomeric DNA is composed of tandem 5 TTAGGG repeats at
each end of the chromosome, extending up to tens of kilobases. Poorly understood end-
processing reactions after replication result in a 3’ overhang on the G-rich strand, which
invades the upstream double-stranded telomeric DNA to form a displacement (D)-loop such
that the end of the chromosome is buried thereby preventing detection by the cellular DNA
damage response (Greider, 1999). Telomeric DNA is in complex with a number of proteins
that act to stabilize the structure and mediate telomeric functions of capping and length
regulation (Figure 1). Double-stranded (ds) telomeric repeats are bound directly by TRF1
(Zhong et al., 1992) and TRF2 (Bilaud et al., 1997; Broccoli et al., 1997), while the POT1-TPP1
heterodimer binds to the single-stranded (ss) telomeric DNA (de Lange, 2005; Lei et al,,
2002). The ds- and ss-telomeric DNA complexes are linked through their interaction with
TIN2 (Abreu et al., 2010; Kim et al.,, 1999; O'Connor et al., 2006), together forming the
telomeric shelterin complex (de Lange, 2005). Additional proteins necessary for telomeric
function are recruited by interactions with components of the shelterin complex (reviewed
in (Martinez & Blasco, 2011)).

Mammalian telomeres have been shown to contain characteristics of heterochromatin,
including the presence of homologues of the heterochromatin binding protein HP1 (Koering
et al., 2002; Sharma et al., 2003), enriched tri-methylation of histone H3 lysine 9 (H3K9) and
histone H4 lysine 20 (H4K20) (Garcia-Cao et al, 2004), and methylation of CpG
dinucleotides in subtelomeric DNA repeats (Gonzalo et al., 2006). Studies in telomerase
knockout mice demonstrated that as telomeres become shorter the heterochromatic marks
are lost and replaced by marks characteristic of open chromatin, such as increased
acetylation of histone tails (Benetti et al., 2007), suggesting that a minimum telomere length
is necessary to maintain the appropriate chromatin structure at chromosome ends.
Alterations in the level of epigenetic modifications, such as tri-methylation of H3K9 and
H4K20 via knockout of the relevant modifying enzymes, led to increased telomere length
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without effect on telomere end-capping function (Garcia-Cao et al., 2004). Intriguingly,
evidence of increased telomeric recombination is also a result of altering telomeric
chromatin structure (Gonzalo et al., 2006).

< Te centromere

The proteins of the shelterin complex

TRF2 ‘ me &
TRF1 @ hRAP1 .’

roT1 gD an

Fig. 1. Proteins of the shelterin complex. TRF1 and TRF2 bind directly to double-stranded
telomeric sequence, with TRF2 recruiting RAP1. The POT1-TPP1 binds to single-stranded
regions. Interactions with TIN2 link the single-stranded and double-stranded binding
complexes.

Despite having chromatin features characteristic of heterochromatin, telomeres are now
known to be transcriptionally active, giving rise to a species of long non-coding RNA
(IncRNA) termed TERRA (Luke & Lingner, 2009). Long non-coding RNAs are involved in
establishing and maintaining chromatin structure (Whitehead et al., 2009). TERRA has been
suggested to play a role in telomere heterochromatin formation (Deng et al., 2009). TERRA
associates with telomeres and may be involved in maintaining or remodeling telomere
structure during development and differentiation (Luke & Lingner, 2009).

1.1.2 Telomere dynamics

Linear DNA molecules use RNA to prime replication by DNA polymerase. At the
completion of synthesis, these primers are degraded and gaps are filled, but the regions at
the 5’ ends of the newly synthesized strands cannot be filled in. Thus, with each replication
cycle, telomeric sequences shorten at their 5 ends (Figure 2). End processing events
subsequent to replication (Sfeir et al., 2005) may also contribute to sequence loss. Excessive
shortening of telomeres disrupts the shelterin complex through loss of binding sites for
shelterin complex proteins, which exposes chromosome ends to DNA damage machinery. In
the presence of an active DNA damage response (DDR), telomere uncapping activates DNA
damage checkpoints, leading to cell cycle arrest or apoptosis (Martinez & Blasco, 2011).
Thus, telomere length acts as a molecular clock, limiting the total number of divisions any
given cell may undergo. In the absence of a robust DDR, such as often occurs on the road to
transformation, exposed telomere ends result in increased genomic instability through
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breakage-fusion-bridge cycles induced by joining of chromosome ends. This ‘telomere crisis’
can only be resolved by restoring telomeres to a length sufficient for functional shelterin
complex assembly. Therefore, to circumvent the effects of telomere attrition and attain
unlimited replicative potential, cancer cells must solve the so-called ‘end replication
problem.’

—
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Fig. 2. Telomere attrition from subsequent cell divisions continues until critically short
telomeres result in a DNA damage response and the cessation of cell division. In cancer
cells, mutations in key regulatory proteins block DNA damage signaling, allowing cell
division to continue, potentially leading to chromosome rearrangements from chromosome
end-to-end fusions.

Telomere extension occurs by activation of a telomere maintenance mechanism (TMM), via
either telomerase or a recombination-based mechanism called alternative lengthening of
telomeres (ALT). Activation of either mechanism is sufficient to recover from telomere crisis,
thus enabling continued growth of the cancer cells. Resolution of telomere crisis is not a
prerequisite to tumor formation, however, as some adult cells contain adequate telomeric
reserves to form tumors requiring clinical intervention before loss of telomeric DNA
becomes sufficient to induce crisis (Reddel, 2000). Nevertheless, telomere attrition will
ultimately limit tumor growth. TMM activation, because it increases replicative potential, is
often associated with higher grade tumors and poorer patient prognosis (Costa et al., 2006;
Matsuo et al., 2009; Ulaner et al., 2003). Indeed, progress through telomere crisis with its
associated genome instability has been suggested to contribute to tumorigenicity by
generating a hypermutability environment (Chin et al., 2004), analogous to the tumorigenic
potential of cells with microsatellite instability.



34 Soft Tissue Tumors

2. Telomere maintenance mechanisms

2.1 Telomerase

Telomerase is a ribonucleoprotein complex that adds telomeric DNA de novo onto
chromosome ends (Greider & Blackburn, 1987). The catalytic component of the holoenzyme,
TERT, is a reverse transcriptase (RNA-dependent DNA polymerase) that uses the RNA
component, TR (aka TERC), as a template for telomere extension (Figure 3). Telomerase is
commonly active in germline and some stem cell populations (Artandi & DePinho, 2010),
ensuring species-specific telomere length and sufficient reserves to complete developmental
programs, respectively. In addition, telomerase may be transiently active during certain
differentiation programs (Hodes et al., 2002), leading to regulated telomere extension prior
to expansion. Telomerase activity is not enough to entirely prevent telomere attrition over
an individual’s lifetime (Martinez & Blasco, 2011). Furthermore, stressing stem cell
compartments, for example as occurs following bone marrow transplantation, may
contribute to premature aging of differentiated cells arising from those stem cell
compartments (Allsopp et al., 2001; Lewis et al., 2004). Most differentiated cells do not
express hTERT and therefore lack telomerase activity. Expression of telomerase, while
conferring immortality on cells, is not directly tumorigenic with transformation requiring
additional genetic changes (Bodnar et al., 1998; Hahn et al., 1999; Vaziri & Benchimol, 1998).
However, as discussed above, acquisition of telomere length stabilization removes a critical
tumor suppressor mechanism. Activation of telomerase is the primary TMM in most
carcinomas as well as translocation-associated sarcomas.

Experimentally, telomerase activity is determined through an assay called the telomere
repeat amplification protocol (TRAP) (Kim et al., 1994). In this assay, protein extracts are
incubated with a short oligonucleotide that can be extended by telomerase, if it is present.
After PCR amplification and acrylamide gel electrophoresis of products, extracts containing
active telomerase will show a ladder of products with increasing numbers of telomeric
TTAGGG repeats. The presence of active telomerase in the extract does not necessitate
cellular activity, as in vitro activity can be achieved without the additional factors required in
vivo to support extension of chromosome ends. Indeed, mutants that are catalytically active
in vitro but unable to maintain telomeres in vivo, have been described (Counter et al., 1998)
and highlight the multiple levels of regulation associated with telomere maintenance by
telomerase (Osterhage & Friedman, 2009). The absence of activity by TRAP is also not
definitive, as telomerase activity can be easily destroyed by technical challenges during
extract isolation and soluble inhibitors of either the initial extension reaction or the PCR
amplification step may be present. A definitive lack of activity can be attained by
demonstrating the absence of the TERT mRNA by quantitative PCR, as activity cannot occur
in the absence of the catalytic component of telomerase.

22ALT

Alternative lengthening of telomeres is an umbrella term for all non-telomerase mechanisms
for telomere maintenance (Cesare & Reddel, 2010; Henson & Reddel, 2010). Telomeres in
ALT cells are often heterogeneous in length, ranging from very short (<6 kb) to very long
(>20 kb), which are easily visualized either by southern blot or quantitative FISH. Despite
the broad range of sizes, the average telomere length, as measured by quantitating southern
blots, is longer than that observed in normal adult or telomerase-positive cancers (Bryan et
al., 1995). ALT cells also frequently show mini-satellite instability (Jeyapalan et al., 2008;
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Jeyapalan et al., 2005) and increased telomere sister chromatid exchange (T-SCE) (Londono-
Vallejo et al., 2004), which presumably arises from increased recombination at telomeres.
Both assays are of limited use in tumor tissue as the mini-satellite instability assay requires
the ability to PCR long (~4KB) DNA fragments that may have significant degradation in
archival tumor samples and the T-SCE assay relies on the ability to label cells in culture.
Also found in ALT cells are double-stranded circular DNA molecules called t-circles that are
generated from telomeric DNA and may function in telomere elongation via recombination-
independent rolling circle replication (Tomaska et al., 2004). Single-stranded circles, called
either c-circles or g-circles based on sequence, are also present in these cells, with c-circles
being much more abundant (Henson et al., 2009). The ability to detect these circles with high
specificity in archival tumor tissue has not been demonstrated. Perhaps the most frequently
assayed characteristic of ALT cells is the appearance of ALT associated PML bodies (APBs),
in which telomeric DNA co-localizes with the PML nuclear body (Yeager et al., 1999).

The role of APBs in ALT remains controversial. Conflicting reports have suggested that
APBs are a marker of ALT cells that are irreversibly arrested or, conversely, are required for
telomere maintenance by ALT. Early studies of ALT-positive cell lines immortalized in vitro
suggested that perturbation of the p53 pathway might be a common element (Opitz et al.,
2001; Rogan et al., 1995). We have previously demonstrated that forced expression of a
transactivation-dead p53 suppresses growth of ALT-positive, but not telomerase positive,
cells (Razak et al., 2004). We reported that this caused an increase in APB frequency in the
absence of downstream effectors of p53, such as p21. We concluded that abrogation of p53
suppression of recombination function was required for ALT activation. In contrast, the
Reddel group has reported that over-expression of transactivation competent p53 leads to
an increase in APBs, and that this increase in APBs requires p21 (Jiang et al., 2009). These
authors conclude that APBs arise in arrested cells rather than cells undergoing telomere
elongation by recombination. Furthermore, although ATM is constitutively active in p53-
positive ALT-positive cell lines, activation of p53 and downstream effectors only occurs
when telomeres are uncapped via perturbation of the shelterin complex (Stagno D'Alcontres
et al., 2007). PML is essential for p21 induced cellular senescence in this context, although it
is not required for p53 to associate with telomeres.

In contrast to experiments suggesting that APBs only occur in arrested cells, we and others
have shown that DNA replication occurs in APB-positive cells, suggesting that these
structures are present in actively cycling cells (Grobelny et al., 2000). Others have found that
disruption of APBs prevents telomere maintenance by ALT and leads to loss of culture
viability, arguing for an active role of APBs in telomere maintenance by ALT (Jiang et al.,
2005). The spatio-temporal dynamics of telomeric DNA association with PML bodies have
been recently described, and the authors of this study conclude that telomere recombination
takes place in these structures (Draskovic et al., 2009). Furthermore, new PML bodies form
at telomeric DNA regardless of which TMM is active (Brouwer et al., 2009) and APBs form
transiently in human diploid fibroblasts following high LET radiation (Berardinelli et al.,
2010), suggesting that the association of telomeric DNA with PML bodies may be a
component of a DNA damage response. Indeed, telomeres are transiently recognized as
DNA damage during normal DNA replication (Verdun & Karlseder, 2006). The consistent
theme within these data is that uncapped/short telomeres are localized to the PML body.
TERRA expression is increased in ALT cell lines and is accompanied by a less dense, albeit
variable, pattern of sub-telomeric CpG methylation relative to telomerase positive and
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normal cells (Ng et al., 2009). It is not clear if the increase in TERRA occurs subsequent to
altered sub-telomeric chromatin (i.e., as a consequence) or contributes to generating changes
in sub-telomeric chromatin (i.e., as a cause). Recent work implicates TERRA as being critical
for telomere structure in the ALT-positive U20S cell line and telomerase positive HCT116
cells (Deng et al., 2009). TERRA was shown to interact with the end-capping protein TRF2,
and decreasing TERRA expression levels led to loss of heterochromatin marks and telomere
instability. On the surface, then, one might expect the increased TERRA in ALT cells to
increase heterochromatin-associated chromatin condensation making telomeres less
accessible to recombination. Conversely, we have shown that TERRA levels increase as
telomeres shorten (associated with gaining histone marks consistent with an open chromatin
structure) and in response to telomere uncapping (Caslini et al.,, 2009). The increase in
TERRA, in this context, requires activity of the histone H3K4 methyltransferase MLL and
the p53 DNA damage response. How might these observations be reconciled? It is likely
based on published results that a minimum level of TERRA expression is necessary to
support functional end-capping. However, TERRA may play additional roles in ALT-
positive cells. Increased TERRA may be necessary to propagate and maintain a more open
chromatin structure, which in turn promotes telomeric recombination, by titrating essential
factors and modulating the formation of telomeric heterochromatin. Alternatively, increased
TERRA in ALT cells may simply reflect the presence of ultra-long telomeres present in these
cells. Future studies will elucidate the role of TERRA in telomere stability and telomere
maintenance mechanisms.

Many questions remain about the nature of the ALT mechanism. A single ALT cell may
show only some of the features associated with ALT, and may show a different subset of
features than other ALT cells (Fasching et al., 2005; Slatter et al., 2010). This may result from
the existence of multiple mechanisms currently described as ALT. It is unclear to what
extent these different mechanisms rely on similar or overlapping pathways for telomere
maintenance, and thus whether and to what extent they share genetic requirements for
activation and regulation. For example, if the appearance of APBs is related to DNA damage
and repair, does the lack of APBs in some ALT cells indicate lower levels of DNA damage
and thus lower levels of genome instability? Or are APBs associated with a specific
recombination-based pathway for telomere maintenance? An essential step on the pathway
to understanding ALT regulation, and the pathways leading to telomere stabilization
through recombination, would be the development of an ALT cell line lacking APBs. It
remains essential as further work is done to characterize ALT to be cognizant of the
potential impact the features used to define cells as ALT-positive have on any conclusions
about the characteristics of ALT in general.

ALT seems to be more common in tumors of mesenchymal origin and with complex
karyotypes when compared to those of epithelial origin and translocation-driven,
respectively (Johnson & Broccoli, 2007; Montgomery et al., 2004; Ulaner et al., 2004), which
may provide some insight into the genetic origins of ALT. Both ALT and telomerase can be
active in a single tumor (Costa et al., 2006; Hakin-Smith et al., 2003; Johnson et al., 2005;
Ulaner et al., 2003), suggesting that lack of functional telomerase is not a prerequisite for
ALT activation, although it is not known whether both mechanisms can be active in a single
cell. Studies investigating TMM in tumors rely upon a variety of assays to identify
telomerase-positive and ALT-positive tumors, respectively (Costa et al., 2006, Montgomery
et al., 2004; Ulaner et al., 2003). At least some of the tumors without characteristics of either
mechanism are also ALT-positive based upon increased mini-satellite instability (Jeyapalan
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et al., 2008; Jeyapalan et al., 2005). However, a substantial fraction of mesenchymal tumors
defy TMM characterization using the currently available techniques. In part this is due to
many assays not being consistent with the quality of DNA isolated from tumor tissue,
particularly archival tissues that are only available as formalin-fixed, paraffin-embedded
samples. An alternative possibility is that only a rare subset of tumor cells, e.g. tumor stem
cells, actively maintain telomeres while the bulk of the cells comprising the tumor do not
have active telomere maintenance.

3. Telomere maintenance mechanisms in tumorigenesis

Although it is used in a considerable proportion of cell lines (~35%), until recently ALT had
only rarely been documented in human tumors (Bryan et al., 1997). Accordingly,
comparative studies have relied largely upon cell culture systems or investigation of tumors
arising in late generation telomerase-deficient mouse models, which are thus forced to use
ALT. Although each system has inherent limitations with respect to extrapolation to human
cancer, several key insights have come from these studies. Most importantly, the two
mechanisms of telomere maintenance are not equivalent with respect to their contribution to
the tumorigenic phenotype. Exogenous expression of hTERT, the catalytic subunit of
telomerase, in combination with activated Ras and the SV40 early region is sufficient to
transform human cells and render them tumorigenic in nude mice (Hahn et al., 1999). In
contrast, human cells which rely on ALT instead of telomerase for telomere maintenance,
while immortal, are unable to form tumors in nude mice when injected subcutaneously,
although they are competent to form tumors when injected under the renal capsule (Sun et
al., 2005). If hTERT is introduced into these cells, tumorigenicity is restored in the
subcutaneous setting even though telomerase is not required for telomere maintenance per
se. Likewise, immortalized mouse embryo fibroblasts (MEFs) that use telomerase are readily
able to colonize lungs and proliferate when injected into tail veins, while MEFs that use ALT
are not (Chang et al., 2003). Thus, while telomere maintenance by either TMM is sufficient to
ensure replicative immortality, these studies suggest that telomerase may provide
additional growth advantages during in vivo tumorigenesis.

Both ALT and telomerase can be active in a single tumor, suggesting that lack of functional
telomerase is not a prerequisite for ALT activation, although it is not known whether both
mechanisms can be active in a single cell. Given tumor heterogeneity it is possible that
distinct regions of a tumor utilize telomerase and ALT respectively. In cell based studies in
which telomerase expression was forced in an ALT background, telomerase specifically
elongated the shortest telomeres in the population (Grobelny et al., 2001). Despite extensive
culturing, characteristics of ALT such as APBs were not altered in the presence of
telomerase. This suggests that reconstitution of telomerase, and associated telomere
stabilization, is not sufficient to suppress the ALT mechanism once it has been activated.

4. Telomere maintenance mechanisms in liposarcomas

Soft tissue sarcomas (STS) are rare malignancies of mesenchymal origin, with approximately
10 500 cases in 2010 (Jemal et al., 2010). Given the rarity of mesenchymal tumors, studies
assessing TMM activation have either used multiple histological types or focused on the
more common STS types. The most common adult STS, accounting for ~20% of cases, is
liposarcoma, named for its morphological resemblance to adipose tissue. Liposarcomas are
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divided into several subtypes based on histological features: well-differentiated (WDLS), de-
differentiated (DDLS), pleomorphic (PLS), myxoid (MYXLS), and round cell (RCLS). Based
upon expression profiling, it has been suggested that these tumors can be further classified
along a developmental pathway from the mesenchymal stem cell to mature adipocytes
based on their state of differentiation (Matushansky et al 2008), with de-differentiated
liposarcomas most closely resembling mesenchymal stem cells, and well-differentiated
liposarcomas most closely resembling mature adipocytes. The remaining histotypes fall
between these, with pleomorphic liposarcomas appearing less differentiated than
myxoid/round cell tumors. Due to their relatively high frequency among adult STS, several
studies of TMM have focused on liposarcomas. Intriguingly, the frequency of specific TMM
utilization appears to vary with histological subtype within this category of STS (Figure 3).
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Fig. 3. TMM utilization varies among histological subtypes of liposarcoma.

WD/DDLS together account for 55% of all LS (40% and 15% respectively) (Conyers et al.,
2011). Both WDLS and DDLS may contain a diagnostic Chr12q13-15 amplification (Rieker et
al., 2010; Tap et al., 2011), although this genetic change is found more frequently in DDLS.
WDLS are not typically included among the complex karyotype malignancies; however,
upon dedifferentiation this tumor is included in the complex karyotype subdesignation.
Combined, these tumors are called atypical lipotomous tumors, which, like alternative
lengthening of telomeres, is commonly abbreviated ALT. WDLS are low grade tumors that
are histologically similar to adipose tissue, showing primarily local recurrence with limited
metastasis, in contrast to DDLS, which are higher grade tumors with greater propensity for
metastasis. The WD/DDLS that have an active TMM use ALT and telomerase with similar
frequency, but WDLS have a higher fraction of malignancies with no evidence of telomere
maintenance (75% for WDLS, 50% for DDLS) (Costa et al., 2006).

MYX/RC LS, which together account for ~40% of all LS, are characterized by the
TLS/CHOP (aka FUS/CHOP) translocation (Conyers et al.,, 2011). This translocation is
transformative when over-expressed in mice (Perez-Losada et al., 2000) and other cell lines
(Riggi et al, 2006; Schwarzbach et al, 2004), indicating that FUS/CHOP drives
tumorigenesis in these malignancies. Of the two, MYX LS is the lower grade, and RC LS is
the higher grade. To our knowledge, no malignancies containing the characteristic
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translocation have been shown to use ALT. Thus, if one uses this molecular alteration to
classify MYX/RC LS, then these tumors use only telomerase for telomere maintenance. This
is consistent with early reports suggesting that, as a whole, translocation-associated
sarcomas utilize telomerase, rather than ALT, for telomere maintenance.

The rarest form of liposarcoma, PLS, accounts for only 5% of all LS cases (Conyers et al., 2011).
Like WD/DDLS, PLS is a complex karyotype malignancy. Unlike the lower grade tumors, PLS
are highly metastatic and do not contain the chromosome 12q13-15 amplification characteristic
of DDLS. Thus far, no PLS tested in our hands have shown telomerase activity, using the
stringent criteria of not only absence of enzymatic activity using TRAP but also absence of
hTERT expression. Using the presence of APBs as a marker for ALT activation, we have found
that PLS exclusively use ALT for telomere maintenance or fall in the category of tumors
without evidence of either pathway. Given the advanced nature of PLS, their high likelihood
to metastasize relative to other types of liposarcoma, and poor prognosis for patients (Guillou
& Aurias, 2010), it is likely that these tumors have active telomere maintenance even in the
absence of APBs. However, the rarity of PLS has limited the ability to test this hypothesis as
most tumors are only available as archival formalin-fixed, paraffin-embedded samples, which
will not provide DNA of sufficient size to allow testing for microsatellite instability. Archival
samples are also not amenable to analysis for T-SCE, which requires hemi-substitution of the
DNA molecule with BrdU and therefore dividing cells. Additional markers of ALT
activation/utilization await a better understanding of the various recombination-based
pathways utilized for telomere maintenance.

4.1 Genome instability and TMM

Telomeres serve the essential function of providing stability to the ends of linear
chromosomes. The cyclical behavior of a single marked telomere in ALT cells (gradual
shortening over time in culture, punctuated by rapid increases in length and resumption of
telomere attrition) suggests that ALT may act after telomeres reach a critically short length.
Thus, it is possible that a steady state level of compromised telomere function might be a
feature of cells that utilize ALT for telomere maintenance. Consistent with this possibility, a
number of chromosome ends in any given metaphase cell of ALT-positive cell lines do not
contain detectable telomeric DNA when analyzed by FISH (Cerone et al., 2001; Perrem et al.,
2001). Furthermore, comparison of osteosarcoma-derived cell lines that used either ALT or
telomerase for telomere maintenance, using both telomere and multiplex fluorescence in-
situ hybridization (FISH), revealed telomere length heterogeneity and increased
chromosomal rearrangements in ALT-positive cell lines compared to telomerase-positive
cell lines (Scheel et al., 2001). One phenotype exhibited by cells that have lost telomere end-
protection function is the end-to-end fusion of chromosomes (Counter et al., 1992; van
Steensel et al., 1998). During anaphase, these fusions are manifested as bridges of
unresolved DNA between the separating daughter nuclei. Although such bridges can also
arise through telomere independent mechanisms, an increase in anaphase bridges is
characteristic of the loss of telomere capping function (Blasco et al., 1997; van Steensel et al.,
1998). It is noteworthy that ALT-positive sarcomas that were identified in archival sections
by virtue of having APBs are reported to have higher levels of genome instability as
measured by anaphase bridge index (Montgomery et al., 2004). These tumors also tended to
have a complex karyotype. In contrast, tumors with translocations were predominantly non-
ALT (i.e., APB negative) and had lower instability.
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As discussed above, shortening of telomeres leads to DNA damage and fusion-bridge-break
cycles that result in increased genome instability in cancer cells with compromised DNA
damage response. We previously reported that tumors using ALT for telomere maintenance
have, on average, higher levels of genome instability than those using telomerase, and that
tumors with any TMM active have, on average, higher genome instability than those falling
in the category without evidence of either telomerase or ALT (Johnson et al., 2007). Genome
instability in this study was defined as the percentage of SNPs deviating from diploid copy
number. Intriguingly, genome instability was also increased in peritelomeric regions in ALT
tumors, i.e., within 200 kb of the most telomeric SNP. These results are consistent with many
tumors passing through telomere crisis prior to activation of a TMM.

We have re-evaluated our conclusions regarding genome instability as a function of TMM in
the light of our recent realization of histological bias in TMM. Of the 32 tumors included in
the study, 9 used ALT, 6 used telomerase, 1 used both ALT and telomerase, and 16 did not
show characteristics of either mechanism. Within each category, tumors are distributed
among multiple histological types, minimizing the effect of histology. Thus, it is likely that
the differences observed in genome instability between ALT and TEL occur despite
differences in histological bias rather than because of it. The more uniform telomere length
and DNA damage protection conferred by telomerase may help control genome instability
in telomerase-positive tumors.

4.2 TMM and survival

Previous work has shown a link between ALT activation and decreased survival in
liposarcomas (Costa et al.,, 2006). The authors of this study did consider the potential
contribution of histological type to this result, and concluded that the survival decrease
associated with ALT was significant even when tumor grade, location, and histotype were
taken into account. It is unclear from the methods in the paper how these factors were
accounted for in the statistics. What is clear is that approximately two thirds (20/33) of the
ALT-positive tumors are DDLS/ other (potentially PLS), and greater than two thirds (27/34)
of the telomerase-positive tumors are MYX/RC. Thus, this tumor set contains a histological
bias. The authors do note that histology still needs to be considered when interpreting their
multivariable analysis given the obvious bias. Further, they comment that the reduced
prognostic value of telomerase-positivity is due to round cell tumors already having poor
prognosis. This study, therefore, highlights the need for single histotype (and possibly even
single-grade) data for survival.

In light of the discussion above regarding differences in characteristics of ALT-positive cell
lines, it is important to note that Costa ef al. defined tumors with 0.5% of nuclei containing
APBs as ALT-positive. This is a fairly relaxed definition as co-localization of telomeric
components with PML nuclear bodies is assayed by immunofluorescence and there is a
possibility that signals will overlap by chance. We define ALT-positive as tumors in which
at least 35% of the nuclei exhibit co-localization of telomeric components and PML nuclear
bodies. This criterion is likely overly stringent and will exclude some ALT-positive tumors.
Some of the differences may be resolved if clear criteria could be established to ensure a
rigorous and consistent definition for APB-positive (and therefore ALT-positive) cells.

We recently performed a new analysis of the relationship between histotype, TMM, and
survival, using 52 tumors from complex karyotype liposarcomas (WDLS, DDLS, PLS). Our
analysis did not include any myxoid/round cell tumors, which comprised about a third of
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the samples in the earlier work. Consistent with the previous study, tumors that had
activated a telomere maintenance mechanism were associated with poorer survival, but the
survival difference between ALT and telomerase tumors was not significant (p=0.06).
However, as the majority of tumors with a detectable TMM are higher grade, i.e., DDLS and
PLS, it is possible that the difference in survival observed between TMM-positive and TMM-
negative tumors reflects differences in tumor grade rather than an independent marker of
patient prognosis. Within DD-LS, which use both TMMs with similar, high frequency, there
was no survival difference associated with TMM (p = 0.64). Thus, it is possible that the
apparent poorer prognosis for ALT seen in the larger population is biased by higher grade
pleomorphic tumors that contribute only to the ALT survival data.

4.3 Genetic characterization of ALT versus telomerase-positive tumors

It has been reported that the hTERT promoter is repressed in mesenchymal stem cells
(Zimmermann et al., 2003). In cell based studies, epigenetic silencing of hTERT expression
has also been documented (Serakinci et al., 2006). Thus, it is possible that the increased use
of ALT in mesenchymal tumors is a result of tight repression of hTERT expression in this
lineage.

The observation of TMM-based differences in survival suggested that fundamental genetic
differences might be present between telomerase-positive and ALT-positive tumors. In a
genome-wide screen of liposarcomas, we identified deletion of Chr 1g32.4-44 as an ALT
associated genetic alteration (Johnson et al., 2007). This deletion differentiates between
telomerase positive and ALT-positive DDLS. It is also present in ALT-positive (i.e. APB-
positive) PLS. This is a large deletion containing many genes that might be implicated in
tumorigenesis. When prioritized on the basis of known biological activity, SMYD3 stands
out. SMYD3 is a methyltransferase that modifies histone H3 on lysine 4 (H3K4) (Hamamoto
et al., 2004). Methylation of H3K4 is found at actively transcribed regions in the genome
(Eissenberg & Shilatifard, 2010). In fact, this chromatin mark is associated with the 5" end of
transcribed genes. Increased SMYD3 expression is associated with advanced cancers while
reducing SMYD?3 levels inhibits cancer cell growth and promotes apoptosis in vitro (Chen et
al., 2007, Hamamoto et al., 2004, Hamamoto et al., 2006). Comparion of the expression
profiles of cells with forced SMYD3 expression to cells with unaltered SMYD3 levels found
alterations consistent with tumor progression, including activation of NF-kB pathway genes
(Yamamoto et al., 2011). SMYD3 has recently been reported to be important for epigenetic
modification of the hTERT promoter resulting in transcription of this locus (Liu et al., 2007).
Importantly, over-expression of SMYD3 in both primary human fibroblasts and ALT-
positive Saos-2 cells resulted in telomerase expression while siRNA-mediated knockdown
led to inhibition of hTERT gene expression. However, hTERT expression does not
necessarily lead to enzymatic activity capable of stabilizing telomeric repeats because, as
discussed above, both telomerase activity and access to telomeres are regulated at multiple
levels. In addition, ectopic SMYD3 expression likely affected multiple sites within the
genome. Finally, SMYD3 expression in tumors utilizing different TMMs was not assessed.
Thus, the relevance of SMYD3 deletion to ALT utilization in human tumors is not yet
established.

Levels of H3K4 methylation at mammalian telomeres have not been determined. However,
studies in yeast suggest that loss of H3K4 methylation is an intermediate step in assembly of
silent chromatin. Telomeres are now known to be sites of active transcription and SMYD3 is
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located in a region often deleted in ALT-positive, but not telomerase-positive, liposarcomas.
Decreased H3K4 methylation at ALT telomeres would be predicted to increase
heterochromatin marks resulting in decreased TERRA expression. However, ALT-positive
cells show increased TERRA levels, and increased heterochromatin would be expected to
decrease telomeric recombination, the hallmark of telomere maintenance in ALT. Further
experimentation will be required to resolve the apparent paradoxes concerning the role of
H3K4 methylation in telomere maintenance.

Previous studies of telomere maintenance in liposarcomas have primarily grouped them as
a single malignancy rather than separating them into histological subtypes. The histological
bias in telomere maintenance mechanism, as described above, had not been fully realized,
but inevitably created a strong histotype bias when separating tumors on the basis of TMM
alone. The importance of this bias was highlighted by a recent publication reporting a gene
expression signature distinguishing between tumors and cell lines using ALT and
telomerase (Lafferty-Whyte et al., 2009). In that study, the authors combined expression data
from cell lines and tumors to identify 297 genes that were differentially expressed between
ALT and telomerase. When we applied this signature to an independent set of tumors, we
found that our samples clustered not on the basis of TMM but rather by histological subtype
(Doyle et al., 2011). A closer analysis of the samples used to generate the published gene
signature revealed that the cell lines used for the telomerase cohort were primarily of
epithelial origin and tumors were primarily MYX LS. In contrast, cell lines used for the ALT
cohort were primarily of mesenchymal origin and tumors were primarily DDLS. Thus, the
reported cell line signature contained a strong epithelial versus mesenchymal component,
while the tumor signature was heavily influenced by histological type. Even when we
applied this published signature within a single histological subtype, DDLS, it failed to
discriminate tumors on the basis of TMM. This suggests that expression differences between
ALT-positive and telomerase-positive tumors are subtle, if present at all.

4.4 TMM and drug sensitivity

A number of studies have established that inhibition of telomerase and/or compromising
telomere integrity increase the chemosensitivity of cells. Telomerase-deficient mice exhibit
an increased sensitivity to DNA damaging agents that is correlated with the level of
telomere dysfunction (Lee et al., 2001). Because telomere dysfunction leads to widespread
genome instability, it was proposed that the increased chemosensitivity is a consequence of
the underlying increase in genome instability. Indeed, reconstitution of telomerase in this
system resulted in genome stabilization and an increased resistance to DNA damaging
agents. Experiments carried out using human cell lines have also established an increased
sensitivity to DNA damaging agents following inhibition of telomerase (Cerone et al., 2006a,
b; Saretzki, 2003). Furthermore, when telomere integrity is compromised by expressing a
mutant template RNA that results in repeats unable to recruit the shelterin complex, this
also results in increased sensitivity to DNA damage (Cerone et al., 2006a). Increased drug
sensitivity may occur before detectable telomere shortening (Masutomi et al., 2005), raising
the possibility that telomerase may provide a protective function independent of its role in
maintaining telomeric DNA arrays (Martinez & Blasco, 2011). For example, telomerase may
contribute to telomere capping function thereby enhancing telomere stability. Recent work
has implicated telomerase in modulating the cellular response to DNA damage (Masutomi
et al., 2005). In this study, reducing telomerase in primary human cells blocked the DNA
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damage response, thereby rendering cells more sensitive to damage. Exogenous expression
of mutant hTERT alleles with reduced affinity for telomeric DNA rescued the DNA damage
response as long as the introduced allele retained catalytic activity. These data suggest that
telomerase may contribute to the cellular DNA damage response.

Drugs that target telomerase are increasingly used in cancer therapy with great success
(Gilley et al., 2005). By reducing telomerase activity, treatment produces shorter telomeres
and results in apoptosis and tumor shrinkage. In addition, telomerase inhibition increases
the sensitivity of the cells to other chemotherapeutic agents, either directly through
telomerase inhibition, as seen with imatinib (Deville et al., 2011), or indirectly via telomere
shortening, as seen with cisplatin (Uziel et al., 2010). Both mechanisms may depend on the
intersection of telomere maintenance and DNA repair. Thus ALT-positive tumors may be
more sensitive than telomerase-positive tumors to DNA-damaging chemotherapies, as they
possess higher levels of genome instability and lack the anti-apoptotic activity and DNA-
damage protection of telomerase. Alternatively, ALT cells may be more resistant to DNA
damage as they are able to form clinically significant tumors in a background of high
genome instability. ALT cells, due to the lack of active telomerase, are expected to be
entirely refractory to treatment by telomerase inhibitors. The association between telomere
integrity and sensitivity to DNA damaging chemotherapeutic agents, together with the
evidence implicating telomerase in the cellular response to DNA damage, is consistent with
the possibility that TMM may be predictive of tumor response to chemotherapy.

Current treatments for liposarcomas act through specific over-expressed proteins; for
example, doxorubicin response correlates with levels of topo2a (Mitchell et al., 2010), and
nutlin acts as an antagonist to MDM2, a protein highly overexpressed in de-differentiated
liposarcomas (Muller et al., 2007; Singer et al., 2007). Trabectidin has enhanced activity in
myxoid/round cell liposarcomas due to the fusion protein (FUS/CHOP) characteristic to
these malignancies (Conyers et al., 2011). These current treatments are thus expected to be
independent of TMM. Although studies to date have failed to identify an ALT-specific
expression profile, we expect that future studies will identify molecular targets specific to
ALT that will enable more directed treatments. We expect that future treatments will be able
to leverage knowledge about TMM for improved patient outcome.

5. Conclusions

Cancer treatment is steadily moving forward into the exciting realm of personalized
medicine, targeting unique characteristics of each patient’s disease for improved efficacy.
Identification of the TMM active in a particular tumor provides a path to this
personalization, indicating the potential benefit, or lack thereof, for telomerase inhibitors
and DNA damage-inducing agents. Continuing research into the molecular mechanisms of
ALT, accounting for inherent histological biases within liposarcoma, will identify molecular
pathways for ALT-specific anti-cancer treatment that will increase value of TMM
information in designing patient treatment.
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1. Introduction

MR imaging is currently regarded as the standard diagnostic tool for detection and grading
of soft tissue tumors (STT) (De Schepper et al. (2005)). Soft tissue is a term describing all
the supporting, connecting or tissues surrounding other structures and organs of the body
such as fat, muscle, blood vessels, deep skin tissues, nerves and the tissues around joints
(synovial tissues). Soft tissue tumors can grow almost anywhere in the human body. Soft
tissue sarcomas, which are the malignant type of STT, are grouped together because they
share certain microscopic characteristics, have similar symptoms, and are generally treated in
similar ways. Radiologists often look for certain features in the MR image to differentiate
benign from malignant STT tumors (Juan et al. (2004); Mutlu et al. (2006)). Although the
signal characteristics of both benign and malignant tumors frequently overlap, some MR
image features are more highly correlated to the benign or the malignant types of STT, see
De Schepper et al. (2000) and De Schepper & Bloem (2007). For example, the most commonly
used individual parameters for predicting malignancy are the inhomogeneity (texture) and
the intensity (gray level) of the MRI signal with different pulse sequences (De Schepper et al.
(2005); Hermann et al. (1992)). Inhomogeneity of the tumor region on T1-weighted MR images
is a very good indicator of the malignancy of the tumor because 90% of malignant tumors
are inhomogeneous and show a disorganized textured pattern of the MRI signal intensity
(Weatherall (1995)). This pattern is formed as a result of the losses of tissue structure and
the changes of the extracellular matrix (ECM) by cancer. The study by ( Hermann et al.
(1992)) reported a sensitivity of 72% and specificity of 87% in predicting malignancy based
on visual comparison of texture in the tumor regions in T1-MR images. The reason for the
large difference between the sensitivity and the specificity in this study is the difficulty of
perceiving texture in some of the malignant tumors. The limited ability for human to perceive
and discriminate between textures is well known for quite some time (Julesz (1975); Julesz
et al. (1973)). Computer aided diagnostic systems can improve the radiologists performance
in identifying the pathological type (i.e. benign or malignant) of a soft tissue tumor from
MR images (Meinel et al. (2007)). Eventhough visually comparing the textures of benign
tumor and malignant tumor sometimes show no difference, the extracted numerical values
by texture analysis are quite different. Figure 1 shows subimages of a benign and a malignant
tumors and the values of some of the extracted texture features. Such an example shows that
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texture analysis can be used for obtaining information that is not visible to the human eye.
The reader can refer to (Materka & Strzelectky (1998); Tuceryan & Jain (1998); Wagner (1999))
as excellent references to texture analysis.

In the last few years there has been growing interest in the use of machine learning classifiers
for analyzing MRI data. The main aim of this chapter is to train and test several machine
learning classifiers with texture analysis features extracted from MR images of soft tissue
tumors. The present chapter will also serve as an introductory tutorial by providing a
systematic procedure to build and evaluate a machine learning classifier that can be used
for practical applications. The typical steps to build machine learning classifier consist of
feature extraction, feature selection, classifier training and evaluation of the results. Several
studies have tackled the problem of texture analysis for discriminating between benign and
malignant tumors for specific type of malignancy, for example, the brain (Mahmoud-Ghoneim
et al. (2003)) the liver (Jirdk et al. (2002)) and the breast (Huang et al. (2006)). However, most
papers did not follow the recommended approach for building machine learning systems (for
an example see Salzberg (1997)) and left some unanswered questions. This research aims
at answering some questions related to the problem of texture analysis of STT, such as the
classifiers complexity, the effect of the training data set on the classifier behaviour and the
appropriate size of the training data that can be used to train a machine learning classifier and
obtain good generalization performance. In the following sections, we will go through the
process of building and testing several machine learning classifiers as shown in Fig. 2.

We warn the reader that the training dataset is not meant to train the classifier per se, as
the name implies, but should be considered as a representative statistical sample from the
population of STT. We assume that the training and testing data samples are randomly,
identically and independently sampled from the population of STT (i.e, it is an idd sample).
The process of training and testing the classifier is a sort of statistical parameter estimation
problem where in that case the parameter of interest is the error rate of the classifier
performance in unseen data. As such, all the experiments in the following sections are in fact
to study how the classifier perform in other unseen data from the same STT population. To
put a classifier in real practice, the classifier should be trained and tested with several datasets
sampled from the same population with the same procedure as outlined in the following
sections. Once the classifier evaluation is finished, all the available data can be used to train
the final classifier. The classifier should be comprehensively tested based on a prospective
study before using the classifier. A shorter preliminary version of this chapter was published
in Juntu et al. (2010).

2. Patients data set and the MR images

A large database of multicenter, multimachine MR images was collected by the University
Hospital Antwerp (UZA) from different radiology centers for the purpose of conducting
scientific research. At the start of this study, there was a real concern that texture features
could be more sensitive to image variation due to imaging with different MRI systems or
changes in MRI acquisition parameters than variation due to changes in texture as a result of
pathological changes. However, a recent study by Mayerhoefer et al. (2005), clearly showed
that the difference in texture features extracted from MR images obtained with different
machine units seems to have only small impact on the results of tissue discrimination. In the
present study, a database of T1-MR images of 86 patients having benign soft tissue tumors and
49 patients having malignant tumors were used in this retrospective study. All malignant and
benign masses were histologically confirmed. We discarded all MR images that showed severe
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Fig. 1. An example of benign and malignant tumors texture

imaging artifacts or that were corrupted by a high level of bias field inhomogeneity signal.
From the tumor regions in the MR images, we cut square subimages of size 50 x 50 pixels for
texture features computation. The physical size of that area is not fixed but it depends on the
image acquisition parameters. However, the actual size of that area will not effect the values
of the extracted features. To increase the size of the training dataset, we selected several tumor
regions from the MR images for every patient. Hence, the total size of the dataset available
for training consisted of 253 benign and 428 malignant subimages of size 50 x 50 pixels each.
In order to preserve texture information, we avoid preprocessing the subimages. However,
histogram equalization was applied to all the tumor subimages since some texture features
such as the first order texture features are sensitive to graylevel variation.

3. Texture computation

Texture can be characterized and described in different ways using various sets and
combinations of parameters. Most texture features computation was done using the software
package MaZda 3.20 which allows the computation of texture features based on statistical,
wavelet filtering, and model-based methods of analyzing texture (Castellano et al. (2004)). We
also wrote other Matlab programs to calculate some texture features such as the Haralick’s
texture features to have a better and fine control of adjusting the parameters that effect the
extracted features. To ensure the consistency of the calculated texture feature across all the
tumor subimages, we wrote a MaZda macro script that reads the tumor subimages and
calculates tumor texture with the same texture analysis parameters setting. The extracted
texture features were saved in a text file for feature selection and classification. The following
is a short description of the texture features that were computed from the tumor subimages,
which are also summarized in Table 1 for easy reference:

o First order statistics: extract texture statistics based on a function of a single pixel. The
simplest approach is to construct a histogram for the image of interest. The histogram is
converted into probability function by dividing the values in the histogram by the total
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number of pixels in the image. A set of statistical parameters from the probability density
function are calculated such as the mean, the variance, the skewness, and the kurtosis.

Second order statistics: the Haralick’s texture features and the absolute gradient distribution
are used in this study. In this method of texture analysis the correlation between two
or more neighborhood pixels is taken into account. Since complex texture patterns are
formed by the interaction between more than one pixel, second order statistics might
provide extra texture information that can not be extracted based on first order statistics
of the texture. The Haralick’s texture analysis (Haralick et al. (1973)) is probably the most
famous technique of second order texture analysis methods. It is based on the calculation
of statistics from a function of two variables that measures the probability of occurrence
of a pair of pixels that are separated by d pixels with an angle §. We calculated 11
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different Haralick’s features from the co-occurrence matrix. The co-occurence matrix is
calculated for every two pixels inclined by an angle 6 and separated by a distance d. To
take the scaling and rotation of texture into account, we calculated the Haralick’s features
from the co-occurrence matrices calculated with angles {0°,45°,90°,135° } and distances of
{1,2,3,4,5} pixels. The absolute gradient texture features are also included to incorporate
texture features that are invariant to gray-level scaling caused by bias field inhomogeneity.
Every pixel in the image was replaced by the absolute gradient which was calculated
from a window of size 3 x 3 around the pixel by calculating the absolute of the squared
summation of the difference between the two pixels above and down the center pixel and
the two pixels on the right and left. Doing that for all pixels resulted in a gradient image
from which several statistical parameters could be obtained: the mean, the variance, the
skewness, and the kurtosis.

* Higher order statistics: used to capture texture information which are dependent on the
interaction between several neighborhood pixels. We selected two different approaches,

- the run-length gray-level matrix approach were a consecutive set of pixels with the
same gray level value are counted and the result is stored in a 2D matrix indexed by the
gray-level value and length of the gray-level run. Several statistics are calculated from
the 2D matrix.

- write a mathematical function or model that describes the texture, for example the
autoregressive texture model. The basic idea of autoregressive models for texture is to
express a gray level of a pixel as a function of the gray levels of its neighborhood pixels
Mao & Jain (1992). The related model parameters for one image are calculated using a
least squares technique and are used as texture features. This approach is similar to the
Markov random fields.

e Filtering method: The image is split into subbands with bandpass filters such as the wavelet
transform. The energy of the sub-bands are used as a texture features.

After the texture analysis step, each tumor subimage is encoded by a feature vector as shown
in Fig. 3. The texture features are labeled as { f1, f2, ......., f290 } (see Table 1).

Texture analysis I][II::> {f 1o o L sres [ ogg)

tumor subimage

Fig. 3. Texture analysis features

4. Feature selection

Feature selection was used to remove redundant features. This step is very important because
it improves the performance of the learning models and reduces the effect of the curse of
dimensionality. Feature selection also speeds the learning process and improves the model
interpretability. Deciding which feature to keep, because it is relevant, and which one to
discard, is largely dependent on the context. To perform an unbiased feature selection, we
tested several feature selection techniques. We experimented with the following feature
selection methods:
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Methods Calculated parameters
First order: {f1,..., fio}
histogram mean, minimum, variance, skewness, kurtosis

1%, 10%, 50%, 90% and 99% percentiles.
Second Order: {f11,-- ., f250} & {for1, - -, f277}

coocurrence matrix angular second moment, contrast, sum of squares,
{ angles=6 = 0°,45°,90°,135° inverse difference moment, sum average, correlation,
and distances=1,2,3,4,5 } entropy, difference variance, difference entropy.

absolute gradient distribution mean of absolute gradient, variance of absolute gradient

skewness of absolute gradient, kurtosis of absolute gradient.
Higher order: {f251, . ,f270} & {f278/ . ,fzgz}

runlength graylevel matrix short run emphasis moment, long run emphasis moment,
run length nonuniformity, fraction of image in run.
autoregressive texture model 01,6,,03,04,0.
Filtering technique: {f2s3, - - -, f200 }
wavelet energies of wavelet coefficients of subbands at successive scales.

Table 1. Texture analysis methods used in this study and the corresponding texture features

o Unsupervised feature selection techniques: these methods do not use the class labels and the
selected features are strongly dependent on the sample distribution of the pixels graylevel
values. We selected texture features subsets by forward, backward, bidirectional, and
greedy stepwise search methods and two feature ranking methods, namely, the chi-squares
statistics and the information gain criteria ranking methods.

* Supervised selection techniques: these techniques use class labels for guiding the feature
selection process, thus, the selected features are the ones that improve the discrimination
between benign and malignant tumors. We used the C4.5 decision tree algorithm and the
support vector machines as a wrappers.

Table 2 lists all the feature selection techniques that were tested in this study and their selected
subset features. It is not surprising that the 8 feature selection methods selected different
features subsets because each one has a different measure for feature relevance. However,
feature selection methods that belong to the same group generally selected almost similar
features. The selected features subsets were used as an input to a simple Bayes classifier
to evaluate the efficacy of the texture features subsets. The results of the classification are
listed in Table 2. We also listed the classification accuracy (Acc%), the True Positive (TP),
the True Negative (TN) and the Area Under the Curve (AUC) of the ROC. The measure that
is generally recommended to use is the AUC, since it is a global measure and insensitive to
the data distribution. In the last row of Table 2, we included the performance of the Bayes
classifier using the full textures features set for comparison. Looking at Table 2, one can notice
that the classification results with the feature subsets selected by the feature ranking methods
are worse than classification using the full texture feature since their AUC values are 0.72 and
0.75, respectively, while the full texture features classification has an AUC value of 0.78. The
best texture features subset was the one that had the highest AUC value. The texture features
subset with the highest AUC is the forward selection method which was used for training and
testing the classifiers.

5. The trained classifiers

The main purpose of the training data is to infer a mathematical decision function or an
algorithm for making prediction. Thereby, a given training data set is used to optimize the
parameters of a machine learning classifier, which then results in a simple mathematical
function or expression that can be used for making prediction. If the same classifier is trained
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Method The best selected features ACCJAIP TN AUC
Forward selection f4/f6rf7/f8rf66/ f169/ f255,f263,f274,f279,f232,f236 76.80 0.80 0.74 0.87
Backward selection f4,f6,f7,f8,f114,f253,f263, f274/f279/f281/f282/f286 77.70 0.80 0.74 0.85
Bidirectional search f4/f6rf7/f8rf66/ f169/ f255/f263/f274/f279rf282rf286 77.10 0.79 0.73 0.86
Greedy stepwise search f4,f6,f7, fg,f6(,,f253, ff263/f274rf279rf282/f286 78.00 0.83 0.69 0.83

Ranking with chi-squares statistics f7,f16,f37,f45,f46,f52,f251,f253,f255,f263,f265,f268 67.99 0.65 0.73 0.72
Ranking with information gain  f7, f16, f37, fa5, fa6, f52, f251, f253, fo54, f255, f68, f282, f286 65.34 0.56 0.81 0.75

C4.5 decision tree wrapper for f21, 38, f49, f56, foar 118, f1ea, f253 70.77 0.70 0.73 0.78
Best features with SVM wrapper  fs, fo, f13, fos, fi72, f178, f216, f217, f256 78.00 0.86 0.64 0.84
Full texture features set f1, f2, s f290 73.710.74 0.73 0.78

Table 2. Bayes classifier results for the best selected texture features subsets

on a different training data drawn independently and identically from the same problem
domain, we expect to obtain a decision function with a similar performance. If the classifier
performance stays the same independent of training with a specific training dataset, the
classifier then learned how to differentiate benign from malignant tumors from the training
data. However, if the classifier performance changes considerably by changing the training
dataset, then that classifier can not be used for prediction. However, in principle the decision
function (i.e. the classifier) can not be made completely independent from the structure of
the training data and the complexity of the learning algorithm. To isolate all contributing
factors that might interfere with training the classifier and to minimize the bias in the stated
results, we systematically applied several machine learning evaluation strategies. First, we
trained several classifiers that belong to different machine learning algorithms on the same
texture features data. The selected classifiers are trained with crossvalidation procedure to
make better use of the training data. The crossvalidation procedure also tries to minimize the
effect of the probability distribution of a specific training dataset on the classifier performance.
Second, we study the effect of changing the size of the training data set on the classifiers
performance by plotting the learning curves that show the error rate of the trained classifiers
as a function of the size of the training data set. Third, we used some statistical tests
for comparison between the classifiers performance. We also plotted the ROC (Receiver
Operating Curve) and the Cost curves to analyze the classifiers” performance. Finally, we
applied the McNemar's statistical test to compare the performance of the best classifier against
the radiologists” performance.

From several machine algorithm groups, we selected the following classifiers:

Linear classifier: This classifier assumes that the benign and the malignant classes have the
same covariance matrix but different means. It estimates the covariance matrix from the
full training data and assigns a new case to the class with the highest probability. Such
classifier is able to separate benign and malignant tumors by a simple linear decision
surface. The probability distribution of the full training dataset is assumed to be normally
distributed.

Quadratic classifier: This classifier is more complex than the linear classifier since it estimates
different matrices for the means and covariance of the benign and the malignant classes.
Such classifier is able to separate the benign and the malignant tumors by a quadratic
nonlinear decision surface. The probability distributions of the benign and the malignant
classes are assumed to be normally distributed but not necessary with the same covariance
matrices.

Nonparametric density estimation classifiers: Parzen classifier and k-NN nearest neighborhood
classifier. Both classifiers estimate the empirical probability density function of the benign
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and the malignant classes from the training data instead of assuming certain probability
distribution function such as the linear and quadratic classifiers.

Decision trees classifier: Such classifier uses logical rules to separate the benign form the
malignant tumors regardless of the probability distribution of the training data.

Back-propagation neural network: The NN-classifier separates the tumors by high nonlinear
decision surface. The neural network uses an iterative optimization algorithm to find the
weights of the neural network from the training data.

Support vector machine classifier: The SVM classifier simplifies the classification problem by
transforming the input space into high dimensional space such that the classification
problem become a linear one and easier to solve. The SVM classifier does not depend on
the probabilistic distribution of the training dataset and has the ability to generalize quite
well for classification problems of varied degrees of complexities. During the training
process, a quadratic optimization algorithm is used to iteratively adjust the complexity of
the decision function to adopt to the problem domain.

In the following sections, we describe several tests that were performed to study the effect
of the size of the training data set on the classifier performance. Additionally, we tested
the complexity of the decision function, analyzed the classifier performance and statistically
compared the performance of two classifiers. Finally, we tested the classifier performance
against the radiologists’ performance.

6. The size of the training data and the classifiers performance

The classifier learns the classification function from the training data. The training data
represents a small sample from the population of soft tissue tumors and hence the size of
the training data has an impact on the trained classifier. We run the learning curve test
to study the effect of the size of the training data set on the classifier performance. Using
a small subset of the training data, we tuned the parameters for each classifier as follows.
The back-propagation neural network has two hidden layers, an input layer of 12 nodes (i.e,
number of selected texture features by the forward selection method) and an output layer
with two nodes corresponding to the benign and the malignant classes. The SVM classifier
is trained with an RBF kernel which is tuned with a grid search algorithm that resulted in a
(o = 10000) and a cost coefficient (C = 1.0). We used the PRTOOLS 4.0 matlab toolbox to run
this experiment. We left the parameters of the decision trees and the Parzen classifier to their
default values, which forces the PRTOOLS toolbox to tune them automatically to their best
values. We trained the 7 classifiers with different sizes of the training data set. At each specific
size of the training data set, we measured the error rate of all the classifiers. For each specific
size of the training data, we repeated the experiment 10 times and the average error rate
was calculated. Figure 4 shows the learning curves of the 7 trained classifiers. The learning
curves show some interesting facts about the problem domain. First, the learning curves are
smooth which is a good indicator of the classifiers stability against changes in the training data
distribution . The smoothness of the learning curves is also a necessary condition for carrying
some statistical tests that we used to compare the classifiers performance(Dietterich (1998)).
Second, the 7 classifiers learned very well with few training samples. Most classifiers achieved
an error rates between 0.251 and 0.198 after training with as few as 50 training samples.
As we increase the size of the training data set, the error rate decreases very slowly after
training by 50 samples. This observation indicates that a small training data set is sufficient
to get good generalization performance. Increasing the size of the training set after certain
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limit seems to have little impact on improving the classifiers performance any further. The
third observation is related to the complexity of the classifiers. Simple classifiers such as the
k-NN nearest neighborhood classifier and the SVM with an RBF kernel with large bandwidth
achieved lower error rates compared to the neural network classifier. This observation is an
indication that the decision surface that separates the benign from the malignant tumors based
on texture features is a very simple mathematical function which we investigate further in the
following section. Classification problems that procedure linear or simple decision function
are less likely to overfit the training data and often generalize and predict very well in unseen
data.
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Fig. 4. The learning curves of the 7 trained classifiers

7. The complexity of the decision function

The learning curves from the last section showed that classifiers which produce simple
decision functions generalize better since they have the smallest error rate on the testing
samples. To check that conclusion we ran a test using an SVM classifier with a polynomial
kernel that produces a polynomial decision function with a varied degree of complexity. We
varied the degree of the polynomial kernel gradually from 1 to 20 and at each degree of the
polynomial, we run the experiment 10 times using a crossvalidation procedure. Each point
in the learning curves is the average of the error rates of ten different experiments. Figure 5
shows the error rate of the polynomial classifier versus the degree of the polynomial kernel
function. The plot clearly shows that the error rate is minimum at a polynomial decision
function of the 4" degree. The error rates for the linear classifier (a 1°' degree polynomial) and
the quadratic classifier (a 2" degree polynomial) are large since they under-fit the training
data. A polynomial classifier higher than the 4/ degree also have high error rate since it
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overfit the training data. This explains why in Fig. 4 that the simple linear classifier and the
neural network classifier both have high error rates compared to other classifiers, because the
linear classifier is too simple and the neural network classifier is too complex for the problem
domain. That also explains why the SVM classifier has a good classification performance
because it is very flexible and can adept to classification problems of varied complexity.
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E
x

0.4 b . . . \ N .
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Fig. 5. The error rate versus the complexity of a polynomial classifier

8. Analyzing the classifiers performance

To gain more insight into the classifiers’ performance, we trained the 7 classifiers using the
full data set with a 10-folds crossvalidation procedure. In Fig. 6 and Fig. 7, we plotted the
ROC curves and the Cost curves of the 7 classifiers. In the ROC curves plot, the best curves
are at the top of the plot. In the ROC curves, we see that the classifiers are ranked, according
to an increase in performance, as follow: the decision trees, the neural networks, the linear
classifier, the quadratic classifier and the k-NN classifier. However, there is an ambiguity
about the ranking of the Parzen and SVM classifiers because their ROC curves intersect. In
the Cost-curve plot, the classifiers are ranked in the same order as the ROC curves. However,
this time the curves of the best classifiers are at the bottom of the plot. The Cost-curves of the
Parzen classifier and the SVM classifier have the same normalized expected cost value for a
probability cost function (PCF) between 0.45-0.75 where both curves intersect. For a value of
PCF < 0.45, the SVM classifier performance is better than the Parzen classifier while for the
value of PCF > 0.75 the Parzen classifier performance is better. In other words, both classifiers
perform equally well if the cost of classifying benign and malignant tumors is kept the same.
However, if we would like to change the cost of classifying benign and malignant tumors, for
example, we decided to give more cost for missing malignant tumors than missing benign
tumors then both classifiers perform differently (see Holte & Drummond (2011)). The later
observation explains why the SVM and Parzen classifier have an overlapping performance
which is easy to explain from the ROC curves.
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9. Statistical comparison between two classifiers

Classifier performance is a function of several factors including the statistical distribution
of the training and testing data, the internal structure of the classifier and the inherent
randomness in the training process. Even if we train two different classifiers with the same
dataset their classification error rates will not be necessary the same. That is because classifiers
are trained with different algorithms and with different optimizations criteria and different
parameter settings. The most effective way to compare classifiers is to empirically train
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and test the classifiers using multiple training and testing data. This procedure is repeated
several times and then some statistical tests should be applied to assess their performance.
Dietterich (1998) described an 5 x 2 cv algorithm that can be used to statistically compare the
performance of two machine learning classifiers in the same classification problem. The name
of the test is an abbreviation for "5 iterations 2-fold crossvalidation paired t-Test". The same test
can be used to check if one classifier outperforms another classifier on a specific classification
task. Let D be a dataset which is divided into five folds F;, F,, .., F5 and let A and B be two

classifiers that their performance will be compared. Let p]{l} stands for the difference in errors

between the two classifiers in iteration j fold replication i. Then, the steps of the algorithm are

as follows:

¢ divide the first fold F; into two equal-sized parts t; and t;. Train both classifiers A and B
using #; and test them using f, to obtain two error estimations ¢!, and e}. Calculate the
difference in errors p(1) = e}q — e}

¢ swap t; and fp such that the classifiers are trained with ¢, and tested with t; . Re-train both

classifiers and calculate new errors and new difference in errors p(2) = 634 —e2

1) 4 p@ _
2 ;p and the variance s2 = (p(1) —

e for this crossvalidation run, calculate the mean p =
PP+ (p® —p)?
¢ repeat the same procedure for the remaining folds {F, ..., F5}

(1)

Let p;’ denotes the difference pV) from the first run, and s? denote the estimated variance for
runi,i = 1,..., 5. Calculate the F-statistics using:

i

(1/5) 215:1 51‘2

Note that only one of the ten differences is used in the above expression. Dietterich (1998)
has shown that under the null hypothesis, f is approximately a t-distributed with 5 degrees
of freedom. The test can be used to check if two constructed classifiers have a similar error
rate on new example. The null hypothesis indicates that the two classifiers have the same error
rate and the alternative hypothesis indicates different error rates. We reject the null hypothesis
with 95 percent confidence if f is larger than the tabulated t-statistics.

Note that, there are 10 different values that can be placed in the numerator of Eq.(1) leading to
10 possible statistics. Selecting different values in the numerator of Eq.(1) should not effect the
results of the test. Practically, this is not always the case as shown in Alpaydin (1999), which
proposed a modified test called the combined 5 x 2 cv . The modified Dietterich test combines
the results of the 10 possible statistics and uses more degrees of freedom which promises to
be more robust and has better statistical power than the original Dietterich test. The new test
calculates:

=
Il

)

2 A\ 2
5 ()
Yio1 o (Pz‘] )
fe—pa—
250

and tests the estimated f against an F-statistics with 10 and 5 degrees of freedom. Reject the

null hypothesis if f is larger than the tabulated F-statistics value (i.e., F = 4.74), otherwise,
accept the null hypothesis.

~ Pn,m (2)
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Exp# eg) ‘31(31) p(l) 61(42) 61(32) p(Z) 52
0.3853 0.1618 0.2235 0.3588 0.2029 0.1559 0.0023
0.3382 0.1735 0.1647 0.1353 0.1706 -0.0353 0.0200
0.4265 0.1794 0.2471 0.3176 0.2000 0.1176 0.0084
0.3824 0.1735 0.2088 0.3618 0.1529 0.2088 0.0

0.3912 0.1794 0.2118 0.3529 0.1647 0.1882 0.0003

T W=

Table 3. Error rates, differences and variances s2 of the SVM classifer (A) and the Parzen (B)
using 5 x 2-fold crossvalidation on tumors’ texture.

We selected two classifiers from Fig. 7, namely, the SVM and the neural networks classifiers.
We run the test to check whether both classifiers have similar performance or have different
performance. The results of running the 5-iterations 2-fold crossvalidation algorithm are
summarized in Table 3. Using Eq.(2), we calculated f = 5.58 which is larger than the the
theoretical F-statistics value. Hence, the null hypothesis that both classifiers have similar
error rates was rejected. Therefore, according to the combined 5 x 2 cv test, the SVM classifier
had better performance than the neural network classifier with 95% statistical confidence.
In conclusion, the test shows that some classifiers can have better performance than other
classifier when trained with the same training dataset.

10. Machine learning versus radiologists performance

An important question is how machine learning classifiers perform compared to radiologists.
In the previous section, we used the modified 5 x 2 cv Dietterich test to compare two
classifiers. However, we can not use the same test to compare a classifier performance against
the radiologists diagnosis since the radiologist results can not be repeated. Instead, we applied
the McNemar’s test (Alpaydin (2001)). To apply McNemar’s test, we first have to express
the results of the radiologists and the SVM classifier as depicted in Table 4: Second, we

Ngo: Number of examples|Ny; : Number of examples
misclassified by both misclassified by the classifier
but not the radiologists

Nip: Number of examples|Nj;: Number of examples
misclassified by radiologists|correctly classified by both
but not the classifier

Table 4. A table used to perform McNemar’s test.

construct two hypothesis: the null hypothesis Hy is that there is no difference between the

error rates or accuracies of the radiologists and the classifier and the alternative hypothesis

Hj is that the radiologists and the classifier have different performance. If the null hypothesis

is correct, then the expected counts for both off-diagonal entries in Table(4) are %(Nm + Nyp).

The discrepancy between the expected and the observed counts is measured by the following

statistics: )
(|N011\] Ny —1)" 2 3)

01 + Nio

which is, approximately, distributed as x> with 1 degree of freedom. First, we run several
experiments to find an optimal classifier. The best classifier so far was the SVM classifier.

The results of the SVM classifier against the radiologists are summarized in Table 5. Using
Eq.3, we obtained X2 = 12.85 which is larger than the tabulated )(2 = 3.48. Hence, we rejected
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laboratory results laboratory results
SVM malignant |benign physician malignant |benign
results  |malignant |405 23 results  |malignant |134 45
benigin |25 228 benigin |32 552

Fig. 8. The SVM and the radiologists confusion matrices

NOO =39 N01 =16 |Ng + Ny =55
Ny = 45|Nq11 = 581|Nyp + Ny; = 625
Noo + N1g = 84 Ny + N1 =597 N = 681

Table 5. A table constructed for the McNemar’s test

the null hypothesis that both the radiologists and the SVM classifier have similar error rates.
Therefore, the SVM seems to perform slightly better than the radiologist. This last conclusion
should, however, be taken with a grain of salt because it is based on statistical analysis of the
SVM classifier with a limited training data set that does not represent the full distribution of
the soft tissue tumors.

The McNemar’s test does not tell us about the strength between the agreement or the
disagreement between the radiologists and the SVM classifier to validate the previous test
so we evaluated the kappa statistics ( x = 0.5) which is larger than 0 which shows that the
results of the McNemar'’s test is correct. Finally, the confusion matrix of the SVM classifier is
shown in Fig. 8. The radiologist performance is also shown in Fig. 8.

11. Conclusions

We demonstrated that texture analysis of soft tissue tumors and machine learning algorithms
can be used as a tool for objective evaluation of MR images and the results correlate well with
the laboratory results. We ran several tests and come up with some interesting observation
related to the problem of texture analysis of soft issue tumors. First, texture features combined
with machine learning algorithms seems to perform as well as radiologists since computer can
extract more information related to signal homogeneity in T1-MRI than what human can do
based only on visual perception. Second, we do not need a large training data set to train a
machine learning classifier and obtain a good classification performance since texture features
correlate very well with the pathology of the tumor. Moreover, simple classifiers such as a
Parzen classifier or an SVM classifier can effectively separate benign from malignant tumors.
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1. Introduction

Soft tissue is defined as the supportive tissue of various organs,the term soft tissue tumors
defines neoplasms derived from soft tissue. At the clinical level, a mass is the most common
sign of a soft tissue tumor. However, the clinical manifestations and signs of parathyroid
adenoma are not in the neck at first since, very often, there are patients who's neck is normal
at primary physical examination. Bone pain or dysfunction fractures are the main reason for
the parathyroid tumor patients to visit the hospital. Parathyroid tumor (Figure 1) is an
endocrine tumor, mainly associated with bone metabolism therefore the patients go to the
orthopedic department first. Although the parathyroid tumor is benign if patients do not
get timely and accurate diagnosis and effective treatment(surgical removal of parathyroid
adenoma), they will not only receive the delayed treatment but also, a significant decline of
life quality will occur. The loss of ability to work increases the burden on families and
society.

Fig. 1. Parathyroid adenoma

The neck SPECT/CT scan function-anatomy fused Imaging reveals A focus of increased
9mTc-MIBI activity at the posterior inferior of the right lobe of the thyroid which consistent
with parathyroid adenoma

Effective treatment for parathyroid tumors depends on timely, accurate diagnosis.Doctor
Peng Jing Jing, <Advancement in the Application of Nuclear Medicine> published in
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Apr.2001 V7N4:59-61 Journal of "China Contemporary Medicine", reported the use of
nuclear medicine, that is molecular imaging, which enables early diagnosis and successful
treatment of patients with parathyroid adenoma. The cases in clinical with SPECT for %mTc-
MDP whole body bone scan and %mTc-MIBI parathyroid tumor imaging, in which patients
receive timely diagnosis and successful treatment, recover and live a happy lifel®l. In recent
years, as the clinic study of new technology and equipment in bone-joint disorders,
orthopedic clinical applications of molecular imaging and promotion of the Chinese doctors
for parathyroid tumor diagnosis and treatment, medical science has made a positive
contribution [l.

>4

Fig. 2. A 39 years-old woman complained of painful bone and joint for a long time with
occurred fracture time and again. mTc-MDP Bone Scan shows: metabolic bone disease
which causes the patient disabled. Her diagnosis is Parathyroid adenoma and she was
performed a parathyroid adenoma ectomy in surgical operation.

The contribution showed typical diagnostic -Imaging of hyperparathyroidism- resulted in
metabolic bone disease characteristic abnormalities (Figure.3):

1. The Black skull: increased uptake in calvaria and jawbone.

2. Generalized increased uptake with increased contrast between bone and soft tissue due
to bone turnover speed and subtracted kidney image.

Tie sternum and Cage beads.

Foci of increased uptake due to fracture or brown tumor in rib cage.

Decreased uptake brown tumor in the right ilium as doughnut .

Whole body Bone scan patterns in advanced metabolic bone disease and insufficiency
fracture in right neck of femur.

There are two main features of metabolic bone disease due to hyperparathyroidism in 9mTc-
MDP bone imaging: (1) Increased uptake in calvaria and jawbone showed “the Black skull”.
(2) Bone scan is clear showed total body as “Super Scan”: Generalized increased uptake with
increased contrast between bone and soft tissue: increased uptake in long bones and
increased uptake in axial skeleton, increased uptake in periarticular areas, increased uptake
in costochondral junctions (beads) and increased uptake in sternum (tie sternum).The
patient right leg was shorten with foci of increased uptake due to dysfunction fracture,
brown tumor due to fibrocystic changes.

S
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] ] Beijing JST hospital 31st Xin Jie-kou East Street, Beijing, P.R. China
Dear Dr. Sun: 1999.01.11
RE: Mis. Liang beauty DOB1958.07.09 Age: 40
ID: 305447 SPECT: 981193 Address: Hebei China
I saw this pleasant lady in my inpatients clinic on 1998.12 .09
She was C/O painful hip radiating to her legs.
Mrs. Liang was admitted into hospital on 1998.12.07 her X-Ray showed the Femoral neck
pathological fracture of the right femur. ? metastatic bone disease.
On questioning her, I found that Mrs. liang had been C/O leg pain for 3 years, Also she felt
severe right hip pain before my seeing her 2 /52.
On examination, I found her right leg was external rotated and shorten, there was
tenderness in the hip joint and mildly swollen. Her Vital signs were normal (Temp\ pulse
\Resp \B/P).
Tests carried out were:
Hip X-ray BMD (bone mineral density)
ECT: bone scan and parathyroid tumor image
Ultra scan
Blood tests:
Serum Ca (calcium), P (phosphorus), AKP, PTH, ESR
The results showed she had a hypercalcemia and hypophosphatemia:

Serum Ca was high 3.11(2.25-2.75) mmol /L,

Serum P was lower 0.85(0.97-1.6) mmol /L.
AKP was high 502(25-90) IU/L.

PTH (parathyroid hormone) was high.
Hip X-ray showed: The intertrochanter’s fracture of the right femur.
BMD was low: T scores of < 2.55D
Bone scan(®*mTc-MDP)patterns in advanced metabolic bone disease (please see attached
picture):

" ..‘

hoE T

9mTc-MDP Bone scan showed metabolic disease

Fig. 3. Diagnostic Imaging of hyperparathyroidism resulted in metabolic bone disease
characteristic abnormalities.



72 Soft Tissue Tumors

The right leg was dysfunction fracture of the right femur. In conclusion, I think that
diagnosis is hyperparathyroidism.

So, 1 have had %mTc-MIBI parathyroid tumor double-phase imaging. 9mTc-MIBI
parathyroid tumor imaging not only can observe the shape and location, but can also
display functional status for parathyroid tumor.

.
v

om-ze B s
o

Fig. 4.9mTc-MIBI parathyroid tumor (double-phase) imaging.

Immediate (upper) and Delayed (lower) 9mTc-MIBI imaging reveals a focus of increased
activity at the inferior tip of the right lobe of the thyroid, Consistent with parathyroid
adenoma.

9mTc-MIBI scan showed: right lower parathyroid adenoma (Please see attached).

Ultra scan also showed: Parathyroid tumor
Diagnosis:Primary hyperparathyroidism caused by a parathyroid adenoma

Metabolic bone disease Osteoporosis

Dysfunction fracture (the right femur).
Mrs. Liang was given operating treatments on 1998.12.21:
First, was performed parathyroid adenoma’ ectomy in surgical operating theatre.
Then, Reduction of fracture and internal fixation was performed by orthopedic doctor.
Finally, the diagnosis in pathology (98-X1095) was:
Parathyroid adenoma
Focus which lead to fracture of the right femur was brown tumor
She was discharged on 1999.01.11.
She was given diet and some medication advice to help her to gain full recovery.
JST” doctor Peng Jing Jing etc. Primary Academic contributions to this project
< Application of Radionuclide Imaging in Diagnosis of hyperfunctioning Parathyroid
tumors>journal of Chinese Nuclear Medicine Dec.200312] .Cited by Zhuhai City,
Guangdong Province People's Hospital Chen Jiang lin etc. in Anthology of Medicine
Apr.200605], the paper reported a case Qualitative and locational diagnosis with nuclear
medicine of primary hyperparathyroidism and successful surgery of parathyroid
adenoma: Peng Jingjing et al thought, there are two main features of metabolic bone
disease due to hyperparathyroidism in 9%mTc-MDP bone imaging: (1) Bone scan is clear
showed total body as “Super Scan”; (2) Increased uptake in calvaria and jawbone for
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9mTc-MDP showed “the Black skull”. 9mTc- MIBI parathyroid tumor imaging not only
can observe the shape and location, but also display hyper-functional status for
parathyroid tumor.

Achiever said: Primary hyperparathyroidism is rare in clinic. Because of occult onset and
symptoms varied, misdiagnosis is made sometimes. A clear diagnosis of hyperparathyroidism
and parathyroid tumors localization is the key for successful treatment. %mTc-MDP bone
scintigraphy and %mTc -MIBI parathyroid tumor imaging has certain advantages. To be used
clinically, those principal achieves can reduce misdiagnosis of primary hyperparathyroidism.

2. Clinical features of parathyroid adenoma

2.1 Definition

Primary hyperparathyroidism incidence rate is about 27/100000 per year, of which 80% is

parathyroid tumor, 20% is benign hyperplasia, and parathyroid carcinoma is extremely rare.

Because of the parathyroid hormone (PTH) secretes more than the level required to

maintain normal serum calcium concentration bring about, laboratory parameters abnormal

shows hypercalcemia, hypophosphatemia, elevated alkaline phosphatase and parathyroid

hormone increased.

Clinical symptoms mainly in four systems

1. Bones-- musculoskeletal symptoms: bone pain, dysfunction fractures;

2. Stones--symptoms of urinary system: history of kidney stones with pain;

3. Groans--digestive symptoms: abdominal discomfort, nausea, vomiting, dyspepsia and
constipation;

4. Moans—neuropsychiatric symptoms: memory loss, depression, depressed.

Diagnostic whole body bone scan image

"Super scan" of hyperparathyroidism (HPT) metabolic bone disease

Early parathyroid adenoma causing bone metabolism changes in %mTc-MDP whole body

bone scan image is generalized increased uptake with characterized by the "black skull" and

very clearly as "super scan" which give expression to increased contrast between bone and

soft tissue due to bone turnover speed and active bone metabolism.

Metabolic bone disease with HPTdifferent from metastasis imaging

Differential point in whole body bone scan image between "super scan" of HPT metabolic

bone disease and wide range of bone metastasis is: HPT metabolic bone disease "super scan"

is general uniformity high uptake in the axial skeleton and limb bones (Figure 5); and

features of bone metastasis "super scan" are: high uptake of the mainly axial skeleton (Figure

6) and proximal limb bone, with point like lesions of radioactive concentration.

2.2 Fracture and brown tumor

The Patient with proceeding of parathyroid tumors, X-ray radiograph shows bone
resorption caused by osteoclast, and lacy cortical thinning leading to subperiosteal bone
resorption, typical in middle phalanx radial side of index finger and middle finger.
Radiology images can also show brown tumor formed by micro-fracture bleeding, local
accumulation of macrophages, and replacement of fibrous tissue. Brown tumor and
fractures in the whole body bone scan images showed localized uptake. Large fibrocystic
changes (brown tumor) can be expressed as a radioactive defect of the "cold zone" (Figure 2,
the anteposition imaging shows: brown tumor in right ilium).
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Fig. 6. "Super scan" with extensive bone metastases
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2.3 Preoperative localization of parathyroid adenoma

B-ultrasonic examination: after the diagnosis of HPT metabolic bone diseases, neck
ultrasound is a simple and preferred method to localize the parathyroid tumors.

9mTc-MIBI parathyroid tumor imaging: after the diagnosis of HPT metabolic bone diseases,
the SPECT %mTc-MIBI double-phase parathyroid tumor imaging is helpful to the
localization diagnosis of parathyroid adenoma (especially ectopic parathyroid adenoma)
which is prepared for surgical removal.

3. Diagnosis and differential diagnosis of parathyroid tumor

3.1 Clinical diagnosis of parathyroid adenoma

1. Clinical manifestations of parathyroid adenoma have diversity. There are four mainly
symptoms: skeletal system, urinary tract stones, neuropsychiatric system and digestive
symptoms. Bone pain and fracture is the most common complained of. Therefore,
physicians and surgeons should have a basic consciousness with the diagnosis of
parathyroid tumors, such as patients with long kidney stones history, have symptoms
of bone pain or fractures.

2. Laboratory test is helpful to the diagnosis of hyperparathyroidism: calcium,
phosphorus, alkaline phosphatase (AKP) and parathyroid hormone (PTH) was
abnormal.

3. The recognition characteristic image of the "super scan
9mTc-MDP whole body bone scan is very important.

4. Neck ultrasonography and 9mTc-MIBI double-phase parathyroid imaging can diagnose
and localize parathyroid tumor clearly, which contribute to parathyroid tumor surgery.

"

of hyperparathyroidism in

3.2 Differential diagnosis of parathyroid adenoma in clinical orthopedics

Abnormal secretion of parathyroid hormone PTH leads to changes in bone metabolism in
parathyroid tumor patients .Bone pain or dysfunction fracture are always the reason for
patients to the hospital. There were many patients initially diagnosed with unilateral bone
cyst (Brown tumor of fibrocystic changes in local radiology images), or misdiagnosed as
bone metastases (bone scan imaging features were not yet understand). In order to accurate
diagnosis and effective treatment for parathyroid tumor, it is very important to familiar with
the differential diagnosis of bone scan, advances of orthopedic medical imaging basic
research in molecular imaging and clinical application in bone tumors and disease as a
starting point, the next section focus on the bone scan imaging features and differential
diagnosis between parathyroid tumor metabolic bone disease and multiple myeloma,
rickets etc. eight diseases, with the aim of doctor comprehend typical characteristic
distinction.

4, Advancement in fundamental researches

New concept of orthopedic molecular imaging

International medical imaging community reached a consensus on the "molecular imaging"

definition In June 2007:

1. "Molecular imaging" is the imaging embodiment for the molecular level;

2. "molecular imaging" observes living body (human or animal) in vivo,which can provide
dynamic observation time-varying continuously.
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3. "molecular imaging" can be detected by means of instruments (such as PCT/CT and
MR, etc. equipment) and can be quantitative.

The theoretical development of orthopedic molecular imaging was based on the new

understanding of bone anatomy and physiology.

Bone structure of normal adult bone can be summarized in four categories [6l:

Gross level

The skeleton consists of two major parts, the axial skeleton includes the skull, spine and rib

cage (ribs and sternum), while the appendicular skeleton includes the bones of the

extremities, pelvic girdle and pectoral girdle (clavicles and scapulae)

Tissue level

Bone is divided into two types of tissues forming the skeleton: compact or cortical bone and

cancelous, trabecular or spongy bone. The compact bone constitutes 80% of the skeletal

mass. The appendicular skeleton is composed predominantly of contical bone. The cortical

bone is thicker in the diaphysis. The blood supply to the metaphysic is rich. The spine is

composed predominantly of cancellous bone in the body of the vertebra and compact bone

in the endplates and posterior elements. The spongy bone has a turnover rate approximately

eight times greater than the cortical bones and hosts hematopoietic cells and many blood

cells.

Cellular lever

Three types of cells can be seen in bone: osteoblasts, which produce the organic bone matrix;
osteocytes, which produce the inorganic matrix; osteoclasts, which are active in bone
resorption. Osteoclasts are derived from the hemopoietic system, in contrast to the
mesenchymal origin of osteoblasts. Osteocytes are derived from osteoblasts that have
secreted bone matrix around themselves.

Molecular level

At the Molecular level, bone matrix is composed primarily of organic matrix (approximately
35%), including collagen and glycoproteins, and inorganic matrix (approximately 65%),
which includes hydroxyapatite, cations (calcium, magnesium, sodium, potassium and
strontium) and anions (fluoride, phosphorus and chloride). The calcium in inorganic matrix
of bone provid hardness to withstand pressure, and the collagen fibers in organic
components provide support and tension.

9mTc-MDP bone scan can embodiment changes in the pathogenesis of the human body on
the molecular level, and it is detected by SPECT, three phase imaging for patient examine
dynamic change with time varying and may performed semi—quantitative analysis for
lesion,so bone scan is part of within the domain of molecular imaging [”l. Orthopedic
Nuclear Medicine constitutes an important component of orthopedic molecular imaging.
Recent Advances in Orthopedics Combined Medical Imaging with Clinical Practice are
important to the development of molecular imaging and rich of content [ 91 [7, 10],

For example, using isotopic tracer %mTc-MDP as a molecular probe we can tracer the
oncology biological behavior of osteosarcomal'll,Bone scan can detect multiple lesions of
osteosarcoma, show the lung,bone and lymph node metastasis FIGURE.7(A), and provide
postoperative follow-up for painful body differential diagnosis recurrence from prosthetic
loose FIGURE.7 (B) and efficacy evaluation of chemotherapy. Chemotherapy efficacy for
osteosarcoma before operation may be evaluted by quantitative study of 8F-FDG [12], and



Medical Theory on Orthopedics Combining Molecular Imaging with Clinical Practice 77

18E-FDG imaging (SPECT/CT) to detect what primary carcinoma lesion is from and location
for biopsy pathological confirmed diagnosis metastatic carcinomalll FIGURE.S, to solve the
medical difficult problem.

Primary Academic contributions to this project { Application of Radionuclide Imaging in
Osteosarcoma) [11ICited by Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine Feng Guo-wei etc. reported a case bone scan uptake #mTc-MDP increased
appearance in aggressive osteosarcoma with pleurallung metastases demonstrated by
operative pathological specimen(®3l: Using SPECT Imaging and Molecular probe with tracer
9mTc-MDP, After following up 133 patients with osteosarcoma,Peng Jingjing et al thought,
9mTc-MDP SPECT images for detection of pulmonary and bone metastases and recurrent is
useful. The usefulness of bone scintigraphy is overall in that is more sensitive than
radiograph, X-ray and bone scan may be complementary in favor of the patients diagnoses,
treatment and follow up.

(A) (B)

Fig. 7. Bone scan showed Osteosarcoma focus for 9mTc-MDP positive imaging tracing
metastases in bone and lymph node with surgical pathology confirmed (A) and recurrence
indication after operation (B).

For unknown primary tumor of bone metastases performed PET/CT scan is necessary
because of variety of 18F-FDG, a sensitive tracer of malignant tumor, to identify the primary
tumor so that patients can receive timely treatment. Unknown primary metastatic tumors
occur in approximately 5% to 6.5%, according to report at least 1 / 3 of patients with PET
detected the primary lesion, in which patients receive accurate and timely treatment.
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Fig. 8. 18F-FDG SPECT/CT detecting the primary carcinoma lesion and location for
pathological confirmed lumbar spine metastatic carcinoma.

9mTc-MDP bone scan (left) seen in single lumbar spine bone tumor which by hospital after
operation surgical pathology confirmed metastatic carcinoma, primary tumor is unknown.
By 18F-FDG SPECT / CT imaging (right) to detect the primary lesion, located in the liver, so
the patient performed a specific liver therapy.

———
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5. Application of molecular imaging in diagnosis of orthopedic diseases

In the difficult diagnosis of puzzle patients and treatment, bring forth diagnostic 9mTc-MDP
bone scan new ideas were a positive contribution to the pati. Difficult diagnosed patients
were abnormal in bone scan, X-ray film, CT, or magnetic resonance imaging, but failed to
identify problems .What is the real illness cause? Doctor must timely and accurate answers
to diagnostic questions. Famous Beijing JST Hospital is the first choice for patients from all over
the country whose first symptoms are bone pain and pathologic (or insufficiency) fractures.

JST” hospital doctors through a long period of careful clinical research improved the
cognitive level of medical images, bringing the new ideas in Molecular Imaging in
Diagnosis of Orthopedic Diseases. We summed up the imaging features diagnosis law of
parathyroid tumor, and differentiate diagnosis regular pattern from other diseases on bone
scan, used the scientific theory to guide clinical practice.

The patients complained of bone pain for unknown reasons. Fracture was diagnosed
accurately by the bone scan. Patients diagnosed with metabolic bone disease primary
hyperparathyroidism were treated with surgically removing of parathyroidoma, metabolic
bone diseases by secondary hyperparathyroidism such as renal osteopathy or Rickets went
to department of internal medicine treatment. Patients diagnosed with Multiple myeloma
were treated in the hematology department. Patients diagnosed with articular disease were
treated in the orthopedics [ or rheumatology department. Patients diagnosed with benign
or malignant bone primary tumor or bone disease were treated in bone oncology or
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pediatrics orthopedic department. Importantly, which eliminate the burden of mind for the
patients without serious diseases. Application of the research findings for imaging
diagnoses can not only exclude the difficulty and anxiety for patients and get the suitable
cure in atimely manner, but also provide the effective way for acquire the best
economy and social performance.

The bone scans imaging differential diagnosis of parathyroid adenoma there are eight of
typical image patterns which a doctor should be familiar with in clinical diagnoses. Have
you had an knowledge of thereinafter imaging diagnoses Trained continued medical
educationll?

5.1 Primary hyperparathyroidism caused by a parathyroid adenoma

Metabolic bone disease
[case report] Female patient, 29 years old complaining of pain in low back and both
knees for 4 years, lower extremity weakness, vomiting and kidney stones 2 years. X-ray film
showed severe osteoporosis, and fracture of the right pubic bone.
[ The results of tests] Ca 1 3.27 mmol / L (2.25 ~2.75), P | 0.78 mmol / L (0.8 ~ 1.6), AKP 1
1002 mmol / L (25 ~ 90), parathyroid hormone (PTH) 1 70.1 (0.8 ~ 3.9)
[99mTc-MDP Bone scan )
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Fig. 9. 99mTc-MDP Bone scan showed metabolic disease with HPT



80 Soft Tissue Tumors

Whole body bone scan
After Intravenous imaging agent %mTc-MDP 20mCi 3 hours, whole body bone scan was
obtained (Fig. 9.) Bone image is very clearly. The skull showed increased radioactivity
universal distribution. Axial skeleton and limb bones are visible with increased uptake -
"super scan" of hyperparathyroidism Metabolism Bone disease; local increased radioactivity
at the fracture site in the right pubic bone. Renal imaging was light, for radiation occlusion
in double renal pelvis due to kidney stones with urinary obstruction.

[ neck ultrasound ] no seen abnormal in thyroid

[ diagnosis ] Ectopic parathyroid adenoma

[ Treatment] Surgical resection of ectopic parathyroid adenoma.
Two years later, the patient recovered.

(A)15MIN (B)2HR

Fig. 10. 9mTc -MIBI parathyroid tumor imaging

99mTc-MIBI double-phase parathyroid tumor imaging: Early image (A)shows, the position
and morphology of double-leaf thyroid were normal. The abnormal radioactive uptake can
be seen on the right side below thyroid, the lower edge of which was close to the level of
sternum .The size is about 3.8cm x 2.4cm. Delayed image (B) showed the thyroid image
faded, and the oval-shaped abnormal lesion is still visible below the right side of thyroid.

5.2 Metastases “Super scan”

Fig. 11. Bone and bone marrows Metastases from poorly differentiated adenocarcinoma.
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“Super scan” caused by extensive bone and marrow metastasis is different from the one
caused by metabolic bone disease with hyperparathyroidism. The metastasis” Super scan is
characterized by diffuse uptake of lesions mainly located in the axial skeleton and proximal
limbs, which can be spotty radioactivity concentration.

In hyperparathyroidism resulting in metabolic bone disease, “Super scan” is involving the
entire bone. "The black skull" is obviously. Radioactivity distributes diffusely and evenly.

5.3 Hypertrophic Osteoarthropathy

Hypertrophic Osteoarthropathy caused by Secondary form intrathoracic pathological
condition which is a form of periostitis and may be painful. Tubular bones may show
periosteal new bone formation. This pathological feature explains the typical bone scan
pattern of diffusely increased uptake along the cortical margins of long bones giving the
appearance of “parallel tracks”.
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Fig. 12. Hypertrophic Pulmonary Osteoarthropathy:The parallel track pattern

Hypertrophic Pulmonary Osteoarthropathy in a patient with left lung hilum mass.
Note the diffusely increased uptake in all bones of the upper extremity and lower extremity
with a parallel track pattern in the ulna-radius and tibiae.

5.4 Multiple Myeloma (MM)

Bone scan of MM shows “the same disease with different characteristics images”. The
patient's image can have many manifestations: multiple uptake Increase strip or banding,
decreased uptake cold spot lesions [13], which mainly distribute in the spine, pelvis, ribs,
skull and proximal long bone.

In clinical work, some MM bone scan image does not show the bone destruction, so bone
scan revealed no abnormalities. Imaging physicians and orthopedic surgeons should pay
attention to the patient’s complain for bone pain, considering for multiple myeloma.
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Patient's relevant laboratory tests, bone pain, anemia, infection and renal dysfunction and
related organ or tissue damage (ROTI) should be recorded.
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Fig. 13. Multiple Myeloma (MM) multiple striping or banding increased uptake with Spinal
is the most common image pattern and the typical image pattern of decreased uptake “Cold
spot” lesions on 9mTc-MDP Bone scan (Note the “Cold spot” lesions in sternum)

5.5 Fibrous dysplasia

Fibrous dysplasia is a benign bone disorder which remains essentially unchanged and can
be seen in lesion of long duration. The lesions cause thining of the bone cortex and
replacement marrow.

The condition may present as solitary lesion (monostotic) or with multiple foci (polyostotic).
Polyostotic fibrous dysplasia may be associated with café-au-lait pigmentation and multiple
endocrine hyperfunction, most commonly seen as precocious puberty in girls, Cushing’s
syndrome, and is called the McCune-Albrightzonght syndrome.

Standard radiographs show lucent areas with various amounts of ossification and cyst
formation and may show expansion. Fibrous dysplasia, in general appears as an area of
markedly increased uptake on #mTc-MDP bone scan.
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Fig. 14. Fibrous dysplasia (A) monostotic the right femur (B) polyostotic for whole body bone

Bone scan image show intensely increased uptake in lesion bones.
Whole body bone scan used for overlook the Fibrous dysplasia condition present as solitary
lesion (monostotic) or with multiple foci (polyostotic).

5.6 Rheumatoid Arthritis

Rheumatoid Arthritis is the autoimmune disease causes inflammation of the connective
tissue mainly in the joints. Synovitis activity is the dominant clinical variable that
determines the therapeutic approachin patients with rheumatoid arthritis. 9mTc-MDP bone
scan used for overlook the all joint to measure the condition present of synovitis activity and
differential diagnosis from other diseases result in bone-joint pain.
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Fig. 15. Rheumatoid Arthritis Synovitis activity
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A 52 years old female patient, suffered from rheumatoid arthritis 4 years. The left knee was
painful and deformed for six months. TKA was done. Whole body bone scan showed that
left knee joint was after treated by replacement surgery, and rheumatoid arthritis (active
phase) violated elbows, wrists, hands, hips, knees, feet and thoracic and lumbar spine with
Increase uptake in the areas of the joints affected Synovitis activity.

5.7 Rickets

A 41-year-old male patient suffered from joint pain and back pain more than 5 years and his
lower limbs were weakening gradually for 1 year. The patient suffered from intermittent
back pain with no obvious incentive for 5 years, more severe in the morning.It was also
accompanied by joint stiffness, which reduced after the event, and did not affect the
activities. Initially he was treated at a local hospital as rheumatoid arthritis, the pain
releived. But in the past 2 years, the pain gradually got worse, double shoulder, hips, chest,
leg were painful and weak. He was bound to bed, get up on stage difficultly. He was 7cm
lower then when he was young.

Tests carried out and The results showed

Serum calcium (Ca) 2.4mmol / L (2.25-2.75)

Serum phosphorus (P) | 0.53mmol / L (0.8-1.6)

Alkaline phosphatase (AKP) 1480 IU / L (25-90)

Rheumatoid factor (RF)-negative

HLA-B27- negative

A/G were normal, renal function BUN, CRE, UA mused in the normal range.

Spine X-ray showed osteoporosis. MRI reported suspected pelvis bone destruction. Whole
body bone scan (Figurel6) shows skeletal clearly: Bilateral ribs show multiple hot spots, as
"beaded ribs"; the spine shows multiple vertebral collapse as strip change; The agent %mTc-
MDP uptake in shoulders is increased, and the left is more; There are ribbon-like zones
increased uptake in rib cage, pelvis, femora, tibia and metatarsals. Bone scintigraphy scan
shows metabolic bone disease: A specific abnormality of the rickets is the presence of
Looser’s zones, also called Pseudofractures or Milkman’s fractures.

Fig. 16. Diagnostic Imaging feature of Rickets
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Bone scintigraphy scan shows metabolic bone disease. Note there are ribbon-like zones
multiple foci increased uptake in rib cage caused by pseudofractures on bone scans
mimicking metastatic bone disease. This characterstic pseudofractures is one of specific
abnormality of Rickets.

The presence of Looser’s zones, also called Pseudofractures or Milkman's fractures, there are
ribbon-like zones increased uptake in rib cage, pelvis, right distal femora ~ tibia,Bilateral
metatarsals and spinal column, Long-standing Osteomalacia result in characteristic
Biconcave collapsed vertebrae.

We recommended further examination: 1.25-dihydroxyvitamin Ds; [1, 25 - (OH) D3]
26.75pg/ml (26 -65pg/ml), Parathyroid hormone PTH 1 84.6 pg / ml (8.3 -68.0), 24-hour
urine calcium 0.36mmol, urinary phosphorus 38.13mmol.

Diagnosis: The patient was diagnosed as hypophosphatemic rickets based on the fact of
middle-aged male patients with chronic process. The bone pain and muscle weakness was
the main manifestation, which progressively increased and lead to movement disorder.
Laboratory tests: normal calcium, hypophosphatemia and elevated ALP. Bone scan with
pseudo fractures are the characteristic of bone scan imaging finding prompted rickets. The
diagnosis of hypophosphatemic rickets was established. Increased PTH caused by
hyperparathyroidism was secondary to rickets.

After three years of out-patient and hospital treatment, this patient has been able to work
properly.

The patient’s ¥mTc-MDP bone scan image shows the pseudofeatures of metabolic bone
disease: rib pseudofracture site showed local radioactivity uptake; ribbon-like zones
increased uptake in spine, pelvis and lower extremities which embodiment Osteomalacia
reflect the pathological changes of pseudofracture in rickets.

Rickets refers that bone matrix of adults whose epiphyseal growth plate has been closed
mineralized impediently. It is a metabolic bone disease that newly formed bone matrix is
not mineralized in the normal manner. There are many causes responsible for decreased
extracellular calcium phosphate product, and resulted in bone mineral deposition obstacles.
The clinical manifestations of rickets are mainly bone pain and muscle weakness, fractures
and deformities. Metabolic bone disease, pseudo fractures are the characteristic of bone scan
imaging finding.

Rickets belongs to endocrine and metabolic diseases. Now there are many related diseases,
including seven sets of issues: Associated with vitamin D endocrine system diseases,
phosphate balance abnormalities, metabolic acidosis, abnormal calcium balance, bone
matrix abnormalities, lack of primary mineralization, some factors leading to the inhibition
of mineralization. Although the clinical presentation is similar, but the pathogenic
mechanisms are different, relating biochemical laboratory examination and treatment are
also different. Therefore, in the diagnosis of rickets, we need the systematic, in-depth
inspection and analysis to clarify the etiology. Diagnosis and treatment guide of rickets
refers to Cecil Medicine.

5.8 Paget’s disease (Osteitis deformans)

A 54 years old male patient, complained of "left knee pain, glided into varus deformity leg 4
years, left muscle atrophy, walking inconvenience", were diagnosed as Paget’s Osteitis by
pathology.
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Whole body bone scan showed characteristic bone expansion changes: left tibia was bending
deformity; T4 vertebral body, left pelvis and tibia in the active stage of osteolysis which
osteogenesis showed increased uptake. The radioactivity distribution of the left humerus
was mild and uniform in sclerotic phase.
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Fig. 17. Diagnostic Imaging of Paget’s disease

Bone scintigraphy scan shows increased uptake in the left tibia with bending deformation,
T4 and left pelvis with enlargement and bending deformans of the bones affected with lytic
the active phase. The Left humerus shows no abnormal uptake of the radiopharmaceuticals
with time on the sclerotic phase indicating a relatively inactive lesion.

6. Ensure patient safety preventing traumatic complication Acute Pulmonary
Embolism (APE)

Beijing Ji Shui Tan Hospital is a large modern comprehensive hospital which focuses on
Orthopadic and traumatology. The surgical volume reached 35000 in 2009. Clinical research
in medical imaging make a positive contribution for the protection of medical quality and
patient safety, during the process of exploring critical and difficult orthopadic patients and
optimize the efficacy of the diagnosis.
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The treatment of post-traumatic critically ill patients with acute pulmonary embolism (APE)
In Nov. 10, 2000, a 56-year-old man fell from 3 meters high and got multiple traumas (Right
hip fracture, fracture of the right pubis ischium branch, open comminuted fracture of the
right olecranon). On Nov. 20, when the patient received second operation of open reduction
and plate fixation for the right fracture acetabular under general anesthesia, he had chest
tightness, shortness of breath, PaO; critical situation of declining. Orthopedic surgery was
stopped and the rescue was implemented in the ICU ward immediately. ECG shows sinus
tachycardia and S.Qu T & Virsr 'wave, which was believed to be acute pulmonary
embolism. Lung perfusion ECT was done for the patient immediately in nuclear medicine
department.

9mTc-MAA Lung perfusion Imaging showed lung with morphologic abnormalities. Right
lung was lobe and segmental perfusion defects, and left lung shows segmental perfusion
defects (figure 18). With normal X-ray before surgery (Nov. 18), V / Q diagnosis was done-
acute pulmonary embolism. In the ICU ward the patient received anticoagulation and
thrombolytic therapy. 2 weeks later (Dec. 4), pulmonary perfusion imaging (Figure 19) was
reviewed, the original lobe and segmental perfusion defects had been seen the distribution
of perfusion and lung morphology was normal after effectively treatment. X-ray and ECG
were normal too. The patient was pulled through by accurate diagnoses and effective
treatment.
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Fig. 18. Lung perfusion imaging of post-traumatic acute pulmonary embolism
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Fig. 19. 2 weeks after treatment, normal lung perfusion imaging

Timely diagnosis and successful treatment of the patient with large area of APE after
injury is described in paper <Advancement in the Application of Nuclear Medicine>
published in Apr.2001 V7N4:59-61 Journal of "China Contemporary Medicine". This paper
inspired Beijing Ji Shui Tan Hospital on the understanding and study of acute pulmonary
embolisml!- Doctors can see directly from the image: lower limb Thrombosis bring about
post-traumatic pulmonary embolism is an important research topic. Early diagnosis
and treatment for APE patients can prevent recurrent thromboembolism. It can improve
the cure rate, reduce mortality and ensure medical safety of patients before and after
surgery.

The development of molecular imaging in China should follow simple, efficient, accurate
principles. Accuracy is the keyl. Accurate diagnosis and effective treatment cost savings and
improve quality of life. Development of medicine, science and technology reflects in
significant health benefits for the people.
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Imaging Findings of Adipocytic Tumors
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1. Introduction

Adipose tissue tumors are the most common soft tissue tumors in both benign and
malignant categories. A presumptive diagnosis of the adipose tissue tumors usually can be
made based on the imaging findings [5]. However, there are some exceptions. Making
differential diagnosis of hibernoma from lipoma-like well-differentiated liposarcoma may
be difficult by imaging findings, while the making histological diagnosis is not difficult.
Lipoma-like well-differentiated liposarcomas can mimic intramuscular or intermuscular
lipomas in radiological as well as histological findings, and they may occasionally cause
problems in establishing diagnosis and treatment planning. Although making differential
diagnosis of these benign lesions from lipoma-like well-differentiated liposarcomas may be
important, it may also be important to make a differential diagnosis between intramuscular
lipoma, intermuscular lipoma and hibernoma for appropriate surgical treatment and follow-
up, because differences in recurrence rates among these benign tumors exist.

The purpose of this section is to elucidate the differences in imaging features among these
adipocytic neoplasms for appropriate treatment planning. The imaging findings of other
adipocytic sarcomas are also included.

2. Intramuscular lipoma

Intramuscular lipoma is difficult to differentiate from lipoma-like liposarcoma, and imaging
findings are useful for differentiating from liposarcomas. The common sites of occurrence
include the thigh (particularly the quadriceps and hamstring muscles), deltoid, triceps
brachii and pectoralis major muscles.; all of which are relatively large muscles. The disease
is most frequently found in the lower extremities, and is also commonly found in the upper
extremities. As for the symptoms, a painless mass or tumor is the most common, accounting
for approximately 60% of the cases [12], and a relatively large number of patients present
mainly with swelling. A possible reason is that the lesions occur in the deep muscle layers
and it cannot be easily palpated as a mass or tumor. Neuropathy is rarely seen: posterior
interosseous nerve palsy is sometimes caused by the intramuscular lipoma in the supinator
muscle. Pain as the main complaint is rare. CT findings are particularly characteristic.
Typically, imaging features are spherical to oval, sharply demarcated space-occupying
lesion whose density as a whole is the same as that of fat. The lesion has a streaky structure
with the same density as that of the muscle (Fig. 1A). The thickness of the streaky structures
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varies, and the streaks may be discontinuous. At surgery, intramuscular lipomas are often
removed with a part of the surrounding muscle to ensure an adequate surgical margin,
because it is difficult to separate the lesion from the surrounding muscle. The reported local
recurrence rates vary from 3.0 to 62.5% when intramuscular lipomas are simply removed
without attempting wide resection [2, 3, 6, 9]. Therefore, wide resection is recommended to
avoid local recurrence. However, such recommendation was made partly to prevent
recurrence or dedifferentiation as a result of misdiagnosis of lipoma-like liposarcoma in an
era when the accurate imaging diagnosis was not made, and the differences between
intramuscular lipomas and well-differentiated liposarcomas were not fully recognized. The
streaky structures observed on CT macroscopically and histologically represent muscle
fibers involved in the lesion, and are often difficult to separate from the lesion. Although
capsule or pseudocapsule is not generally obvious macroscopically, intramuscular lipomas
are multilocular elastic soft lesions, similar to normal subcutaneous lipomas. However, in
approximately 15% of the cases, no streaks are observed on CT and the lesions have a
capsule that allows separating easily from the surrounding muscle tissue at surgery [12].
Macroscopically, intramuscular lipomas are yellowish multilocular lesions with a smooth
surface similar to normal lipomas, and have a capsule in some cases. The streaky structures
are visualized as low signal intensities on T2-weighted MR images, however, it is believed
that these tumors cannot be as clearly detected by MR as by CT, because of the strong high
signal intensities in the lesion, representing fat (Fig. 1B).

A

Fig. 1. A. Computed tomography reveals a fat density mass containing thick streaks with
occasional interruption. B. Magnetic resonance imaging (axial T2 weighted image)
demonstrates a fat signal mass with streaky structures are in the tibialis anterior muscle.

3. Intermuscular lipoma

Intermuscular lipoma is a benign lesion that literally occurs between deep muscles. The
thigh is the most common site of occurrence, and the chest wall, buttock, forearm, upper
arm and neck are also commonly involved. A painless mass is often observed as a
presenting symptom, but only a few patients present with the chief complaint of swelling,
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since the lesion arises between muscles and extend into regions of low tissue pressure while
growing; it is often recognized as mass on the body surface. Patients rarely complain of
pain. On CT, intermuscular lipomas are most often visualized as space-occupying lesions
with the same density as that of fat, a dumb-bell or gourd shaped, with a narrow part, and
the streakiness inside the lesions are characteristic (Fig. 2A). However, such streaky
structures are thinner and more continuous and have smoother curves than those in
intramuscular lipomas in many cases. Similar findings are also seen on MR imaging, but the
streaky structures visualized as low signal intensities on T2-weighted images may not be so
prominent due to the high signal intensity of the whole lesion, similar to intramuscular
lipomas (Fig. 2B). At surgery, intermuscular lipomas can be easily manually separated from
the surrounding tissues. The streaky structure on CT is fibrous tissue in the fascia and inter-
tissue spaces, and can be easily detached by lifting from the margin of the lesion.
Intermuscular lipomas are encapsulated and marginal resection is easily performed. Both
the macroscopic and histological appearances are similar to those of normal lipomas and no
muscle tissue is observed. Basically recurrence or complications are not common.

A

Fig. 2. A. Computed tomography reveals a dumb-bell-shaped fat density tumor containing
thin streaky densities in intermuscular lipoma of the forearm. B. Magnetic resonance
imaging of the intermuscular lipoma (axial T2 weighted image) reveals a high signal
intensity mass. The streaky structures are seen again but are less distinctive than on
computed tomography.

4, Hibernoma

Hibernoma is a lesion showing proliferation of adipocytes similar to those in brown fat in
hibernators. In humans, brown fat usually exists in the neck, upper back, retroperitoneum,
and they are the common sites of hibernoma. On CT, hibernoma is depicted as a low-density
mass with a higher density than normal subcutaneous fat, and that is the cause of easily
confusion of this lesion to lipoma-like liposarcoma, because an amorphous hazy high
density is also seen (Figure 3A). It has recently been reported that hibernomas show a much
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higher degree of accumulation than liposarcomas on PET images (Figure 3B), and PET is
currently considered as a major modality for differentiation between benignity and

malignancy [13]. Histologically, brown adipocytes are characteristic.

B

Fig. 3. A. Axial slice of computed tomography of a case with hibernoma demonstrated a fat
density lesion with areas of hazy amorphous density in the medial compartment of the
pelvis. B. Coronal FDG PET showed the extremely intense uptake (SUV : 98.1). Used with
permission from Med Sci Monit [13].

5. Well-differentiated liposarcoma

Well-differentiated liposarcoma is a locally aggressive, low-grade malignancy with some
atypia in the proliferating adipocytes and stromal cells, and is classified into 3 subtypes:
lipoma-like, inflammatory and sclerosing-type. The thigh is the most common site of
occurrence, but the retroperitoneum, lower leg are also commonly involved. As for symptoms,
a slowly growing painless mass is often seen, accompanied by neurologic symptoms in some
cases. Well-differentiated liposarcoma often occurs in deep soft tissue layer, and some patients
complain of swelling. Imaging findings are relatively characteristic and are often useful for
differentiation, particularly from benign tumors other than hibernomas. On CT, well-
differentiated liposarcomas are basically visualized as lipid-rich lesions consisting of the same
density areas as fat, associated with slightly or clearly containing amorphous hazy high-
density areas, and areas with other soft tissue densities (Figure 4A). The proportion of
lipomatous and non-lipomatous areas, and non-lipomatous component is not clearly
visualized in lipoma-like liposarcoma. Therefore, it is often difficult to differentiate between
benig and malignant tumors either by imaging or histologocal findings. However, accurate
evaluation of the amorphous-hazy high density is helpful for making a correct diagnosis. On
T2-weighted MR image a proportion of muscle fibers, in the form of thick bundles, is often
found to be incorporated into the lesion on the images. However, because of the strong fat
signal, the findings are more characteristic on CT images (Figure 4B). Macroscopically, well-
differentiated liposarcomas are harder than lipomas in general and contain more fibrous
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tissue, which occasionally involve musclular layer. However, lipoma-like liposarcoma has a
cut surface similar to that of benign lipoma. In addition, well-differentiated liposarcoma is not
so strongly adherent to the surrounding tissue and is often easily detached, and it makes
differentiation from benign diseases difficult. Histologically, well-differentiated liposarcomas
are characterized by atypical lipoblast proliferation as a part of this lesion and also spindle cell
proliferation accompanied by collagen fiber proliferation among the adipocytes. Histological
subtypes are determined by the degree of proliferation of the collagen fibers and spindle or
fusiform cells, and the degree of inflammatory cellular infiltration, mainly lymphocytes. Well-
differentiated liposarcomas are occasionally misdiagnosed as benign lesions due to a weak
atypia, and when it is difficult to judge between benign or malignant nature of the lesion,
imaging findings are very helpful. Well-differentiated liposarcoma is a low-grade malignancy
with a low metastatic frequency. The prognosis is relatively good, however, the recurrence rate
is high when wide resection is not performed. Many patients with well-differentiated
liposarcoma in the retroperitoneum have a poor prognosis due to the difficulty of wide
resection. In addition, patients often have huge lesions involving the femoral or sciatic nerves,
and marginal resection is sometimes inevitably performed particularly in the elderly, to
preserve the functions. In such cases, when the recurrence is repeated, dedifferentiated
liposarcoma sometimes occurs. Therefore, particularly careful follow-up is necessary.

Fig. 4. A. Computed tomography of a case with lipoma-like liposarcoma reveals a fat
density mass spreading in the intra- and intermuscular space with amorphous hazy high
density including streaky structures and septa with soft tissue density. The thickness of the
streaky densities varies and is interrupted occasionally. B. Magnetic resonance imaging
(axial T2 weighted image) reveals a high intensity tumor. The signal intensity is slightly
lower than that of normal fat. The streaks are less distinctive than on computed
tomography.

6. Dedifferentiated liposarcoma

In the WHO classification, dedifferentiated liposarcoma is a variant of well-differentiated
liposarcoma transforming into high-grade sarcoma with various non-fatty tumor
components. In most cases, the dedifferentiated areas show an appearance of high-grade
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malignant fibrous histiocytoma or fibrosarcoma. However, it has been reported that when
the primary lesions were reassessed after development of the dedifferentiated liposarcoma,
some patients had higher-grade malignant components than those initially seen. Thus, the
precise pathology cannot be established initially in some cases with dedifferentiated
liposarcoma. It is generally considered that the occurrence of dedifferentiation liposarcoma
is time-dependent and that approximately 10% of well-differentiated liposarcomas
dedifferentiate after at least a few years of progression. Dedifferentiated liposarcoma is
often found in the retroperitoneum, and the reason is considered to be that well-
differentiated liposarcomas in the retroperitoneum cannot be easily detected and cannot be
radically resected, and lesions in the retroperitoneum are often found incidentally. In many
cases of dedifferentiated liposarcoma in the extremities, a painless mass or tumor present for
a long time suddenly grows rapidly before the patient visits the hospital. Both CT (Figure
5A) and MR imaging (Figure 5B) findings are similarly characteristic, and dedifferentiated
liposarcomas are visualized as lesions in which non-fatty areas occur adjacent to lipid-rich
components. The lipid-rich components show an appearance of well-differentiated
liposarcoma, and areas with totally different area seen adjacent to that component. If a patient
have a history of lipoma that grew rapidly after recurrence, it is relatively easy to make the
diagnosis based on the history and imaging findings. However, histological diagnosis is
sometimes difficult, like in the case of well-differentiated liposarcoma, unless biopsy
specimens are taken precisely from the areas considered to be dedifferentiated on images.
Thus, imaging findings are an important guide to the biopsy. On macroscopic examination,
hard, dedifferentiated, gray to brown non-fatty areas are usually seen adjacent to fatty
component areas, and it is consistent with the imaging findings. Necrosis is often

Fig. 5. A. Computed tomography of dedifferentiated liposarcoma shows a muscle density
mass in the fat density area. B. Magnetic resonance imaging (axial T2 weighted image) of
dedifferentiated liposarcoma reveals a high and low signal intensity area adjacent to the
high signal intensity area.
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observed in dedifferentiated areas. Histologically, high-grade malignant component with
clearly distinct histology are observed adjacent to areas of well-differentiated liposarcoma.
The border between these areas is usually clear. On histological evaluation, major part of the
dedifferentiated areas shows the appearances of malignant fibrous histiocytoma and
fibrosarcoma, and various other features, including those of rhabdomyosarcoma and
osteosarcoma, can also be observed depending on the case. Dedifferentiated liposarcoma is
a high-grade malignancy and requires wide resection. Many patients with dedifferentiated
liposarcoma of the retroperitoneum, a common site of occurrence, have a poor prognosis,
because wide resection is not possible. However, despite the high-grade histological
malignancy in the dedifferentiated areas, the probability of metastasis is not extremely high.
The 5-year survival rate is approximately 70%, which is perhaps higher than the supposed
rate, considering the histological malignancy and common sites of occurrence [7, 10, 16].
Nevertheless, the 10-year survival is considered to be poor.

7. Myxoid/round cell liposarcoma

According to the WHO definition, myxoid/round cell liposarcoma is a disease in which
round to oval malignant mesenchymal cells proliferate in a background of proliferating
signet ring-like lipoblasts and myxoid stroma. In this 2002 WHO classification, myxoid
liposarcoma and round cell liposarcoma are dealt with as the same category. It has been
estimated that distant metastases are seen in approximately one-third of the cases. The
prognosis varies significantly depending on the histological findings: the percentage of the
total area occupied by round cells of greater than 5%, the presence of a necrotic area, and
overexpression of p53: all are considered to be poor-prognostic factors [1, 8, 15].
Myxoid/round cell liposarcoma often occurs in the deep layer of the extremities, and the
thigh is the most commonly involved site, accounting for approximately two-thirds of all
cases. Unlike other liposarcomas, myxoid/round cell liposarcoma rarely occurs in the
retroperitoneum. A slowly growing, painless mass is the most common presenting
complaint. In addition, as compared to other liposarcomas, myxoid/round cell liposarcoma
occurs more often in younger age groups, particularly those in their 30s to 40s, and it is the
most common liposarcoma seen in patients younger than 20 years. In imaging findings,
myxoid/round cell liposarcoma is basically characterized by a strongly represented mucous
stroma, but imaging modalities show the appearance of non-specific soft tissue tumor when
the proliferation of the round cells is predominant. On CT, myxoid/round cell liposarcomas
show densities between those of fat and muscle, with lipid-rich areas having a density
similar to that of fat and areas with densely proliferating cells having a density similar to
that of muscle (Fig. 6A). Myxoid/round cell liposarcomas are visualized as low signal
intensities on Tl-weighted MR images (Fig. 6B) and as high signal intensities on T2-
weighted images, and it also shows areas of high T2-weighted signal intensity mixed with
those of a low signal intensity, reflecting the degree of proliferation of the fatty component
(Fig. 6C). These findings make differenitation difficult from other mucous tumors, including
myxoma, extraskeletal myxoid chondrosarcoma and myxofibrosarcoma. Macroscopically,
myxoid/round cell liposarcomas are solid multilocular tumors with a relatively clear
border. Myxoid/round cell liposarcomas are characterized by a myxoid cut surface,
however, the myxoid stroma is sometimes not macroscopically visible in cases with
predominant round cell proliferation. Histologically, myxoid/round cell liposarcomas are
characterized by the proliferation of signet ring-like lipoblasts, round to oval malignant
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mesenchymal cells, in a background of myxoid stroma, and blood vessels with a dendritic or
chicken-wire appearance. The mucus consists of hyaluronic acid. This liposarcoma was
previously classified as myxoid liposarcoma and round cell liposarcoma, according to the
degree of round cell proliferation. The proliferative activity of the round cells has been
shown to vary from almost none to marked, depending on the case or the site. Extensive
resection is the treatment of choice. It has been reported that the higher the proportion of
round cells, the higher the metastatic frequency [8]. However, in occasional cases of multiple
occurrences, the prognosis is poor even if the histological grade is low.

Fig. 6. A. Axial slice of computed tomography of myxoid/round cell liposarcoma
demonstrated a densities between those of fat and muscle. B. MR (T1 weighted images)
findings of myxoid/round cell liposarcoma showed low signal intensity areas. C. MR (fat
suppressed T2 weighted images) findings of myxoid/round cell liposarcoma showed high
signal intensity lesion mixed with those of a low signal intensity area.
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8. Pleomorphic liposarcoma

Pleomorphic liposarcoma is a rare condition composed of proliferating lipoblasts with
various morphologies. Lesions showing the appearance of well-differentiated liposarcoma
or having a tendency to differentiate into other mesenchymal tumors are excluded. A
rapidly growing, hard mass or tumor is the main presenting complaint in many cases.
Pleomorphic liposarcoma frequently occurs in the extremities, particularly in the lower
extremities, but it may also occur in the retroperitoneum; it does not often occur in the
trunk. Both CT and MR imaging findings are characterized by multilocular growth,
although varying depending on the extent of fatty components (Fig. 7). Imaging features
depend on the presence and distribution of lipid-rich component. Non lipid component has
non specific feature on CT and MR images. Pleomorphic liposarcoma contains less fatty
components as compared to other types of liposarcoma, and the appearance of a non-
specific soft tissue mass is seen in some cases. Detection of lipid-rich components helps in
making diagnosis. Macroscopically, pleomorphic liposarcoma is a multilocular solid lesion,
with the cut surface being white to yellow in color. A necrotic appearance is more often seen
in pleomorphic liposarcoma than in other liposarcomas. In addition, large lesions measuring
more than 10 cm in diameter are often found. The border with the surrounding tissues
varies, clear, encapsulated, and ill-defined, because of invasion into the surrounding tissues.
Histologically, pleomorphic liposarcomas are high-grade malignancy containing
polymorphic lipoblasts in varying amounts. The prognosis is obviously poor as compared
with that of other liposarcomas, but there have been no reports yet of analysis of a
sufficiently large number of cases. The prognosis is particularly poor in cases with deeply
located, larger size and having distinctive mitotic activities [4, 11, 14].

Fig. 7. CT findings of a case with pleomorphic liposarcoma. The mass showed multilocular lesion
with a densities between those of fat and muscle. Used with permission from Clin Imagiol [14].

9. Conclusions

There are differences in the configuration, and the thickness and shape of the streaky
structures between intramuscular and intermuscular lipomas on images, particularly on CT.
When observed carefully, lipoma-like liposarcomas are characterized by an amorphous-
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hazy high density and show invasive, spherical expansion into the surrounding tissues in
many cases. Imaging findings of well-differentiated liposarcomas are clearly different from
those of benign lesions, and differentiation is usually possible on imaging features. Clinical
or imaging differentiation of high-grade malignancy, including dedifferentiated
liposarcoma, from benign lesions is often possible. When performing biopsy, the imaging
guidance for establishing a precise diagnosis is important.
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1. Introduction

The literature on cancer, of the Children Hospital "JM de los Rios", allowed us to distinguish
two series of solid tumors in children. The first serie (1, 2, 3), from 1937 to 1976, with 581
cases of malignant solid tumors, 75 of which were sarcomas (Table N° 1) and a second serie
(4, 5), from 1985 to 2001, with 1.796 cases of solid tumors, with 280 cases of soft tissue
tumors (Table N° 2). In both series, soft tissue tumors ranked the third in frequency with the
12.90% and 15.96% of cases, respectively. We refer to these statistics, since they are the base
of our discussion.

1937-1962 (1) 1963-1971 (2) 1972-1976 (3) 1937-1976
Lymphoma / o
Hodgkin 41(13) 104(21) 39(12) | 184(46) (31.66%)
Central nervous 20 56 19 95 (16.35%)
system tumors
Wilms” tumor. 35 40 11 86 (14.80%)

27 (soft tissue
sarcomas 20,

osteosarcomas
7), 18 (soft tissue
Sarcomas (fibrosarcomas 30 sarcomas 12, 75 (12.90%)
of soft tissue 6, osteosarcomas 6)
bone

fibrosarcomas 2)

Neuroblastoma 10 21 12 43 (7.40%)

Bone tumors

Retinoblastoma 16 19 2 37 (6.36%)




104

Soft Tissue Tumors

Teratomas 17 11 12 40 (6.88%)

Carcinoma 8 10 2 20 (3.44%)

gvaﬂaﬂ . 1 1(0.17%)
ysgerminoma

Liver tumors

Other tumors

Total 174 291 116 581

Table 1. Solid tumors in the Children’s Hospital "JM de los Rios" 1937-1976 (1, 2, 3)

1985-1995 (4) 1996-2001 1985-2001 (5)
Lymphoma / Hodgkin 304/135 86/7 390/142 (21.71%)
Central nervous system tumors 199 189 388 (21.60%)
I/{‘;r\‘,?ﬁsrgfgor 115/98 80/71 195/169 (10.85%)
?‘I’{f;:;’;‘;f;;:s‘;’rrjomas 178/114 102/54 | 280/168 (15.59%)
Neuroblastoma 79 62 141 (7.85%)
Bone tumors 58 67 125 (6.95%)
Retinoblastoma 35 19 54 (3.00%)
Germ cell tumors Germ 111 16 127 (7.07%)
Carcinoma 31 15 46 (2.56%)
Ovarian dysgerminoma
Liver tumors 25 18 43 (2.39%)
Other tumors 12 -5 7 (0.38%)
Total 1147 649 1796

Table 2. Solid tumors in the Children’s Hospital "JM de los Rios" 1985-2001

1.1 Incidence

Solid tumors are approximately the 70% of cases of cancer in the children, and the other 30%
are leukemias. In the group of solid tumors, soft tissue tumors rank third in frequency with
15.59%, only surpassed by lymphomas 21.71% and central nervous system tumors 21.60%

(5) Table N° 2.

Incidence of soft tissue tumors in children and adolescents is not uniform across all ages. It
is greater in children younger than 10 years with 73.92% and, children less of 5 years old,
account for nearly half (48.57%) the cases of soft tissue tumors (Table N° 3).
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Age groups Porcentaje
Under 1 year of age 27 (9.64%)

1 to 4 years 109 (38.92%)
5 to 9 years 71 (25.35%)
10 to 15 years 69 (24.64%)
16 to 18 years 4 (1.42%)

Table 3. Soft tissue tumors. Distribution by age groups. Children’s Hospital “J.M. de los
Rios” 1985-2001 (5)

1.2 Definition

Soft tissue have been defined as nonepithelial extraskeletal tissue of the body, exclusive the
reticuloendothelial system, glia and supporting tissue of various parenchymal organs (6); it
is represented by voluntary muscle, fat, fibrous tissue and vessels serving these tissues. The
soft tissue tumors are a heterogeneous group of tumors that derived from embryonic
mesenchymal cells; they are histopatholdgically classified, according to adult tissue that
resembles, and may be benign or malignant. Malignant soft tissue tumors are called
sarcomas, and there are three main groups: - rhabdomyosarcoma, - non-rhabdomyosarcoma
soft tissue sarcoma, and - Ewing’s sarcoma.

2. Rhadomyosarcoma (RMS)

2.1 Definition e incidence

Rhabdomyosarcoma is the most common malignant soft tissue tumor in childhood and
adolescense; and represents 60% of cases in under 18 years of age. It is originate from
embryonic mesenchymal cells, with potential to differentiate into skeletal muscle cells, and
is characterized by a tendency to exhibit histologic and molecular features of skeletal
myogenesis. These tumors may arise anywhere in the body, even in sites where skeletal
muscle is not normally found (7), and at diagnosis, the more frequent location of the tumor
was: head and neck, genitourinary and limbs (8).

2.2 Age distribution

The incidence of rhabdomyosarcoma in childhood and adolescence is 60%, and is higher in
the first decade of life with 82.73%. Approximately, 50 percent of the cases of
rhabdomyosarcoma (48.80%) are diagnosed in children under 5 years old (1-4 years old) (5),
and, represent 75% of soft tissue tumors in this age group tumors. (Table No. 4).

Age groups soft tissue tumors Rhabdomyosarcomas
Under 1 year of age 27 12 (44.44%)

1 to 4 years 109 82 (75.22%)

5 to 9 years 71 45 (63.38%)

10 to 15 years 69 27 (39.13%)

16 to 18 years 4 2 (50%)

Total 280 168 (60%)

Table 4. Relation rhabdomyosarcoma/soft tissue tumor. Distribution by age groups.
Children’s Hospital “J.M. de los Rios” 1985-2001 (5)
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2.3 Histopathologic classification
According to the histopathological and prognosis features, the rhadomyosarcomas are
classified in the following varieties (8). Table N°5:

Histopathologic varieties Prognosis
Botryoid embryonal rhabdomyosarcoma
Spindle cell rhabdomyosarcoma

Superior prognosis

Embryonal rhabdomyosarcoma Intermediate prognosis
Alveolar rhabdomyosarcoma
Undifferentiated sarcoma Poor prognosis

Rhabdomyosarcoma with diffuse anaplasia

Table 5. International Prognostic Classification of Pediatric Rhabdomyosarcoma

The incidence of the different varieties of rhabdomyosarcoma, in descending order, is the
following (9): Embryonic (64%), Alveolar (21%), undifferenciated (8%), botryoides (6%),
pleomorphic (1%).

2.4 Etiology, pathogenesis and cytogenetics

Most rhabdomyosarcomas occur sporadically without predisposing factors, and only one
third of patients have recognizable genetic anomalies (7, 9). The cause of the
rhabdomyosarcomas remains unknown; but now we know, that certain genetic alterations
are associated with the development of this tumor. Alveolar RMS has a characteristic
translocation between the long arm of chromosome 2 and the long arm of chromosome 13.
This translocation has been cloned molecularly, and shown to involve the juxtaposition of
the PAX3 gene, which thought to regulate transcription during early neuromuscular
development (7). The embryonal rhabdomyosarcoma, has loss of heterozygosity (LOH) at
the 11p15 locus (10).

The Li-Fraumeni syndrome, a well-defined family cancer, that includes rhabdomyosarcoma
and other soft tissue sarcomas has been associated with germline mutations of the p53 gene.
Rhabdomyosarcoma has been observed in association with Beckwith-Wiedemann
syndrome, a fetal overgrowth syndrome associated with abnormalities on 11p15.

The history of cancer in the family is an important, reported in 45.76% of cases. (11).

2.5 Histopathological varieties
There are 4 types of rhabdomyosarcoma in children, clearly defined by Imbach (9), which
we reproduce it textually.

2.5.1 Embryonal

- Frequency: 53-64% of all rhabdomyosarcomas in childhood

- Location: orbit, head and neck, abdomen, genitourinary tract

- Microscopically resemblance to embryonic muscle tissue; mainly primitive round cells,
some spindle cells with central nucleus and eosinophilic cytoplasm; cross striations
characteristic of skeletal muscle in about 30% of cases.

- Subtype: Sarcoma botryoides (6% of all rhabdomyosarcomas in children); in vagina,
bladder, uterus; microscopically as embryonal type with polypoid mass and presence of
a dense subepithelial cell layer.



Pediatric Soft Tissue Tumors 107

- Subtype Spindle cell rhabdomyosarcoma, is a variety of embryonal
rhabdomyosarcoma composed of tight bundles of spindle cells and resembling smooth
muscle and fibrous neoplasms (8). It is usually located paratesticular or head and neck,
and is difficult to differentiate from congenital fibrosarcoma. Compared to other
rhabdomyosarcomas, this has a good prognosis. (spindle cell subtype does not appear
in the classification of Imbach (9), so we add it)

2.5.2 Alveolar

- Frequency: 21% of all rhabdomyosarcomas in children

- Location: mainly extremities

- Histology: round cells with eosinophilic cytoplasm, occasionally with vacuoles;
multinucleated giant cells; rarely cross-striations; groups of tumor cells separated by
fibrotic septation (alveolar structure)

2.5.3 Pleomorphic

- Frequency: 1% of all rhabdomyosarcoma in children

- Occurrence: mainly in adulthood

- Histology: undifferentiated muscle tissue; spindle cells with variable eosinophilic
cytoplasm and pleomorphic nuclei, frequently mitotic cells, often cross-striations,
structured in rows and bundles.

2.5.4 Undifferentiated subtype

- Frequency: 8% without muscle-specific gene proteins.

The histopathological types found in order of decreasing frequency, in Children's Hospital
"].M. de los Rios", are shown in Table N°6 (10):

histopathological types number of cases (%)
Embryonal rhabdomyosarcoma 39 (66.10%)
Embryonal rhabdomyosarcoma botryoides 6 (10.16%)

subtype

Embryonal rhabdomyosarcoma spindle 1(1.69%)

cell subtype

Alveolar rhabdomyosarcoma 11 (18.64%)

Non typeable 2 (3.38%)

Total 59 (100%)

Table 6. Rhabdomyosarcoma, Rhabdomyosarcoma histopathological types, Children’s
Hospital “J.M. de los Rios” 1997-2005 (10)

The histologic variants embryonal and alveolar are the two more common.

2.6 Location
The most common sites of primary tumor are: head and neck, including the orbit;
genitourinary tract including the prostate, testis, vulva, cérvix and uterus; and
extremities. (Table N° 7); and less frequent are: trunk, retroperitoneum, perianal and anal
(7,9,10,12).
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Location number of cases (%)
Head and neck 20 (33.89%)
Genitourinary 14 (23.72%)
Extremities 13 (22.03%)

Pelvic floor 7 (11.86%)

Trunk 4 (6.77%)

Perjanal and anal 1 (1.69%)

Table 7. Rhabdomyosarcoma, Location of primary tumor, Children’s Hospital “J.M. de los
Rios” 1997-2005 (10)

The age and location of the tumor are associated with histological varieties certain of
rhabdomyosarcoma. Head and neck tumors are more common in children younger than
eight years of age and when arising in the orbit are almost always of the embryonal variety,
while extremity tumors are more common in adolescents and are typically of the alveolar
subtype. The variant botryoides of bladder or vagina, occurs almost exclusively in infants

7).

2.7 Clinical presentation
The clinical manifestations of rhabdomyosarcoma depends on the age at diagnosis, location
of primary tumor, and the presence or absence of metastasis.

2.7.1 Head and neck

The primary tumor is usually located in: orbit, head and neck superficial, and
parameningeal. Clinical symptoms will depend on the location of the tumor and usually
present with a painless, enlarging mass that can obstruct a sinus, grow into the nasal cavity,
cause proptosis, or simulate chronic otitis media (12) and clinical symptoms include nasal
discharge or obstruction of the airways, otorrhea, and rapid proptosis. The more deep-
seated tumors, signs and symptoms may result from compression of nerves, blocked
vessels, or both; cranial nerve palsy or other neurological deficits indicates the extent of the
tumor at the base of the skull or the central nervous system. (13). The parameningeal
localization is the most frequent and a poorer prognosis; usually located in pterygoid
infratemporal fossa, nasopharyngeal cavity, paranasal sinuses and middle ear and mastoid,
and these four locations include the 91.52% of cases (14).

2.7.2 Genitourinary tract

The embryonal type is the commonest in this regién, and arise in the bladder, prostate,
vagina, uterus, vulva, paratesticular regions. Children with bladder rhadomyosarcoma are
usually under 4 years of age, and may present with hematuria, urinary obstruction and
rarely extrusion of tumor tissue. The bladder tumors usually grow intra-luminally, in the
region of the trigone and have a polypoidal appearance on gross or endoscopic examination.
Prostatic tumors can occur in relatively older children and usually present as large pelvic
masses with or without urethral strangury and/ or constipation. Within the category of
genitourinary rhabdomyosarcoma, tumors located in the vulva, vagina and paratesticular
are a good prognosis; whereas those located in the bladder and prostate have the worst
prognosis.
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2.7.3 Extremities

Rhabdomyosarcomas are located in the extremities present clinically as painless masses.

As soon as the suspected tumor, this diagnosis should be confirmed through an MRI, and to
establish the histopathological diagnosis of the lesion should be performed an open biopsy,
or with needle. If frozen sections suggest that the lesion is malignant, tissue samples must be
sent for chromosome analysis.

2.8 Staging classification, treatment and prognosis

To plan appropriate treatment, it is necessary to determine the degree of progression of the

disease. The clinical classification grouping (15), classifies the extent of the disease into four

groups.

IRS clinical grouping classification (stage)

Group I: Localized disease, completely resected, no microscopic residual

Regional nodes not involved —lymph node biopsy or dissection is required except for head

and neck lesions

A. Confined to muscle or organ of origin, completed resected

B. Infiltrating beyond site of origin, completely resected

Notation: This includes both gross inspection and microscopic confirmation of complete

resection. Any nodes that may be inadvertently taken with the specimen must be negative.

If the latter should be involved microscopically, then the patient is placed in group IIB or

group IIC (see below).

Group II: Total gross resection with evidence of regional spread, completely resected

A. Grossly resected tumor with microscopic residual disease

Surgeon believes that all the tumor has been removed, but the pathologist finds tumor at the

margin of resection, and additional resection to achieve a clean margin is not feasible. No

evidence of gross residual tumor; no evidence of regional node involvement; once
radiotherapy and/or chemotherapy have been started, re-exploration and removal of the
area of microscopic residual does not change the patient’s group.

B. Regional disease with involved nodes, completely resected with no microscopic
residual

Notation: Complete resection with microscopic confirmation of no residual disease makes

this different from group IIA and group IIC. Additionally, in contrast to group IIA, regional

nodes (which are completely resected, however) are involved, but the most distal node is
histologically negative.

C. Regional disease with involved nodes, grossly resected, but with evidence of
microscopic residual and/or histologic involvement of the most distal regional node
(from the primary site) in the dissection

Notation: The presence of microscopic residual disease makes this group different from

group IIB, and nodal involvement makes this group different from group IIA.

Group III: Incomplete resection with gross residual disease

A. After biopsy only

B. After gross or major resection of the primary (>50%)

Group IV: Distant metastatic disease present at onset

Lung, liver, bones, bone marrow, brain, and distant muscle and nodes.

Notation: The above excludes regional nodes and adjacent organ infiltration, which places

the patient in a more favorablegrouping (as noted above under group II).
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The presence of positive cytology in the cerebrospinal fluid, pleural or abdominal fluids, as
well as implants on pleural or peritoneal surfaces are regarded as indications for placing the
patient in group IV.

The size of the primary tumor is a prognostic factor. Tumors less than or equal to 5 cm are

classified in the subgroup a, and tumors larger than 5 cm are classified in subgroup b (16).

However, this tumor size has a different meaning according to the body surface. A tumor of

5 cm in a children or an adolescent have not the same meaning a 5 cm tumor in a neonate or

an infant, what is proposed, relating the size of the primary tumor with the patient's body

surface (17).

Rhabdomyosarcoma is a systemic disease, with high probability of spread to lymph nodes,

bone marrow, bone, soft tissue distance, and pleural or peritoneal spaces adjacent to the

primary site; and have propensity to spread to the lung parenchyma. Therefore, the diagnostic
study to determine the extent of the disease includes: obtaining a chest radiograph and lateral,
computed tomography (CT) scan of the chest, bone marrow aspiration, biopsy, total body
bone scan and cerebrospinal fluid samples from patients with orbital tumors parameningeal or
other (eg, tumors of the nasopharynx, paranasal sinuses, pterygoid fossa / infratemporal, and
the region middle-ear/mastoid). Patients with rhabdomyosarcomas are classified on the basis
de their low, intermediate, or high risk for treatment failure (18). Treatment is then tailored to
the appropriate risk level. It is standard practice to repeat imaging studies at 2- to 4-month
intervals during and after therapy and to obtain blood samples and chemistries before each

course of multiple-agent chemotherapy. (12).

At the present time, more than 70% of children and adolescents with rhabdomyosarcoma

are cured with combined modality treatment (chemotherapy, radiation and surgery) (19),

but the results will be different depending on the clinical group, histological type, anatomic

location and age at presentation of disease, factors that determine the prognosis of the
disease and levels of risk of treatment failure.

e  The low-risk patients are those with rhabdomyosarcomas of the embryonal variety, in any
anatomical location, which have been surgically resected (stages 1-3), or irresectables but
in favorable anatomical sites. Favorable anatomic locations are considered
nonparameningeal head and neck sites (oropharynx, scalp, parotid, neck, larynx, cheeks,
eyelids, hypopharynx), and genitourinary system excluding the bladder and prostate.
Their survival rate is over 90% when treated with vincristine and dactinomycin or
vincristine, dactinomycin and cyclophosphamide with or without radiotherapy.

e The intermédiate-risk patients are those with unresectable tumors of the embrional
variety, in unfavorable locations, 6 that are metastatic at the time of diagnosis in
patients younger than 10 years old; and all those with non metastatic
rhabdomyosarcomas of the alveolar variety. The survival of this group is about 50%-
75% and investigated the effectiveness of new drugs such as topotecan.
Rhabdomyosarcomas of the alveolar variety, stages I-IlI, require complementary
treatment with radiotherapy

e The high-risk patients are those with metastatic at the time of diagnosis and the
survival of this group is only 25%

3. Nonrhabdomyosarcomas soft tissue tumors

3.1 Definition e incidence
Nonrhabdomyosarcomas soft tissue tumors are a heterogeneous group of mesenchymal cell
neoplasms, most of which are typified with the named for the mature tissue that the tumor
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most resembles and represent 4.23% of solid tumors (5) and 27.14% of soft tissue tumors in
patients under 18 years Fig N° 1

®m Rhabdomyosarcomas

H Nonrhabdomyosarcoma soft
tissue tumaors

1 Primitive neuroectodermal
tumors/Ewing

Fig. 1. Soft tissue tumors 280 cases, Children Hospital "JM de los Rios" 1985-2001.

There are differences in soft tissue sarcomas in children and adults in terms of histological
types and frequency; differences which have therapeutic implications (20). In Children are
more frequent the malignant tumors of the peripheral nerve sheath and fibrosarcoma (5),
while adults are more frequent Kaposi's sarcoma, leiomyosarcoma and malignant fibrous
histiocytoma (20).

3.2 Age distribution

The distribution of the different varieties of norhabdomyosarcomas soft tissue tumors varies
with age; myofibromas and fibrosarcoma are more common in infants, whereas the
synovial sarcoma and malignant peripheral nerve sheath tumor is more common in older
children and adolescents (12). It is necessary to highlight the characteristics of soft tissue
tumors in the first year of life. Approximately 20% of soft tissue tumors that occur in
children under 20 years are presented in the first year of age, and of these just over half
presented in the first three months of life. 85% of soft tissue tumors present in the first year
of life are classified as benign or borderline lesions and the remaining 15% are malignant.
The benign and borderline lesions most common are: infantile hemangioendothelioma,
lymphangiomas, myofibromas, fibrous histiocytoma, and congenital or infantile
fibrosarcoma and represent 68.71% of this group, while embryonal rhabdomyosarcoma and
primitive neuroectodermal tumor are the most common malignant lesions, and represent for
62.96% of this group (21).

3.3 Histopathologic classification
Soft tissue tumors are grouped for classification according to cell type that most resembles.
Table N° 8.
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Cell Type Benign Tumor Malignant Tumor
Fibroblast, including Fibroma, myxoma Fibrosarcoma, malignant
myofibroblast fibrous histiocytoma
Adipocyte Lipoma Liposarcoma
Smooth muscle cell Leiomyoma Leiomyosarcoma
Skeletal muscle cell Rhabdomyoma Rhabdomyosarcoma
Endothelial cell Hemangioma Angiosarocoma, Kaposi
sarcoma
Schwann cell Schwannoma, Some malignant peripheral
neurofibroma nerve sheath tumors
Cartilage cell Chondroma Chondrosarcoma
Interstitial cell of Cajal of Gastrointestinal stromal
intestines tumors, a spectrum from
benign to malignant
Histiocyte Juvenile xanthogranuloma | Histiocytic sarcoma
Rosai-Dorfman disease? (True histiocytic lymphoma)
Lymphoid cells Benign lymphoid Extranodal lymphomas in
hyperplasia soft tissues
No known normal cell or Ewing family tumors
benign counterparts Synovial sarcoma
Epithelioid sarcoma
Alveolar soft
part sarcoma

aIntermediate categories between benign and malignant tumors are excluded for simplicity.

Table 8. Simplified Chart of the Major Types of Primary Soft Tissue Tumors Grouped
According to the Cell Types that They Resemblea (22)

3.4 Etiology, pathogenesis and cytogenetics

The cause of the soft tissue sarcomas remains unknown, but in nonrhabdomyosarcomas
soft tissue tumors have identified genetic alterations. In the fibrosarcoma, a characteristic
translocation t (12; 15) (p13; g25) with an ETV6-NTRK3 gene fusion, and gains of
chromosomes 8, 11, 17 and 20 (23). Synovial sarcoma has and a specific chromosomal
translocation t(X;18)(p11;,q11) (23).

3.5 Location

The anatomical location of primary tumor in descending order of frequency is: head and
neck, trunk and extremities. However this varies depending on the histologic type of tumor.
The most frequent primary tumor site was: in fibrosarcoma, the limbs in 66% (24); in
myofibromas, head, neck, and trunk in 69% (25); in sinovial sarcoma, the limbs nears joints
and tendons in the 77.96% (26).

3.6 Clinical presentation
The most common clinical presentation is a painless mass, although the involvement of
adjacent structures can cause pain and other symptoms (27)
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3.7 Staging classification, treatment and prognosis

Non rhabdomiosarcomas soft tissue tumors can be benign or malignant and malignant are
called sarcomas. The histopathologic features determine the prognosis and treatment follow
(28, 29) and hence the classification of degrees. Table N° 9

Grade 1

Myxoid and well-differentiated liposarcoma

Well-differentiated or infantile (<4 years old) fibrosarcoma
Well-differentiated or infantile (<4 years old) hemangiopericytoma
Well-differentiated malignant peripheral nerve sheath tumor
Angiomatoid malignant fibrous histiocytomab

Deep-seated dermatofibrosarcoma protuberans

Myxoid chondrosarcoma

Grade 2

<15% of the surface area shows necrosis

The mitotic count is <5 mitotic figures per 10 high-power fields using a 340 objective
Nuclear atypia is not marked

The tumor is not markedly cellular

Grade 3

Pleomorphic or round-cell liposarcoma

Mesenchymal chondrosarcoma

Extraskeletal osteogenic sarcoma

Malignant triton tumor

Alveolar soft part sarcoma

Any other sarcoma not in grade 1 with >15% necrosis and/or 5 mitotic figures per10
high-power fields using a 340 objective

Table 9. The Pediatric Oncology Group Grading System for Nonrhabdomyosarcomatous
Soft Tissue Sarcomas of Children

The proper classification of non rhabdomyosarcomas soft tissue tumors is not easy and
raises diagnostic problems that require additional methods such as immunohistochemistry,
genetic studies, and consultation by experts (30). Myofibromas are benign lesions with
difficulty diagnostic because they may be mistaken for malign lesions with
hemangiopericytoma-like findings (31).

The evalucaciéon diagnosed, requires magnetic resonance imaging and computed
tomography to determine the extent of the disease and a plan for surgery (32).

Treatment and prognosis depends on the extent of disease and histological type of injury,
poor prognostic factors are: high histologic grade, intra-abdominal primary tumor, and
microscopic residual disease after initial resection (32, 33). Radiation therapy is useful in
tumors whose location does not allow excision and all tumors larger than 5 cm. or that could
not be completely resected. Sarcomas in children are more sensitive to chemotherapy report
answer 40 to 60% using multiple drugs, hence its use in all tumors larger than 5 cm, of axial
location, with histological high grade, or with metastatic disease.
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1. Introduction

Soft tissue sarcomas are a group of heterogeneous tumors that have their origin primarily in
the embryonic mesoderm; more than 50 histological subtypes and diverse clinical behaviors
have been identified. Soft tissue sarcomas can range from relatively slow growth, causing
little destructive growth, to being locally aggressive, regionally destructive and having a
great potential for systemic metastases [Greene et al, 2002; Pelliteri et al, 2003]. The
approximate incidence for this kind of neoplasia is 3-4.5/100,000 [Zahm et al, 1997],
representing approximately 1% of all malignant adult neoplasias. Soft tissue sarcomas are
rare in the head and neck and have an approximate frequency of 5-15% of all adult sarcomas
and less than 1% of all head and neck neoplasias [Patel et al, 2001; Pandey et al, 2003;
Colville et al, 2005]. The age at presentation is variable with a mean of 50 to 55 years
(minimum is 3 months and the maximum is 89 years old) and the male/female ratio is
approximately 2:1, which varies depending on the review series. The symptoms depend on
location, but the most frequently reported symptoms are the following: headache, nasal
obstruction, dysphagia, hoarseness and dyspnea. However, the majority of patients are
asymptomatic [Farhood et al]. The most frequently reported involved sites include the
following: the face, neck, scalp, nasopharynx, maxillary antrum, cranial base and parotid
gland. However, frequencies at each site differ depending on the published series [Colville
et al, 2005; Bentz et al, 2004; de Bree et al, 2006]. The histological varieties are diverse, but the
most frequent are malignant fibrous histiocytoma (MFH) and fibrosarcoma [de Bree et al,
2006]. In Mexico, a total of 27 cases were reported by the National Institute of Cancerology
(INCan) from 1982-1993, and the most frequent histological types were rhabdomyosarcoma
and malignant peripheral nerve sheath tumors [Barrera et al, 1997]. The General Hospital of
Mexico reported a total of 29 head and neck sarcomas cases 1993 to 1997, and the most
frequent histological types were neurogenic sarcomas and leiomyosarcomas [Lazos et al,
1999]. The natural history of head and neck sarcomas is similar to that of sarcomas in other
parts of the body; however, because of their location, they present a greater surgical
difficulty, and residual disease is often left behind thus reducing the patient’s life
expectancy [Barrera et al, 1997]. Despite this variety of histologic subtypes, soft tissue
sarcomas have some clinical and pathologic features in common. The current American
Joint Committee on Cancer (AJCC) and International Union Against Cancer (UICC) staging
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criteria for soft tissue sarcomas are universal for almost all histologic subtypes and rely on
the histologic grade, tumor size and depth and the presence of distant or nodal metastases.
Therefore, the particular subtype seems to be of less importance [de Bree et al, 2006]. The
main prognostic factor for soft tissue sarcomas is histological grade and tumor size. Staging
is performed according to the AJCC, which has four clinical stages ranging from I to IV
[Mendenhall et al, 2005]. Regarding the evolution of the disease, head and neck sarcomas
frequently present metastases, most commonly lung metastases, and the initial management
therefore includes a chest X-ray or a computed tomography scan. The absence of metastatic
lesions excludes the possibility of a systemic disease [Mendenhall et al, 2005]. In children,
head and neck sarcomas respond appropriately when treated with chemotherapy and
radiation therapy. In adults, the main treatment modality is surgical, although
multidisciplinary treatment is also important because these kinds of tumors frequently
invade or are in close proximity to vital structures. As a result, surgical resection could be
incomplete, making it necessary to locally control the disease by means of adjuvant
therapies [Le QT et al, 1997].

The purpose of this chapter is a review of frequency, clinical features, histopathology,
molecular biology, metastasis and treatment of soft tissue sarcomas of the head and neck.

2. Angiosarcoma of head and neck

Angiosarcoma is a malignant neoplasm that frequently occurs in the skin and subcutis or in
a visceral location and very rarely affects the oral cavity [Loudon JA et al, 2000, Oliver AJ et
al, 1991]. Clinically, angiosarcoma appears as a poorly demarcated nodular tumor that is
red-blue to purplish in color [Toth BB, et al, 1981]. Angiosarcomas of the head and neck
most commonly involve the scalp, and only 4-5% of them form in the pharynx, oral cavity
or maxillary sinus [Loudon JA et al, 2000, Lanigan DT, et al 1989]. They may represent either
primary or metastatic lesions. In a recent review of the literature, only 23 cases were
reported to involve the head and neck, with the exception of the scalp, at an age of
presentation ranging from 1 day to 68 years [Abdullah BH et al, 2000, Loudon JA et al, 2000].
Angiosarcomas predominantly affect elderly men and may be present in any region of the
body, but they usually occur in the skin or superficial soft tissues (head and neck) in the
post-radiotherapy area. The prognosis is poor because of frequent local recurrence and
metastatic spread to the lymph nodes, bones (vertebrae) and lungs [Forton Glen EJ et al,
2005]. Primary angiosarcoma of the non-irradiated parotid gland is extremely rare. There
are only a few articles in literature that discuss patients with angiosarcoma, but most of
these angiosarcomas affected the irradiated region or originated in the skin and secondarily
affected the parotid gland. All angiosarcomas tend to be aggressive, and they are often
multicentered. These tumors have a high local recurrence rate and metastasize because of
their intrinsic biological properties and because they are often misdiagnosed, which leads to
a poor prognosis and high mortality rate. This malignant vascular tumor is clinically
aggressive, difficult to treat, and has a reported five-year survival rate of less than 20%.
Advanced stage at presentation and lack of extensive excision are associated with higher
recurrence, distant metastasis rates, and worsened survival [Mahdhaoui A et al, 2004].
About 30% of oral metastases are the first sign of an undiscovered malignancy at a distant
site. Angiosarcomas represent 1% of all soft tissue sarcomas. Their clinical outcomes are
poor due to a rapid growth and high risk of metastatic extension. The median overall
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survival of all clinical types of angiosarcomas ranges between 15 and 30 months [Penel N et
al, 2003, Favia G et al, 2002]. Angiosarcoma can occur in pre-existing benign or intermediate
vascular lesions; there are several case reports of angiosarcomas arising spontaneously from
hemangiomas or vascular malformations. The mechanism of malignant transformation in
benign vascular tumors is unclear because there are few case reports [Hunt SJ et al, 2004]. A
history of trauma may be an etiological factor in angiosarcomas, but most authors think that
a traumatic event only alerts the patient to a lesion that already existed. Other factors that
have been implicated include hormonal influences from anabolic steroids, synthetic
estrogens or pregnancy, exposure to environmental toxins, such as thorium dioxide, vinyl
chloride, thorotrast (used for angiography in the past) or insecticides.
Immunohistochemical analysis is an important adjunctive diagnostic approach for
angiosarcoma [Koch M et al, 2008]. The tumors are usually positive for factor VIII-related
antigen, vimentin, CD31, CD34 and UEA-1. Among these factors, CD31 is positive in almost
80- 90% of angiosarcomas, with relatively good specificity and excellent sensitivity [Morgan
MB et al, 2004]. The microscopic appearance of angiosarcoma varies from epithelioid to
spindled areas, with the former being more common. Various prognostic factors have been
reported, including older age, tumor size larger than 5 cm, high grade, positive margin and
lymphedema field location [Skubitz KM et al, 2005]. A prospective clinical study with a
larger sample size is needed to determine the prognostic factors in angiosarcoma patients.
Early diagnosis is important for early treatment. A medical history should be obtained, and
a thorough physical examination should be performed. Magnetic resonance imaging (MRI)
and contrast-enhanced computed tomography (CT) are nonspecific for diagnosis, but they
may be used to define the extent of the primary tumor and evaluate distant metastasis. The
diagnosis of angiosarcoma can only be established by microscopic examination. The
macroscopic and microscopic appearance of this tumor can lead to a misdiagnosis of
pyogenic granuloma. The differential clinical diagnoses should include pyogenic
granuloma, giant cell granuloma, Kaposi sarcoma, hemangioma, and malignant
melanoma [Mullick SS et al, 1997]. Likewise, the differential microscopic diagnoses should
include hemangioma, hemangiopericytoma, papillary endothelial hyperplasia,
angiolymphoid hyperplasia with eosinophilia, Kaposi sarcoma, malignant melanoma,
metastatic renal cell carcinoma, and pyogenic granuloma [Mullick SS et al, 1997].
Treatment of angiosarcomas is greatly complicated by the diffuse infiltration typical of
these tumors. Various interventions have been attempted to stem the disease process. In a
recent detailed treatment analysis, surgery in combination with radiation therapy affords
the most favorable opportunity for angiosarcoma control [Mark R] et al, 1996]. The
prognosis for patients with angiosarcoma is generally considered to be rather poor,
although tumor size (and hence stage), site, and the histopathologic grade may influence
survival. Investigations indicate that one-half of patients die within 15 months of
diagnosis, with only approximately 12% surviving 5 years or longer. However, those
patients presenting with lesions less than 10 cm in diameter respond better to therapy
[Mentzel T et al, 1998].

Recurrence after local treatment manifests primarily in local failure, yet distant metastasis is
not insignificant in the post-treatment failure group [Mark RJ et al, 1996]. These factors, both
for local and distant spread, are reflective of the highly aggressive nature of this illness and
serve to explain the poor survival statistics.
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Fig. 1. a) Angiosarcoma of the maxilla in an elderly woman, b) Epithelioid angiosarcoma of
oral mucosal maxillar region, 40X, c¢) Inmunostain for factor VIII shows intense staining of
most angiosarcoma cells, 40X.

3. Fibrosarcoma of head and neck

Fibrosarcoma is defined as a malignant spindle cell tumor that shows a herringbone or
interlacing fasicular pattern without the expression of other connective tissue cell markers
[Sapp JP et al, 2004]. Fibrosarcoma can arise in soft tissues or within bones. Intraossesous
fibrosarcomas may develop enosteally or possibly periosteally, affecting the bone by
spreading from adjacent soft tissue. Fibrosarcomas can occur in any location, but the bone
extremities are the main affected sites; occurrence in the maxilla is rare, with an incidence
ranging from 0-6.1% of all primary fibrosarcomas of the bone. The mandible is the most
common site for fibrosarcomas [Soares et al 2006, Pereira CM et al, 2005]. The clinical
behavior of fibrosarcoma is characterized by a high local recurrence rate and a low
incidence of locoregional lymph node and/or distant hematogenous metastases.
However, hematogenus metastases may involve the lungs, mediastinum, abdominal
cavity and bone [Conley ] et al, 1967]. Local recurrence poses a serious and complex
problem, particularly with occurrence of mediastinum infiltration, local destruction,
airway compression, esophageal compression and extension. Radiation therapy is
generally considered only in cases for which resection is impossible; chemotherapy is only
used for palliative treatment. Prognosis is directly related to adequate, complete resection,
which obviously requires early detection before the extensive involvement of soft tissue
[Lukinmaa P et al, 1988].
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The histological appearance of fibrosarcoma does not allow a distinction between a tumor of
the bone from one arising in soft tissue [Chen Y et al, 2007]. Histologically, the degree of
differentiation is variable, from being comparable to a benign fibroma to a highly anaplastic
tumor, thus presenting a diagnostic dilemma to histopathologists. Fibrosarcoma can be
graded as either a low or high grade of malignancy. Low-grade fibrosarcoma shows spindle
cells arranged in fascicles with low to moderate cellularity and a herringbone appearance.
This type of fibrosarcoma has a mild degree of nuclear pleomorphism and rare mitosis, with
a collagenous stroma. High-grade lesions show an intense nuclear pleomorphism, greater
cellularity and atypical mitosis. The nuclei can be spindle shaped, oval or round. The
histological appearance of high-grade fibrosarcoma may be similar to other tumors, such as
malignant fibrous histiocytoma, liposarcoma or synovial sarcoma. The positive
immunostaining for vimentin, together with negative staining for muscular
immunomarkers, helps to diagnose fibrosarcoma [Wadhwan V et al, 2010].

3.1 Sclerosing epithelioid fibrosarcoma of head and neck

Sclerosing epithelioid fibrosarcoma was originally described in 1995 by Meis-Kindblom et al
[Meis-Kindblom JM et al, 1995], as an uncommon low-grade variant of fibrosarcoma that is
found mainly in the deep soft tissue of the extremities. It is characterized by distinctive
epithelioid cytomorphology associated with extensive stromal hyalinization. Tumors with
definitive intraosseous origin are uncommon, despite the fact that sclerosing epithelioid
fibrosarcoma has a predilection for bone invasion [Antonescu CR et al, 2001]. Histologically,
it is characterized by a multinodular proliferation of sheets, nests, or cords of uniform round
to oval epithelioid cells with distinctive cell borders. The cytoplasm of the tumor cells is pale
eosinophilic to clear, and the nuclei are rounded, although in some areas where the tumor
cells are tightly packed together, nuclear angulation may be evident. These cells are
embedded in a densely hyalinized stroma. Areas of myxoid degeneration, cystic change, foci
of metaplastic bone, hyaline cartilage, and calcification are additional features that may be
present [Eyden BP et al, 1998]. Immunohistochemically, the tumor cells of sclerosing
epithelioid fibrosarcoma do not display definitive evidence of differentiation along a specific
lineage. Most examples are immunoreactive with vimentin, but variable staining for EMA,
S100, AE1/AE3, Bcl-2, CD34 and CD99 has been reported [Antonescu et al, 2001, Donner LR
et al, 2000].

3.2 Ameloblastic fibrosarcoma

Ameloblastic fibrosarcoma, first described by Heath in 1887, is an extremely rare malignant
odontogenic tumor. It is composed of a benign odontogenic epithelium and a malignant
ectomesenchymal component. It is regarded as the malignant counterpart of the
ameloblastic fibroma. Ameloblastic fibrosarcoma normally presents as a painful swelling
and intraosseous mass (2-6 cm), with occasional ulceration in the posterior regions of the
mandible and/or maxilla. The posterior mandibular area is the most commonly affected
site; the disease is more likely to occur in males than females (1.6:1). Ameloblastic
fibrosarcoma occurs in a wide age range, from 3 to 83 years (mean age, 27.3 years). Only one
case of peripheral presentation has been reported. The histopathology of ameloblastic
fibrosarcoma is characterized by a consistent appearance in which a malignant
ectomesenchymal component is mixed with a benign epithelial odontogenic component; the
malignant ectomesechymal component consistently takes up more than 70% of the tumor
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area compared with 30% by the odontogenic epithelium. Ameloblastic fibrosarcoma
resembles a malignant connective tissue. The World Health Organization distinguishes
odontogenic sarcomas devoid of dental hard tissue ameloblastic fibrosarcoma from those
displaying focal evidence of dentinoid (ameloblastic fibrodentinosarcoma) or dentinoid plus
enameloid (ameloblastic fibro-odontosarcoma) but acknowledges that the presence or
absence of dental hard tissue in an odontogenic sarcoma is of no prognostic significance.
This sacorma has an unknown etiology, with some cases representing malignant
transformation of a preexistent ameloblastic fibrosarcoma. Although approximately two-
thirds of ameloblastic fibrosarcomas seemed to have arisen de novo, several authors have
demonstrated that ameloblastic fibroma to be the precursor of ameloblastic fibrosarcoma,
i.e., malignant transformation. This neoplasm has a higly localized behavior with low
potential for distant metastasis. The treatment of choice is the radical extensive surgery,
usually necessitating partial or total mandibulectomy. The prognosis of ameloblastic
fibrosarcoma seems better than that for other fibrosarcomas of the orofacial region [Carlos R
et al, 2005, Reichart PA et al, 2004]

4. Malignant fibrous histiocytoma of head and neck

Malignant fibrous histiocytoma (MFH) was first described by Ozzelo et al, in 1963 [Pezzi
CM et al, 1992] and by O’'Brien and Stout in 1964 [Sabesan T et al, 2006]. It was widely
accepted as a clinicopathological entity after the description of cases by Kempson and
Kyriakos in 1972 [Barnes L et al, 1988]. The etiology is unknown, and the histiogenesis
remains controversial. Several hypotheses have been suggested, including an origin from
true histiocytes, fibroblasts, both fibroblasts and histiocytes, or from primitive mesenchymal
cells. [Ogawa A et al, 2005].

Malignant fibrous histiocytoma is now recognized as one of the most common soft tissue
sarcomas in adults. In addition to occurring in soft tissue, it can also occur as a primary
intraosseous tumor in bones. It affects, in order of frequency, the lower extremity, the upper
extremity, the retroperitonoum and abdominal cavity, and lastly, the head and neck, where
it accounts for 1-3% of all cases [Gibbs JF et al, 2001]. Therefore, it is relatively uncommon in
the head and neck region. Surgery is the most reliable treatment for MFH, but the five year
survival rate for MFH in the head and neck is low compared with MFH in the extremities
and trunk. In the head and neck, MFH has been observed in the nasal sinus, salivary gland,
oral cavity, mandible, larynx, auricula and eyelid, and Barnes et al [Barnes L et al, 1988],
reported that MFH onset occurs most commonly in the accessory nasal sinuses, followed by
the salivary glands. In a study of 11 sarcomas of the parotid gland, histological classification
showed that three of the lesions were MFH and two cases each of neurosarcoma,
rhabdomyosarcoma, fibrosarcoma, and osteosarcoma. A single case of MFH in the buccal
region was also reported [Ogawa A et al, 2005]. In the literature, in cases of MFH in the head
and neck, the onset age ranged from 16 years old in a patient with MFH in the mandible to
85 years old in a patient with MFH in the eyelid, and the mean age of 12 patients with head
and neck MFH was reported to be 55 years old [Khong JJ et al, 2005, Barnes L et al, 1988,
Narvaez JA et al, 1996]. The occurrence of MFH in membranous bones is unusual.
Involvement of the mandible accounts for only 3% of all MFH of the bone. MFH of the head
and neck that extend into bony structures are associated with a much more aggressive
clinical course than those that are restricted to soft tissues [Rinaldo A et al, 2004, Iguchi Y et
al, 2002] The occurrence of MFH in the head and neck region was primarily in middle-aged
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adults (mean age, 45 years), with men affected more frequently than women. The sinonasal
tract is the most common site of origin, followed by the soft tissue of the face and neck, the
oral cavity, and the craniofacial region [Park SW et al, 2009]. The signs and symptoms of
MFH of the maxilla include swelling of the cheek, facial pain, nasal obstruction and
rhinorrhea. The rarer symptoms include infraorbital nerve paresthesia, visual disturbance,
and ocular proptosis. In cases of MFH of the mandible, Kanazawa et al [Kanazawa H et al,
2003]. reported in their review that those lesions are usually first noticed due to swelling,
paresthesia, and loosening of teeth. A history of antecedent trauma in about 20% of the cases
suggests that some of these tumors may represent an initial proliferative response to the
trauma [Senel FC et al, 2006]. Although radical tumor resection with adequate tumor-free
margins is essential, from the anatomic point of view, it is often difficult to perform in the
head and neck region [Kearney MM et al, 1980]. Park et al [Park SW et al, 2009]. reported in
a review that CT and MRI features of MFH of the head and neck have also been nonspecific.
On CT scans, MFH is usually seen as a large lobulated soft-tissue mass, which is
isoattenuated to muscle. Sato et al [Sato T et al, 2001] . reported that lesions of the maxilla
sometimes present radiographically as fairly well-demarcated bone margins, with uniform
density or no necrotic areas, and with a clear separation from surrounding soft tissues in CT
images, which lead to a misdiagnosis of low-grade malignant tumors or benign tumors. On
the MRL, MFH is seen as a heterogeneous hyperintense pattern on T2-weighted images, with
an isointensity that is almost the same as that of the muscles on T1-weighted images [Park
SW et al, 2009]. Intraosseous MFH has a tendency to indicate a poor prognosis. However, in
the maxillary area, it is difficult to differentiate intraosseous MFHs from extraosseous MFHs
and to definitively determine the origin when these MFHs were large in size and had
aggressive bone involvement [Yamaguchi S et al, 2004]. Also, survival rates of MFH of the
maxilla are difficult to evaluate due to the small number of documented cases Chan YW et
al, 2004]. With regard to sinonasal MFH, the five year disease-free survival rate and the five
year overall survival rate are only 21.5% and 25.1%, respectively [Wang CP et al, 2009].
Anavi et al [Anavi Y et al, 1989]. reported in their review of mandibular MFH that the
overall survival estimate at five years was 46% regardless of the type of treatment. Clinical
stage, histological grade of malignancy, and local recurrences were the most important
prognostic factors for MFH in the bone. Huvos et al [Huvos AG et al, 1985]. suggested that
metastatic spread in patients with MFH primarily in the bone was not to the regional lymph
nodes, but rather a hematogenous dissemination predominantly to the lungs. The reported
frequency of nodal metastases for head and neck MFH varies between 0% and 15%.
Prognosis differs according to the morphologic subtypes of MFH [Park SW et al, 2009],
Derbel F et al [Derberl F et al, 2010], reported a case of MFH in the neck with metastases to
liver. Metastases from MFH in liver are rare, representing 1% of reported metastasis of MFH
[Derbel F et al, 2010]. Metastasis occurs in 42% of cases. Lung (82%) and lymph nodes (32%)
metastases are most frequent [Derbel et al, 2010]. Factors that influence the rate of metastasis
included depth, size and the inflammatory component of the tumour [Derbel F et al, 2010].

The myxoid type has a higher rate of local recurrence, with recurrence in approximately 50-
60% of patients and with an overall risk of subsequent metastases at 20-35% [Marotta D et,
al, 2009, Mentzel T et al, 2002]. Histologically, the tumor contains both fibroblast-like and
histiocyte-like cells in varying proportions, with spindle and round cells exhibiting a
storiform arrangement. These tumors have been divided into four morphologic subtypes
that depend on the predominant cellular components: storiform - pleomorphic (50-60%),
myxoid (25%), giant cell (5-10%), and inflammatory (about 5%). The myxoid variant has



124 Soft Tissue Tumors

been reported to have better prognosis when compared with the storiform-pleomorphic
type [Park SW et al, 2009]. In the treatment of MFH of the region, adjuvant chemotherapy is
considered for high-grade tumors because these tumors may present subclinical or
microscopic metastases at the time of diagnosis [Pereira CM et al, 2005]. The effectiveness of
surgery in combination with radiotherapy and/or chemotherapy has not been well
established. Three-drug regimens with high-dose MTX, CDDP and DOX or four-drug
regimens with high-dose IFO, high-dose MTX, CDDP, and DOX used in patients with
osteosarcoma have been evaluated.

Fig. 2. a) Malignant fibrous histiocytoma of the dorsum tongue , b) Gross appearance of
intramuscular malignant fibrous histiocytoma involving tongue, c) Malignant fibrous
histiocytoma with fascicular pattern degree nuclear atypia and mitotic activity.

The regimen of neoadjuvant chemotherapy with three or four drugs has been tested in a
randomized study of MFH in the bone [Hugate RR et al, 2008]. Few studies estimate the
survival benefits of chemotherapy with IFO, CDDP and DOX for osteosarcoma [Zalupski
MM et al, 2004]. Further research is needed to determine if adjuvant chemotherapy with the
three-drug combination of IFO, CDDP and DOX would be effective for MFH of the jaws.
Radiotherapy alone may be reserved for inoperable patients and patients with high surgical
risk or those with regional or systemic metastases. Incomplete excision may lead to a high
rate of recurrence. High rates local recurrence of MFH in the bone are due to the fact that
this tumor infiltrates skeletal muscle fibers and fascial planes [Enjoji M et al, 1980]. Complete
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excision has been achieved under frozen section control, and all margins were free of tumor.
The prognosis depends on the size and site of the tumor and its malignant potential in terms
of metastasis. The lungs are the most common site of metastasis. Post-radiation sarcomas
have been reported to have poor prognosis [LinkTM et al, 1998]. One patient, however, has
been reported to have long-term disease- free survival despite earlier exposure to radiation.
Overall, the five year survival for mandibular malignant fibrous histioctyoma has been
reported to be 46%, irrespective of the treatment type [Anavi et al, 1989].

5. Leiomyosarcoma of head and neck

Leiomyosarcoma is a malignant tumor derived from smooth muscle that accounts for 5-6%
of all soft tissue sarcomas. Leiomyosarcoma usually occurs in the soft tissues of the
extremities and trunk; only 3% of leiomyosarcomas are in the head and neck. In the head
and neck region, most leiomyosarcomas occur in the nasal cavity and paranasal sinuses,
mouth, and larynx [Marioni G et al, 2000]. The signs and symptoms of leiomyosarcoma
involving the head and neck region depend on the site and the size of the tumor.
Hoarseness, stridor, dyspnea and dysphagia are the most common complaints of the
laryngeal and the parapharyngeal tumors. While the initial symptom in a patient with
laryngeal leiomyosarcoma in one report was dysphonia, the main symptom in a second
patient with parapharyngeal leiomyosarcoma was dysphagia due to the mechanic
compression of the cervical esophagus. The scarcity of the smooth muscle in the head and
neck region may be the probable reason for the rarity of leiomyosarcoma. Because blood
vessels are the only structures in the larynx and parapharyngeal region with smooth
muscles, leiomyosarcoma may develop from the smooth muscle in the tunica media of
vessel walls. Aberrant mesenchymal differentiation and metastasis are the other possible
modes of origin [Freije JE et al, 1992, Chen JM et al, 1991]. Leiomyosarcoma that originate in
the head and neck region are very rare. Leiomyosarcoma of the hypopharynx has been
reported only four times in the English medical literature. The rarity of a leiomyosarcoma in
the hypopharynx can be attributed to the limited smooth muscle tissue in the hypopharynx.
A possible candidate for the origin of leiomyosarcoma in the hypopharynx is the smooth
muscle surrounding blood vessels. Among the four cases presented in these previous
reports, two were located in the posterior wall of the hypopharynx, one in the pyriform
sinus, and one in the postcricoid. The age at onset was 39-65 years (mean age, 55.4 years).

The lack of any distinguishing clinical features and the rarity of these lesions often result in
their being mistaken for the more common lesions affecting the oral cavity, and correct
diagnosis is made only following definitive histological examination [Freedman AM et al,
1989, Cocks H et al, 1999]. The sites of the tumors in this series are similar to the regional
variation within the oral cavity noted in the literature, with the maxilla being the most
commonly involved site followed by the mandible, tongue, cheek and floor of mouth, in
descending frequency. The cause of this apparent variation is unknown and different from
benign leiomyomas, which occur more frequently in the lips, tongue, cheeks and palate.
Almost 65% of reported tumors are in the maxilla or mandible, and they often involve the
jaw bones [Dry SM et al, 2000, Kratochvil FJ et al 1982, Montgomery E et al, 2002]. In cases
of head and neck leiomyosarcoma, the success of initial surgical management is an
important prognostic factor because complete surgical excision is associated with low local
recurrence and longer survival. Resection with microscopically tumor-free margins is of
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paramount importance for long-term survival. Adjuvant radiation treatment or
chemotherapy appears to be ineffective in achieving local control when there is residual
tumor postoperatively [Dry SM et al, 2000]. However, gemcitabine has been one of the few
agents that shows activity in these tumors, with an observed response rate of 20.5%.
Hensley et al [Hensley ML et al, 2002], combined gemcitabine with docetaxel and reported a
response rate of 53% in 34 patients, some of whom had failed doxorubicin therapy. The
cause of leiomyosarcoma remains uncertain, although cases may be associated with trauma,
oestrogenic stimulation, and ion involvement. Other publications suggest that the prognosis
of oral leiomyosarcoma that affects the tongue is good if clear excision can be achieved. In
the previous eight cases reported in which follow-up ranged from one to five years, there
has been no evidence of recurrence [Bass B et al, 1986]. This suggests that primary
leiomyosarcoma has a better prognosis if it arises within the tongue than elsewhere in the
body. The recurrence rate for tumors that arise from and are limited to the dermis is
reported to be between 14% and 42% [Farman AG et al, 1977]. Histopathologically displayed
a prominent spindle cell component, with the cells arranged in intersecting fascicles,
containing characteristic ‘“cigar-shaped' nuclei. These features are typical for
leiomyosarcoma. Nevertheless, similar findings may occur in a wide number of diferent
neoplasms, such as fibrobrosarcoma, myofibrosarcoma, synovial sarcoma, solitary fibrous
tumor, malignant peripheral nerve sheath tumors (MPNSTs), spindle cell
rhabdomyosarcoma, spindle cell liposarcoma, spindle cell carcinoma and other spindle cell
neoplasms [Izumi et al, 1995]. The arrangement of neoplastic fascicles in perpendicular,
intersecting bundles, the peculiar ‘cigar-shaped' nuclear morphology, the occurrence of
paranuclear vacuolization and intracytoplasmic PAS-positive granularity are indicative, but
not exclusive, of leiomyosarcomatous diferentiation. In addition, the diagnosis of spindle
cell carcinoma should always be ruled out when a spindle cell neoplasm occurs in a visceral
location. In most instances, immunohistochemistry may provide useful clues to the
diagnosis; muscle-specific markers for smooth muscle actin and vimentin are most
frequently detectable, but myofibroblastic tumor cells, rhabdomyosarcoma and,
inconstantly, spindle cell carcinomas may display a similar immunoprofile. Cytokeratin and
EMA negativity, as in the case reported herein, rules out the diagnosis of spindle cell
carcinoma as well as that of synovial sarcoma, the latter being vimentin and CD99 positive.
Desmin immunoreactivity is not detectable in myofibroblasts, neither normal or neoplastic,
but is encountered in other myogenic neoplasms, such as rhabdomyosarcoma [Muzio L et
al, 2000]. Although numerous prognostic factors, including size, site, grade and TNM stage,
have been identified for leiomyosarcoma arising in other sites, there are no reliable
prognostic factors in the case of primary oral leiomyosarcoma. The TNM classification of
soft-tissue tumors is not directly applicable to oral leiomyosarcoma, especially in terms of
the T stage, and the histological grade of the tumor has rarely been reported in oral
leiomyosarcoma. It is important to identify factors of prognostic significance in this patient
group. The estimated five year survival for the whole group is 55%. Tumors that
demonstrated bony involvement (maxilla/mandible) and metastasis were associated with
poorer prognosis. Increasing age and male gender showed a trend toward worse prognosis,
although this was not statistically significant. Interestingly, neither the increased size of the
tumor nor recurrence was associated with poor survival, unlike tumors occurring at other
sites [Miyajima K et al 2002, Weiss SW et al, 2001, Dry SM et al, 2000, Nikitakis NG et al,
2002].
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6. Liposarcoma of head and neck

Liposarcoma is the second most common soft tissue sarcoma in adults. Its occurrence in the
head and neck region is reported to be very rare. The majority of liposarcomas occur in
middle-aged adults; however, very uncommon cases of liposarcoma can be generated in
infancy and early childhood [Hicks J et al, 2001]. The occurrence of liposarcoma in the head
and neck region is rare, comprising 5.6-9% of all cases [Enzinger FM et al, 2001].
Liposarcoma of the oral cavity is even less frequent, making up about 10% of all cases in the
head and neck. In a 1995 literature review, Golledge et al [Golledge ] et al, 1995]. found that
liposarcoma of the head and neck was poorly addressed and that its incidence is rare,
representing approximately 4-5% of liposarcomas (50 reported cases). Most cases originated
in the neck (28%), followed by the head (scalp and face, 26%), larynx (20%), pharynx (18%),
and mouth (8%) [Golledge J et al, 1995].

Since the publication of that review, liposarcomas of the head and neck have gained more
attention; however, most of the subsequent reports have addressed the primary
liposarcomas of the head and neck. Fifteen cases of liposarcoma metastases to the head and
neck region have been previously reported. The associated primary tumors from these
reports occurred most fequently in the thigh and retroperitoneum and equally between men
and women, showing no deviance from the normal trends found in liposarcoma. The
average age of the patients was 53 years old. Most of the head and neck metastases were to
the orbit, thyroid, and dura mater in 31%, 25%, and 19% of the cases, respectively. Other
metastatic foci included the gingival mucosa, submandibular region, and scalp [McElderry
et al, 2008]. Although head and neck liposarcomas are rare, specialists should be aware of
the natural history, prognosis and treatment. As with liposarcomas elsewhere in the body,
most cases present in adults, and there is a male predominance. Factors considered to be
important in the etiology of liposarcomas include genetics, trauma and irradiation. Usually,
the tumor appears firm, relatively fixed to adjacent tissues, encapsulated, and to be growing
steadily but not rapidly. Patients do not usually have regional lymph node or distant
metastasis at presentation [Feles RA et al, 1993, Freedman AM et al, 1989]. Radiological
investigations are necessary in most cases to determine precise size, localization, limits,
extensions of the tumor and its relations with neurovascular structures. It is also necessary
for detecting distant metastases [Enzinger FM et al, 2001].. Liposarcoma originates from
primitive mesenchymal cells rather than mature fat cells. Thus, liposarcoma seldom
originates from normal fat tissue or lipoma. Furthermore, in contrast to lipoma, which
ordinarily arises in the subcutaneous, submucous, or subserous tissue, liposarcoma rarely
arises in such tissues, but rather in the perimuscular or perifascial structures of spindle cell
liposarcoma. The next major type is the myxoid type, which is composed of three main
tissue components: proliferating lipoblasts at varying stages of differentiation, a delicate
plexiform capillary pattern, and a myxoid matrix containing abundant nonsulfated
glycosaminoglycans. A subset of myxoid liposarcomas shows histological progression to
hypercellular or round cell morphology, which is associated with poor prognosis
[Christopher DM et al, 2002]. The most infrequent type is pleomorphic liposarcoma, which
contains huge lipoblastic multinucleated cells by which it distinguishes itself from other
pleomorphic sarcomas, such as malignant fibrohistiocytoma.The dedifferentiated type was
added to these criteria recently and is composed of a well-differentiated area and a poorly
differentiated area in parts of the same neoplasm, recurrent tumor or metastatic lesion. The
prognosis of this tumor depends on the tumor subtype; well-differentiated and myxoid
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liposarcomas are considered to be low-grade malignancies, whereas the pleomorphic and
round cell types are regarded to be high-grade. Golledge et al [Golledge ] et al, 1995].
reported 5-year survival rates of 100% for well-differentiated, 73% for myxoid, 42% for
pleomorphic, and 0% for round cell liposarcomas in 76 cases in the head and neck area. The
best choice for treatment is complete surgical excision, where a wide or radical excision with
sufficient margins is possible. McCulloch et al [McCulloch et al, 1992]. reported an 80% rate
of local or distant recurrence in patients with incomplete surgical excision compared with a
rate of only 17% when complete excision was accomplished.

Liposarcoma appears to have a clear capsule and is easy to separate, but it often infiltrates
the surrounding structures microscopically, so occasionally, incomplete resection occurs. In
contrast to its characteristic high recurrence, lymph node metastasis is quite rare, so neck
lymph node dissection is considered unnecessary [Weing BM et al, 1995]. Cases of distant
metastasis, which result from hematogenous metastasis, are occasionally reported, and the
most common metastatic sites are the lung, intra-abdominal area, bone, skull and liver
[Wong CK et al, 1997]. In the head and neck area, the majority of metastasized cases appear
to be round cell or pleomorphic liposarcomas. Radiotherapy, particularly postoperative
radiation, is considered useful and might delay or prevent local recurrence.

7. Rhabdomyosarcoma of head and neck

Rhabdomyosarcomas (RMS) account for 40% of all sarcomas found in the head and neck
region, and they are a morphologically and clinically heterogeneous family of malignant
soft tissue tumors of a myogenic lineage [Abali H et al, 2003]. Alveolar rhabdomyosarcoma
(ARMS) and embryonal rhabdomyosarcoma (ERMS) represent the two main histologic
patterns and must be differentiated from other small round cell tumors. RMS is the most
common soft tissue sarcoma in the pediatric population, comprising approximately 5% of all
childhood cancers and nearly 50% of soft tissue sarcomas arising in children 0 to 14 years of
age [Ferlito A et al, 1999]. By contrast, RMS is remarkably uncommon in older adults,
representing merely 2-5% of all malignant soft tissue tumors, with the majority being the
pleomorphic subtype [Sivanandan R et al, 2004]. Head and neck tumors are divided into
three major groups based on anatomic location and propensity for invasion of the central
nervous system: orbital, parameningeal, and nonparameningeal. Parameningeal tumors
carry the worst prognosis. Orbital RMS represents 75% of those tumors in the head and neck
and is associated with the best prognosis. Oral rhabdomyosarcomas are classified within the
non-orbital, nonparameningeal group of tumors, which present a better prognosis and tend
not to invade the central nervous system. The five-year survival rate is approximately 85%
for this RMS subtype. RMS is more aggressive in adults compared with children. Poor
prognosis in adults is thought to be due to a combination of advanced tumor stage,
unfavorable histology, a decreased tolerance to treatment and other unknown biological
factors [Franca CM et al, 2006, Bras ] et al 1987, Pavithran K et al, 1997]. Alveolar
rhabdomyosarcoma is known to be rare in adults aged over 45 years and to be commonly
located in the extremities; the clinical features of the case presented were exceptional. As a
result of the lack of characteristic histopathologic features, the final diagnosis of alveolar
rhabdomyosarcoma is difficult to establish. The histochemical findings suggested
differentiation from other small anaplastic round cell tumors, such as undifferentiated
carcinoma, neuroblastoma, neuroepithelioma, Ewing's sarcoma, and malignant lymphoma.
The immunohistochemical character of the tumor cells increases the diagnostic accuracy;



Head and Neck Soft Tissue Sarcoma 129

positivity for vimentin, MSA, and desmins confirm the diagnosis. Rhabdomyosarcoma is a
malignant neoplasm consisting of undifferentiated mesodermal tissue that expresses
myogenic differentiation. Histopathologic diagnosis is based on conventional light
microscopy and confirmed by immunhistochemistry. Antibodies against desmin, muscle-
specific actin, and myoglobulin are most widely used for diagnostic purposes. The three
major morphologic categories of rhabdomyosarcomas are embryonal, alveolar, and
pleomophic. The embryonal subtype is the most common, accounting for 70-75% of all
rhabdomyosarcomas, followed by the alveolar (20-25%) and pleomorphic differentiations
(5%). While the embryonal and alveolar subtypes are most commonly seen in children -
therefore termed juvenile - the pleomorphic subtype occurs almost exclusively in adults.
Rhabdomyosarcomas are generally seen in children, usually consisting of the embryonal
type, which represents the most frequent form of soft tissue sarcomas at this age. The
pleomorphic subtype is one of the most malignant sarcomas. In a publication in 1998, Akyol
[Akyol MU et al, 1998] reviewed the 13 documented cases of laryngeal pleomorphic
rhabdomyosarcoma. Radiotherapy as the primary treatment has been reported with
varying success, while adjunctive radiation therapy is given whenever a tumor is not
completely surgically removed. Randomized trials on adult sarcoma in general found that

Fig. 3. a) Rhabdomyosarcoma of larynx showing a multinodular white and brown mass, b)
Pleomorphic Rabdomiosarcoma with large cells containing deeply eosinophilic
rhabdomyosarcoma
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the addition of radiation resulted in significant improvement in local control over surgery
alone. However, rhabdomyosarcomas in adults are not as radiosensitive as those in children
[Haerr RW et al, 1987, Little DJ et al, 2002].

8. Synovial sarcoma of head and neck

Synovial sarcoma is a malignant soft tissue neoplasm that occurs most frequently in the
extremities of young adults, near large joints [Enzinger FM et al, 2001]. The most common
site is around the knee. As opposed to most other soft tissue sarcomas, these lesions are
occasionally painful [Devita TJ et al, 2001]. Synovial sarcoma is more common in males than
in females, although there is no evidence of a race difference. This sarcoma represents 5.6-
10% of all soft tissue sarcomas. The tumor usually occurs in close association with tendon
sheaths, bursae, and joint capsules, primarily in the paraarticular regions of the extremities.
The origin of synovial sarcoma remains unknown, but the neoplasm is thought to arise from
primitive undifferentiated pluripotential mesenchymal cells unrelated to synovial tissue
[Grayson et al, 1998]. Although 85% of synovial sarcomas arise in the extremities, sites in the
head and neck, trunk, abdomen, pelvis, mediastinum and lung are rarely involved.
Approximately 3.7% of patients of all ages with synovial sarcoma have it in the head and
neck [Ferrari A et al,2004]. Jernstrom [Jernstrom P et al, 1994] was the first to report the
occurrence of synovial sarcoma in the head and neck region in 1954, and since then, more
than 100 cases have been reported. The parapharyngeal region is the most frequently
affected site, and few cases have been documented to arise within the orofacial region
[Almeida - Lawall M et al, 2009]. The most important and accurate prognostic factors in
synovial sarcoma are the extent of tumor resection and the presence of metastatic disease,
the most common sites of which are the lung and regional lymph node [Rangheard AS et al,
2001]. The other prognostic factors associated with synovial sarcoma are conflicting.
Previously reported favorable prognostic factors include age below 20-25 years, tumor size
smaller than 5 cm, distal extremity location, and biphasic histological type. However, some
studies have shown that age, location of the tumor, and histology type are not significantly
associated with prognosis. In many instances, synovial sarcomas are so poorly differentiated
that they do not show any specific features sufficient to suggest their true origin, and hence,
they may be confused with other poorly differentiated sarcomas [Limon ] et al, Turc - Carel
et al, 1986].

The following factors have potential prognostic value: age at diagnosis, sex, tumor site, size,
histology, mitotic count, necrosis, histological grade, stage, surgical margin status, and
fusion type. The presence of poorly differentiated areas was the strongest prognostic factor
associated with local recurrence, metastases, and tumor-related death [de Silva MV et al,
Guillou J et al, 2004]. Three histologic subtypes originating from the presence of 2 cell types
exist along a continuous spectrum: biphasic, monophasic (predominantly fibrous or rare
epithelial), and poorly differentiated. Monophasic epithelial synovial cell sarcoma and
gland-predominant biphasic synovial cell sarcoma are similar to adenocarcinoma, leading to
potential misidentification as adenocarcinoma [Weinreb et al, 2008]. The poorly
differentiated type poses a diagnostic challenge and has structures that resemble those of
high-grade small round cell tumors: high cellularity, frequent mitosis, and necrosis. The
common diagnosis of synovial cell sarcoma is the biphasic pattern or monophasic fibrous
type but can also be easily confused with spindle cell carcinoma, myofibromatosis,
leiomyosarcoma, primitive neuroectodermal tumors, malignant peripheral nerve sheath
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tumors, and malignant fibrous histiocytoma. A panel of antibodies in an
immunohistochemistry assay must be assessed together with other observations. Several
investigations showed that the epithelial component of biphasic synovial sarcomas stains for
cytokeratin in almost 90% of cases and that EMA is also frequently expressed. The spindle
cells in some, but not all, tumors express cytokeratin or EMA focally and less intensely than
epithelial cells. In monophasic synovial sarcoma, the expression of these epithelial markers
is less evident, necessitating the examination of many sections from different sites.
Reactivity for vimentin is observed in epithelial elements in about 15-30% of biphasic
tumors; in spindle cells, it is observed in about 80-90% of both biphasic synovial sarcomas
and monophasic synovial sarcomas and a wide variety of epithelial neoplasms express
vimentin, making its reactivity less significant in the diagnosis of synovial sarcoma. The S-
100 protein may be detectable in 30% of these tumors, causing confusion with malignant
peripheral nerve-sheath tumors. In addition, bcl-2 protein was reported in 75-100% of
Sinovial sarcomas, typically in a strong and diffuse fashion, especially in spindle cells
[Fletcher et al, 2002, Kempson et al, 2001]. CD99 can be detected in 60% to 70% of cases.
Nevertheless, these findings are of little diagnostic value because bcl-2 and CD99 are also
expressed in a variety of distinct neoplasms. Chromosomal studies showed a balanced
reciprocal translocation t (X;18)(p11.2;,q11.2) in more than 90% of all synovial sarcoma
subtypes in all anatomic sites, including the oral cavity. The translocation results in the
fusion of SYT or SSXT from chromosome 18 to either SSX1, SSX2, or S5X4 genes from the X-
chromosome [Almeida - Lawall M et al., 2009, Kempson RL et al, 2001].

9. Malignant Peripheral Nerve Sheath Tumors of head and neck

Malignant Peripheral Nerve Sheath Tumors (MPNSTs) are rare neoplasms with an
estimated incidence of 0.1 per 100,000 per year in the general population. They account for
approximately 5-10% of all soft tissue sarcomas and have a strong association with
neurofibromatosis type 1 (NF-1), also known as von Recklinghausen’s neurofibromatosis
[Hajdu SI, 1993]. MPNSTs have been defined as any malignant tumor that arises from or
differentiates toward cells of the peripheral nerve sheath, with the exception of tumors that
originate from the epineurium or the peripheral nerve vasculature [Wong WW et al, 1998].
Various misleading synonyms, including the terms neurofibrosarcoma, neurogenic sarcoma,
malignant neurilemmoma and malignant schwannoma, have previously all been applied to
this neoplasm and are merely a reflection of the controversial clinicopathologic classification
of this rare tumor [Wanebo JE, 1993]. MPNSTs of the head and neck, in particular, represent
exceptional neoplasms; MPNSTs are one of the most aggressive malignant tumors and have
the highest local recurrence rate of any sarcoma, and they have a marked propensity for
dissemination and metastatic spread [Stark AM. 2001]. Despite multimodal therapy,
including radical surgical resection and adjuvant radiochemotherapy, the prognosis of
MPNSTs is said to remain dismal, particularly in the head and neck. However, prognostic
factors and treatment modalities have not been consistently identified [Anghileri M et al,
2006]. Up to 30-50% of all MPNSTs are found in association with NF-1, with a reported
incidence of MPNSTs in this subgroup ranging from 2-29% [al - Otieschan AA et al, 1998]
MPNSTs can affect all age groups but usually present in adult life between 20 and 50 years
of age, with no established predilection for sex or race. However, the mean age of patients
with NF-1-associated MPNSTs is approximately a decade younger [Nagayama I et al, 1993].
The most common sites of involvement are the extremities, trunk, chest, and
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retroperitoneum. While benign peripheral nerve sheath tumors, such as benign
schwannoma and neurofibroma, have a propensity for the head and neck, fewer than 10%
of MPNSTs affect this anatomic region. The majority of MPNSTs arise either de novo or
from pre-existing neurofibromas, with an estimated incidence of malignant
transformation ranging 3-30%. Only very rare examples of MPNSTs arise in the
schwannoma, ganglioneuroma or phaeochromocytoma, and they arise from all cranial
nerves except the optic and olfactory nerves, which have no nerve sheath [Shingh B et al,
2001]. CT and MRI scans delineate the extent of the disease and the involvement of vital
structures and allow staging. MPNSTs infiltrate local tissues extensively and spread
preferentially, as with other sarcomas, via the bloodstream to the liver, lungs and bone
rather than the lymphatic system.

Regional lymph node involvement occurs in less than 1% of deep-seated disease [Ducatman
BS et al, 2006] and is even rarer in the superficial form, but no studies have described the
statistics. Punjabi described an MPNST in the left parotid that metastased to the
contralateral parotid and auditory canal with intra-cranial extension, but it is unclear
whether the right parotid was the site of the metastasis or was secondarily invaded.
Histological diagnosis has become more stringent because of similarities with other spindle
cell malignancies, e.g., leiomyosarcomas, malignant fibrous histiocytomas and neurotropic
malignant melanoma. In the past, it was necessary to demonstrate the origin from a nerve;
however, cutaneous nerves are generally too small to be grossly identified, and hence,
electron microscopy and immunochemistry are used to show ultrastructural evidence of
Schwann cell differentiation with the absence of premelanosomes and absence of epidermal
melanocyte proliferation. There are no specific immunohistological markers, and therefore,
to make a diagnosis, a panel of antibodies and immunoreactivity with at least two of the
following antibodies is required: 5100, Leu7, myelin basic protein, glial fibrillary acid
protein and PGP 9.5. [Wick MR et al, 1990]. Surgery is the main treatment for MPNSTs,
which require radical resection and additional frozen sectioning of the proximal nerve to
ensure clear margins, although reviews do not suggest a margin of excision. Because lymph
node involvement is very unusual, elective neck dissection is not recommended. Adjuvant
high-dose radiotherapy is used, particularly after incomplete resection or where radical
excision is impossible, and chemotherapy remains controversial. The superficial form of the
disease after primary surgery has a local recurrence rate of 78%, metastatic spread rate of
22% and a 4-year survival rate of 66%. Unfortunately, Dabski’s series was small, and only
half the lesions were located in the head and neck region [Dabski C et al, 1990]. The five-
year survival of all patients with MPNSTs of the head and neck ranges from 15 to 34%, with
50% of the cases developing local recurrences and 33% metastases, particularly to the lung
[Punjabi et al, 1996, Hujala K et al, 1993]. MPNSTs have been described in English in the
literature, and most of these cases presented with a complex karyotype with triploid or
tetraploid clones. The most frequent structural aberrations found in MPNST involve
chromosomes 7, 9, 13, and 17, whereas the most frequent numerical chromosomal
abnormalities include trisomy 7 and 2 and monosomy X and 17. Breakpoints at 12924, as a
part of a complex karyotype, were previously described in six cases of MPNSTs and in two
cases of Xq22. Breakpoints at 2q35 or 4gq31 have not been described for MPNSTs. Moreover,
of the previously described cases of MPNSTs, only eight displayed a diploid karyotype, and
six displayed a simple karyotype with unbalanced chromosomal aberrations 47,XY, 7/45,X,
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Y; the literature also revealed another gene, PTPN11, which encodes the non-receptor
protein tyrosine phosphatase SHP-2. This gene was mapped to the chromosome 5 region on
12q24.1, the same region involved in the second translocation of our patient. Noonan
syndrome is an autosomal dominant disorder characterized by dysmorphic body features,
heart disease, mental retardation, and bleeding diatheses. Interestingly, a child with Noonan
syndrome and malignant schwannoma of the left forearm has been reported. These findings
initially raised our suspicion, and we have further tested the possibility that the patient
carried concealed characteristics of Noonan syndrome [Rao UN et al, 1996, Tartaglia M et al,
2001, Noonan JA et al, 1968, Kaplan et al, 1968].

9.1 Malignant Triton Tumor (MTT) of head and neck

MTT was first described by Masson in 1932. It is a rare subtype of MPNSTs in which the
malignant schwannoma has rhabdomyoblastic differentiation, a so-called mosaic tumor
with both a muscular and a neurogene component. One third of these tumors arise in the
head and neck region, and at least one third of these are associated with neurofibromatosis
type 1. In sporadic cases, the mean age at debut is 38 years, while cases associated with
neurofibromatosis are, on average, 12 years younger [Kim ST et al, 2001, Barnes L. 2004].
The MTT is named after the Triton salamander, which is capable of regenerating limbs
consisting of both muscle and nerve tissue after the cut end of the sciatic nerve is implanted
into the soft tissue of its back. The MTT pathogenesis is not known. One hypothesis is that
malignant schwan cells differentiate into rhabdomyoblasts. Another hypothesis is that both
cell lines arise from less differentiated neural crest cells with both ectodermal and
mesodermal potential. Although MTT can occur as a sporadic tumor, approximately half to
two thirds of cases occur in association with neurofibromatosis type 1 (NF1), usually
affecting individuals in their third or fourth decade of life. MTT is generally considered a
high-grade malignant neoplasm with a poor outcome [Yakulis et al, 1996]. Previous studies
[Daimaru Y et al, 1984, Victoria L et al, 1999], reviewed the treatment and outcome of 27
MTTs arising in the head and neck and commented that there may be a subset of MTTs that
occurr in this region as low-grade malignancies with favorable long-term prognosis. The
primary involvement of the oral cavity is extremely rare. MTTs occur predominantly in the
trunk, head and neck, and lower extremities [Enzinger FM, 2001]. Among all reported cases,
approximately one third appear to arise in the head and neck region. In a recent detailed
review of the literature, Victoria et al [Victoria L et al, 1999] summarized the anatomic
distribution of head and neck cases. The data showed that 12 of the 27 cases described were
found to arise in the structures of the neck or upper thorax.

Taken together with a recent report describing MTT of the maxilla, it can be concluded that
intraoral presentation of MTT is rare. The hallmark of this tumor is the presence of
rhabdomyoblasts scattered throughout the stroma indistinguishably from ordinary MPNST.
The number of rhabdomyoblasts varies greatly from tumor to tumor and even from area to
area in the same tumor. Chromosome analysis of MTTs showed a complex hyperdiploid
karyotype with multiple unbalanced translocations, large markers, and ring formations.
Although some of the markers were highly variable, other markers were reasonably stable
and were seen in the majority of the abnormal metaphases. Haddadin et al [Haddadin et al,
2003], compared the chromosomal breakpoints in MTT, MPNST, and rhabdomyosarcoma to
identify common regions of involvement. These included 7p22, 7q36, 11p15, 12p13, 13p11.2,
17q11.2, and 19q13.1.
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Fig. 4. a) Malignant Triton Tumor high-grade located in the neck with extensive areas of
necrosis and hemorrhage, b) Malignant peripheral nerve sheath tumor with
rhabdomyoblastic differentiation 40X, c) Rounded or enlongated rhabdomyoblasts
throughout the tumor, 40X.

10. Conclusions

Head and neck soft tissue sarcomas are rare and represent 1-5% of all corporal neoplasias.
The cause of the majority of sarcomas is yet unknown; however, it is thought that a
number of environmental and genetic factors are closely linked to the development of
these types of neoplasias. The survival range depends on the histological grade and the
clinical stage. At five years, survival is approximately 60-70%, and with local control, it
becomes 60-80%. The survival range depends on the histological grade and the clinical
stage. Approximately 10-30% of patients presented with distant metastases within the
first two years. In general, young patients with low-grade, small and superficial sarcomas
have a better prognosis than high-grade sarcomas. Patients with sarcomas greater than 5
cm in clinical stage III or IV with positive surgical margins, can die from progression and
metastases. To determine how a neoplasm is likely to behave, with or without treatment,
it is necessary to know certain facts about the disease. The management of soft tissue
sarcomas of the head and neck is particularly challenging and depends upon some
prognostic factors. The assessment of prognostic factors, which correlate baseline clinical
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and experimental covariables to outcomes, is one of the major objectives of clinical
research.
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1. Introduction

Dermatofibrosarcoma protuberans (DFSP) is best described as a fibroblastic neoplasm. It is a
low to moderate grade type of soft tissue sarcoma (STS) arising from cells of mesenchymal
origin in the dermal layer of the skin'4. This entity was first described in 1924 by Darier and
Ferrand5. Though DFSP is a low grade malignancy, fibrosarcomatous variant can be very
aggressive especially when provoked by inadequate excision. It is a rare type of skin cancer
that can grow deeply into the skin to invade the fat, muscle, and bone. DFSP is a locally
aggressive tumour and rarely metastasizes. This gives it a higher survival rate when
adequately excised!”.

In developing countries however, late presentation to hospitals are very common. Patients
here seek help first from unqualified persons and only come to the specialists late into their
illness. This has led to poor outcomes in many cases.

2. Epidemiology

DFSP comprises 0.01% of all malignant tumours and 2 - 6% of all soft tissue sarcomas®23.
STS constitute overall less than 1% of human adult solid malignant tumour” but can be life
threatening and sometimes difficult to diagnose and very challenging to treat. It has no sex
predilection nor specified age incidence but is commoner between the ages of 20 and 50
yearsés. It is stated to be commoner in blacks with an estimated incidence of 0.8 to 5
per/million persons per year in America®8.

3. Aetiology

The exact cause of Soft Tissue Sarcomas and Dermatofibrosarcoma Protuberans is not well
known. Predisposing factors include genetic mutation of the P 53 gene, exposure to ionising
radiations, post burn and other scars and exposure to certain carcinogens have been
documented. Of particular note is its recurrent nature especially following inadequate
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excision either in margin or depth. High rate recurrence is noted in developing countries
like Nigeria3.

4. Pathology

DFSP are skin cancers that arise from the dermal fibroblasts. Recent evidences by
immunohistochemical tests however suggest that they may arise from the dendritic cells in
the skin

It grows in a finger like manner into the surrounding tissues leading to uneven penetration.
This is a major cause of recurrence as some malignant cells may have projected far beyond
the macroscopic margin at the time of initial resection.

DESP is highly cellular and comprises spindle cells arranged in a radial fashion most
characteristic at the periphery of the tumor. It displays immunoreactivity to CD34.
Haematogenous spread to the lungs is the commonest route of metastasis, regional lymph
nodes are rarely involved?”.

The variants of DFSP include the Bednar tumour, myxiod DFSP, atrophic type and the
fibrosarcomatous variant which is very aggressive.

There is no staging system yet developed specific for DFSP but it is currently staged in
accordance with the American Musculoskeletal Tumour society staging system taking into
account tumour grade and compartmentalization®.

5. Clinical presentation

The usual pattern is an initial painless slow growing tumour. It may remain indolent for
many years and sometimes grow to a very large size (more than 5cm in diameter over a few
years). It may ulcerate but more commonly the patient intervenes one way or the other.
Inadequate excision lead to recurrence of larger tumour and sometimes very slow healing
ulcer. In the developing countries, they usually present with very large often fungating
recurrent tumours. Other symptoms then depend on local effects and its site of location.
Metastasis is a late event and is commonest to the lung!26710. Later to liver, lymph nodes,
peritoneum (for abdominal wall tumours) and nearby structures. Progression depends on
the histological variant, grade, stage, size, how deeply seated the tumour is and presence or
absence of other tumours and patients genetic predisposition. The immune status may also
play a role as a rare recurrence of the fibrosarcomatous variant has been reported to occur in
pregnancyl.

Rate of recurrence depends on the adequacy of resection margin and other management
modalities employed. A DFSP has been reported to occur at the surgical scar of an earlier
excised tumour after many years!2.

Pain is as a result of pressure. When infected, there may be fever, anorexia and Weight
loss. Overall, patient presents with large tumours without much constitutional
symptoms/sign.

6. Investigations

Biopsy of all suspicious lesions is mandatory. Histological and immunochemistry studies
are done. The investigative tool of choice is the magnetic resonance imaging (MRI). This is
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capable of delineating tissues planes thereby detecting extent of invasion of surrounding
tissues including muscles and fat. This diagnostic tool is usually not available in
developing countries. CT scan and contrast enhanced studies aid the diagnosis. X Rays of
the affected parts and chest for metastasis to the lungs are also indicated in many cases.
Biopsy of all suspicious tissues is recommended and for all lesions more than 5cm in
diameter, an incision biopsy should precede definitive resection for adequate planning to
avoid the danger of inadequate excision. Other investigations are done to determine the
extent of local spread, distant metastasis and effects of the tumour on the patient
generally.

7. Treatment

Surgery is the main stay of treatment. Wide local excision with histologically negative
margins is the cornerstone of treatment36. For tumour less than 5cm in diameter a 3cm
margin is recommended and for lesions greater than 5cm and recurrent lesions resection
margin should be 5cm. The underlying tissue is also excised beyond the normal plane. The
margins are examined to ensure they are tumour-free. Adjuvant radiotherapy increases
tumour clearance and decreases rate of recurrence. Resection of tumours close to
neurovascular bundle, bone and other vital structures may not obey these rules and
adjuvant radiotherapy and chemotherapy will then be absolutely indicated. It is usually
difficult to identify the margin of the tumour macroscopically as the finger like projections
into muscle, fascia, fat resemble normal tissue. Fibrosis from previous surgeries may also
make adequate excision difficult. Radiotherapy and chemotherapy may be used pre-
operatively to downsize the tumour and make it more resectable or post-operatively to
manage residual tumours and metastasis.

Mohs micrographic surgery is presently employed (where available) and hold great promise
for complete tumour excision’. Very large defects may be created after tumour excision
which requires the services of a plastic reconstructive surgeon. When the limb is involved,
limb sparing surgeries are first attempted where feasible otherwise amputation may be
resorted to. Reconstructive procedures include local rotation and advancement flaps,
regional flaps, pedicle and free tissue transfers. Prosthetic mesh has been used for
reconstructing full thickness abdominal /chest wall defects331.14.

A multidisciplinary approach by healthcare team with experience in management of STS is
recommended for proper treatment of DFSP.

8. Follow up

Follow up of the patient is for life. Tumours have been known to recur many years after
adequate excision. Any suspicious lesion around the area of an initial excision including the
scars is subjected to full investigations and expert care.

9. Prognosis

Prognosis depends on both tumour and patient factors as well as availability of investigative
and support services. Size is an important prognostic variable and so affects the quality of
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Fig. 1. Recurrence in pregnancy after 3rd excision, now very aggressive and fatal.resection.
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In developed countries, the prognosis has improved remarkably but in the developing
world however, prognosis remain poor due to a variety of factors. These include poverty,
ignorance, late presentation with very large often fungating and metastatic lesions, low
infrastructure and low availability of expertise.
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1. Introduction

"Skepticism is a healthy response to diagnosis of any tumor as angiosarcoma. * (Lane, 1952)
Angiosarcoma (AS) is an aggressive malignancy of vascular tissue or vessel forming cells
(Requena & Sangueza 1998). AS is rare in humans, making up 1-2 % of soft-tissue sarcomas
(Young et al. 2010) and having an estimated incidence of 0.2/100,000 persons per year.
Although AS can present anywhere in the body, in humans they typically arise in the skin
or superficial soft tissues. It is most frequently noted on the face and scalp of elderly men
where their persistent growth causes ulceration and infection, as well as on breasts, and
extremities (Brennan et al. 2001; Fayette et al. 2007; Glazebrook et al. 2008). Less frequently
AS arises in liver, heart, and spleen (Young et al. 2010). The literature is replete with
retrospective analyses and case studies on AS but the rarity of patients diagnosed with this
disease makes it difficult to perform more than a superficial investigation on the biology and
clinical behavior of AS. However, the occurrence of AS is not restricted to humans and there
are several alternative animal models with the potential to inform human studies. We have
written this review to collect, compare, and contrast diverse reports on the biology and
treatment of AS in humans and alternative animal models. Our objective is to establish a
comparative framework to focus further discussion and scientific enquiry.

2. Types of AS

While there is general agreement angiosarcomas arise from endothelial cells, its causes are
uncertain. There appears to be no single cause of AS in humans; rather, a variety of factors
have been reported to contribute to risk of disease. Broadly speaking the causes of this
disease may be classified as environmental, familial, and iatrogenic.

2.1 Environmental AS

Chronic exposure to any of several environmental risk factors has been linked with AS. Each
of these directly or indirectly induce genetic mutations and alter gene expression. Vinyl
chloride was first identified as an AS inducing compound when it was noticed that
industrial plastic and synthetic rubber manufacturers as well as beauty salon personnel had
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an elevated incidence of AS. Exposure to vinyl chloride was the only common element
identified in both populations (Creech & Johnson 1974; Infante et al. 2009; Sahmel et al.
2009). Vinyl chloride was used for the production of industrial resins and as a hairspray
propellant. Interestingly, vinyl chloride increases the rate of hepatic AS because vinyl
chloride is a carcinogen that is predominantly directed towards hepatic endothelial cells.
The metabolism of vinyl chloride produces reactive metabolites that form pro-mutagenic
DNA adducts (reviewed by Bolt (2005)).

Chronic exposure to arsenic in pesticides or in a traditional medicinal tonic (Fowler’s
solution) has also been linked to hepatic AS (Centeno et al. 2002; Falk et al. 1993). The
precise mechanism(s) of arsenic carcinogenesis is uncertain, although it appears to act in an
epigenetic fashion rather than as a classical mutagen, causing pleiotropic cellular effects that
promote tumorigenesis (reviewed by Flora (2011)).

No link between AS and UV exposure has been documented. However, there are published
case reports of xeroderma pigmentosum patients developing cutaneous AS. Xeroderma
pigmentosum is a rare autosomal recessive disease causing defects in nucleotide excision
repair; the patients are sensitive to UV radiation and are at higher risk for developing skin
cancers (de Boer & Hoeijmakers 2000; Kraemer et al. 1987). Whereas cutaneous AS normally
develops in older patients with a mean onset of 63 years (Aust et al. 1997), cutaneous AS in
xeroderma pigmentosum patients appears to have an earlier onset, ranging from 13 to 40
years with a mean of 19.2 years (Arlett et al. 2006; Arora et al. 2008; Ludolph-Hauser et al.
2000; Marcon et al. 2004; van Geel & den Bakker 2009). Further work is needed to establish
whether there is a role for UV as a causative agent of cutaneous AS.

2.2 latrogenic AS

There are several examples of AS being induced as a consequence of prior medical
treatment. Exposure to Thorotrast® (colloidal thorium-232 dioxide) has been linked to
hepatic AS. Thorotrast® was used in the United States from the 1930’s through the 1960’s as
a radiographic contrast compound to visualize blood vessels. Upon injection, Thorotrast is
absorbed by bones, liver, spleen, and lymph nodes where it has a high bioavailability and
releases alpha particles for imaging. While useful as an imaging agent, Thorotrast® was
found to have unanticipated toxicities. Because it has a long biological half-life, patients
were exposed to high levels of ionizing radiation for extended (lifelong) periods (Autenrieth
& Lange 1979; Kiyosawa et al. 1989). Thorotrast® exposure has also been associated with
increased risk of other cancers including hepatic ductal carcinoma and leukemia (Johnson et
al. 1977; Looney 1960).

Radiotherapy is an infrequent but well-recognized risk factor for AS (Botros et al. 2009; Fury
et al. 2005; Miura et al. 2003). A study of 274,572 breast cancer patients in the SEER Cancer
Incidence Public-Use Database (Yap et al. 2002) found that incidence of a subsequent
sarcoma while low, was modestly elevated in patients receiving breast irradiation compared
to patients not receiving such therapy (87/82,296 [0.0011%] versus 176/192,276 [0.0009%]
respectively). Further, whereas AS accounted for approximately 6% of subsequent sarcomas
in unirradiated patients, it represented almost 60% of cases within a previously irradiated
field (Yap et al. 2002). It seems radiation therapy not only increases the incidence of
secondary malignancies but also changes the spectrum of tumors associated with treatment.
These results were consistent with a prior study using the same SEER database that showed
increased incidence of AS in irradiated breast cancer patients versus unirradiated patients
(Huang & Mackillop 2001).
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However, a recent retrospective study of Finnish cancer patients showed different results
(Virtanen et al. 2007). Surveying more than 300,000 cancer patient records accrued over a 50-
year period, Virtanen et al. (2007) failed to identify a statistically significant association of
AS with prior radiation treatment. These results agree with an earlier Swedish study of
122,991 women with breast cancer that showed no statistically significant correlation
between radiation therapy and angiosarcoma, although they did observe a correlation with
lymphedema (Karlsson et al. 1998). The Finnish research team did note a five-fold increase
in AS among women with breast or gynecologic cancers when compared with the rest of the
population. However, while the SEER-based studies focused on the incidence of subsequent
sarcoma within the irradiated field of women with breast cancer, the Finnish study
examined incidence irrespective of radiation field within a mixed population of men and
women treated for several tumor diagnoses. Thus, the latter studies may have failed to
demonstrate a statistically significant association between AS and radiotherapy because
they were underpowered.

Chronic lymphedema is another risk factor for AS. The most well known form is Stewart-
Treves syndrome, in which lymphedema presents in the adjacent arm after radical
mastectomy (Stewart & Treves 1948). Although rare, AS is also associated with other chronic
lymphedema disorders such as Milroy disease and elephantiasis (Hallel-Halevy et al. 1999;
Offori et al. 1993). It is not immediately apparent why failure of lymph node drainage
should promote AS. One possibility is that edema restricts perfusion and induces an
ischemic response involving endothelial proliferation. If this were the case one might expect
to see increased incidence of AS in association with peripheral arterial disease. However,
such an association has not been reported. Alternatively, edema-mediated changes may
create a permissive microenvironment allowing phenotypic expression of an otherwise
masked trait that promotes endothelial proliferation.

2.3 Familial AS

Although patients with Von Hippel-Lindau disease show increased incidence of cranial
hemangioblastoma (Kaelin 2007), no highly penetrant, causal mutation for AS in humans
has been reported. This should not be interpreted as an indication that hereditary factors do
not influence the risk of developing AS, but that the incidence of AS is so low that
identifying such genetic factors may be exceedingly difficult. However, indirect evidence
supports a role for hereditary factors in the onset or progression of AS. The incidence of all
vascular tumors appears to be increased in offspring whose parents were diagnosed with
kidney cancer, nervous system hemangioma, or hemangioblastoma, and AS of the trunk
and extremities has been associated with maternal breast cancer (Ji & Hemminki 2007).
Moreover, there is strong evidence for breed and strain-specific predisposition of AS in mice
and dogs (see below).

3. Clinical features

3.1 Presentation

The presentation of AS is tied to the site of occurrence. In cutaneous AS, tumor may begin as
a bruise-like bluish coloration or a red nodular rash (Lane 1952; Morgan et al. 2004). It can
also present as purplish multicentric lesions as seen in Stewart-Treves syndrome (Stewart &
Treves 1948). Unfortunately due to the innocuous appearance of the initial dermal lesion, a
large percentage of patients initially disregard the lesion and as a consequence have
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systemic disease at the time of ultimate diagnosis (Morgan et al. 2004). For visceral and
cardiac disease, AS most often presents as organ failure. Cardiac AS patients commonly
have atrial fibrillation, malaise, and resting tachycardia (Ge et al. 2011; Matzke et al.).
Splenic AS presents with splenomegaly (enlarged spleen) or abdominal pain and fatigue
from splenic rupture (Falk et al. 1993); these patients may also have cytopenia, leukocytosis,
and thrombocytosis. Hepatic AS patients initially present with jaundice and may also
experience abdominal pain and fatigue (Mahony et al. 1982; Valenzuela et al. 2009).

3.2 Diagnostic pathology

There are two subtypes of angiosarcoma defined by pathology. Angiosarcoma is classically
defined by a growth of spindle-shaped endothelial cells (Figure 1). In 1982, Weiss and
Enzinger described a new subtype, epithelioid AS, with large rounded or polygonal cells
that have an epithelial-like morphology (Weiss & Enzinger 1982). In reality, most tumors
have a mixture of both spindle and round endothelial cells (Morgan et al. 2004).
Angiosarcoma tumors classically consist of sheets of endothelial cells with multiple irregular
anastomosing channels. These channels can be perfused and blood-filled or void and can be
lined with a single or multiple layers of atypical endothelial cells (Koch et al. 2008; Ohsawa
et al. 1995; Yang et al. 2010). Areas of hemorrhage and necrosis are also common in AS
(Armah et al. 2007; Ge et al. 2011; Gong et al. 2011; Neuhauser et al. 2000; Ohsawa et al. 1995;
Yang et al. 2010). Low grade lesions display irregular vascular channels lined with atypical
endothelial cells in single or multiple layers (Koch et al. 2008). High-grade lesions are
comprised of sheets of undifferentiated, pleomorphic cells which can make them difficult to
distinguish from carcinomas (Koch et al. 2008). High grade lesions also have large areas of
hemorrhage. There is no clinical or survival advantage between low- and high-grade
lesions. Definitive diagnosis is made by biopsy and immunohistochemistry with antibodies
against the endothelial marker CD31 and Factor VIIl-related antigen. Staining with
antibodies against von Willebrand’s factor II and CD34 may also be used to confirm a
diagnosis of AS (Ohsawa et al. 1995).

3.3 Differential diagnosis

Cutaneous AS can initially be misdiagnosed as bruising, multiple different skin infections,
and even insect bites. It is the duration and spreading of the lesion that prompts concern.
Cutaneous AS is similar in appearance to another endothelial derived malignancy, Kaposi
sarcoma. Kaposi sarcoma is a virus-induced cancer (Chang et al. 1994; Kemeny et al. 1996).
Both Kaposi sarcoma and AS can be multicentric skin lesions with spindle cell pathology
(Morgan et al. 2004; Nickoloff & Griffiths 1989). To further complicate the diagnosis, a
percentage of Kaposi cells are CD31 positive and up to half of AS cells are positive for the
endothelial lymph factor podoplanin by immunohistochemistry. However, only Kaposi
sarcoma are positive for the presence of Kaposi’'s sarcoma causative virus (Human Herpes
Virus 8) by immunohistochemistry using antibodies against Latency nuclear antigen-1
(LANA-1) or by amplifying viral DNA by PCR (reviewed in (Mesri et al. 2010; Schmid &
Zietz 2005)). Cutaneous AS may also be confused with irregular growths of superficial
vasculature or benign hemangiomas, mostly seen in infants (Lawley et al. 2005). These
vascular malformations are commonly referred to as port wine stains or angel kisses. These
may be distinguished from visceral AS by immunohistochemistry with antibodies against
the Wilms tumor 1 transcription factor (Ge et al. 2011; Lawley et al. 2005).
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Fig. 1. Histology of human and canine angiosarcoma. Stained with Hematoxylin and Eosin
(a,b,ef) or immunostained with antibodies against CD31 (c,d,g,h) both human (a, c¢) and
canine (b, d) splenic angiosarcoma as well as canine kidney angiosarcoma (e, g) show
extensive networks of endothelial (CD31 positive) cells with multiple irregular
anastomosing channels filled with blood. In contrast this canine cutaneous angiosarcoma (f,
h) shows a highly vascular tumor with spindle-shaped CD31-positive endothelial cells. Bars
=100 micrometers.
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The main discernible clinical sign of splenic AS is splenomegaly (Neuhauser et al. 2000;
Thompson et al. 2005). Any known cause of spleen enlargement is a differential diagnosis
for splenic AS. This includes but is not limited to lymphoma or infection (reviewed in (Pozo
et al. 2009; Suzuki et al. 2010)). In addition, visceral disease often presents with vague flu-
like symptoms such as malaise and abdominal pain (Falk et al. 1993).

Since the epithelioid AS subtype is defined by endothelial cells that have a large, round cell
morphology similar to that of epithelial cells, AS may be confused with a carcinoma (Lin et
al. 2010; Weiss & Enzinger 1982). However, epitheloid AS cells stain positive for CD31 and
Factor VIII on immunohistochemistry (Fletcher et al. 1991; Lin et al. 2010).

3.4 Prognosis and treatment

Over the years AS treatment has changed very little. The usual treatment for primary AS is
surgery followed by high-dose radiotherapy either alone or with doxorubicin-based
chemotherapy. Even with such interventions survival rates are poor. In addition, there is no
current standard of care based on disease subtype or location.

Surgery is the mainstay for the treatment of primary AS. Surgical intervention is limited to
local control and is not recommended for widely disseminated disease. Current guidelines
call for total surgical resection of the tumor with wide negative margins to reduce re-
occurrence (Lahat et al. 2009; Mendenhall et al. 2006). However, the multicentric nature of
cutaneous AS and its proximity to vital organs in visceral disease makes achieving complete
tumor resection difficult. In a review of head and neck soft tissue sarcomas, positive
margins were found in 50% of patients (Farhood et al. 1990).

Survival rates after surgery alone are poor (Holden et al. 1987). While the addition of
postoperative radiotherapy improves survival, there are drawbacks to radiation. Effective
radiation treatment requires wide radiation fields and often doses of more than 50 Gy to
achieve tumor control (Mark et al. 1996; Pawlik et al. 2003). Furthermore, radiotherapy is not
recommended for radiation-induced AS (Mark et al. 1996).

Doxorubicin is considered the most efficacious chemotherapy agent for local and metastatic
AS but provides minimal tumor control or survival benefit. The response rate to
doxorubicin has been reported to be 16 - 36%. In addition, doxorubicin causes long-term
damage to the heart at cumulative total doses over 400 mg/m?2 of body surface area
(Chlebowski 1979). To reduce cardiotoxicity, doxorubicin can be encased in liposomes,
reducing the amount of free doxorubicin (Cattel et al. 2003). Liposomal doxorubicin
treatment of soft tissue sarcomas has equivalent activity but fewer adverse effects relative to
free doxorubicin, and thus it is included in the current National Comprehensive Cancer
Network guidelines for the treatment of soft tissue sarcomas (Judson et al. 2001). However,
the lipid envelope increases doxorubicin absorption and retention by the skin. Side effects of
liposomal doxorubicin may include dermal rash or sores on the palms and soles of the feet
called palmar-plantar erythodysesthesia (Judson et al. 2001; Lorusso et al. 2007). The latter
can be severe enough to require a dosage decrease, treatment interruption, or termination of
treatment (Lorusso et al. 2007).

Other adjuvant treatments are reported to have had minimal success. The use of taxanes
such as paclitaxel to treat AS has increased. In a small study of 9 patients, 8 responded to
paclitaxel (Fata et al. 1999). A 32-patient retrospective paclitaxel study documented a 62%
response rate with one complete response. A 30-patient prospective study demonstrated a
19% response rate after 6 months with 3 complete responses with surgery and a median
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overall survival of 7.6 months (Penel et al. 2008). Paclitaxel did show a subtype specificity;
the response rate in head and neck AS was 75%, while for other primary tumor locations the
response rate was 58%. The median time to progression of head and neck disease was 9.5
months compared with 7 months for AS of other primary sites (Schlemmer et al. 2008). In
another study, scalp AS had a progression-free survival of 6.8 months, but only 2.8 months
of progression free survival was documented for AS arising below the clavicle (Fury et al.
2005). In comparison to spontaneous tumors that have a median survival expectation of
nearly 9 months, radiation induced AS are more resistant to paclitaxel treatment and have a
median overall survival of less than 6 months (Penel et al. 2008). Paclitaxel has also been
used as a neoadjuvant therapy to decrease primary tumor size prior to surgery for splenic
AS (Vakkalanka & Milhem 2010).

4. Etiology

4.1 Cellular origins

The origin of AS tumor cells is still unknown. Angiosarcoma tumors are generally thought
to arise from endothelial cells. The majority of cells stain positively for the endothelial cell
markers: CD31, CD34, and Factor VIII-antigen. However, up to 70% of CD31 positive AS
cells are also positive for the lymph endothelial marker podoplanin (Breiteneder-Geleff et al.
1999). This suggests contributions of both lymph and vascular endothelium in AS.
Alternatively, the tumor microenvironment may differentiate a population of
undifferentiated endothelial cells to lymph or vascular-like endothelium.

Cancer stem cells or cancer progenitor cells have been documented in a variety of tumors,
but the presence of angiosarcoma cancer stem cells is not known. Interestingly, Wntl was
recently found to be expressed and activated in AS cells. Furthermore, Wntl increases
endothelial progenitor cell (EPC) proliferation and EPC-dependent angiogenesis (Gherghe
et al. 2011). These data suggest a possible role of EPCs in AS tumorigenesis and tumor
angiogenesis through a Wntl mechanism. As of yet, no study has clearly determined the
role of EPCs in tumorigenesis, and the importance of tumor stem cells in AS tumorigenesis
is still unknown.

4.2 Molecular biology

Angiosarcoma has no clearly defined causative mutation or chromosomal changes, but
genomic  abnormalities including chromosomal deletions, amplifications, and
rearrangements, have been identified in a variety of these tumors. In general, the karyotypes
of AS are complicated and display both clonal and non-clonal chromosomal changes. The
breadth and variety of aberrations suggest they may represent chromosomal alterations
from unbridled cell proliferation. The importance of these mutations or gene amplifications
for tumorigenesis and tumor development is not known. The most common aberrations
involve the loss of heterozygosity of chromosome 22 (Gil-Benso et al. 1994; Kindblom et al.
1991; Quezado et al. 1998; Schuborg et al. 1998; Wong et al. 2001; Zu et al. 2001). The genes
of both platelet-derived endothelial cell growth factor (PD-ECGF) and the tumor suppressor
NF2 mapped to chromosome 22 (Kindblom et al. 1991) but the significance of this
observation has not been explored. Losses of the short arm of chromosomes 4 and 7 are also
common in AS (Wong et al. 2001). MYC amplification has been found in radiation-induced
AS tumors that have an 8q24 gain (Guo et al. 2011).
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The loss of tumor suppressor function likely plays an important role in AS development.
The tumor suppressor p53 is mutated in a subset of AS tumors. In cardiac AS, mutant p53 is
overexpressed and localizes to the nucleus (Hollstein et al. 1994; Soini et al. 1995; Zu et al.
2001). Mutations in p53 codons 141 and 136 were identified in a small cohort of hepatic AS
(Soini et al. 1995) and mutations in p53 codons 249 and 255 have been associated with vinyl
chloride exposure (Hollstein et al. 1994). Other studies indicate the INK4a-ARF locus is
frequently inactivated in liver AS independent of p53 mutations (Weihrauch et al. 2002).
Mutations in the PTEN tumor suppressor have also been identified in hepatic AS; an exon 7
mutation codes for a premature stop codon resulting in a nonfunctional protein (Tate et al.
2007).

Activating mutations in key signaling molecules promote AS tumorigenesis. K-Ras2
mutations have been associated with AS (Marion 2005; Przygodzki et al. 1997) and have
been detected in hepatic AS after exposure to vinyl chloride (Weihrauch et al. 2002). Ten
percent of AS tumors showed activating KDR (VEGFR2) mutations (Antonescu et al. 2009).
Also, 25% of a 20 patient study of radiation-induced AS showed a co-amplification of FLT4
(VEGFR3) and MYC (Guo et al. 2011).

Interestingly, vascular endothelial specific cadherin (VE-cadherin) is absent or decreased in
AS (Martin-Padura et al. 1995; Tanioka et al. 2001; Zanetta et al. 2005). Loss of VE-cadherin
may promote AS growth in several ways. Like other cadherins, VE-cadherin interacts with
and retains -catenin at adherens junctions. Through this mechanism, cadherins indirectly
control the free (cytoplasmic) pool of P-catenin. Free -catenin can be transported to the
nucleus to regulate transcription. Thus, loss of VE-cadherin may represent a pathway to
induce cancer gene dysregulation. Retention of B-catenin at adherens junctions by VE-
cadherin has been inversely correlated with vascular tumor growth and hemorrhage
(Zanetta et al. 2005). During angiogenesis, endothelial cells detach and invade surrounding
tissue, where they replicate and branch into a vascular network. The loss of VE-cadherin
may facilitate angiogenesis. In addition, change in the cadherin profile of cells, or cadherin
switching, has been implicated in tumor cell invasion and metastasis (reviewed in Maeda et
al. (2005)). Whether cadherin misregulation in AS cells explains the invasive and metastatic
nature of AS is not known.

5. Insight from other sources

The rarity of angiosarcoma has restricted the scope of basic and clinical research on this
disease. In this section we will discuss experimental models for generating further insight
into the biology and treatment of AS, including the study of more common (but related)
human tumors, genetically engineered or chemically induced mouse models, and the
emerging relevance of studies of naturally occurring AS in companion dogs.

5.1 Related tumors in humans

5.1.1 Kaposi sarcoma

The similarity between Kaposi sarcoma (KS) and AS may provide a foundation for
understanding pathways vital for AS tumorigenesis and development. Like AS, KS is an
endothelial cell-derived tumor, but Kaposi is derived from lymphatic endothelial cells.
Kaposi sarcoma is a vascular tumor characterized histologically by a high degree of
angiogenesis and the presence of proliferating spindle cells (Brash & Bale 2001). The spindle
cells act in a paracrine fashion, releasing pro-inflammatory and angiogenic factors,
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including VEGF, which are necessary to promote KS lesions. Kaposi sarcoma is caused by
human herpes virus 8 (HHV8 or KSHV; (Ablashi et al. 2002; Chang et al. 1994)). The
expression of a single viral gene encoding a constitutively active G-protein coupled receptor
(vGPCR) in endothelial cells is sufficient to induce angioproliferative tumors in mice that
closely resemble human KS (Montaner et al. 2003). Among other functions, Kaposi sarcoma
vGPCR has been demonstrated to activate the mitogen- and stress-activated protein kinases
MAPK1/2 and p38 MAPK in a variety of cell lines (Arvanitakis et al. 1997; Bais et al. 1998;
Burger et al. 1999; Cannon et al. 2003; Cannon & Cesarman 2004; Sodhi et al. 2000).
Significantly, KS vGPCR-induced expression of VEGF depends upon increased activity of
both MAPK1/2 and p38 MAPK (Bais et al. 1998; Sodhi et al. 2000). Since these are direct
downstream targets of mitogen activated protein kinase kinases (MKKs) (Lewis et al. 1998),
MKKSs present an attractive potential therapeutic target for treatment of AS. In support of
this we have observed that when mouse endothelial cell tumor xenografts expressing
vGPCR are treated with a proteolytic inhibitor of MKK tumor growth is blocked and
vascularization is decreased (Depeille et al. 2007). MEK inhibitors tested in clinical trials for
a variety of tumors, most notably melanoma, have not shown marked efficacy (Lee &
Duesbery 2010). However, these drugs target only MEK1 and 2, leaving other MKK
signaling pathways intact.

The similarity between Kaposi sarcoma and AS raises interesting questions regarding the
etiology and molecular biology of AS. Are there spindle cell equivalents in AS that release
cytokines and drive tumor growth? Could AS also have a viral origin? Indeed, several
other human cutaneous cancers have viral origins (e.g. Merkel cell carcinoma and
polyomavirus, squamous cell carcinoma and HPV) and viruses can cause AS in mouse
models (see below). Moreover, similar to iatrogenic KS, cases of AS have been reported to
develop in kidney transplant patients taking immune suppressants (e.g. Farag et al. (2005)
and references therein). Evidence for a viral origin of AS has been sought through detection
of HHVS viral expression sequences. However, an initial report showing evidence of an
HHVS sequence in a subset of AS (McDonagh et al. 1996) was contradicted by subsequent
studies (Lasota & Miettinen 1999). Though it appears HHVS8 does not play a role in the
origin of AS, we can not yet rule out a viral contribution to AS tumorigenesis.

5.1.2 Hemangioma

Hemangiomas are benign growths arising from vascular endothelial cells. In hemangiomas,
endothelial cells form a tortuous network of blood vessels. These lesions are common in
newborns as strawberry patches or port wine stains. The causative mechanism of growth is
unknown, but serum levels of VEGFA and HIF-lalpha are elevated in children with
hemangiomas (Kleinman et al. 2007) suggesting hypoxic signals may be driving AS growth.
Hemangiomas have been successfully treated with the beta-blocking agent propranolol
(Leaute-Labreze et al. 2008; Sans et al. 2009). While the mechanism of action is not known,
Sans et al. (2009) speculate that propranolol inhibits beta-adrenergic receptors expressed in
endothelial cells, and in this manner down-regulates MAPK signaling and VEGEF release.

5.2 Similar tumors in other species

The incidence of AS has been documented in a variety of species. For discussion purposes
we have separated these into 1) genetically engineered or chemically induced AS models
and 2) spontaneous or naturally occurring AS.
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5.2.1 Induced angiosarcoma

Mice develop AS in response to a viral infection, toxicologic treatment, or genetic
manipulation. Study of the common properties or convergent signaling of these diverse
agents may reveal a unified mechanism for AS induction.

Viral Infection - Injection of Moloney mouse sarcoma virus (Stoica et al. 1990; Yuen et al.
1991), Harvey Sarcoma virus (Chesterman et al. 1966; Harvey 1964), or Kirsten Sarcoma
virus (Pitts et al. 1983) into mice or rats induces the formation of angiomatous lesions
resembling angiosarcoma or Kaposi's sarcoma. These viruses encode mutant, oncogenic
forms of cellular oncogenes encoding c-Mos, H-Ras, and K-Ras, respectively. Each of these
genes stimulates cellular proliferation and oncogenic transformation by activation of the
mitogen-activated protein kinase (MAPK) signaling pathway.

Toxicologic treatment - Rodent bioassays have been used to identify several carcinogenic
compounds capable of inducing angiosarcoma (reviewed by Cohen et al. (2009)). Some of
these compounds react with DNA, acting in a manner similar to vinyl chloride or
Thorotrast. Others, such as 2-butoxyethanol, are non-genotoxic and act indirectly through
production of reactive oxygen species and cytokines to stimulate endothelial cell
proliferation (Corthals et al. 2006; Kamendulis et al. 2010; Klaunig & Kamendulis 2005).
Genetic manipulations - Mice engineered to express knock-in mutations (D1226N or
Y1228C) in the activation loop of Met develop a high incidence of angiosarcoma with
moderately pleiomorphic endothelial cells, cavernous blood vessels, and palisading
epithelioid-like cells (Graveel et al. 2004). Met is a tyrosine kinase receptor for the
hepatocyte growth factor/scatter factor and is a potent activator of the MAPK signaling
pathway, regulating among other things the epithelial-to-mesenchymal transition and
metastatic behavior (Birchmeier et al. 2003). There are several Met antagonists in clinical
trials for a variety of tumors (Eder et al. 2009).

As noted above, the loss of tumor suppressor function likely plays an important role in AS
development. Not surprisingly then, loss of tumor suppressor function in mice induces AS
formation. Heterozygous deletion of p53 causes a broad-based cancer predisposition in
which 57% of mice develop a variety of sarcomas including AS (Jacks et al. 1994). The
incidence of AS in p53-null mice is dramatically increased from 15% to 53% when mice are
crossed to Wrnhel mice harboring homozygous deletions in the helicase domain of the Wrn
gene (Lebel et al. 2001). Similarly, p53-null mice crossed with mice lacking alleles of Ink4d
and/or Ink4c show as high as 75-85% incidence of angiosarcoma (Zindy et al. 2003). The
Wrn protein interacts with p53 to promote genomic stability. The Ink4 proteins bind and
inactivate cyclin dependent kinases, preventing cell cycle progression and maintaining cells
in a quiescent state.

These data show that genomic manipulation resulting in deregulation of cell cycle control
and genomic instability in mice readily promotes endothelial cells to switch to a malignant
phenotype. Why then do mice develop AS at such high rates in response to a viral infection,
toxicologic treatment, or genetic manipulation? The answer may be linked to unidentified
hereditary factors since studies of spontaneous tumorigenesis in mice indicate mice are
predisposed to develop AS (see below).

5.2.2 Spontaneous tumors
Mice have a substantially higher incidence of spontaneous AS than do humans, but the
incidence varies by strain. In a two-year study of approximately 2000 B6C3F; mice, Haseman
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et al. (1998) noted that 2.5-2.7% spontaneously developed AS. Although AS arose at many
sites, the predominant locations were liver (male/female; 0.7/1.1%), spleen (0.7/1.0%), and
uterus (0.4%). Similarly, a second study of B6C3F; mice (Chandra & Frith 1992) noted
4.5/1.0% (male/female) of mice spontaneously developed AS. In contrast CD-1 and Icr:Ha
mice have spontaneous rates of AS around 0.7% and 0.4%, respectively (Chandra & Frith
1992; Eaton et al. 1980). The increased incidence in B6C3F; mice indicates that certain strains
are genetically predisposed to develop AS.

Naturally occurring (spontaneous) AS are not restricted to humans and mice. They have
been detected in a variety of animals including rhesus macaques (Mejia et al. 2009; Myers et
al. 2001), horses (Schultheiss 2004), cows (Sutton & McLennan 1982), ferrets (Schultheiss
2004), dogs (Hargis et al. 1992), cats (Miller et al. 1992), rats (Schultheiss 2004), and snakes
(Tuttle 2006). Any of these animals could potentially serve as a surrogate model system for
human disease in an experimental context but dogs seem best suited for this purpose. While
sharing many features in common with humans as patients, dogs have a much higher
incidence of AS and a more rapid time course of disease progression. The canine model also
offers some unique, advantageous features distinguishing it from other animal models and
opening novel experimental opportunities. First, because of selective breeding, genetic
variation within canine breeds is very low. Second, since each breed is derived from a small
group of founders, most tracing back approximately 150 years, many of the genes associated
with polygenic traits are fixed, so only a few variable genes determine phenotype. This
means that it will be much easier to identify genetic disease determinants in dogs than in
humans. Finally, companion dogs share the same environmental exposures as humans and
thus may more accurately reflect the human condition. The ability to identify, recruit, and
study cancers within a breed of dog offers new avenues of hope for research into clinical
oncology and the underlying causes of AS (Gordon et al. 2009; Paoloni & Khanna 2008).

6. Canine AS

In contrast to AS in humans, AS is relatively common in dogs, with an overall incidence of
24/100,000 (Dobson et al. 2002). There is substantial variability in the incidence of canine
angiosarcoma (cAS, more commonly referred to as hemangiosarcoma) among breeds, with
large breed dogs such as Golden retrievers and German shepherds having a much higher
incidence. A health survey of Golden retrievers attributed 62% of all deaths to cancer, with
cAS representing 16% of reported cancers (Glickman et al. 1999). Why this tumor is more
common in dogs than in humans is uncertain. It is possible that disease-causing genes were
over-represented in the founding populations for these dogs. Alternatively, genes
promoting susceptibility to cAS may have been co-selected along with artificially selected
traits in the directed evolution of these breeds. Regardless, the genetic uniformity within
breeds offers a unique and unbiased opportunity to identify genes that cause AS.

6.1 Presentation and diagnosis

cAS may present in virtually any tissue of the body, including bone, kidney, skeletal muscle,
liver, lung, aorta, urinary bladder, intestine, oral mucosa, tongue, prostate, vulva/vagina,
perineum and the cornea, nictitans or conjunctival tissue of the eye (Bergman 2010;
Bulakowski et al. 2008; Hargis et al. 1992; Schultheiss 2004; Withrow & MacEwen 1996).
Metastasis can involve any portion of the body, including the central nervous system. While
most dogs present with splenic or liver lesions, some breeds show elevated incidence of
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cutaneous (Whippets, Italian greyhounds) or cardiac (Saluki) cAS (Hargis et al. 1992;
Prymak et al. 1988; Schultheiss 2004). This demonstrates that not only do genetic factors
influence susceptibility to cAS, but also they determine the location at which the disease will
present. From a research perspective, it opens new avenues for discovery of the basic
mechanisms of the origin and progression of cancer that could be translated to further our
understanding of the etiology, pathophysiology, and treatment of AS in human patients.
Canine AS is the most common malignancy of the spleen in dogs (Spangler & Culbertson
1992). Middle-aged, large (> 20kg) dogs are most prone to splenic cAS. Golden retrievers,
German shepherds, and Labrador retrievers are overrepresented, as are other large breeds
such as Clumber spaniels. A health survey conducted by the Golden Retriever Club of
America/Golden Retriever Foundation reported that 16% of Golden retrievers with cancer
die from cAS at an average age of 10 years (Glickman et al. 1999). Mixed breeds are also
commonly affected. Dogs with visceral cAS typically present acutely, with profound
lethargy, anemia, or sudden collapse. There may be intermittent, nonspecific clinical signs
such as inappetance, weight loss and occasional episodes of weakness. Hemoperitoneum
most often leads to diagnosis, often on an emergency basis.

Splenic tumor size varies, but the lesions are frequently very large and multinodular, with
one to many saccular, blood filled lesions. The tissue is extremely friable, which often leads
to spontaneous rupture. It is the acute loss of blood which causes the presenting signs. Dogs
may recover from intra-abdominal hemorrhage through resorption of the blood
(autotransfusion) and erythrocyte regeneration. However, there will frequently be further
hemorrhaging. Anecdotally, more dogs are lost to euthanasia than to spontaneous
hemorrhage, as the owners do not wish their dogs to suffer further such episodes.

In contrast to humans, in whom left atrial AS is more frequent (Casha et al. 2002), cardiac
cAS most commonly occurs in the right atrium and dogs of the Saluki breed are particularly
prone to development of such tumors. Right atrial cAS is also seen in Golden retrievers and
German shepherd dogs. Cardiac cAS can be devastating from the outset, with many dogs
presenting for cardiac tamponade and signs of right heart failure. The pressure of blood
from a ruptured cAS in the right atrium (RA) fills the pericardial sac and leads to extreme
respiratory distress, anxiety, and collapse. Alternatively, dogs may simply die acutely from
cardiac arrest, and the disease is discovered upon necropsy of what seemed to be an
otherwise healthy dog. Many cases are likely never conclusively diagnosed, as necropsy is
infrequent in veterinary medicine.

Cardiac cAS are typically red to dark red or purple in color, and ranging from millimeters to
centimeters in length. Such tumors are prone to spontaneous hemorrhage, which may lead
to pericardial effusion and cardiac tamponade. While no definitive studies have delineated
time course for these tumors, anecdotal reports suggest progression may be very rapid.
Cardiac cAS can occur with or without splenic involvement and is more likely to present as
a solitary lesion in some breeds such as the Saluki. It has not been determined if right atrial
involvement is a primary tumor site or reflects a site of metastasis when concurrent visceral
disease is present.

As in human AS, cutaneous cAS most often presents as solitary or multiple small dermal
masses, which can extend into the subcutis or even into underlying musculature. They are
frequently seen on non-haired skin on the ventral abdomen of light-colored dogs (Italian
greyhounds, whippets, Dalmatians, pit bulls), especially when those dogs have excess
exposure to solar radiation (southern latitudes, tendency towards sunbathing). Cutaneous
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cAS may also occur on haired skin of darker colored dogs. Solar elastoses has been
associated with cutaneous cAS in a large retrospective study involving many dogs from
California practices (Hargis et al. 1992). A more recent retrospective study conducted at the
University of Colorado did not confirm this finding (Schultheiss 2004), but the patient
population for this study may have been comprised of more dogs from northern latitudes.
The geographic location of the patients themselves was not annotated in either of these
studies.

The small, solitary or multiple dermal lesions of cutaneous cAS are often less than 1 cm in
diameter, but may exceed 3 cm (Hargis et al. 1992). Mitotic figures are usually seen in
malignant cAS. Conclusive diagnosis is always via histopathology, regardless of tumor
location. Several markers can be used (e.g. CD31, factor VIII, Claudin-5, and cardiac
troponin) to aid in confirmation of diagnosis (Chun et al. 2010; Jakab et al. 2009; Shaw et al.
2004; Withrow & MacEwen 1996).

6.2 Differential diagnosis

As in human AS, the differential diagnosis of canine AS varies with the location of the
disease. Visceral tumors must be distinguished from other neoplasms such as
hemangiomas, other sarcomas, lymphoma, leiomyomas, and hematomas (Jakab et al. 2009).
Signs of acute anemia, extreme lethargy, or collapse, requires exclusion of immune mediated
hemolytic anemia (IMHA), trauma, coagulopathy, toxin exposure and allergic reaction. One
retrospective study reported that among anemic dogs presenting with a splenic mass and
abdominal bleeding requiring transfusion, 70% had splenic cAS (Hammond & Pesillo-
Crosby 2008). Conclusive diagnosis of cAS requires histopathology of the excised tissue.
Cardiac cAS must also be differentiated from other tumors and from idiopathic pericarditis
(IP), both of which can cause pericardial effusion. In one retrospective study conducted in
the UK, dogs with cardiac masses detected by ultrasound (echo-positive) had significantly
shorter survival times than echo-negative dogs (Johnson 2004). Patients with a discernible
cardiac mass, ascites, or collapse had a much less favorable prognosis than patients with IP.
Another retrospective study reported that dogs with right atrial cAS treated surgically by
pericardectomy and chemotherapy had a mean survival time of 164 days, compared to 46
days for dogs treated by pericardectomy alone (Weisse et al. 2005). However, this report also
noted that dogs receiving chemotherapy were significantly younger and had significantly
lower white blood cell counts than the dogs that did not receive chemotherapy, so case
collection bias was a concern.

Cutaneous cAS must be differentiated from other cutaneous tumors, nevi, and cysts.
Histopathology is the only conclusive method of diagnosis. Because dogs may suffer from
hemangiomas as well as hemangiosarcomas, and because depth of invasion can be a
prognostic indicator, it is recommended that all tumors be submitted for histopathologic
examination and confirmation of clear surgical margins.

6.3 Prognosis and treatment

The behavior of cAS is also linked to the site of origin, with visceral lesions being more
aggressive than cutaneous lesions (Schultheiss 2004). For visceral disease, the high rate of
early metastasis and the lack of early clinical signs or hematologic changes lead to late
diagnosis and extremely poor prognosis. The average life span upon diagnosis of splenic
cAS is less than three months for dogs treated with splenectomy alone (Spangler &



162 Soft Tissue Tumors

Culbertson 1992). Dogs treated with adjunctive chemotherapy (usually doxorubicin-based
protocols) average less than six months survival (Kim et al. 2007; Sorenmo et al. 2004).
Owners frequently elect to euthanize the dog at the time of diagnosis or shortly thereafter.
Cardiac cAS is equally grim, with many dogs dying of acute cardiac arrest prior to any overt
clinical signs. This sudden death syndrome is seen particularly among Saluki. Dogs may
appear clinically normal and sometimes die in their sleep. Others may develop exercise
intolerance, weakness, lethargy, and inappetance prior to developing ascites secondary to
cardiac tamponade. One retrospective study of 23 cases of right atrial cAS treated surgically,
with or without chemotherapy, reported a mean survival time of 175 days or 42 days,
respectively (Weisse et al. 2005). Another retrospective study from the UK which evaluated
dogs with pericardial effusion reported a mean survival time of 26 days for dogs with
echocardiograms revealing a cardiac mass versus 1068 days for those with effusion but no
detectable mass. However, in this study, no dogs with detectable masses had treatment
beyond pericardiocentesis, and many were euthanized at diagnosis (Johnson 2004).

In stark contrast is the positive prognosis for cutaneous cAS. A majority of dogs with strictly
cutaneous cAS survive many years with local recurrent disease (Schultheiss 2004).
Schultheiss reported that complete surgical resection of cutaneous cAS was the most
important prognostic factor for survival (Schultheiss 2004). A retrospective study of 25 dogs
reported that those with cutaneous cAS confined to the dermis had a mean survival time of
780 days, compared with 172 and 307 days for dogs with a primary tumor involving the
hypodermis or underlying muscle, respectively (Ward et al. 1994). Confinement to the
dermis also was correlated with better outcome, most likely due to complete surgical
resection (Schultheiss 2004).

The response of cAS tumors to treatment varies greatly depending on the site of the tumor.
Dogs with splenic tumors survive a few months beyond splenectomy but live longer than
those that do not have surgery. Survival time is measured in months regardless of
treatment, but owners frequently elect splenectomy for palliative care, extension of quality
time, and reduction of the worry regarding continued intra-abdominal hemorrhage. The
addition of doxorubicin-based chemotherapy protocols may add a few more months of
survival. Single agent doxorubicin, administered intravenously every three weeks for up to
five cycles is commonly used if chemotherapy is elected. Alternate protocols include
doxorubicin plus cyclophosphamide, or doxorubicin, vincristine and cyclosphosphamide.
No protocol is superior. Doxorubicin can induce dose-dependent cardiotoxicities in dogs;
the total cumulative dose should not exceed 180-240 mg/m?2 A study evaluating the
potential use of epirubicin in splenectomized cAS patients reported no cardiac toxicity (Kim
et al. 2007). However, gastrointestinal side effects occurred in a majority of the patients, and
neutropenia was also common. The expense of this treatment may also preclude this drug
from becoming more commonly used, although it may provide an option for dogs with
preexisting cardiac disease (Kim et al. 2007).

Cutaneous cAS is generally treated with complete surgical excision. There are minimal long-
term consequences apart from the necessity of multiple surgeries often being required. This
is not generally due to recurrence of excised tumors; rather, patients tend to develop tumors
spontaneously in multiple sites. It is unclear whether these represent new primary tumors
or metastatic disease (Hargis et al. 1992; Ward et al. 1994). Multiple surgeries can create a
financial hardship for the owner, and may be the cause for dogs to be relinquished to rescue
organizations or euthanized.
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6.4 Cell and molecular biology

Molecular insight into cAS is limited and focuses primarily on visceral disease, but what is
known is consistent with the biology of human AS. Tumor-derived cell lines and cell isolates
express endothelial and hematopoietic stem cell markers, suggesting they may arise from
pluripotent bone marrow-derived stem cells and/or cells committed to the endothelial
lineage (Fosmire et al. 2004; Lamerato-Kozicki et al. 2006; Tamburini BA 2010; Thamm et al.
2006). Cells form branching vascular structures when grown on Matrigel (Thamm et al.
2006), secrete pro-angiogenic factors including VEGF and bFGF , and express elevated levels
of Ang-1 and Ang-2 mRNA (Kato et al. 2006). Upon injection into immune-compromised
mice, such cells readily form AS-like tumors expressing endothelial markers including
CD31, vWEF, VEGF-A, bFGF, flt-1, flk-1, FGFR-1, HoxA9, HoxB3, HoxB7, HoxD3, Pbx1, and
Meisl (Kodama et al. 2009). Although mutations in p53 have not been detected, cAS stain
positively for nuclear p53 (Yonemaru et al. 2007). As in the human disease, cAS lesions have
been found to harbor point mutations or deletions in the C-terminal domain of PTEN
(Dickerson et al. 2005).

7. Conclusions

The rarity of angiosarcoma has had a profound impact on its clinical management and
research. Most clinicians are unfamiliar with this disease and thus do not have experience to
guide management decisions. Much of the literature regarding these rare tumors is
comprised of anecdotal case reports or retrospective analyses which are difficult to
assimilate and interpret. Thus, we must be especially wary not to assume all AS are
equivalent. The varied morphology and presentation of these lesions indicates we may be
dealing with not one, but several diseases with unique physiologic or clinical properties and
pharmacologic responsiveness. For instance, it has been reported that tumor behavior might
depend on the site of origin, with superficial tumors associating with a longer progression-
free survival after initial treatment (Fury et al. 2005; Schlemmer et al. 2008). However, it is
unclear whether this is caused by intrinsic biologic differences or differences in clinical
presentation and prior treatment. Unfortunately, when AS is examined prospectively in
clinical trials it is usually included as a limited number of cases within a larger study of
various soft-tissue sarcomas. Further progress in our understanding of the biology and
treatment of AS depends on the willingness of the medical research and clinical oncology
communities to share resources through multi-center collaborations. In the absence of such
efforts, alternative strategies are needed to generate meaningful insight into this disease.
Significant insight into the biology of AS has been generated through translational studies of
related human tumors and mouse models. Collectively, studies of Kaposi sarcoma and
hemangiomas, plus studies conducted in mouse models provide strong support for the
hypothesis that MAPK signaling is a key event in the induction of endothelial cell
proliferation and AS in mice and humans. This pathway has been invoked to explain the
origins of many other tumor types. MAPK signaling pathways are frequently activated in
endothelial cells during developmental and pathologic angiogenesis (reviewed in (Depeille
et al. 2007)). Further, MAPK signaling is physiologically activated in response to shear stress
(Azuma et al. 2000) and in pre-atherosclerotic plaques (Muslin 2008). A key question that
needs to be addressed may therefore be not how these events trigger AS, but why they do
not trigger AS more frequently. An examination of the role of MAPK phosphatases in
endothelial cells and in AS tumorigenesis may be instructive.
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However, important questions remain to be asked and answered. What are the key
biochemical pathways involved in this disease? Does misregulation of MAPK signaling by
phosphatases allow constitutive signaling to promote tumorigenesis? Do genetic mutations
contribute to or establish a microenvironment that predisposes scalp, spleen, liver, or heart
to develop AS? Why is angiosarcoma infrequent in humans, while it is more prevalent in
dogs? Can we identify molecular targets for drug therapies? Can we devise a fundable and
meaningful clinical trial to test novel therapies for such a rare disease? Will the use of
spontaneous animal tumor models prove useful in informing human clinical trials?

The canine model is of growing interest in this regard since it closely resembles human
disease. Studies of spontaneous cAS offer a clear experimental advantage through genome-
wide association studies of single nucleotide polymorphisms that provide an unbiased
approach to identify the genes contributing to the onset and progression of disease in a
compressed time frame. This, combined with the availability of tumor material and the
presence of multi-institution consortia such as the Canine Comparative Oncology and
Genomics Consortium, the LUPA consortium, the Canine Hereditary Cancer Consortium,
and the Canine Oncology Trials Consortium, may facilitate rapid identification and
translation of novel therapies through clinical trials that may benefit dogs and humans alike.
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1. Introduction

Gastrointestinal stromal tumours (GISTs) comprise the largest subset of mesenchymal
tumours of the digestive tract. Over the past 10 years, this group of tumours has emerged
from a poorly understood neoplasm to a well defined tumour entity.

The first accurate description of mesenchymal neoplasms of the gastrointestinal tract was in
1941 (Golden T & Stout AP, 1941). Traditionally, these tumours were thought to be derived
from smooth muscle cells, based on their resemblance to smooth muscle tumours. They
were referred to as leiomyomas, bizarre leilomyomas (Stout AP, 1976), cellular leiomyomas
(Appelman, 1977) and leiomyosarcomas. However, the advent of electron microscopy
revealed that only a few of them have convincing ultrastructural evidence of smooth muscle
differentiation. In addition, the application of immunohistochemistry clearly demonstrated
that many of these tumours lack the features of smooth muscle differentiation. This led
Mazur and Clark in 1983 to introduce the generic designation “stromal tumour” (Mazur &
Clark, 1983).

A little later, in 1984, Herrera et al (Herrera et al., 1984) introduced the concept of
“plexosarcoma” to acknowledge the existence of a small subset of stromal tumours with
autonomic neuronal differentiation which became better known as gastrointestinal
autonomic nerve tumours (GANTs) (Lauwers et al., 1993).

A considerable controversy arose as to the line of differentiation these tumours take. Some
tumours exhibit a myogenic phenotype, while others may show a neural differentiation,
mixed or no differentiation at all, the so called “null phenotype”. Some enthusiasm was
generated by the recognition that a significant proportion of stromal tumours express CD34
(Miettinen et al., 1995). However the diagnostic utility of this marker was hampered by its
poor specificity. As a consequence of the lack of reproducible diagnostic criteria, GIST
represented a generic term that indicates any mesenchymal tumour arising in the
gastrointestinal tract.

The recognition of the central role of c-kit mutations in the pathogenesis of GISTs (Hirota et
al., 1998; Rubin et al., 2000) and in most cases the associated expression of KIT protein in
these tumours has provided a reproducible genotypic and phenotypic marker (Kindblom et
al., 1998). Therefore KIT (CD117 in the standardised terminology of leucocyte antigens)
expression has emerged as a marker for discriminating GISTs from other mesenchymal
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gastrointestinal neoplasms and some have equated immunoreactivity for KIT as definition
of GISTs (Miettinen & Lasota, 2001).

Recently, it has become apparent that some GISTs that lacked c-kit mutations were found to
have activating mutations of PDGFRA. Therefore GISTs can be defined as specific CD117
positive and c-kit or PDGFRA mutation-driven mesenchymal tumours of the gastrointestinal
tract.

2. Histogenesis

GISTs are either derived from or differentiate towards the interstitial cell of Cajal (ICC), or
their stem cell precursors which have the capacity to differentiate towards both the ICC and
smooth muscle phenotype (Kindblom et al., 1998; Rubin et al.,, 2000). The ICCs are
intercalated between the autonomic nerves and smooth muscle cells. Their principle
function is to generate autonomous rhythmic contractions, involved in digestion and
peristalsis. Therefore these cells are known as the “pacemaker” cells of the gastrointestinal
tract.

Morphologically, these cells are slender with ovoid nuclei and scanty cytoplasm. They have
incomplete features of both neural and myoid differentiation.

Immunohistochemical studies revealed that GISTs have similar features to ICC, being
positive with CD34 and CD117 and negative or variably positive for other neural and
smooth muscle markers (Kindblom et al., 1998).

3. Molecular biology (c-kit and PDGFRA)

The c-kit proto-oncogene is a cellular homolog of the v-kit oncogene present in the genome
of Hardy-Zuckerman-feline sarcoma virus (Besmer et al., 1986). It encodes a transmembrane
tyrosine kinase receptor (Vliagoftis et al., 1997). The ligand for KIT is a growth factor called
the stem cell factor.

Extracellular binding of stem cell factor results in dimerisation of the receptor, triggering
phosphorylation of the kinase domain. This induces a signalling cascade that propagates
through the cytoplasm into the nucleus. This signalling cascade affects many aspects of
cellular behaviour including proliferation, differentiation, adhesion and apoptosis
(Vliagoftis et al., 1997).

KIT expression is extremely important in the development of several cell types including the
haematopoietic stem cells, mast cells, germ cells, melanocytes, some epithelial cells and the
ICC (Vliagoftis et al., 1997).

The majority of GISTs have gain of function mutations of c-kit (Corless et al., 2004). These
mutations have been observed in sporadic GISTs and less commonly as germline mutations
in familial GISTs (Hirota et al., 1998; Isozaki et al., 2000), suggesting that constitutive
expression of KIT plays a significant role in the tumourigenesis of GISTs. However, around
10-15% of GISTs lack c-kit mutations (Debiec-Rychter et al., 2004b). Within this group a large
subset would have gain of function mutations of PDGFRA (Heinrich et al., 2003a; Heinrich
et al., 2003b; Hirota et al., 2003).

3.1 c-kit mutations
Approximately 85%-90%of sporadic GISTs harbour a mutation of c-kit (Corless et al., 2002;
Heinrich et al., 2002; Heinrich et al., 2003a; Hirota et al., 1998; Rubin et al., 2001). c-kit
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contains a total of 21 exons. However, mutations cluster within only four exons. They are in
decreasing order of frequency, exon 11 encoding the intracellular juxtamembrane domain,
exon 9 encoding the extracellular domain , exon 13 encoding the first portion of the kinase
domain and exon 17 encoding the kinase activation loop (Giuly et al., 2003; Heinrich et al.,
2002) (Figure 1A).

Mutations affecting exon 11 have been reported in 60-70% of GISTs (Corless et al., 2002;
Corless et al.,, 2004; Heinrich et al., 2003a; Hirota et al.,, 1998; Rubin et al., 2001). The
juxtamembrane region exerts a negative regulatory effect on KIT receptor (Longley et al.,
2001) and therefore mutations in this region lead to loss of its inhibitory function. Mutations
in exon 11 are fairly heterogenous and different types of mutations cluster within different
regions. These mutations correlate with the best response to imatinib.

Approximately 60-70% of exon 11 mutations are in-frame deletions of 1 to several codons
and the majority occur at the 5' and cluster between codons GIn3%0 and Glu56! (Corless et al.,
2004; Hirota et al., 1998).

Missense point mutations in exon 11 occur in 20-30% of GISTs. They affect codons Trp57,
Val%? and Val% and Leu57s. Internal tandem duplications are found at the 3’ end of the exon
(codon 576-580) (Lasota et al., 2003a; Lasota & Miettinen, 2006; Rubin, 2006) and are
typically seen in gastric GISTs (Lasota & Miettinen, 2006).

Exon 9 mutations are found in approximately 10% of cases (Antonescu et al., 2003; Hirota et
al., 2001; Lasota et al., 2000b; Lux et al., 2000; Sakurai et al., 2001). Nearly all mutations
affecting exon 9 are insertion of six nucleotides that result in Ala>2-Tyr50% duplication at the
protein level (Heinrich et al., 2003a; Hostein et al., 2006; Lasota et al., 2000b; Lasota et al.,
2003a; Lux et al., 2000; Willmore et al., 2004). This type of mutation is associated with small
intestinal localisation and aggressive behaviour (Antonescu et al.,, 2003; Antonescu, 2006;
Corless et al., 2004; Lasota et al., 2003a). Patients with this type of mutation respond less
well to imatinib. More recently, another duplication leading to Phe506-Phe508 duplication was
reported (Heinrich et al., 2003a).

Mutations affecting exon 13 occur in approximately 1% of GISTs (Heinrich et al., 2003a;
Kinoshita et al., 2003; Lasota et al., 2000b; Lux et al., 2000). All exon 13 mutations identified
to date are missense mutations resulting in substitution of Glu for Lys®42 (Lasota et al.,
2000b; Lux et al., 2000) and are associated with resistance to imatinib treatment (Chen et al.,
2004; Willmore et al., 2004).

Mutations affecting exon 17 are very rare and are found in less than 1% of all GISTs
(Heinrich et al., 2003a; Rubin et al., 2001) and are typically missense substitution at codons
820 and 822 (Tornillo & Terracciano, 2006), whereas mutations at codon 817 are usually
observed in non GISTs, including seminomas and mastocytomas (Corless et al., 2004).

3.2 PDGFRA mutations

Approximately 5%-10% of GISTs have mutations within PDGFRA (Corless et al., 2005;
Heinrich et al., 2003b; Hirota et al., 2003). These mutations are functionally similar to c-kit
mutations and are usually seen in epithelioid, gastric GISTs which show weak or no
immunoreactivity for KIT (Corless, 2004; Corless et al., 2004; Corless et al., 2005; Heinrich et
al., 2003a; Hornick & Fletcher, 2007; Lasota et al., 2004; Medeiros et al., 2004). Three different
regions of PDGFRA have been reported to be mutated in GISTs (Figure 1B). These
mutations, in decreasing order of frequency affect exon 18, exon 12 and exon 14 (Corless et
al., 2005; Heinrich et al., 2003b).
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Exon 18 encodes the kinase activation loop (TK2). The majority of exon 18 mutations are
missense mutations leading to substitution of Val for Asp842. These mutations are usually
seen in gastric tumours and are associated with resistance to imatinib (Heinrich et al., 2003a;
Heinrich et al., 2003b; Hirota et al., 2003; Hornick & Fletcher, 2007; Ohashi et al., 2004).

Exon 12 encodes the juxtamembrane. Mutations affecting exon 12 are rare and lead to Asp
for Val%! substitution. In-frame deletions and insertions have also been reported around
codon Val>! (Corless et al., 2005; Miettinen & Lasota, 2006b).

Exon 14 encodes the kinase I domain (TK1). A single missense mutation leading to
substitution of Lys for Asn6% has been described (Corless et al., 2005).

Approximately 5-10% of GISTs are negative for both c-kit and PDGFRA mutations. This
subset of GISTs may have an activating mutation either in a tyrosine kinase receptor similar
to KIT and PDGFRA or in downstream signalling molecule of KIT or PDGFRA signalling
cascade (Hornick & Fletcher, 2007; Rubin, 2006).

KIT FPDGFRA
Ligand binging domain
Exon9(10%) _ & Membrane
Exon 11 (80-T0%)—» Jutamembrane domain 4+—— [Exon 12 {1%)
Exon 13 (1%) - TE1 (ATP hinding) domain 4 Exon 14 (<1%)
Exon 17 (1%) + W THZ (Phosphotransferase) domain [l Exon 18 (6%)

Cyloplasm
Fig. 1. Mutations of c-kit and PDGFRA.

3.3 DOG1 gene

DOGI1 “discovered on GIST” is a new gene, which encodes a protein of unknown function.
It is expressed in GISTs independent of mutation type and is absent in non GISTs (West et
al., 2004).

4. Epidemiology and risk factors

The lack of accepted diagnostic criteria for GISTs has led to variations in the current estimate
of disease incidence. GIST is a relatively rare neoplasm representing less than 1% of all
primary tumours of the gastrointestinal tract with an incidence of approximately 0.68-
1.45/100,000 (Miettinen & Lasota, 2001; Nilsson et al., 2005; Tran et al., 2005). These figures do
not account for benign GISTs, which are usually not included in cancer registries and are
usually lost to clinical follow-up. Disease incidence seems to be uniform across all geographic
and ethnic populations. More than 90% of GISTs occur in adults, mostly in middle-aged or
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older individuals (Nilsson et al., 2005; Tran et al., 2005). There is no gender preference except
in the setting of Carney’s triad (Carney, 1999). Although there are no known predisposing risk
factors, there are reports of familial GISTs (Isozaki et al., 2000) and GISTs in association with
Von Recklinghausen'’s disease (Giuly et al., 2003), pointing to a genetic role.

Although GISTs may arise anywhere in the gastrointestinal tract, they are most common in
the stomach (60%), followed by the jejenum and ileum (30%), duodenum (5%) and
colorectum (<5%) (Miettinen & Lasota, 2006a; Miettinen & Lasota, 2006b). Very few cases
have been described in the oesophagus (Miettinen et al., 2000a) or appendix (Miettinen &
Sobin, 2001). A small proportion of GISTs arise in extra-gastrointestinal tract sites including
the omentum, mesentery and retroperitoneum (Miettinen et al, 1999) with a few case
reports of primary GISTs occurring in the gallbladder, pancreas, liver and urinary bladder
(Bussolati, 2005; Hu et al., 2003; Lasota et al., 2000a; Mendoza-Marin et al., 2002). It is
important to make sure that these do not represent spread from a primary lesion in the
gastrointestinal tract.

5. GISTs syndromes

Although the vast majority of GISTs are sporadic, approximately 5% are associated with
tumour syndromes. These include:

5.1 Familial GIST syndrome

This syndrome is inherited as an autosomal dominant disease. Patients with familial GISTs
have germline activating mutations involving c-kit (Hirota et al., 2000; Isozaki et al., 2000; Li
et al., 2005; Maeyama et al., 2001; Nishida et al., 1998; O'Brien et al., 1999) or PDGFRA
(Chompret et al, 2004). These patients develop multiple GISTs, some of which in
association with hyperplasia of the ICC (Chen et al., 2002). Other patients may also have the
clinical manifestations of c-kit activation such as mastocytosis and hyperpigmentation (Kang
et al., 2007).

5.2 Carney’s triad and Carney Stratakis syndrome

Carney’s triad consists of multicentric functioning extra-adrenal paraganglioma, pulmonary
chondroma and multifocal epithelioid GIST of the stomach (Carney, 1999). There is a
striking female predominance with approximately 85% of cases occurring in females. Most
patients are less than 30 years of age at the time of diagnosis. Only subsets of patients have
all of the three tumour types. Extra-adrenal pargangliomas and pulmonary chondromas
may develop many years after the occurrence of GIST.

Carney Stratakis syndrome is a recently recognised autosomal dominant syndrome which
represents a separate condition that affects both males and females and lacks the association
with pulmonary chondromas. Mutations of the genes coding for succinate dehydrogenase
subunits, typically associated with familial paragangliomas, are most likely implicated in
the pathogenesis of Carney Stratakis syndrome (Pasini et al., 2008).

Mutations of c-kit or PDGFRA have not been identified in patients with Carney’s triad or
Carney Stratakis syndrome (Corless et al., 2004; Matyakhina et al., 2007; Prakash et al., 2005).

5.3 Neurofibromatosis type 1 (von Recklinghausen’s disease)
Some patients with classic neurofibromatosis type 1 develop GISTs (Giuly et al.,, 2003;
Takazawa et al., 2005). The tumours are usually in the small bowel and often multifocal.
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They tend to be small, mitotically inactive and have a bland morphology. They are often
accompanied by ICC hyperplasia. Most GISTs arising in the setting of NF1 do not have c-kit
or PDGFRA mutations (Takazawa et al., 2005; Yantiss et al., 2005).

6. Clinical presentations

The clinical picture of GISTs depends on site, size and aggressiveness of these tumours
which can vary from the benign to frank sarcoma. The symptoms can also vary, depending
on the size and location of the lesion. Small tumours may be asymptomatic and may be
found incidentally at laparotomy, endoscopy or during radiological studies for other
conditions. Symptomatic tumours often present with abdominal pain or discomfort. They
may ulcerate and cause gastrointestinal bleeding. This may be acute or insidious leading to
anaemia or fatigue. Lesions in the oesophagus may present with dysphagia, while those of
the intestine may present with an abdominal mass, obstruction or perforation. Occasionally,
duodenal GISTs cause obstructive jaundice.

Patients with GISTs may also present with metastases, particularly to the liver. Malignancies
reported in association with GISTs include carcinomas of the gastrointestinal tract as well as
those of the breast, kidney, lung, uterus and prostate (Agaimy et al., 2006; Dematteo et al.,
2000).

7. Morphology

7.1 Gross features

GISTs develop in any part of the gastrointestinal tract and tend to be primarily intramural
tumours, usually involving the submucosa and muscularis propria.

GISTs vary in size from being several millimetres in diameter to over 30cms. Most lesions
are well circumscribed, but are unencapsulated. Some are multinodular. They may have
either a whorled fibroid-like cut surface or may be fleshy in appearance. They may protrude
inward, leading to ulceration of the mucosa, or outward resulting in serosal based lesion.
Large tumours may protrude into the lumen and from the serosa, resulting in a dumbbell
appearance.

Areas of haemorrhage, cystic degeneration and central necrosis may be seen. The overlying
mucosa may be intact or ulcerated, a feature that can be seen in either benign or malignant
tumours.

7.2 Microscopic features

GISTs show a wide range of histologic features. Morphologically the cells of GISTs are
spindle, epithelioid, mixed pattern and occasionally pleomorphic.

Spindle cell type is the predominant pattern, seen in 70% of GIST cases (Figure 2A). The
tumour cells are arranged in short fascicles, whorls or a storiform growth pattern. The
neoplastic cells have light fibrillary eosinophilic cytoplasm with indistinct cell borders.
Perinuclear vacuoles are present and indent the nucleus at one pole (Figure 2B). These
vacuoles are an artefact of fixation since they are not present in frozen sections (Appelman,
1977). The Nuclei tend to have relatively pointed ends as compared with blunt-ended nuclei
in smooth muscle tumours, often with vesicular chromatin. Nuclear palisading reminiscent
of that seen in schwannoma may be seen.

GISTs with epithelioid morphology account for 20% of cases (Figure 2C). The tumour cells
are arranged in sheets or they may have a nested organoid growth pattern, reminiscent of
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paraganglioma or carcinoid. The tumour cells exhibit eosinophilic or clear cytoplasm (Figure
2D). The cytoplasm may be retracted simulating inclusions. The nuclei tend to be round to
ovoid and may be pushed to an eccentric location.

GISTs with a mixed pattern (Figure 2E) are more common in the stomach. It may feature an
abrupt transition between spindle and epithelioid areas or may show intermediate ovoid
cytologic appearance.

A small minority of GISTs (<5%) have extensive nuclear pleomorphism (Figure 2F).

Fig. 2. Haematoxyhn and Eosin sections of GISTs w1th a splndle cell morphology (A, B), GISTs
with an epithelioid morphology (C, D), mixed cell pattern (E) and pleomorphic GIST (F).
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The stroma in GISTs may be myxoid or it may be hyalinised (Figure 3A) or calcified.
Delicate thin walled blood vessels may be prominent and may be associated with stromal
haemorrhage (Figure 3B). Necrosis may be present. Lymphocytes can be seen.

Gastric GISTs have spindle cell morphology in 50% of cases, while 30% are epithelioid and
20% are mixed (Miettinen et al., 2005).

Small intestinal GISTs are more often spindled and may show extracellular bright
eosinophilic collagen globules termed “skenoid fibres” (Figure 3C). These structures are
periodic acid-Schiff (PAS) positive (Figure 3D). Small bowel tumours with an epithelioid
morphology are usually associated with an aggressive behaviour.

Studies on oesophageal, colonic, ano-rectal and extra-gastrointestinal GISTs are sparse.
Oesophageal GISTs involve the lower third of the oesophagus or gastro-oesophageal
junction. They typically resemble gastric GISTs and usually show spindle cell morphology
(Greenson, 2003). The majority of oesophageal GISTs are malignant.

Colonic GISTs and ano-rectal GISTs appear to be morphologically more similar to intestinal
than gastric GISTs (Greenson, 2003). The majority are malignant with pleomorphic or
overtly malignant spindle cell morphology.

Fig. 3. GIST with a myxoid stroma (A), stromal haemorrhage (B), Skenoid fibres (C) and PAS
positive skenoid fibres (D).
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8. Gastrointestinal autonomic nerve tumours

GANTs were originally designated “plexoma” and “plexosarcoma” based on ultrastructural
resemblance to cells of autonomic nervous system. GANTSs are uncommon tumours which
can occasionally develop in the context of von Recklinghausen’s disease (Lespi & Drut,
1997) and Carney’s triad (Segal et al., 1994). Familial multiple GANTSs have been described
in an association with intestinal neuronal dysplasia (O'Brien et al., 1999).

The characteristic ultrastructural features include complex interdigitating cell processes with
bulbulous synaptic structures, dense core neurosecretory granules, rudimentary cell
junctions and intermediate filaments.

Although originally believed to be a distinct tumour, recent evidence supports the concept
that GANTs represent a phenotyptic variant of GISTs (Segal et al., 1994). These tumours
tend to be KIT positive and a most have gain of function mutation in the juxtamembrane
domain of c-kit (Lee et al., 2001).

9. Immunohistochemical features

The overwhelming majority of GISTs express KIT protein (detected as CD117). The results
of KIT immunostaining depend on several technical factors including fixation, tissue
preparation, variations in antibody clones in terms of specificity and sensitivity, antibody
dilutions and staining techniques. This may account in part for the reported
immunophenotypic heterogeneity in GISTs. It has been emphasised that CD117 should be
performed without epitope retrieval (Fletcher & Fletcher, 2002).

The monoclonal antibodies currently available react inconsistently in formalin fixed paraffin
embedded tissue and identify only a minority of GISTs (Miettinen et al., 2002b).

Given the potential clinical importance of CD117 immunostaining, optimisation of the
staining techniques and reproducibility are critical.

The pattern of staining is variable (Figure 4). Diffuse strong pancytoplasmic staining is the
predominant pattern. Membranous staining and dot-like “golgi zone pattern” staining can
be identified. It has been suggested that different staining patterns correlate with different
types of c-kit mutations (Fletcher et al., 2002a). Stromal mast cells and ICC are useful internal
positive controls to supplement the normal positive and negative controls.

staining (A) and golgi zone-like staining (B).
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Immunoreactivity may also be patchy, and thus false negative staining can be encountered
in small biopsy specimens.

Immunohistochemical detection of KIT does not necessarily imply c-kif activation. Indeed
CD117 is expressed by other tumour types such as melanoma and soft tissue sarcomas
including dermatofibrosarcoma protuberans, synovial sarcoma and angiosarcoma (Sabah et
al., 2003). The CD117 immunoreactivity should therefore, be interpreted in the context of
morphology and clinical setting.

Approximately 5% of GISTs are KIT negative (Debiec-Rychter et al., 2004b; Medeiros et al.,
2004). In these exceptional circumstances, KIT-negative mesenchymal lesions in the
gastrointestinal tract with typical morphological features of GISTs may be referred to as “A
stromal neoplasm most consistent with GIST”. Such rare scenarios include GISTs that are
either immunohistochemically inert for technical reasons, the subject of sampling error
(biopsy of tumour with only focal KIT staining), the product of clonal evolution with
emergence of KIT negative clone following imatinib therapy, or a rare example of a true
GIST lacking KIT expression (Fletcher et al.,, 2002a; Parfitt et al., 2006). In such cases,
pathologists should consider consultation with those experienced in dealing with large
numbers of GISTs, as well as mutational analysis to look for mutations in c-kit and, if
negative, PDGFRA (Corless et al., 2004; Medeiros et al., 2004).

DOGT1 expression is found to be specific and sensitive for GISTs including KIT negative
tumours (Espinosa et al., 2008; West et al., 2004). It has been reported in over 95% of cases.
CD34 is a transmembrane glycoprotein present on human haematopoietic progenitor cells
and vascular endothelium. CD34 is detectable in approximately 60-70%. The oesophageal
and rectal GISTs have the highest frequency of CD34 positivity, whereas small intestinal
tumours have the lowest percentage of CD34 positivity (Miettinen et al., 2000b).

Muscle markers such as actin, calponin and h-caldesmon are positive in approximately 30%
of cases (Miettinen et al., 2000b). a-smooth muscle actin (SMA) expression is often reciprocal
with CD34 expression: the SMA positive tumours are often CD34 negative and vice versa.
Some tumours may show mosaic pastern with actin positive and CD34 negative areas and
vice versa (Miettinen et al., 2000b). Desmin positive immunostaining is uncommon (2%)
(Fletcher et al., 2002a) and is often limited to scattered tumour cells. Prominent staining is
more common in epithelioid tumours.

Positive staining for 5100 protein occurs in 5-10% of GISTs, especially in small bowel
tumours (Fletcher et al, 2002a). These tumours are usually negative for other neural
markers including neurofilament and glial fibrillary protein.

Focal positive staining for cytokeratin markers can be seen especially in malignant
epithelioid GISTs.

Data on immunohistochemical staining for PDGFRA protein are scant. Rossi et al (Rossi et
al., 2005) evaluated the role of PDGFR immunohistochemistry in the differential diagnosis of
KIT-negative GISTs. They reported positive expression of PDGFR, in KIT-negative GISTs,
while KIT-positive GISTs, smooth muscle tumours, schwannomas and solitary fibrous
tumours did not; however, 27% of desmoid tumours were also positive for PDGFRA.
PDGFRA immunohistochemistry has not been standardised to be of practical diagnostic
value in GISTs and many available antibodies do not appear reliable on paraffin-embedded
material.

Protein kinase C theta (PKC0) is a downstream effector in the KIT signalling pathway and
has been suggested as an immunohistochemical marker for GISTs with a high specificity
and sensitivity (Blay et al., 2004; Duensing et al., 2004). The expression of PKCO has been
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reported in 98% of GISTs, including several CD117- negative tumours (Motegi et al., 2005).
However, experience with this marker is limited.

10. Differential diagnosis

The differential diagnosis of GISTs is wide and includes the following;:

10.1 Smooth muscle tumours

Intramural leiomyomas are most common in the oesophagus, and in fact, leiomyomas in
this location outnumber GISTs by 3:1 (Dow et al., 2006). Oesophageal leiomyomas arise
typically in young men, usually in the lower third of the oesophagus. Intramural
leiomyomas are rare in the stomach and small intestine, but are common in the colon
(Miettinen et al., 2001). Muscularis mucosae leiomyomas are usually small polypoid lesions
found incidentally at colonoscopy and are most often found in the colon and rectum
(Miettinen et al., 2001).

Morphologically, leiomyomas are generally less cellular than GISTs and are composed of
bland spindle cells with eosinophilic cytoplasm and cigar shaped nuclei. Rare cases may
show nuclear atypia without mitotic activity. Calcifications may be seen. The cells are
positive for desmin and actin and negative for CD117. Approximately 10-15% of smooth
muscle tumours are positive for CD34 (Fletcher et al., 2002a).

Pelvic uterine leiomyomas may become attached to the colon and therefore may mimic
GISTs. These tumours resemble uteric leiomyomas morphologically and are positive for
actin and desmin. The tumours are also oestrogen and progesterone receptors positive,
whereas GISTs are negative for hormonal receptors.

Leiomyomatosis peritonealis disseminate represents numerous small (2-3mm), smooth
muscle nodules on the peritoneum (Tavassoli & Norris, 1982). The nodules are composed of
smooth muscle cells with no atypia and low mitotic activity, usually less than 2/10 high
power fields (HPFs) (Dow et al., 2006). The cells have similar immunohistochemical features
to uterine leiomyoma (Dow et al., 2006).

Leiomyosarcomas of the gastrointestinal tract are rare. They usually occur in older adults
with a female predilection and are most common in the colon (Dow et al., 2006). The tumour
cells show nuclear pleomorphism, mitotic activity and necrosis. They are actin and desmin
positive and CD117 negative.

10.2 Schwannoma

This is a rare mesenchymal tumours of the gastrointestinal tract. It occurs most frequently in
the stomach with a peak incidence in 6th and 7th decades. The tumour typically involves the
submucosa and the muscularis propria. Histologically, it appears as a sharply demarcated
but unencapsulated lesion often surrounded by a lymphoid cuff. The tumour is usually
small in size (< 5cm) and is composed of spindle cells with wavy nuclei and occasional
intranuclear inclusions. Mitoses are rare (< 5/50 HPFs). The cells are positive for 5100
protein. Antoni B areas may express CD34 (Fletcher et al., 2002a), however the cells are
negative for CD117.

Gastrointestinal schwannoma lack NF2 gene alterations found in many soft tissue
schwannomas. In addition, they frequently exhibit glial fibrillary acidic protein (GFAP)
which is not a feature in soft tissue sarcomas. On this basis, it has been suggested that
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gastrointestinal schwannomas may represent a distinctive group of peripheral nerve sheath
tumours (Lasota et al., 2003b).

10.3 Intra-abdominal fibromatosis

These are locally aggressive lesions but they usually do not metastasise. They occur either
sporadically or in association with Gardner’s syndrome, typically in young and middle-ages
adults. Intra-abdominal fibromatoses are the most common primary tumours of the
mesentery. The most common site is the mesentery of the small bowel, but some originate
from the ileocolic mesentery, gastrocolic ligament or omentum. They may also occur in the
reteroperitoneum and may involve the bowel wall. Most patients present with an
asymptomatic mass, but some present with gastrointestinal bleeding or an acute abdomen
secondary to bowel perforation.

These lesions are usually large in size, more than 10cm in diameter. Although grossly well
circumscribed, they tend to infiltrate the surrounding tissue. Histologically, they are
composed of spindle cell proliferation arranged in parallel with evenly spaced blood vessels.
The stroma is typically collagenous with keloid-like fibres and thin-walled blood vessels.
Mitotic figures can be identified.

CD117 has been reported to be positive depending on the antibody used (Miettinen, 2001;
Yantiss et al,, 2000). However, studies have suggested that under optimum technical
conditions, intra-abdominal fibromatosis are CD117- negative tumours (Lucas et al., 2003).
Nuclear immunoreactivity for B-catenin in these tumours has been reported to be useful in
distinguishing these tumours from GISTs (Montgomery et al., 2002). CD34 is negative.

10.4 Inflammatory myofibroblastic tumour

Inflammatory myofibroblastic tumour known as “inflammatory psuedo tumour”. The lesion
often occurs in children but may be present in adults. It is commonly located on the
peritoneal surface, but may involve the omentum, mesentery, stomach or intestinal wall.
Patients with inflammatory myofibroblastic tumours present with abdominal pain and
abdominal mass which may be associated with obstruction. Some patients present with
fever, night sweats, malaise and weight loss. Whilst some of these lesions are felt to be
benign reactions to infectious processes, others have been shown to be clonal in origin (Cook
etal., 2001). Inflammatory myofibroblastic tumours are lobular or multinodular.
Histologically, they are characterised by spindled or stellate shaped cellular proliferation
admixed with lymphocytes and plasma cells with streaks of fibrosis. The cells are positive
for desmin and actin and negative for CD117 and CD34. A high proportion of these lesions
are also positive for anaplastic lymphoma kinase (ALK1) (Cook et al., 2001).

10.5 Inflammatory fibroid polyp

This is a tumour-like lesion that occurs in adults and most often encountered in the small
intestine, especially ileum and the stomach. The peak incidence is in the 6th to 7th decade of
life. The lesion arises in the submucosa and is usually well circumscribed. It is composed of
spindle cell proliferation admixed with granulation tissue-like blood vessels in a loose
oedematous stroma. The cells may show concentric arrangement around the blood vessels,
the so called “onion-skin pattern”. Mixed inflammatory cells are present, comprising plasma
cells, lymphocytes and mast cells. Eosinophils are usually prominent. The majority of these
lesions are positive for CD34 but are negative for CD1117.
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10.6 Solitary fibrous tumour

Solitary fibrous tumour may involve the peritoneal cavity and adhere to the bowel. It is
characterised by a spindle cell proliferation admixed with collagen and “staghorn” blood
vessels. The tumour cells are positive for CD34 but negative for CD117.

Predicting the clinical behaviour of solitary fibrous tumour is notoriously difficult, but large
size, infiltrative margins, high cellularity, nuclear pleomorphism, tumour necrosis and high
mitotic count (> 4/10 HPFs) are all associated with an increased risk of malignant behaviour
(Gengler & Guillou, 2006).

10.7 Sclerosing mesenteritis

This tumour-like lesion affects the small bowel mesentery. It consists of fibrous bands
infiltrating and encasing fat lobules with fat necrosis. Chronic inflammatory cells including
lymphocytes, plasma cells and eosinophils are usually present. The cells are negative for
CD34 and CD117.

10.8 Glomus tumours

These tumours rarely occur in the gastrointestinal tract. They are found almost exclusively
in the stomach and mainly in women (Dow et al., 2006). They are usually benign and similar
to peripheral glomus tumours. They are made up of round uniform cells arranged around
prominent dilated haemangiopericytoma-like vessels. The cells are positive for smooth
muscle actin and negative for desmin, S100 protein and CD117. CD34 positive staining is
seen in 30% of cases (Miettinen et al., 2002c).

10.9 Miscellaneous lesions

GISTs with epithelioid morphology may be mistaken for paraganglioma, metastatic
carcinoma, melanoma and clear cell sarcoma.

Paragangliomas arise outside the adrenal gland in approximately 10% of the cases. They
occur anywhere along the midline of the retroperitoneum.

Metastatic carcinoma is the most common type of solid tumour of the mesentry and in most
cases the primary site is an intra-abdominal neoplasm.

Malignant melanoma has a tendency to metastasise to the gastrointestinal tract. They are
CD117 positive but can be distinguished from GISTs by the expression of S100 protein,
HMB45 and Melan-A.

Clear cell sarcoma may rarely involve the gastrointestinal tract. The tumour cells are
diffusely positive for S100 protein, but unlike peripheral clear cell sarcoma, they are
negative for HMB45 and Melan-A. They are characterised by the presence of t(12;22)
translocation with EWS-ATF1 gene fusions.

Mesothelioma with a sarcomatoid morphology may also mimic GIST if it involves the
bowel. Mesothelioma cells are positive for calretinin and negative for CD34 and CD117.
Follicular dendritic cells sarcoma affects the spleen, but may extend into the adjacent
structures. The tumour is composed of sheets and whorls of cells with ovoid nuclei. The
cells are intimately associated with small lymphocytes and are positive for CD21 and CD35
and negative for CD117 and CD34.

Dedifferentiated retroperitoneal liposarcoma may be attached to the bowel wall and
sometimes simulate GISTs. Thorough sampling usually reveals a lipomatous component.
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Angiosarcoma can simulate GIST and can be positive for CD117, but the specific histologic
and immunohistochemical features allow for the differential diagnosis from GIST.

Synovial sarcoma may rarely occur in the gastrointestinal tract, abdominal wall and
retropeitoneum. Some immunohistochemical studies have shown KIT expression in
synovial sarcomas (Sabah et al., 2003; Tamborini et al., 2001). However, synovial sarcoma
exhibits (X;18) (p11.2;,q11.2) translocation.

11. Prognostic factors

Several clinicopathological and cytogenetic features have prognostic relevance:

11.1 Clinicopathologic factors

11.1.1 Tumour stage at presentation

The presence of peritoneal or liver metastases at presentation is an adverse prognostic factor
and is associated with a shorter survival (Dematteo et al., 2000). Invasion of adjacent organs
also correlates with a poor outcome.

11.1.2 Tumour size, site and mitotic activity

The subset of GISTs that has a high likelihood of malignant behaviour is generally identified
by increased tumour size and mitotic activity in the context of tumour location (Miettinen et
al., 2002a; Miettinen et al., 2005; Miettinen et al., 2006; Miettinen & Lasota, 2006b). The size
of the tumour should be measured along the greatest axis of the tumour. The mitotic count
is most accurately expressed as the number of mitoses per 50 HPFs and should be
performed on areas with highest mitotic activity. This requires adequate sampling of the
tumour.

Based on the size of the tumour and mitotic count, GISTs can be classified into very low risk,
low risk, intermediate risk and high risk (Fletcher et al., 2002a; Fletcher et al., 2002b) (Table 1).

GIST categories Tumour size (cm) Mitotic count (per 50 HPFs)
Very low risk <2 <5
Low risk 2-5 <5
. . <5 6-10
Intermediate risk 510 <
>5 >5
High risk >10 Any mitotic rate
Any size >10

Table 1. Tumour size and mitotic rate as guides to the evaluation of GIST malignancy
(Fletcher et al., 2002b).

In recent years, it has become clear that GISTs require site evaluation because of differing
behaviour (Emory et al., 1999; Miettinen et al., 2002a). It has been suggested that the site of
the tumour is a prognostic factor independent of the tumour size and mitotic count (Emory
et al., 1999) with small bowel tumours having the worst prognosis. This provided a rationale
for the proposed site specific evaluation of GIST. In this classification, GIST is classified
according to the site, size and mitotic count into three categories: benign, malignant and
uncertain or low malignant potential (Miettinen et al., 2002a) (Table 2).
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GIST categories Criteria for diagnosis

Probably benign Intestinal tumours: Maximum diameter < 2 cm and no more than
5/50 HPFs
Gastric tumours: Maximum diameter <5 ¢cm and no more than 5/50
HPFs

Probably malignant |Intestinal tumours: Maximum diameter > 5 cm or more than 5/50
HPFs
Gastric tumours: Maximum diameter > 10 cm or more than 5/50
HPFs

Uncertain Intestinal tumours: Maximum diameter >2 cm but <5 cm and no

(low malignant more than 5/50 HPFs

potential) Gastric tumours: Maximum diameter > 5 cm and < 10 cm and no

more than 5/50 HPFs

Table 2. Tumour size, mitotic rate and tumour site as guides to the evaluation of GIST
malignancy (Miettinen et al., 2002a).

Recent large series have evaluated the behaviour of large number of gastric and small
intestinal GISTs. Because the data antedates imatinib application, it gives an insight into the
natural history of GISTs. Based on the tumour size, mitotic count and the anatomic location
of the tumour, GISTs are classified into different groups (Miettinen et al., 2005; Miettinen et
al., 2006; Miettinen & Lasota, 2006b) (Table 3).

GIST Tumour Mitotic count Risk of progressive disease and malignant
groups size (cm) (per 50 HPFs) |potential
1 <> < Gastri.c: Ver}.f low if any (O%)
Small intestinal: very low if any (0%)
Gastric: low (1.9%)
2 725 =5 Small intestinal: low (4.3%)
Gastric: low (3.6%)
< <
3a >5<10 = Small intestinal: intermediate (24 %)
3b >10 < Gastrls?: 1nte.rmed1.ate (12%)
Small intestinal: high (52%)
Gastric: low (0% but too few cases to predict)
4 <2 >5 Small intestinal: high (50% but too few cases to
predict)
— - p
5 >0 <5 5 Gastrl.c. mtgrmed@te (16%)
Small intestinal: high (73%)
Gastric: high (55%)
< >
6a >5<10 ®  |Small intestinal: high (85%)
Gastric: high (86%)
> >
6b 10 > Small intestinal: high (90%)

Table 3. Risk assessment of GISTs based on tumour size, mitotic count and tumour site
(Miettinen & Lasota, 2006b).
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A scheme proposed under the aegis of the National Institutes of Health (NIH) defined the
risk of aggressive behaviour using the twin criteria of tumour size and mitotic activity count
irrespective of tumour location. A significant body of opinion holds that the NIH scheme
underestimates the risk of small bowel tumours and overestimates those of gastric origin. It
is now widely held that this scheme should be replaced by one derived from the data
collected by Lasota and Miettinen (Miettinen & Lasota, 2006a) (Table 4).

This scheme requires validation on independent data. Based on tumour size (maximum
dimension in cm) and mitotic activity (number of mitoses per 50 HPFs), the categories of
prognosis are defined as follows:

Tumour Parameters  |Risk of progressive disease (metastasis or tumour-related death)
Mitotic Size Gastric Duodenum Jejenum/Ileum  |Rectum
index <2cm  |None (0%) None (0%) None (0%) None (0%)
<5/50HPFs |>2-<5 |Verylow Low (8.3%) Low (4.3%) Low (8.5%)
(1.9%)
>5-<10 |Low (3.6%) Insufficient Moderate (24%) |Insufficient
data data
>10cm  [Moderate High (34%) High (52%) High (57%)
(10%)
Mitotic <2cm Insufficient Insufficient High (limited High (54%)
index data data data)
>5/50 HPFs [>2-<5 |Moderate High (50%) High (73%) High (52%)
(16%)
>5-<10 |High (55%) Insufficient High (85%) Insufficient
data data
>10cm  |High (86%) High (86%) High (90%) High (71%)

Table 4. Risk stratification of GIST by mitotic count, tumour size and anatomic site
(Miettinen & Lasota, 2006a).

11.1.3 Resection margins

The principal treatment for GISTs is surgery with wide local resection including a margin of
10-20mm for most tumours. Radical resection such as total gastrectomy with
lymphadenectomy is not required. Involvement of the circumferential and surgical margins
indicates a higher likelihood of local recurrence and therefore poorer outcome regardless of
all other factors.

11.1.4 Epithelioid morphology
This cellular pattern is present in one third of gastric tumours, but is usually associated with
more aggressive behaviour when found in the small intestine.

11.1.5 Mucosal invasion

Mucosal invasion is rarely seen in GISTs but is an adverse prognostic sign (Goldblum &
Appelman, 1995) as it is confined to malignant GISTs (Miettinen et al., 2002a). Mucosal
invasion should be distinguished from mucosal ulceration by its diffuse “lymphoma-like”
pattern of growth between the glandular elements (Miettinen et al., 2002a). The presence of
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mucosal ulceration has no prognostic significance as it is found in benign and malignant
GISTs

11.1.6 Cellularity
Low cellularity has emerged as a favourable prognostic feature according to some studies
(Goldblum & Appelman, 1995).

11.1.7 Nuclear pleomorphism
Marked nuclear pleomorphism in a spindle cell tumour suggests a malignant behavior, on
the other hand, scattered bizarre multinucleated cells are characteristic of benign lesions.

11.1.8 Immunohistochemical markers

Proliferation markers (Ki-67, MIB-1 and proliferating cell nuclear antigen (PCNA)) may aid
in tumour evaluation. It has been reported that tumours with more than 10% of nuclei for
Ki-67 analogue are associated with metastases and poor survival rate (Amin et al., 1993;
Panizo-Santos et al., 2000; Reith et al., 2000; Rudolph et al., 1998; Wang et al., 2002). One
study has reported that MIB-1 index was not superior to mitotic count as a prognostic factor
(Wong et al., 2003).

Alterations affecting certain cell cycle regulators have been implicated in the pathogenesis
and tumour progression of many tumours.

The tumour suppressor gene p16/NK4 encodes a nuclear protein that belongs to the INK4A
family of cyclin dependent kinase inhibitors and blocks cell cycle progression at the G1-S
transition (Serrano et al.,, 1993). It has been reported that loss of pl6 immunostaining is
associated with high risk GISTs (Haller et al., 2005; Liang et al., 2007; Ricci et al., 2004; Sabah
et al.,, 2004b; Sabah et al., 2006; Schneider-Stock et al., 2003; Schneider-Stock et al., 2005;
Steigen et al., 2008).

Another gene, p27KIF1 is also a cyclin dependent kinase inhibitor that belongs to the CIP/
KIP family. An inverse correlation between p27KIF1 protein expression and the degree of
malignancy has been observed. Low p27KIP1 expression seems to be associated with
aggressive clinical behaviour in GISTs (Gelen et al., 2003; Nemoto et al., 2006; Pruneri et al.,
2003; Sabah et al., 2006).

E2F1 is a transcription factor. Phosphorylation of the Rb protein results in the release of E2F
proteins, that are necessary for progression into S phase. Expression of E2F1 has been
reported to be an adverse prognostic factor (Haller et al., 2005; Sabah et al., 2006).

Finally, the expression of p53, a transcription factor and a cell cycle regulator, has been
extensively investigated in human malignancies including GISTs. Most studies have
suggested that p53 expression correlates with histologically malignant GISTs (Al Bozom,
2001; Cunningham et al., 2001; Feakins, 2005, Gumurdulu et al., 2007; Haller et al., 2005;
Hata et al., 2006; Hillemanns et al., 1998; Ryu et al., 2007; Sabah et al., 2006; Wang & Kou,
2007; Wang et al., 2002; Wong et al., 2003; Yalcinkaya et al., 2007).

11.2 Cytogenetic markers as prognostic factors

Prediction of clinical outcome on the basis of morphology alone is not always reliable. Other
new and promising parameters that may aid prognostic evaluation may emerge from
genetic studies.
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11.2.1 Mutations of c-kit and PDGFRA

Both are known to be critical steps in initiating primary oncogenic events. The prognostic
value and the therapeutic significance of c-kit mutations remain under investigation.

The presence of deletion/insertion mutations involving exon 11 has been identified as an
independent negative predictor of disease-free survival (Lasota et al., 1999; Martin et al.,
2005; Singer et al., 2002). In addition the type of c-kit mutation was found to be of prognostic
relevance. For instance deletions; particularly deletions affecting codon 557 to 558 indicate a
poor prognosis (Antonescu, 2006; Martin et al., 2005). In contrast, GIST patients harbouring
point mutations or internal tandem duplications, follow a more indolent clinical course
(Antonescu, 2006; Corless, 2004; Corless et al., 2004; Martin et al., 2005; Miettinen et al., 2005;
Wardelmann et al., 2003).

Moreover an association between KIT exon 9 mutations and aggressive behaviour and non
gastric site was reported (Antonescu et al., 2003; Corless et al., 2004).

It has been shown that the type of kinase receptor mutation influences response to imatinib
treatment. Patients with GISTs expressing mutant exon 11 isoforms have a better response to
STI-571 compared with patients harbouring mutations in exon 9 or without detectable c-kit
or PDGFRA mutations (Heinrich et al., 2003a). In contrast, tumours with exon 17 or exon 13
mutations are primarily resistant to STI-571 (Chen et al., 2004; Debiec-Rychter et al., 2004a;
Heinrich et al., 2003a; Tornillo & Terracciano, 2006). Similarly, mutations in exon 12 of
PDGFRA have shown in vivo sensitivity to STI-571 compared with PDGFRA exon 18
(Debiec-Rychter et al., 2004a) which are resistant to both imatinib and sunitinib.

11.2.2 Chromosomal losses and gains

Certain cytogenetic aberrations have been identified in benign, malignant and metastatic
GISTs, irrespective of their sites or degree of differentiation (Breiner et al., 2000; El Rifai et
al., 1996; El Rifai et al., 2000; Gunawan et al., 2002, Kim et al., 2000; Lasota et al., 2005;
Sandberg & Bridge, 2002; Sarlomo-Rikala et al., 1998; Wozniak et al., 2007), suggesting that
these changes are early events in GIST tumourigenesis. These include losses at chromosome
arms 14q and 22q.

Cytogenetic studies have reported correlations between the acquisition of additional
chromosomal changes and aggressive behaviour such as gains at 5p and 20q and losses at
chromosomes 1p, 9q and 9p. Gains at 8q and 17q have been detected in metastatic GISTs far
more frequently than in primary tumours (Breiner et al., 2000; Debiec-Rychter et al., 2001;
Derre et al., 2001; Gunawan et al., 2004; Kim et al., 2000; Miettinen et al., 2002a; O'Leary et
al., 1999). Therefore, these chromosomal aberrations appear to be secondary events and may
play an important role in tumour progression (Heinrich et al., 2003a) (Figure 5).

The loss of heterozygosity of the 9p region in malignant and low malignant potential GISTs
has been investigated. It has been shown that loss of heterozygosity at the 9p region was
absent in low malignant potential GISTs but was a common finding in high risk tumours
(malignant and recurrent group). Recurrent GISTs showed more frequent deletions than
their primary tumours (Sabah et al., 2004b). These findings support the theory that loss of 9p
may contribute to the progression and/or malignant transformation of GISTs.

11.2.3 Telomerase activity
Telomerase is an enzyme that extends telomeric repeats on the ends of eukaryotic
chromosomes, protecting them from loss, fusion and degradation. Most normal somatic
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cells do not express telomerase. Telomerase activity has been detected exclusively in
malignant GISTs (Gunther et al., 2000; Sakurai et al., 1998; Wang & Kou, 2007). The
expression of human telomerase reverse transcriptase (hnTERT) by immunohistochemistry
was investigated and was found that hTERT expression occurs preferentially in malignant
GISTs and that the signal intensity correlated with the mitotic count of the tumour (Sabah et
al., 2004a).

Initiation of

KIT /PDGFRA mutations :
Oncogenesis

Losses at 14q and 22q

Gains at 5p and 20q

_—
Losses at 1p,9q and 9p

Metastatic
GISTs

Gains at 8q and 17q

Fig. 5. Molecular events involved in the tumourigenesis of GISTs and chromosomal losses
and gains involved in the progression of GISTs.

12. Imaging

Several radiological techniques are used to image GISTs. These include double contrast
gastrointestinal X-ray series with barium, endoscopic ultrasound, computed tomography
scanning and magnetic resonance. These modalities allow preoperative assessment of the
size and involvement of other structures. They are also useful in identifying metastatic
lesions.

Recently positron emission tomography (PET) scanning has been shown to be a useful and
non-invasive mean of monitoring effectiveness of treatment of GISTs. Moreover, GIST
response assessed by PET scan eight days after the start of imatinib mesylate treatment
correlates with prognosis and survival at one year in patients with non-resectable GIST
(Stroobants et al., 2003).
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13. Treatment options

Until recently surgery was the only effective treatment for GISTs and complete surgical
resection is still the only treatment that can cure the disease. However even for patients
whose tumour was completely removed with clear margins there is still high probability of
local recurrence.

Treatment options for recurrent or metastatic GISTs are even more limited. Radiation
therapy is rarely used to treat GISTs because of the radio-sensitivity of adjacent organs and
the high radio-resistance of these tumours. GISTs are highly resistant to conventional
chemotherapy, regardless of the agent used. The reasons for this are not fully understood
but may relate to the expression of the multidrug resistance protein products of the MDR1
gene.

This bleak prognostic picture for patients with metastatic GISTs has recently changed with
the advent of the tyrosine kinase inhibitor (STI-571, Imatinib mesylate). This drug binds to
the ATP binding site of the target kinase and interrupts the signal transduction (Dematteo et
al., 2002; Heinrich et al., 2002).

Imatinib is currently the first line agent for metastatic and unresectable GISTs and is
currently under trial to test its possible effect of minimising the risk of recurrence in patients
with high risk GISTs following complete resection (Dematteo et al., 2002). However, there is
an ongoing debate on the duration, dose and the selection of patients for adjuvant therapy.
The effects of imatinib on GISTs morphology include reduction in tumour size, loss of
cellularity, decreased mitoses or Ki67 proliferation index, degenerative changes such as
myxoid stroma, cyst formation, necrosis and haemorrhage (Abdulkader et al., 2005;
Loughrey et al., 2005; Pauwels et al., 2005). Additional potential diagnostic pitfalls include a
possible shift from spindled to epithelioid morphology, loss of KIT and CD34
immunoreactivity (Abdulkader et al., 2005; Loughrey et al., 2005; Pauwels et al., 2005; Sciot
& Debiec-Rychter, 2006) and positive desmin immunostaining in a tumours which were
previously completely negative for desmin (Sciot & Debiec-Rychter, 2006).

Some 90% of patients obtain symptomatic relief. About two thirds achieve an objective
response, as defined by a reduction of 50% or greater in tumour volume (van Oosterom et
al., 2001). Another 20% of patients remain stable. However, in 10% the disease progresses
despite of imatinib therapy due the occurrence of secondary mutations or clonal selection
which cause drug resistance.

In such cases other tyrosine kinase inhibitors or downstream targets such as protein kinase
theta can be tried (Sakamoto, 2004). Sunitinib malate (SU11248) has shown promising
activity in imatinib resistant GISTs. In addition to KIT and PDGFRA, this drug also targets
FLT3 and VEGF receptors (Demetri et al., 2003; Sakamoto, 2004).

Other drugs that are being evaluated in imatinib-refractory patients include Nilotinib
(Montemurro et al., 2009) (inhibitor of KIT and PDGFRA); Sorafenib (a multi kinase
inhibitor of raf kinase, VEGFR, PDGFR and KIT)(Demetri, 2011); RAD001 (a rapamycin
analogue inhibitor of the protein kinase mammalian target of rapamycin); Oblimersen (an
antisense oligonucleotide to bcl-2 mRNA); heat shock protein 90 inhibitor (17-allyylamino-
18-demethoxy-geldanamycin, 17-AAG) (Bauer et al., 2006); Bevacizumab (a neutralising
antibody to vascular endothelial growth factor); CCI 779 (a rapamycin analogue inhibitor of
the protein kinase mammalian target of rapamycin); PKC 412 (an inhibitor of protein kinase
C) and neutralising antibodies against vascular endothelial growth factor and several multi
kinase inhibitors (De Giorgi & Verweij, 2005; Rubin, 2006).
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14. Conclusion

GISTs constitute the largest group of mesenchymal tumours of the gastrointestinal tract.
These tumours originate from the ICC or their precursors. Most GISTs express KIT and have
gain of function mutations of c-kit or PDGFRA. Therefore, KIT expression has emerged as an
important defining feature for these tumours. However, KIT expression is not specific for
GISTs and should be interpreted in the context of clinical setting and appropriate
morphology. A minority of GISTs are negative for KIT. In such cases, analysis of c-kit or
PDGFRA genes is necessary for accurate diagnosis. Clinically and pathologically, GISTs
represent a spectrum of tumours that include benign, malignant and borderline variants.
Prognostic features indicative of malignancy or high risk for aggressive clinical behaviour
are generally identified by increased tumour size and mitotic activity in the context of
tumour location. Cytogenetic parameters aid prognostic evaluation and may play a role in
the prognostication of GISTS in the future.

Imatinib has revolutionised the management of advanced and metastatic GISTs. Alternative
therapeutic strategies are currently being evaluated. These may benefit patients who are
refractory to imatinib or may be useful as adjuvant/neoadjuvant therapy to improve the
outlook for GIST patients.
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1. Introduction

A synovial sarcoma (SS) is a rare soft tissue sarcoma; in children and adolescents it accounts
for 4 % of all non-rhabdomyosarcoma soft tissue sarcomas. The most common site of
primary disease is the lower limbs. Although relatively rare, SS is the third most common
extremity STS. In both children and adults three histopathologic subtypes of SS are
described (monophasic, biphasic and poorly differentiated); it is associated with a
characteristic translocation t(x;18) [23;17]. Despite considerable progress and achievements
in child oncology, treating children with synovial sarcoma still remains a pressing problem.
Numerous treatment options available today to children with SS and dispute among
researchers show high importance of the issue and necessity of its complex study.

2. Materials and methods

Herein, we analyze the outcomes in 48 patients with various localizations of synovial
sarcoma who were treated in N. N. Blokhin Cancer Research Centre between 1990 and 2007.
The results were evaluated on 31 December 2010. The analyzed group was divided into two
subgroups - the control group (historical control group) and the study group (experimental
group) - matched for sex, age, localization of cancer, extent of tumor spread and recurrence.
The mean age in the historical control group (1990-1999) was 10.41+4.03 years (range, 1.0 to
15.0 years). The group included 29 pediatric patients - 13 males (44.8 %), 16 females (55.2%).
20 (69.9%) test subjects were diagnosed with biphasic synovial sarcoma, 8 (27.6%) - with
monophasic subtype and 1 (3.4%) - with poorly differentiated subtype. In all cases the
diagnosis was based upon morphological study. Immunohistochemistry was used in 14
(48.2%) cases to verify the diagnosis. The most likely localization of lesions was the lower
extremity - 14 (48.3%) cases. 10 (34.5%) patients had lesions in upper extremities and 4
(13.8%) in the trunk. One patient was diagnosed with retroperitoneal synovial sarcoma.
Mean tumor volume in the control group was 49.1 cmd. 22 patients (75.9 %) had tumor size
above 5 cm.
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At the beginning of therapy 11 pediatric patients (37.9 %) had metastatic disease. Lung and
lymph node (regional and distant) metastases were present in 8 (27.6%) and 2 (6.9%)
patients respectively. One (3.4%) test subject had both lung and lymph node metastases. 15
(51.7%) patients had recurrent disease. Control group therapy strategy included induction
polychemotherapy (in the study we refer to induction PCT as chemotherapy courses given
before local control which consisted of radiation therapy (RT) * surgical treatment).
Induction CT included IVA chemotherapy: Vincristine 1.5 mg/m? o.d. IV push,
Actinomycin 1500 mkg/m? o.d. IV drip, Ifosfomide 3 g/m?2 b.i.d. IV drip. Chemotherapeutic
regimens used in the control group were rather inefficient - induction efficacy (Complete
response + Partial response) was 28.6 %.

Having analyzed the causes of low treatment efficacy in the control group, The Muscular -
Skeletal Department and The Intensive Care, Reanimation and Bone Marrow
Transplantation Department of N. N. Blokhin Cancer Research Centre developed an
intensive CT protocol which included reinfusion of autologous haematopoetic stem cells
derived from peripheral blood. The protocol was used in patients who developed soft tissue
sarcomas with poor prognosis including synovial sarcoma. The article describes complex
treatment of high-risk soft tissue sarcomas in pediatric patients with intensive consolidation
CT (Cyclophosphamid - Etoposid - Carboplatin) and peripheral haematopoetic stem cell
infusion. General therapy strategy included 4 induction CT courses, harvesting and
cryoconservation of peripheral stem cells following hematopoetic stimulation by G-CSF,
local control of primary tumor and consolidation CT. Local control consisted of surgical
removal of primary tumor provided the technical resources were present and irradiation of
primary tumor and metastases surviving induction CT. Consolidation CT included 4
courses (additional to 4 main courses) analogous to induction CT. Intensive CT consisted of
treatment with Etoposid 100 mg/m?2 on day 1 - 5, Cyclophosphamid 400 mg/m?2 on day 1 -
5, Carboplatin 500 mg/m? on day 4.

Between 1999 and 2007 19 pediatric patients with synovial sarcoma were included in the
treatment protocol: 9 (47.9 %) male, 10 female (52.6 %) with mean age 10.84+3.28 (range, 2.0
to 15.0 years). Synovial sarcoma was diagnosed by light microscopy: 5 (26.3%) patients had
a biphasic subtype, 12 (63.2 %) - a monophasic subtype and 2 (10.5%) - a poorly
differentiated subtype. Verification of histological origin was performed with
immunohistochemistry in 17 (89.4%) cases. In 13 (68.4 %) experimental group patients the
diagnosis was verified through FISH (fluorescence in situ hybridization) with detection of a
characteristic translocation t(X;18) and SYT - SSX (1 or 2) fusion genes. From 2004 till 2007
year was performed 34 cytogenesis analysis by fluorescence in situ hybridization from 22
biopsy for the histologic subtyping of soft tissue sarcomas, from 20 patients, none of whom
had a previously established sarcoma diagnosis, and from 2 patients with recurrence of the
disease. Cytogenetic analysis confirmed the t(X;18)(pll;,q11) in 13 cases, the
t(11,22)(q24;q12) in 9 cases and t(2;13)(q35;q14) in 1 case, t(1,13)(p36;q14) in 2 cases. The
samples were presented in impression smear -10 cases, fine-needle aspiration biopsy
specimens - in 12 cases. We successfully verified the diagnosis of synovial sarcoma in 13
cases, included relapses in 2 cases, extraosseous localization of Ewing's sarcoma in 6 cases
and alveolar thabdomyosarcoma in 3 cases. FISH allowed for establishing the diagnosis
before obtaining microscopy results due to the study taking only 1 - 2 days and requiring an
impression smear made right after biopsy.
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The experimental group included 14 (73.7%) patients with primary tumor and 5 (26.3%)
patients with recurrent disease. Primary tumor was classified according to the TNM staging
system. In the study the patients were staged as follows: 7 (36.8%) patients had T2bNOMO, 2
(10.5%) - T2bN1MO, 3 (15.8%) - T2bNOM1, 1 (5.3%) - TxN1M1 and 1 (5.3%) - TxN1MO. The
most likely localization of lesions was the lower extremity - 10 (52.6%) cases. 3 (15.8%)
patients had lesions in upper extremities and 5 (26.3%) in the trunk. One patient was
diagnosed with synovial sarcoma of the lesser pelvis. Mean tumor volume in the
experimental group was 59.8 cm3; 13 patients (68.4 %) had tumor size above 5 cm? (12 -
primary, 1 - recurring). In 2 (10.5%) patients with metastatic disease no primary tumor was
found. Evident metastases were present at diagnosis in 8 (42.1%) experimental group
patients. 1 (5.3%) patient had multiple metastases to the lungs, 1 (5.3%) - multiple
metastases to bones and lungs, 1 (5.3%) - to regional lymph nodes and lungs, 1 (5.3%) -
multiple metastases to lungs and soft tissues. Metastases to regional and distant lymph
nodes were found in 4 (21.1%) cases. The above mentioned (tumor size, recurring and
metastatic disease) made it possible to classify the experimental group as high-risk patients.
Harvesting of peripheral stem cells was done after 2 induction CT courses provided bone
marrow was intact on light microscopy. Leucopheresis was performed by continuous flow
cell separators Baxter C5-3000 plus or CobeSpectra. Separation results (quantity of CD34+*-
cells) were evaluated by a Becton Dickenson flow cytometer (USA) with the use of anti-
HPCA-2 monoclonal antibodies to CD34 in a Radioimmunology Laboratory of N. N.
Blokhin Cancer Research Centre. Harvested peripheral stem cells underwent liquid nitrogen
freezing with dimetylsulphoxide as a cryopreservation agent and were stored in the N. N.
Blokhin Cancer Research Centre marrow bank.

A total of 76 courses of induction CT were given. The mean interval between the courses
was 23.33+0.49 days (range, 18 to 27 days). Evaluation of the induction CT toxicity showed
that severe leucopenia (IV) developed during 61.0% of CT courses. The decline in leukocyte
count to the absolute leukocyte count (ALC) of less than 1000 cells/pL was observed on the
9.23+0.45 day since the beginning of CT. The maximum and minimum decline was up to 100
cells/pL and 1600 cells/pL respectively. The peak of the decline was observed on the
11.72+0.38 day. The mean duration of leucopenia (ALC < 1000 cells/pL) was 7.32+0.42 days
(range, 1 to 13 days). The rise of leukocyte count to ALC > 1000 cells/pL was seen on the
16.47+0.43 day. 44.1% of CT courses were associated with severe thrombocytopenia (IV).
The decline in thrombocyte count to the absolute thrombocyte count (ATC) of less than
75000 cells/ pL was observed on the 11.92+0.37 day since the beginning of CT. The minimum
and maximum decline was up to 20500 cells/pL and 1000 cells/pL respectively. The peak of
the decline was observed on the 15.07£0.41 day. The mean duration of thrombocytopenia
(ATC < 75000 cells/pL) was 10.66+1.25 days (range, 4 to 46 days). The rise of thrombocyte
count to ATC > 75000 cells/pL was seen on the 21.72+0.56 day. 23.7% of the CT courses
were associated with severe anemia (IV).

The decline in hemoglobin to 79 g/L was observed on the 10.43£0.65 day since the
beginning of CT. The peak of the decline was observed on the 14.14+0.61 day. The mean
duration of anemia (Hb < 79 g/L) was 8.00£0.8 days (range, 1 to 20 days). The rise of
hemoglobin above 79 g/L was seen on the 18.69+0.94 day.

Local control included 18 surgeries: 14 (73.7%) radical excisions, 2 (10.5%) non-radical
excisions (with tumor cells at resection margins), 2 (10.5%) amputations and exarticulations.
In 1 (5.3%) case no surgical local treatment was performed due to impossibility of radical
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surgery. Therapeutic pathomorphosis in the remaining tumor was observed in 13 cases: 1 st.
-4 (30.7%), 2 st. - 7 (53.8%), 4 st. - 2 (15.5%). 17 (89.5%) patients underwent irradiation of
primary tumor with total dose ranging from 45.6 to 32.2 Gy (1 patient received RT without
surgical treatment, 16 patients had the site of an excised tumor irradiated). 2 (10.5%) patients
did not receive RT due to amputation and exarticulation. 4 (21.0%) patients with multiple
metastases to the lungs received large-field regional RT (total dose 12 Gy). Consolidation CT
included 4 additional PCT courses analogous to induction CT with autologous peripheral
stem cell infusion. A total of 76 courses of consolidation CT with hematopoetic support via
peripheral blood stem cells without G-CSF stimulation were given. Median interval between
courses was 26.00£0.54 days (range, 21 to 27 days). In order to provide hematopoietic
support on the 7th day each PCT course was followed by reinfusion of low doses (CD34+ =
0.9-1.5+0,1x10¢/kg) of peripheral stem cells. Evaluation of the consolidation CT toxicity
showed that severe leucopenia (IV) developed during 74.6% of CT courses. The decline in
leukocyte count to the absolute leukocyte count (ALC) of less than 1000 cells/pL was
observed on the 8.35£0.36 day since the beginning of CT. The maximum and minimum
decline was up to 100 cells/pL and 1800 cells/pL respectively. The peak of the decline was
observed on the 11.35+0.34 day. The mean duration of leucopenia (ALC < 1000 cells/pL)
was 7.47+0.49 days (range, 1 to 21 days). The rise of leukocyte count to ALC > 1000 cells/pL
was seen on the 16.00£0.45 day. 53.7% of CT courses were associated with severe
thrombocytopenia (IV). The decline in thrombocyte count to the absolute thrombocyte
count (ATC) of less than 75000 cells/pL was observed on the 9.64+0.5 day since the
beginning of CT. The maximum and minimum decline was up to 142000 cells/pL and 4000
cells/pL respectively. The peak of the decline occurred on the 13.26+0.4 day. The mean
duration of thrombocytopenia (ATC < 75000 cells/pL) was 11.45+0.73 days (range, 5 to 23
days). The rise of thrombocyte count to ATC > 75000 cells/pL was seen on the 21.58+0.74
day. 29.9% of the CT courses were associated with severe anemia (IV). The decline in
hemoglobin to 79 g/L was observed on the 8.39+0.56 day since the beginning of CT. The
peak of the decline occurred on the 12.7910.62 day. The mean duration of anemia (Hb <79
g/L) was 8.70+0.71 days (range, 1 to 20 days). The rise of hemoglobin above 79 g/L was
seen on the 16.72+0.68 day.

3. Results

Induction efficacy (Complete response + Partial response) was high (80% according to WHO
criteria). Long-term outcome analysis has shown that of 18 patients in the control group 8
(44.4%) patients are currently alive and 10 (55.6%) died due to disease progression after
cessation of treatment. Disease recurrence was observed in 1.88+3.0 months (range, 0 to 9
months). Of 11 patients in the experimental group only 2 (18.2%) died; metastatic disease
developed on the 79th and 25t month. Of 11 control group patients with metastatic
dissemination only 1 (9.0%) is alive - a female with synovial sarcoma of the right hip and
metastases to regional lymph nodes. It should be noted that despite inductive PCT
inefficiency, she underwent conservative surgery, namely tumor, soft tissue and regional
inguinofemoral lymph node excision; no cancerous cells were found at resection margins.
The patient received RT (total dose 45 Gy) to the site of an excised tumor and has been alive
for 158 months. Other 10 (91.0%) patients died of underlying disease; recurrence developed
within 5.3+10.8 months (range, 0 - 34 months). Of 8 experimental group patients with
metastases 4 (50.0%) died: 1 - with metastases to the lymph nodes, 1 - with multiple
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metastases to the lungs, 2 - with metastases to multiple sites (lungs + lymph nodes, lungs +
bones). Death occurred on the 14th, 15th, 24th and 9th month; 3 patients died of recurring
disease and metastatic dissemination to the lungs, 1 patient died of metastatic disease
progression in the lungs and local recurrence. 4 (50.0%) test subjects are currently alive. 1
patient is inoperable, having had metastases to the lungs, soft tissues and retroperitoneal
lymph nodes upon first presentation; underwent PCT and RT, is currently alive. 1 patient
had right calf tumor, metastases to popliteal and inguinofemoral lymph nodes; underwent
complex treatment, was stabilized after PCT, is currently alive for 109 months with
recurring metastases to the lungs. 2 patients with primary lesions in inguinofemoral lymph
nodes and soft tissues of the thigh and calf are alive for 116 and 47 months with no signs of
disease.

The experimental and control group were compared on the basis of therapy results. The
study analyzes relapse-free and overall survival in patients with synovial sarcoma. Worthy
of note was the statistically significant (more than twofold) increase in relapse-free survival
upon use of intensive CT regimen (Etoposid, Cyclophosphamid, Carboplatin) and
hematopoetic support with autologous haematopoetic stem cells instead of standard
therapy regimens. Thus, 2-year relapse-free survival of patients was 31.0£8.5% in the control
group (who received standard treatment) and 66.1+11.3% in the experimental group. The
difference was statistically significant (p=0.0097). Overall survival was also significantly
higher: 3-year overall survival was 31.0£8.5% in the control group (who received standard
treatment) and 75.6+10.6% in the experimental group (p=0,003).

Characteristic Control group Experimental group
Number of patients 18 11

Alive 8(44,4%) 9 (81,8%)

Died 10 (55,6%) 2 (18,2%)
2-year relapse-free survival 31,0£8.5% 66.1£11.3%
2-year overall survival 31.0+8.5% 75.6£10.6%
Patients with metastases 11 (61,1%) 8 (72,7%)

Died patients with metastases 10 (91%) 4 (50,0%)

Table 1. Patient Characteristics

4. Discussion

Synovial sarcoma is characterized by infrequent occurrence and demand of histologic
verification [12]. The use of fine-needle aspiration of the tumor and molecular genetic study
as standard diagnostic methods allows for prompt establishment of diagnosis and therapy
start [14]. Multiple research groups have proven the prognostic value of primary tumor size
[7;10;11;4;9]. The majority of patients (75.9% in the control group and 68.4% in the
experimental group) had tumor size more than 5 cm (in the study the largest diameter was
taken to represent tumor size); median tumor volume in the control and experimental group
was 49.1 cm? and 59.8 cm?3 respectively. At the beginning of therapy metastases were present
in 37.9% and 42.1% of cases which led to attributing poor prognosis to these patients. It
should be noted that no primary tumor was visualized in 2 pediatric patients with
metastatic disease which shows high tumor aggressiveness and proneness to metastatic
dissemination even with small tumor size. The study has proven high efficacy (80%) of
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induction PCT in the experimental group which enabled conservative surgery to be
performed due to tumor size regression. Adequate tumor excision (radical resection or
broad surgical resection with “clean” cancer cell-free margins) is the cornerstone of therapy
[19;21]; it was achieved in 89.5% of experimental group patients what correlates with data
provided by foreign researchers [20].

The advisability of postoperative RT in patients with synovial sarcoma remains a highly
controversial issue. According to data [19;21;5;20] provided by the multi-factor analysis,
the best relapse-free survival was shown in patients who underwent postoperative RT,
especially with large primary tumor. Taking account of our experience and that of our
foreign colleagues, we provided adjuvant RT to 84.2% of the experimental group; only
10.5% of the patients did not receive RT due to operative mutilation. Adjuvant PCT was
essential in patients with poor prognosis [6]: age - 10 years, lesion localization - trunk and
extremities, primary tumor size above 5 cm (T2b), recurrent disease and regional/distant
metastases upon diagnosis. Having analyzed the experience of 2 decades, European
oncology pediatrics physicians came to the conclusion that PCT in children with SS is an
essential asset of treatment (contrary to adult patients who do not respond to PCT). Thus
pediatric patients with SS were included in rhabdomyosarcoma treatment protocol and
received adjuvant PCT regardless of the risk [15;8;19]. J.]. Lewis et. al, 2000 [16] studied
112 cases of adult and adolescent SS; they observed 11 cases of local recurrence following
only surgical treatment and 34 cases of metastatic dissemination to distant sites. Despite
adequate operative treatment, almost 40% of patients developed distant metastases within
5 years after treatment cessation, which undoubtedly calls for the development of a new
effective systemic treatment. With 33-year experience M.F. Okcu et al, 2001 [18] believe
complex therapy to provide better outcome. In 50% of inoperable pediatric patients with
cancer preoperative CT yielded good results which enabled broad surgical resection to be
performed. In high-risk pediatric patients (with primary tumor size above 5 cm and tumor
extending outside the organ (T2b)) with localized synovial sarcoma who received complex
treatment, 5-year relapse-free survival is 44 - 68% [10;11;4]. Worthy of note is the fact that
the main factor limiting therapy intensification is hematological toxicity which increases
with higher doses of anti-cancer drugs. Subtransplantation doses of peripheral blood stem
cells as substitution treatment during hematopoetic suppression should be considered
effective hematopoetic support. D.S. Hawkins et al.,, 2002 [13] used a combination of
multi-cycle high-dose chemotherapy and hematopoetic support with peripheral blood
stem cells to show that this method could be used in patients with stage IV
rhabdomyosarcoma, desmoplastic small round cell tumor and malignant schwannoma. I.
S. Dolgopolov et al., 1999 [1,2] gathered data indicating the possibility of giving multiple
intensive CT courses with hematopoetic support via peripheral blood stem -cells.
Mobilizing peripheral blood stem cells with colony-stimulating factors after 1 - 2 PCT
courses following their reinfusion in subtransplantation doses after 3 subsequent courses
of PCT may facilitate the decrease of neutropenic fever. This, in turn, allows physicians to
shorten intervals between PCT courses which may improve outcomes in high-risk
pediatric patients with soft tissue sarcomas [3]. 2-year overall and relapse-free survival in
young high-risk patients with synovial sarcoma in the experimental group was
75.6%10.6% and 66.1+11.3% which corresponds to international data on analogous patient
groups [22;6;20].



Treatment of Synovial Sarcoma in Children 215

5. Conclusions

Intensive induction CT (Cyclophosphamid - Etopsid - Carboplatin) in high-risk patients
with soft tissue sarcomas proved rather efficient (Complete response + Partial response =
80.0%) compared to standard treatment strategies (28.6%) as well as tolerable provided there
was adequate additional therapy.

Collection of peripheral stem cells can be carried out after 1 - 2 induction CT courses
(Cyclophosphamid - Etopsid - Carboplatin) and G-CSF administration in all patients.
Reinfusion of low doses of peripheral blood stem cells (CD34+ = 0.9-1.5+0.1x10¢/kg) during
adjuvant CT decreases hematological toxicity which allows consolidation CT to be done
earlier when induction CT is already possible.

Intensive CT regimen (Cyclophosphamid - Etopsid - Carboplatin) with hematopoetic
support via infusion of autologous haematopoetic stem cells derived from peripheral blood
significantly improves 2-year relapse-free survival compared to standard therapy strategies
from 31.0+£8.5% (control group) to 66.1+11.3% (experimental group).
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1. Introduction

Approximately 1% of all malignancies or 10,000 cases diagnosed in North American are
sarcomas. Amongst which, soft tissue sarcoma comprises of the majority. Local disease is
managed with the use of pre-operative or post-operative radiation and surgery, yielding
over 90% local control rate! In the meta-analysis reported by Figueredo et al.2 adjuvant
chemotherapy yielded an absolute overall survival benefit of 4% and the benefit was mainly
observed in tumours in the extremity, at a deep location, larger than 5 cm or high
histological grade. Unfortunately, a recently reported adjuvant trial comparing
doxorubicin/ifosfamide combination with observation enrolling patients with such features
failed to demonstrate any overall survival benefit.3

Upon follow-up, 50% of localized soft tissue sarcomas will recur either locally, or
systemically or both. The benefit of systemic therapy in the recurrent and/or metastatic
setting, including doxorubicin, ifsofamide and DTIC, has been shown to be modest with an
overall response rate of 10-15%, as single agent, and of 30% in combination at the expense of
toxicity without any improvement to the median overall survival rate of 12 months.4

In the past 10 years, the most significant advancement has been observed in gastrointestinal
stromal sarcoma (GIST), a rare form of gastrointestinal (GI) tract sarcoma. GIST originates
from the interstitial cell of Cajal, a pacemaker cell in the muscularis mucosa of the GI tract.>¢
It is characterized by the expression of CD117 or c-KIT. Eighty-five to 90% of GIST harbour
activating mutation in c-KIT, predominantly at exon 11 (70-75%), followed by exon 9 (10%)
and rarely exons 13 and 17 (1-2%). About 5-10% of GISTs have platelet derived growth
factor receptor-a mutation, predominantly in exons 12 and 18.711 The rest harbour mutation
in neither tyrosine kinase receptors are considered as wild type.”1112 Imatinib, a tyrosine
kinase inhibitor targeting both wild type and mutated c-KIT and PDGEFR, as well as ABL
kinase and BCR-ABL, was the first therapy licensed in metastatic GIST with or without
mutations in C-KIT and PDGFR with an impressive improvement in response (80%
response rate as compared to no response for conventional chemotherapy) and a median
progression-free survival (PFS) of 2-2.5 years and overall survival (OS) of almost 5 years.13-16
More recently, imatinib has been licensed as adjuvant therapy for resected GIST more than 3
cm for 1 year with an improvement in progression-free survival.'7 In the annual meeting of
the American Society of Clinical Oncology Meeting in 2011, GISTs with c-KIT expression
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and either over 10 cm in diameter or >10 mitotic figures per 50 high power fields were
randomized to 1 versus 3 years of adjuvant imatinib treatment. There was not only an
improvement in 5-year recurrence-free survival (47.9% versus 65.6%, HR=0.46 and p<0.001)
but OS (81.7% versus 92%, HR=0.45, p=0.019).18 Upon failure of imatinib, sunitinib has been
shown in a randomized controlled trial to improve the median PFS as compared to placebo
(24.1 weeks versis 6 weeks, HR=0.33).19 Unfortunately, recent trials with a more potent c-
KIT and PDGFR-a inhibitor, nilotinib, as compared to imatinib in the first-line and as
compared to best supportive care in the previously pretreated population failed to provide
any PFS or OS benefit.

One of the most important barriers for the management of soft tissue sarcomas is that there
are more than 50 histological subtypes with diverse clinical, biological and molecular
characteristics. At the molecular level, soft tissue sarcomas can be divided into 2 categories:
those with a characteristic chromosomal translocation as in Table 12022 and those with
complex karyotypes, including liposarcomas, except for mxyoid/round cell liposarcoma,
leiomyosarcoma, malignant nerve sheath tumours, etc. Over the years, significant gain in
the knowledge through translational research in soft tissues sarcoma help identifying novel
targets for all subtypes or specific subtypes, which has been reflected in design of recent
trials in this population.22 One would hope therapeutic strategies based on molecular or
biological characteristic will yield an improvement in the overall survival of patients with
metastatic soft tissue sarcomas and possibly in the curative setting.

Despite the impressive improvement in the management and outcome of GIST, resistance to
imatinib and sunitinib occurs. Through ongoing translational research, secondary resistance
mechanisms, including secondary mutations in c-KIT or PDGFR-a or activation of
downstream pathways, have been partially elucidated, which will help developing novel
agents alone or in combination with imatinib and/or sunitinib.2

In this chapter, we will focus on the biology of selected targets in soft tissue sarcomas, and
their current development in all or certain subtypes of soft tissue sarcomas.

2. Growth signalling pathway
Insulin Growth Factor Receptor (IGF-R)/PI3 Kinase (PI3K)/mTOR pathway

Insulin Growth Factor Receptor and Insulin Receptor

The insulin growth factor pathway consists of 3 ligands, IGF-1, IGF-2 and insulin, IGF
binding proteins, and 4 receptors, IGF-1R, IGF-2R, insulin receptor (IR) and hybrid IGF-
1R/IR.2527

IGF-1R is a transmembrane receptor tyrosine kinase that comprised of 2 a and 2 p subunits.
Upon binding of ligands, with the highest affinity for IGF-1, followed by IGF-2 and the least
for insulin, the tyrosine residues in the intracellular domain will be autophosphorylated
leading to activation of downstream signalling Raf/MAPK/ERK and c-Raf proliferation
pathways and the PI3K/Akt/mTOR survival pathway.26-28 Structurally, IGF-IR and IR
share 84% homology in the intracellular domain and 100% in the ATP-binding domain,
which permits heterodimeration of IGF-1R and IR. 26-2 Complicating by the fact that IR
exists in 2 isoforms, IR-A or fetal IR which is overexpressed in cancer, and IR-B which is
present in normal tissues. The 2 isoforms differ by 12 amino acids in exon 11.2 The IR-A
isoform has high affinity for IGF-2 and insulin but less so for IGF-1.30-32 In the contrary, IGF-
2R is a mannose-6-phophate receptor devoid of any ATP-binding domain, making it a dead
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receptor which can modulate the growth stimulation activity of IGF-1R and IR through

binding and internalization of IGF-2.32

At least six different IGFBPs have been identified, which modulate the plasma

concentrations of IGF-1 and IGF-2, thus the activation of the receptors in this pathway.2>-27

Various mechanisms of aberrancy of this pathway have been identified and summarized in

Table 2. In short, the fusion protein from the translocation-associated sarcomas binds to

either the IGF-23-3¢ or IGF-IR promoter,3740 leading to pathway activation. Whereas, for

those soft tissue sarcomas that harbour complex karyotypes, the pathway is activated
through overexpression of ligands, IGF-2,364142 JGF-1,4 overexpression of IGF-1R and IR,36
activation of downstream PI3K/AKT/mTOR pathway.4344

Pediatric GISTs are less common to have mutation in c-KIT and PDGFR-a. Agaram et al.#>

and others reported that as compared to wild-type (WT) GISTs in adult, the transcriptome of

WT pediatric GISTs have an increased expression in IGF-1R without amplification.4647

However Tarn et al. reported either overexpression or amplification of IGF-1R in adult WT

GISTs.48 IGF1-R expression was found to be increased in all 188 patient derived samples

with at least moderate expression of IGF1/2 in 115 samples. Elevated IGF-1 or IGF-2

expression is associated with increased mitotic rate and high risk for relapsed in resected
samples and elevated IGF-1 level is also found to be related to increased risk for metastatic
disease and relapsed disease in the metastatic setting.4® Inhibition of IGF1-R by a tyrosine
kinase inhibitor leads to apoptosis via the inhibition of the AKT and MAPK .48 Synergistic
anti-tumor activity is observed when an IGF-1R tyrosine kinase inhibitor is combined with
imatinib. Therefore, targeting IGF-1R with or without imatinib is of interest in metastatic

WT GISTs.

Currently, there are three different strategies targeting this pathway.

1. Antibody to IGF-1R was the first therapeutic strategy that entered the clinical and
current clinical development in sarcoma was summarized in Table 3. These antibodies
block the binding of IGF-1 and possibly IGF-2 to IGF-1R. The antibody/IGF-1R
complexes will be internalized and then degraded by the proteosome pathway, leading
to downregulation of IGF-1R. It has been reported that the activity of these antibody
depends on the level of membrane IGF-1R expression.’0 A number of phase 2 studies in
soft tissue sarcomas have been reported and stable disease as best response was the
most common.5152 Toxicities include hyperglycemia, headache, skin rash and transient
AST/ALT elevation.

2. ATP-mimetic, competitive tyrosine kinase inhibitor which inhibits the activation of IGF-
1R homodimer, IR homodimer and IGF-1R/IR heterdimers through IGF-1, IGF-2 and
insulin. OSI-906, BMS-754807 and XL-288 are currently in phase I clinical development.
To date, no clinical studies in soft tissue sarcomas have been reported.

3. Antibody binds to IGF-1 and IGF-2 leading to inactivation of IGF-1R and hybrid
IR/IGF-1R, while sparing the binding of insulin to IR-B, resulting in the absence of
hyperglycemia. Recently, a phase I study of MEDI-573 was reported and no
hyperglycemia was observed and no response was observed.53

Preclinical studies suggested the level of IGF-1IR expression may be a biomarker for

clinically efficacy for these antibodies, clinical confirmation remains to be reported. Thus far,

there has been no biomarker for response to small molecule reported. Anti-tumour activity
in soft tissue sarcoma by targeting the IGF-1R/IR pathway through IGF-1R antibody has
been modest. This is possibly related to the fact that most soft tissue sarcoma subtypes have
upregulation of IGF-2, which signals through the IGF-1R/IR-A hybrid receptor and is not
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blocked by IGF-1R antibody.33343641 Furthermore, some of the soft tissue sarcoma subtypes
have pTEN loss, increase in PI3K/ Akt mRNA level or activation of IRS-2, circumventing the
blockade by the antibody upstream.3¢4144 Last but not least, there has been no direct
comparison in clinical efficacy amongst these three therapeutic approaches.

PI3K/Akt/mTOR pathway

Growth factor receptor tyrosine kinases activation will lead to recruitment and activation of
PI3K to the cytoplasmic side of the cell membrane, which in turn phosphyorylates
phosphatidylinositol-4,5-phosphate to phosphatidylinositol-3,4,5-phosphate (PIP3). PIP3 is
dephosphorylated and inactivated by pTEN, and activates Akt through recruitment to the
cell membrane, which in turn activates mTOR-1 directly and indirectly through inhibition of
negative regulator of mTOR-1, tubuerus sclerosis complex 2. In mammalian cells, there are 2
mTOR complexes, mTOR-1, which is rapalogue sensitive, and mTOR-2, which is rapalogue
insensitive. Recently, mTOR-2 is found to activate Akt, leading to mTOR-1 activation.5455
The PI3K/Akt/mTOR pathway is an ideal anti-cancer target, including soft tissue sarcomas,
as it is activated by all the growth factor receptor tyrosine kinases, such as IGF-1R, VEGEFR,
PDGER, or by the loss of pTEN or upregulation of PI3K/Akt.414344 In turn, the pathway
will lead to cell survival and anti-apoptosis through Akt and to cell growth, proliferation,
metastasis and angiogenesis through activation of S6-kinase and p70. Preclinical study by
Friedrichs et al. reported activation of PI3K/Akt/mTOR in synovial sarcoma cell lines and
inhibition of mTOR or PI3K led to tumour regression.5 Similarly, inhibition of mTOR by
rapamycin led to p53-dependent apoptosis of rhabdomyosarcoma cell lines.>” Wan et al.
found that this is due to inhibition of the mTOR/HIF-1a/VEGF pathway via S6 kinase.58
Sapi et al. reported a differential activation of mTOR-1 among 108 cases with GIST with c-
KIT, PDGFR-a and WT mutations (38.4% versus 83.3% versus 73.9%, respectively).? In
imatinib-resistant GIST cell lines, despite treatment with imatinib, there is continual
hyperactivation of c-KIT with no increase in total c-KIT exprerssion. Either PI3 kinase, MEK
or mTOR inhibition leads to decrease in growth, but only PI3 kinase inhibition led to
apoptosis.®0  Similarly, prolonged treatment with sunitinib leads to silencing of pTEN
expression through methylation, which in turn leads to activation of the PI3K/AKT
pathway.61 Ikezoe et al. demonstrated synergism of suntinib with PI3K or mTOR in
imatinib-resistant GIST.62

There are currently 3 rapamycin-analogues targeting mTOR-1, temsirolimus, everolimus
and ridaforolimus, being developed in the clinics. Only temsirolimus (CCI-779) and
ridoforolimus (AP 23573) have been tested in soft tissue sarcomas. Okuno et al.63 reported a
phase II study of temsirolimus in metastatic soft tissue sarcoma patients and 22% had prior
chemotherapy. Two out of 40 evaluable patients attained a partial response for 3 and 17
months, respectively. But disappointingly, the median time-to-progression (TTP) was only 2
months or 6-month progression-free rate (PFR) was only 14%, which is deemed to be
inactive according to the EORTC criteria.®* The median survival was 7.6 months.

A phase II study of ridaforolimus in osteosarcoma, leiomyosarcoma, liposarcoma and other
soft tissue sarcomas was reported in abstract form. 93% of patients had prior chemotherapy.
The primary endpoint was clinical benefit rate at 16 weeks, which were 30% (4 partial
response), 33%, 30% and 23%, respectively and were deemed active by the authors. The
corresponding 6-month PFR were 23%, 22%, 25% and 23%. The median overall survival of
the entire population was 40.1 weeks (range 37.9-44.1 weeks).%
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In 2011, the phase III study of ridaforolimus versus placebo as a maintenance therapy after
first to third-line therapy in the metastatic settings for soft tissue and bone sarcomas was
reported with progression free survival (PFS) as the primary endpoint and overall survival
(OS) as the main secondary endpoint. In the overall population, the PFS and OS was
improved from 14.6 weeks to 17.7 weeks in the ridaforolimus treated patients (HR=0.72,
p<0.0001) and from 19.2 months to 21.4 months (HR=0.88, p=0.22) after first analysis.
Subgroup analysis including histology, number of prior lines of therapy, etc is pending.66

A combined phase I/1I study combining everolimus and imatinib in pretreated metastatic
GIST patients was reported. The recommended phase II dose of the combination was 2.5 mg
daily of everolimus in combination with 600 mg daily of imatinib, denoting
pharmacokinetic interaction. Two strata were enrolled: stratum 1 failed imatinib alone and
stratum 2 failed imatinib and other therapies. A 37% progression free rate was observed in
stratum 2 with a corresponding PFS and OS at 3.5 and 10.7 months, respectively.®” This
combination was suggested by the authors to take forward for further development. The
biological activity seen may be related to the silencing of pTEN as reported by Yang and
colleagues after treatment with sunitinib.! Unfortunately, no biopsy samples were
available in this trial to further elucidate the biology underlying this combination in this
heavily-pretreated GIST population.

Toxicities of rapalogues are considered as tolerable with <10% patients experienced grade 3
or 4 toxicities. Common toxicities include stomatitis, hyperglycemia, hyperlipidemia, fatigue
and thrombocytopenia.

In summary, the clinical efficacy of rapalogues in sarcomas has been modest, which may be
explained by the following resistance mechanisms. Wan et al. reported inhibition of mTOR
by rapalogues led to the loss of the negative feedback of S6 kinase on IRS-1, leading to
activation of pAKT.¢8 Cao et al.® found that after initial inhibition of IGF-1R and Akt
phosphorylation by IGF-1R antibody, at 72 hours such inhibition was lost through
mechanisms independent to pTEN loss or activation of epidermal growth factor. The
activation of the Ras/Raf/MEK/Erk pathway led to inhibition of mTOR leading to loss of
addiction to the IGF pathway.7071

To circumvent these resistance mechanisms, phase I/1I studies of combined PI3K/mTOR
inhibitors such as BEZ235, IGF-IR-mTOR and Akt-MEK (MK-2206 and AZD 6244)
combinations in solid tumours are currently being performed. The improvements in clinical
efficacy in soft tissue sarcomas remain to be reported.

Complicating the development of rapalogues is the lack of biomarkers. Despite pTEN loss
leads to constitutional activation of mTOR, pTEN status did not predict clinical benefit.72
Similarly, inhibition of S6 kinase and p70 activation did not predict clinical benefits.
Targeting Akt or PI3K upstream from mTOR may offer an alternative strategy in the
treatment of soft tissue sarcomas. Barrentina et al.”® reported 18% of mxyoid/round cell
liposarcoma had PIK3CA mutation leading to Akt activation, which is associated with poor
survival. Zhu et al.7# found activation of PI3K and Akt in all the soft tissue sarcoma cell
lines. Inhibition of PI3K or Akt led to inhibition of downstream pathway, leading to cycle
cell arrest at G2 phase through upregulation of GADD45a. Activation of Akt and mTOR
was observed in 61% and 66% of the 140 sarcoma samples, particularly in malignant nerve
sheath tumours, rhabdomyosarcoma and synovial sarcoma, independent from EGFR
activation. Phosphorylation of Akt was associated with metastatic disease.”
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Inhibition of both PI3K and mTOR by BEZ235 leads to G1 phase cell cycle arrest without
apoptosis in both in vitro and in vivo sarcoma models including Ewing’s and
rhabdomyosarcoma. As a single agent, no apoptosis was observed. But synergistic anti-
tumour effect was observed when BEZ235 is combined with classical active
chemotherapeutic agents in sarcoma, including doxorubicin, when chemotherapy is given
first. Simultaneous targeting with IGF-1R showed synergistic activity probably due to
decrease in IC50 for PI3K inhibition by BEZ235.76 Therefore, clinical studies of PI3K
inhibitor in mxyoid/round cell liposarcoma and of PI3K or Akt inhibitors in malignant
nerve sheath tumour, rhabdomyosarcoma and synovial sarcoma may be of value.

As mentioned previously, PI3K inhibition with concurrent imatinib not only leads to growth
inhibition but also apoptosis in imatinib-resistant GIST cell lines as compared to mTOR
inhibition. Therefore, clinical investigation of PI3K inhibitor in combination with imatinib in
imatinib failure GIST patients may be of value. Similarly, the activation of
PI3K/AKT/mTOR due to methylation of pTEN from prolonged sunitinib treatment can be
exploited as a novel therapeutic option for sunitinib failure.

3. Vascular endothelial growth factors, fibroblast growth factors and
receptors

Angiogenesis is a complex biological process involved in the formation of new blood vessels
in normal and pathological tissues, including cancer.”7.78 A battery of proangiogenic and
antiangiogenic factors is involved in angiogenesis, which is tightly controlled in normal
tissues, but not in pathological processes including cancer.”278 In cancer, angiogenesis is a
result from the interaction of various proangiogenic and antiangiogenic factors and their
receptor produced or present in tumour cells, endothelial cells, extracellular matrix and
inflammatory cells.”

A number of proangiogenic and antiangiogenic factors have been identified (Table 3). The
most important proangiogenic factor is vascular endothelial factor (VEGF) which is present
in six isoforms, VEGF A to E and placental growth factor (PIGF).80 Furthermore, VEGFA
exists as 6 proangiogenic isoforms (VEGF 121, 145, 148, 165, 183, 189 and 206) and 6
corresponding antiangiogenic isoforms, generated through alternative splicing of exons 6, 7
and 9 of VEGFA gene.7981

There are a total of 4 VEGFR, namely VEGFR-1, VEGFR-2, VEGFR-3 and VEGFR-4.
Interaction of VEGFR-2 and its ligands, VEGFA and PIGF, represents the most important
angiogenic pathway. Whereas, VEGFA, VEGF-B and PIGF bind to VEGFR-1 for
angiogenesis and VEGF-C and D bind to VEGFR-3 for lymphogenesis.s0

Increasing level of angiogenesis or elevation of VEGF expression in soft tissue sarcoma
samples has been reported to be associated with high grade, increase risk of metastases and
poor prognosis.828¢ Serum VEGF expression is elevated in all soft tissue sarcomas8-87
especially epithelial subtypes including epithelioid sarcoma and alveolar soft part sarcoma
(ASPS),%8 and high grade fibrosarcoma of no specific subtype (previously known as
malignant fibrous histiocytoma) and leiomyosarcoma.8® In addition, VEGF A, B and C and
their corresponding VEGFR-1, -2 and -3 are overexpressed in angiosarcoma, demonstrating
an autocrine or paracrine growth pathway, with corresponding activation of the
PI3K/ Akt/mTOR pathway.9092 Antonescu et al. also demonstrated overexpression of TIE-
2, VEGFR-1 and -2 in angiosarcoma, and 10% of the samples demonstrated mutations in
either exon 15 in the extracellular domain and exon 16 in the transmembrane domain.%
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Thus, targeting VEGFs and their receptors is an attractive strategy for the treatment of soft

tissue sarcomas, especially angiosarcoma, and ASPS.

Targeting VEGF can be achieved through

1. Monoclonal antibody to VEGF-A by Bevacizumab: A phase II study combining 7.5
mg/kg of bevacizumab with standard dose doxorubicin at 75 mg/m? every 3 weeks in
patients with metastatic soft tissue sarcomas was reported D’Adamo et al. 17 patients
were treated and only 2 PRs were observed with a median time-to-progression and
median overall survival of 8 and 16 months, respectively. Despite dexrazoxane, 6
patients experienced at least grade 2 congestive heart failure, making it too toxic for
further development of the combination.* Bevacizumab at 15 mg/kg every 3 weeks
was tested in a phase II study of patients with metastatic angiosarcoma and epithelioid
hemagioendothelioma. 29 patients were enrolled and out of 26 evaluable patients, 3 PRs
were observed. Currently, the development of bevacizumab is unclear despite this level
of activity in angiosarcoma.®> Common toxicities include hypertension, macular or
papular erythematous rash, diarrhea, mucosal bleeding (most common as epitaxis) and
proteinuria. Other rare toxicities are hemorrhage, hypertensive emergency and
reversible posterior leukoencephalopathy syndrome, arterial thromoembolism
(especially in patients over 65 years), bowel perforation and fistulae.

2. Aflibercept is a decoy recombinant protein of the second Ig domain of VEGFR-1 and
third Ig domain of VEGFR-2 fused to the Tc domain of human IgG1, with pM affinity to
VEGF-A, -B and PIGF. In vivo rhbadomyosarcoma model treated with aflibercept at 2.5
mg/kg twice weekly demonstrated significant anti-tumour activity.%%” Late stage
clinical development in metastatic non-small cell lung cancer, colorectal cancer and
other solid tumours are either ongoing or reported. But no development plan in soft
tissue sarcoma has been made. Toxicities are consistent with other anti-VEGF/VEGFR
agents, such as hypertension, headache, proteinuria, fatigue, dysphonia, bleeding
(epistaxis and hemoptysis), anorexia, abdominal pain, nausea, diarrhea or constipation,
and arthalgia.

3. Small molecules ATP-mimetic receptor tyrosine kinase inhibitors: VEGFR is a member
of the split kinase class III receptor which shares structural homology in the ATP
binding domain with platelet derived growth factor (PDGFR), FLT-3, c-kit, and Tie-2.
Although in preclinical models, co-inhibition of PDGFR and VEGFR may yield
synergistic anti-tumour activity through targeting of the endothelial cells and pericytes
in the tumour vasculature, resepctively and delay in tumour resistance,-102 additional
toxicities are expected. Additional receptor tyrosine kinases are inhibited by some of
these small molecules at clinically relevant plasma concentration, such as RET in
motesanib, vandatinib, FGFR-1, 2 or 3 in BIBF 1120 and brivanib10310%4 and c-met in
foretinib, cabozantinib and MGCD265,105 leading to possible synergistic anti-tumour
activity.

The early phase development of sunitinib,106107 sorafenib08-111 and pazopanib!!2 in various

types of soft tissue sarcomas is summarized in Table 4. With the observed progression-free

survival benefit in the phase II trial of pazopanib across all soft tissue sarcoma subtypes, a

phase III trial comparing pazopanib and placebo in metastatic soft tissue sarcoma was

reported in the 2011 annual meeting of the American Society of Clinical Oncology with
progression-free survival as the primary endpoint. Patients had prior anthracyclin but had
no more than 4 prior lines of therapy, and performance status of 0-1. With a median follow-
up of 15 months, and 19% of patients still on study, the median progression-free survival in
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the pazopanib treated patients was improved from 1.5 to 4.6 months (p<0.0001). The interim
median overall survival was 11.9 versus 10.4 months (p>0.05), favouring the pazopanib
arm.113

Based on the success of sunitinib as second-line therapy for metastatic GIST, other
antiangioenic compounds have been in clinical development in pretreated GIST. Campbell
et al. reported a phase II study of sorefenib in imatinib- and sunitinib-pretreated metastatic
GIST patients. An impressive 13% response rate was observed with median PFS at 5.2
months and OS at 11.6 months which were compared to that of sunitinib.14 In the annual
meeting of the American Society of Clinical Oncology Meeting in 2011, the final result of a
phase II study of regorafenib in pretreated GIST was reported. Regorafenib is a multi-
targeted tyrosine kinase inhibitor targeting VEGFR 1-3, TIE2, PDGFR-f, FGFR-1, as well as
B-RAF, C-RAF and p38 MAPK at nanomolar concentration. Three PRs and a median PFS of
10 months were observed for the entire population. Due to the small patient numbers,
median PFS were 10, 6 and 8 months for those harboured exon 11, 9 and WT c-KIT mutation
respectively. Interesting, one patient was found to have B-RAF mutation in exon 15.115
Agaram et al. reported up to 7% of WT GIST had V600E mutation in B-RAF.11¢ In preclinical
models, sorafenib has superior inhibitory activity in secondary mutations in the activation
loop, such as D816H, D820A /G, V822K, and Y823D, of ¢-KIT as that of sunitinib, and similar
activity towards ATP pocket secondary mutations, such as V654A and T6701, and exon 9 c-
kit mutations.’” Sorafenib, most likely regorafenib, inhibits cell proliferation, induces
apoptosis and decreases angiogenesis through the inhibition of Ras/Raf/MEK/ERK
pathway as well as induction of p15 and p27 and decrease in p21, cyclin A and B1 as well as
cdc-2.118 Based on these biological rationales, sorafenib and regorafenib will expect to have
substantial clinical activity in GIST. A phase III study of regorafenib in the imatinib- and
sunitinib-pretreated metastatic GIST patients has just finished enrollment.

The VEGF and FGF pathways are associated with growth and poor prognosis in soft tissue
sarcomas.!1® Upregulation of other proangiogenic pathways, such as the FGF pathway, has
been conferred as resistance mechanism for anti-VEGF strategies.!0 Tumour growth
suppression has been observed in preclinical soft tissue sarcoma xenografts by FGF
inhibition.1!  Therefore, combined FGFR and VEGEFR tyrosine kinase inhibitors may have
improved anti-tumour activity and duration of response in soft tissue sarcomas. In a
retrospective analysis of 43 solid tumour samples through a phase I study of brivanib,
expression of FGF-2 was associated with longer progression-free survival and higher disease
control rate.l?2 Schwartz et al. reported the preliminary result of a randomized
discontinuation study of brivanib in metastatic soft tissue sarcomas to detect an HR of 0.5 in
progression free survival in the FGF-2 positive patients. 251 patinets were enrolled with a
median age of 54, and all patients were ECOG 0-1 and 80% had prior systemic therapy with
a median of 2 regimens. During the first 12 weeks of open label brivanib, 130 patients had
PD and 35 patients were taken off study due to reasons other than PD. Seven patients had a
PR, and 3 were either angiosarcoma or hemangiopericytoma. Out of the 78 patients who had
SD and underwent randomization to brivanib or placebo, 53 patients had FGF-2 positive
tumours, and the median progression-free survival was 2.8 months in the brivanib arm as
compared to 1.4 months in the placebo arm (HR=0.58, p=0.08). The progression-free rate at
12 weeks in the overall population was 31% and no difference was observed across all
histological subtypes. In the FGF-2 negative tumours, the corresponding progression-free
survival was 2.6 and 1.4 months (HR=0.8). The median progression-free survival was 4.1
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months in those in the placebo arm who crossed over to brivanib at progression. Brivanib
was considered as well tolerated. All grade 3 or higher toxicities occurred in less than 5%
except for fatigue (10%) and hypertension (15%).123
Clinical benefit with tyrosine kinase inhibitors observed in angiosarcoma is particularly of
interests as clinical response with classical chemotherapy, such as doxorubicin, liposomal
doxorubicin and paclitaxel, is usually short-lived.108-110 Various reports have demonstrated
overexpression of VEGFR-2 and VEGFR-3 and their corresponding ligands, VEGF-A, VEGF-
C, in pulmonary and cutaneous angiosarcomas, denoting the paracrine and/or autocrine
role in their development and proliferation.90124125
Alveolar soft part sarcoma (ASPS) is known to be chemotherapy resistant and therefore
development of novel agents is essential. Stacchioti et al.!26 reported a series of 10 patients.
Five patients had prolonged PR and 3 other had prolonged stable disease, with a median
duration of response of more than 9 months. Similar impressive clinical benefit of 4 out of 7
patients had a PR and 3 patients with SD by RECISTS were reported for cediranib.12” The
investigators in the National Cancer Institute reported the preliminary results of a phase II
study of cediranib with 14 PRs in 33 untreated or second-line metastatic ASPS patients.
Biopsies for gene expression profile alterations were performed before and after treatment
and VEGFR-1, VEGFR-2 and angiopoietin-2 expression were downregulated whereas
CXCR7, CCL-2 and transgelin were upregulated.!? Currently, a cross-over phase II trials
comparing cedarinib and sunitinib is being planned. The transcription factor activity of the
ASPACR1-TFE3 chromosomal translocation leads to overexpression of growth factor
receptors, including VEGFR-2, PDGFR, c-Met, RET and EGFR, and transcription factor,
HIF-1a. The activation of these pathways leads to activation of both the PI3K/Akt/mTOR
and ERK pathway.126129-131
4. Monoclonal antibody to the extracellular domain of VEGFRs or PDGFR: IMC1121B
(ramucirumab) and IMC18F-1, targeting the VEGFR-2 and VEGFR-1 extracellular
domain respectively, are currently under clinical development as a single agent or in
combination with chemotherapy in other solid tumours. IMC-3G3, a monoclonal
antibody against the extracellular domain of PDGEFR, is currently in clinical
development including in PDGFR mutated metastatic GIST.
The preliminary phase II and III trial result in antiangiogenic compounds look promising in
all soft tissue sarcomas, especially for angiosarcoma, hemangiopericytoma, ASPS, which
devoid of effective systemic therapy. Further development of this class of agent in these
uncommon subtypes is definitely worthwhile. Given the activation of multiple growth
factor pathways, like VEGFR, PDGFR, Tie-2, the use of tyrosine kinase inhibitor may be
more likely to provide clinical benefit, unlike that in other solid tumours. With the activation
of downsteam pathways, including the PI3K/Akt/mTOR or MEK/ERK pathway,
combination with antiangiogenic strategy, especially for tyrosine kinase inhibitors, may be
at least additive. Furthermore, combinations with doxorubicin and other cytotoxic
chemotherapy will be reported in the next couple of years, which have the potential of
improving their anti-tumour activity. Like the identification of FGF-2 expression as a
potential biomarker for efficacy for brivanib, further exploration for biomarker for
antiangiogenic therapeutics is important which allows us to identify the corresponding
patient subgroups and to improve the understand of the biology of angiogenesis and thus
the mechanisms of resistance and corresponding therapeutic strategies.



226 Soft Tissue Tumors

4. Epigenetic modification and histone deactylase inhibitors

Histones and histone deactylase

There are 5 members of the histone family, H1, H2A, H2B, H3 and H4 in eukaryotic cells.
Tetramer of H3 and H4 and dimmers of H2A and H2B make up nucelosomes, around which
DNA winds. H1 makes this complex more compact. The amino terminal of histones
undergoes post-translational modification by acetylation, phsophorylation and methylation,
leading to change in the structure and function of the histones. Acetylation and
deacetylation are the most studied processes. The lysine residues in histones, particularly
H3 and H4, undergo acetylation by histone acetyltransferase (HAT) and deacetylation by
histone deacetylation (HDAC) which determine the fate of gene expression.132 Acetylation
leads to neutralization of the positive charges in the lysine residues of H3, decrease in the
affinity to DNA, and thus generating an open or euchromatin structure which allows the
binding of transcription factors. Conversely, deacetylation leads to tight interaction between
the histones and DNA, generating a closed or heterochromatin structure which prevents
gene transcription. 132133

There are 4 classes of HDAC: Class I includes HDAC 1, 2, 3, and 8 and is ubiquitously
present in the nucleus; Class II includes Class Ila (HDAC 4, 5, 6 and 7) and Class IIb (9 and
10), which shuttles between the cytoplasm and nucleus and is tissue specific, Class III
includes SIRT 1-7 and is NAD+ dependent for its activity and Class IV includes HDAC 11
and properties of Classes I and 11.134136 Classes I, IT and IV are homologous in their structure
with a zinc-containing catalytic domain.

Recently, HDAC Classes 1I is found to modulate acetylation status of proteins, such as heat
short protein 90 (Hsp 90). Acetylation of Hsp 90 leads to release of oncoproteins, such as
Her-2, Akt, c-kit, ber-Abl, and subsequently subject to proteosome-mediated degradation.13>
This process is believed to account for at least a good portion of the anti-tumour activity of
HDAC inhibitors. Specifically, inhibition of HDAC 6 and 10 leads to downregulation of
VEGFR1 and 2 expression through acetylation of Hsp90.137 Other members of Class II
HDAC are involved in either cell proliferation and survival or cell migration, which is
crucial for angiogenesis.138139

Histone deacetylase and sarcoma

Overexpression of one or more members of Class I and II HDAC has been well reported
in breast, prostate and colorectal cancer,’35> which has not been reported in soft tissue
sarcoma.

Preclinical studies of HDAC inhibitors demonstrated not only tumour growth suppression
but also tumour regression and differentiation in human synovial sarcoma xenografts.140141
Synovial sarcoma is characterized by the expression of oncoprotein, STY-SSX, which co-
localizes with the Polycomb repressor complex leading to HDAC-mediated chromatin
condensation.142144 In particular, the interaction among the Polycomb protein, the SS518
component of the oncoprotein and a transcriptional corepressor protein called TLE was
observed.’5 One of the repression targets of this complex is the tumor suppressor gene
EGR1.146 HDAC inhibitor will reverse the repression by the Polycomb protein, leading to
de-repression of EGR1 and followed by apoptosis.

Similar preclinical anti-tumour effect has been observed in Ewing sarcoma,!47-149 clear cell
sarcoma,’>0 endometrial stromal sarcoma,’®® mxyoid chondrosarcomal>2 and alveolar
rhabdomyosarcoma.l4® Treatment of HDAC inhibitor leads to increase in expression of p21
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and G2/S arrest and decrease in mTOR expression and activity, leading to apoptosis and
autophagy.15!

In addition, Lopez et al. reported G2/M arrest and S phase depletion of fibrosarcoma,
leiomyosarcoma and rhabdomyosarcoma cell lines with PCI-24781, a novel HDAC inhibitor,
followed by decrease in RAD51 and apoptosis.’®® Synergistic anti-tumour activity has been
observed when combining doxorubicin with HDAC inhibitor, when modest anti-tumour
activity was observed after treatment with doxorubicin or HDAC alone.153,154

Based on these promising preclinical data, clinical development of HDAC inhibitor in
translocation associated sarcoma is definitive of interest. Combination with doxorubicin will
be of interests in both translocation associated sarcomas and in soft tissue sarcomas with
complex karyotypes. Inhibition of HDACs can lead to at least partial decrease of VEGFR-1
and -2 and significant clinical efficacy has been observed with VEGFR tyrosine kinase
inhibitors in patients with ASPS, angiosarcoma, etc, so clinical development of these
combination will likely provide improved clinical efficacy, with caution about the possibility
of increase toxicity. Other combinations that may be of interests include HDAC inhibitor
with therapeutics targeting the PI3K/Akt/mTOR pathway and PARP inhibition.

Double strand DNA damage due to radiation leads to activation of ATM which
subsequently activates other downstream DNA repair proteins, including p53, CHK-2,
BRCA-1, leading to cell cycle delay or apoptosis.’s5 HDACI interacts with ATM which leads
to its activation and DNA repair.’% HDAC inhibitor is a radiosensitizer through
suppression of DNA repair by decreasing the expression of DNA repair proteins such as
DNA protein kinase.15? Therefore, combination of HDAC inhibitor and radiation in the
management of localized limb or retroperitoneal sarcomas will be worth studying.

HDAC inhibitors in clinical development

There are four classes of HDAC inhibitor, short fatty acid, hydroxamic acid, cyclic
tetrapeptide, and benzamide. Except for the first class, all the others are in clinical
development. Focus will be placed on the hydroxamic acid and benzamide class of HDAC
inhibitors.

Hydroxamic acid analogues

Vorinostate or suberoylanilide hydroxamic acid (SAHA) is the first orally administered
HDAC inhibitor in clinical development, which targets Class I, Ila and IIb HDAC. A dose of
300 mg twice daily 3 days every week or 400 mg daily or 200 mg twice daily.15 It is
currently licensed for the treatment of cutaneous T-cell lymphoma. The result of vorinostat
as a second-line therapy in malignant pleural mesothelioma is anticipated in later part of
2011. Clinical development in combination with chemotherapy in various solid tumours has
been slow due to toxicity compared to chemotherapy alone. Marked production of reactive
oxygen species was observed in preclinical model was treated with the combination of
bortezomib and HDAC inhibitor through suppression by bortezomib on NF-«xB production
induced by HDAC inhibitor, which in turn leads to reactive oxygen species production.159.160
A phase II study of vorinostat in combination with bortezomib in second-line soft tissue
sarcoma reported with no response in 16 evaluable patients.161

Panobinostat (LBH-589) is another Class I, Ila, and IIb HADC inhibitor in clinical
development with both oral and intravenous formulation. Dose-limiting toxicity is
prolonged QTc, thrombocytopenia, neutropenia and hypophosphatemia and diarrhea,
fatigue and thrombocytopenia for intravenous'é2 and oral panobinostat,!03164 respectively.
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Early phase studies of either as a single agent or in combination with chemotherapy and
novel agents to Hsp 90, Her-2, EGFR, VEGEFR, etc are ongoing.

Belinostat (PDX-101) is again a Class I, Ila, and IIb HDAC inhibitor. An intravenous
formulation entered clinical development as a daily for 5 day every 3 week schedule. 1000
mg/m?2/day was determined to be the phase II dose. Histone H4 hyperacetylation lasted for
4-24 hours after each infusion. Best response was SD, and amongst which 2 soft tissue
sarcoma patients lasted for 7 and 14 months, respectively.1¢5 A preliminary report of 14
patients using various schedules, daily, twice or three times daily, at doses ranging from
900-1000 mg/m?/dose and for one day to for 5 days every 21 days.1¢6 Clinical development
plan of both single agent in various solid tumours and haematological malignancies and
combination with chemotherapy and demethylating compounds are ongoing including a
phase I/1I trial in combination with doxorubicin in soft tissue sarcoma.

Other hydroxamic acid analogues are in clinical development including PCI-24781, a Class 1,
ITa and IIb HDAC inhibitor with high potency against HDAC 1 and 3, which is being
developed in haematological malignancies and solid tumours.1” Based on the synergistic
anti-tumour effect in combination with doxorubicin, possibly through hyperacetylation of
topo-II, a phase I/1I study is currently recruiting patients.

Benzamide analogues

MS-275 was initially developed at the US NCI using various schedules, daily for 4 out of 6
weeks, once every 2 weeks and weekly for 4 out 6 weeks.168169 Due to excess toxicity and
prolonged half-life, only the latter 2 schedules are being developed mostly in combination
with other protein targets of HDAC class IV.

MGCDO0103 is HDAC 1, 2, 3 and 11 specific HDAC inhibitor. Siu et al.1”0 reported the phase I
study using a three times a week schedule with 45 mg/m?2/day as the phase II dose.
Acetylation at H4 increased in a dose-dependent fashion and significantly acetylation in
white cells was observed at doses above 45 mg/m?2/day. No objective response was
observed except SD in 5 patients for 4 or more months. Currently, development of
MGCDO0103 in concentrated in lymphoma and other haematological malignancies.171

SB939, a HDAC Class [, II, and IV, has been tested in weekly 3 out 4 weeks and daily for 5
day every 2 weeks schedules with improved intra-tumour accumulation and transit time,
HDAC inhibition as well as half-life.172 60 mg a day was determined to be the dose for either
schedule.1”3174 Only SDs for a median of 5 months, as best response, were observed. Proof
of concept phase II study in translocation associated soft tissue sarcomas led by the NCIC-
CTG is accruing patients.

Fatigue, nausea, vomiting, diarrhea and anorexia are common to all classes of HDAC
inhibitors in oral or intravenous formulations. In the absence of comparative trials, cardiac
toxicity, such as arrhythmia and prolongation of QTc, seems to be occur more frequently in
the intravenous formulation, which is probably related to the peak concentration of HDAC
inhibitor is approached the inhibitory concentration of cardiac ion channels. This
observation may favour the development of oral formulation but careful cardiac monitoring
will be essential when combined with therapeutics that have been associated with cardiac
toxicities including HER-2, VEGF/VEGFR. Thrombocytopenia is the only observed
haematological toxicities, though mostly grade 1 and 2. The mechanism is still being
investigated.
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HDAC inhibition in peripheral blood mononuclear cells as a pharmacodynamic marker for
anti-tumour activity and drug exposure has not been consistent. Identification of such a
marker is still essential.

The mechanisms of action of HDAC inhibitor are likely multi-fold and inhibition of different
classes of HDAC may have different anti-tumour effects.13 Thus clinical activity may be
different and whether cross-resistance will occur. Fantin et al. reviewed the potential
mechanisms of resistance for HDAC inhibitors such as increase in DNA hypermethylation,
upregulation of protection against oxidative stress, and overexpression of anti-apoptotic
proteins, such as Bcl-2 and Bcl-XL.175

5. DNA repair by poly (ADP-ribose) polymerases (PARP)

Poly (ADP-ribose) polymerases (PARP)

DNA damage leads to the activation of PARP, which consists of 17 members!76177 that have
a conserved catalytic domain.1”8 PARP1 is the most well characterized nuclear protein with
three functional domains: the zinc finger containing DNA binding domain, which is
responsible for the detection of DNA breaks and localization to the nuclei; the auto-
modification domain which includes the breast cancer gene-1 (BRCA-1) C-terminal domain;
and the C-terminal catalytic domain.179180 Any single strand DNA break detected by the
DNA binding domain of PARP1 leads to ADP-ribose polymerization with base excision
repair proteins, such as XRCC-1, DNA polymerase-p and DNA ligase 1II, histones and
PARP1, by the catalytic domain, which is NAD-dependent.181182 In turn, this complex
process affect DNA replication, transcription, differentiation, gene regulation, protein
degradation and mitotic spindle maintenance. Only in the absence of PARP-1, which
accounts for 90% of PARP activity, PARP2 will be involved in DNA repair.183

Relevance of PARP and soft tissue sarcomas

Farmers et al.18 demonstrated homozygous deletion of BRCA-1 or BRCA-2 led to sensitivity
to PARP1 inhibition, resulting in apoptosis. Apoptosis is postulated to be the loss of
homologous recombination repair after single strand DNA breaks as a result of both PARP1
inhibition and loss of BRCA-1 or -2. To date no BRCA-1 or -2 germline loss has been
documented in soft tissue sarcomas. But Xing et al. reported 29% of uterine leiomyosarcoma
had decrease or absent BRAC-1 protein expression, which is postulated to be due to
methylation of BRCA-1 gene promoter.185 Schoffski et al.18¢ reported decrease in BRCA-1 in
50% of the soft tissue sarcoma samples.

In addition, members of the Fanconi family proteins are involved in double strand DNA
repair through activation of ATM and ATR and formation of a nuclear complex of 5 Fanconi
family proteins. This complex subsequently co-localizes with BRCA1 and -2 for DNA
repair.’” Loss of function or expression of any of these protein or “BRCA-ness” confers
sensitivity to PARP1 inhibition.188 189 ATM is a serine/threonine kinase that activates
checkpoint kinase -2 (Chk-2) in the presence of DNA damage and sequentially, leads to
increase in RAD51 and BRCA1l and -2 activity.’ A study of leiomyosarcoma and
gastrointestinal stromal sarcoma samples showed frequent 13q21-q32 amplification, which
corresponds to BRCA-2 and RB1 gene location, and 11q22-q24 loss, which contains the ATM
gene, in high grade and >5 cm leiomyosarcoma. 83% of the samples had either absence or
weak ATM expression by immunohistochemistry and out of which 50% had 11q loss.1%0
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Similarly, loss of ATM was reported in 41% of alveolar rhabdomyosarcoma.’¥! Concurrent
ATR loss and K-ras GI12D mutation in p53 heterogyous mice developed lung
adenocarcinoma and sarcomas.!2 Germline Chk-2 loss has not been reported in sarcoma
except in osteosarcoma'®, and a variant of Li-Fraumeni syndrome-related malignancies
RADb51 is transcriptionally controlled by pTEN. Loss of pTEN# and rarely pTEN
mutation'1% has been documented in leiomyosarcoma and uterine leiomyosarcoma,
respectively and 12% of various soft tissue sarcomas had hypermethylation of the pTEN
gene.1% Interestingly, only truncated pTEN but not point mutation confers sensitivity to
PARP1 inhibition.17 Whereas increase in RAD51 expression in soft tissue sarcoma leads to
resistance to doxorubicin due to S/G2 phase arrest. In the presence of wild type p53 through
activator protein 2, RAD51 expression was downregulated through decrease in promotor
activity.198

PARP inhibitor potentiates chemotherapy and radiation

Potentiation of preclinical anti-tumour efficacy was observed when combining PARP
inhibitor ~with methylating agents (DTIC, temozolamide), alkylating agent
(cyclophosphamide, ifosfamide), doxorubicin, topoisomerase I inhibitors and platinum
agents, which are of relevance in soft tissue sarcomas.19-202 Soft tissue sarcomas that have
low BRCAL1 expression had statistically significantly higher response rate, PFR at 6 months,
and OS to trabectadin, thus, one may suspect that the combination of PARP inhibition with
trabectadin may confer additive or synergistic anti-tumour activity.

Radiation is commonly being given pre-operatively or post-operative for localized soft
tissue sarcomas of the limbs and retroperitonium. Single strand and sometimes double
strand DNA breaks occur after radiation lead to PARP1 activation followed by DNA repair.
Similar potentiation of radiation induced anti-tumour efficacy has been observed when
given with PARP1 inhibitor.199-202

Thus PARP1 inhibitors either as a single agent or in combination with DNA damaging
agents and radiation will be worthwhile to explore in soft tissue sarcomas. One may predict
that single agent activity will be observed only in those soft tissue sarcomas that have a low
BRCAL1 protein expression resulting from promoter methylation or other post-translational
mechanisms. To select this selected population, immunohistochemistry of BRCA1 and
BRCA2 will suffice. When use in combination with DNA damaging agents and radiation,
PARP1 inhibitor will act as a potentiating agent. But one may still expect those tumours
with a low BRCA1 protein level will have a better response.

PARP inhibitor in clinical development

Olaparib (AZD2281; KU-0059436) is a phthalazione class PARP1 and 2 inhibitor. A phase I
study of 60 solid tumour patients were treated at doses from 100 mg to 600 mg twice daily
on either a 2 weeks on 1 week off or continuous schedules. Grade 1 or 2 drug-related
anemia, lymphopenia, fatigue, vomiting dyguesia and anorexia were reported. Dose-
limiting toxicity included grade 3 mood alteration, grade 3 fatigue, grade 3 somnolence and
grade 4 throbocytopenia were observed in 1 and 2 patients, respectively in the continuous
schedule at 400 and 600 mg twice daily. As predicted by preclinical data, responses were
observed in BRCA 2 mutation positive ovarian and breast cancer. One BRCA2 mutation
positive prostate cancer had 50% reduction of PSA and resolution of bone metastases.203
Forty percent of BRCA1/2 mutation positive BRCA1/2 mutation positive ovarian cancer
had a PR or reduction of CA125 for a median of 28 weeks.204
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AG014699 (PF-01367338) is a PARP1 and 2 inhibitor administered intravenously. Based on
synergistic preclinical anti-tumour activity with temozolomide, a phase I study was
reported. The addition of PF-01367338 did not increase temozolomide related toxicity,
allowing administration of full dose temozolomide at 200 mg/m?2/day for 5 days. Increase
in single strand DNA break was observed only when PF-01367338 was administered
concurrently with temozolomide. A PR was observed in one melanoma, one pretreated
desmoids tumour. Stable disease for more than 6 months was observed in 4 patients,
including one leiomyosarcoma.205

Adoption of the novel phase 0 design, Kummar et al. found a good correlation of PARP
inhibition in tumour and peripheral blood mononuclear cells by ABT 888. A minimum of
50% reduction of PARP activity was observed with 25-50 mg of ABT 888 daily. Due to an
average 70% of ABT 888 is excreted in urine unchanged during the 24 hours at 50 mg or
higher daily, continuous dosing will be necessary.206

BSI-201 was initially thought to be an intravenously administered irreversible PARP1
inhibitor, but due to recent preclinical and clinical data showed that PARP1 is not inhibited
at clinically relevant concentration. Thus no further discussion will be presented in this book
chapter.

MK-4827 is an orally administered PARP1 and 2 inhibitor. Sandhu et al. reported a phase I
study of MK-4827 given daily at doses 30-210 mg. Dose-limiting toxicity included grade 3
fatigue, pneumonitis and anorexia. Common toxicities were all grade 1-2 such as nausea and
myelosuppression. At doses of 110 mg daily, sustained PARP inhibition was observed in
peripheral blood mononuclear cells. Responses and SD for more than 16 weeks were
observed in sporadic and BRCA-related breast or ovarian cancer. One heavily-pretreated
non-small cell lung cancer patient had SD for more than 42 weeks.207

A number of other PARP inhibitors are in phase I clinical development, including E7016
(PARP1 and 2 inhibitor) and CEP-8983 and its prodrug, CEP-9722 (PARP1 and 2 inhibitor).
Based on the preclinical and translational research information, PARP inhibitor in
combination with DNA damaging agents (anthracyclin, ifosfamide, DTIC and trabectedin)
and radiation will be of interest. As reported by Plummer et al.,, enhanced DNA breaks is
observed only when PARP inhibitor is administered concurrently with chemotherapy. Thus
careful preclinical and clinical study of the schedule of these combination should be
performed not only to enhance anti-tumour activity, but also to reduce unnecessary
toxicities.

Development as a single agent may only be applicable to those with low BRCA1 protein
expression, low ATM expression such as gastrointestinal stromal tumour, leiomyosarcoma
and alveolar rhabdomyosarcoma and low RAD51 expressing sarcomas.

Development of resistance is the rule rather than exception for PARP inhibitor. Reversal of
loss of nonsense mutation in BRCA2 due to a second mutation has been reported.28 Pre-
and post-treatment biopsies in the setting of localized disease or metastatic disease may
proven to be valuable in further our understanding of the predictive biomarker for
response, the biological effect of PAPR inhibitors alone and/or in combination with other
agents and more importantly, the mechanisms of resistance. For example, the activation of
PARP 1 by Ras/Raf/Erk pathway has been observed.2® Thus, such combination may be of
clinical relevance. PARP activity is at least in part responsible for HIF-la expression.208
Building on the clinical benefit of anti-VEGFR TKI in soft tissue sarcoma, the combinations
with PARP inhibitor have been initiated.
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Protective effects of PARP inhibition on doxorubicin related cardiac toxicities?!0, platinum-
and taxane related neurotoxicities?’! and cisplatin-related nephrotoxicities?2 without
compromising anti-tumour activities have been reported in preclinical models. Careful
study of the incidence of toxicity will be fruitful during clinical debelopment such as
randomized phase Il studies with toxicities as one of the main endpoints will be worthwhile.
Apoptosis pathways

Apoptosis, otherwise known as programmed cell death, is a critical process required for
maintaining tissue homeostasis. Furthermore, it prevents tumorigenesis by eliminating
damaged cells. Apoptosis occurs through two major pathways. The extrinsic or death
receptor pathway is turned on in response to extracellular signals resulting in activation of
plasma membrane receptors. This ultimately leads to processes that trigger initiator
caspases which in turn activate executioner caspases.2’®> The intrinsic or mitochondrial
pathway is turned on in response to a diverse set apoptotic signals which include DNA
damage, growth factor withdrawal and viral infection. Mitochondria release co-factors from
their intermembrane space which promote and amplify the apoptotic cascade including the
formation and activation of apoptosomes.?4 Although these pathways have their own
distinct regulatory processes, there is also significant cross-talk in many situations.?15
Defects in apoptosis can lead to oncogenic transformation and contribute to therapeutic
resistance.216

Bcl-2 family

The members of the Bcl-2 family of proteins are the key regulators of mitochondrial
response to apoptotic signals and are divided into three subfamilies based on function and
structure. The anti-apoptotic members include Bcl-2, Bel-Xi, Mcl-1, Bel-w, and A1/BfI1. The
pro-apoptotic members include Bax and Bak. The third subfamily is the BH3-only group
which is largely responsible for sensing apoptotic signals and transmitting them to the other
Bcl-2 family members.217 Members of this subfamily include Bid, Bad, PUMA, and Noxa.214
A network of interactions between these subfamilies decides the apoptotic fate of the cell
and an imbalance within this network leads to a variety of disease states.

The Bcl-2 family of proteins is a common target for deregulation in cancers. Anti-apoptotic
members may be overexpressed or pro-apoptotic members may be mutated or silenced.
These abnormalities have been demonstrated in soft tissue sarcomas. Bcl-2 overexpression
has been demonstrated in synovial sarcoma, Kaposi’s sarcoma, solitary fibrous tumor and
gastrointestinal stromal tumor (GIST).218219 Focal positivity has been observed in both
benign and malignant peripheral nerve sheath tumors. Sarcomas of fibroblastic type,
including low-grade myxofibrosarcoma, malignant fibrous histiocytoma and fibrosarcoma
showed variable expression of Bcl-2.218 The bcl-2 overexpression in synovial sarcoma
include immunohistochemical expression of bcl-2, bax, bcl-x, and bac. Furthermore, this has
been correlated with poor prognosis.220.221

Oblimersen sodium (G3139, Genasense), the first agent targeting Bcl-2 to enter clinical trials,
is a phosporothioate Bcl-2 antisense oligodeoxynucleotide that targets Bcl-2 mRNA. The cell
death mechanisms of Bcl-2 antisense can be classified in two categories exerting either an
apoptotic or a nonapoptotic effect based on their involvement in cell death pathways. Pre-
clinical data in combination with doxorubicin in the FU-SY-1 synovial sarcoma cell line
enhanced doxorubicin-induced cell killin22  Clinical development of oblimersen is
unknown.
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Similarly ABT 737 (A-779024, Abbott Laboratories), a small molecule that targets anti-
apoptotic Bcl-2 family proteins (Bcl-2, Bcl-Xi, and Bcl-w), in combination with imatinib in
GIST cell lines inhibits the proliferation and induces apoptosis in all GIST cell lines. Strong
synergistic drug interactions at clinically relevant in vitro combinations were reported.223
Clinical development of ABT-263 is ongoing in various solid tumours and chronic
lymphocytic leukemia and in combination with other chemotherapeutic and targeted
agents. ABT-263 is administered orally and thrombocytopenia is the dose-limiting and most
common toxicity, which occurs on day 15 followed by a rebound by days 21-28 and due to
mechanistic inhibition of Bcl-XL in mature platelets.?2* Impressive anti-tumour activity has
been observed in commonly Bcl-2 amplified chronic lymphocytic leukemia.22> SDs and a
few PRs have been observed in solid tumours, including small-cell lung cancer which has
overexpression of Bcl-2.224.226

Many additional agents have been identified or designed to target the Bcl-2 family at the
mRNA or protein level and pre-clinical data suggests these agents should be developed
further in the subtypes of soft tissue sarcomas demonstrating Bcl-2 overexpression.

Stem cell pathways

The developmental pathways important to normal stem cells are also important to cancer
stem cells (CSC). Like normal stem cells, CSC are thought to possess the capacity for
unlimited self renewal through symmetric division, the ability to give rise to progeny cells
through assymetric division, and an innate resistance to cytotoxic therapies.227.226 However
where the process of differentiation initiated by the normal stem cell results in a specialized
progeny that has no proliferative potential, te CSC gives rise to progeny that do not undergo
terminal differentiation but instead exhibit uncontrolled proliferation.229

Due to similarities to normal stem cells, CS5Cs are predicted to rely on the same pathways
that govern development, self-renewal and cell fate. In embryonic stem cells, the Notch,
Wnt, and Hedgehog (HH) pathways largely regulate these processes.230 These pathways are
frequently dysregulated in many types of cancers, and specifically within subpopulations of
these cancers that possess stem cell like properties (Li et al, 2010; Barker et al, 2006;
Haegebarth et al, 2009; Wang et al, 2010).231-233

Hedgehog (HH) pathway2+

Under normal conditions, HH signaling plays important roles in embryonic development
tissue regeneration in adults (Ingham PW et al, 2001; Vajosalo M et al, 2008). HH signaling is
comprised of multiple ligands that regulate receptor activity. HH signaling is initiated when
one of three HH ligands (Sonic, Indian and Desert) bind the receptor Patched (Ptchl). The
ligand/receptor interactions may be autocrine or paracrine. Receptor engagement results in
activation of the transmembrane Smoothened (Smo), which is inactive state in the absence of
a ligand. Subsequently, Smo activation regulates transcription of genes involved in HH
signaling such as Glil, Gli2 adn Gli3. Glil/2/3 regulate the transcription of genes involved
in HH signaling such as Glil and Ptch1 as well as genes involved in epithelial-mesenchymal
transitin (EMT), such as SNAIL1.235

Dysregulation of nearly every step of the HH signaling pathway has been linked to cancer
development and progression. In rhabdomyosarcoma (RMS), the most common soft tissue
sarcoma in children, HH signaling is preferentially activated in specific subgroups of
RMS. 26239 Ptchl, Glil, and Gli3 are expressed at significant higher levels in embryonal RMS
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than in fusion-gene negative alveolar RMS than in fusion-gene positive alveolar RMS. High
expression of Ptch1 significantly correlated with reduced cumulative survival.238

Betullinic acid possesses anti-tumoral acivity and overcomes resistance by inducing
apoptosis in a variety of human cancers.240 In preclinical study using RMS-13 cells, which is
known to display an activate HH pathway caused by DNA amplification of the Glil locus,
betullinic acid effectively suppressed HH target gene expression.23

Early phase clinical trials are underway which include patients with soft tissue sarcomas
with agents such as GDC 0449 (Genetech),241-244 LDE225 (Novartis Pharmaceuticals)?45 and
BMS-833923246 which both selectively inhibit Smo. Preliminary anti-tumour activity in
consistently in basal cell carcinoma and medulloblastoma and in sporadiac cases of non-
small cell lung cancer. All are orally administered on a daily schedule. Only IPI-926 is a
cyclopamine analogue that is administered intravenously.?#” Toxicity includes
gastrointestinal (nausea, vomiting), anorexia, muscle spasm/cramps, fatigue and dysguesia.
Due to the long half-life of days, various alternative dosing schedules are being tested to
optimize toxicity and anti-tumour activity. Combination with various chemotherapy and
targeted agents are ongoing, such as PI3K inhibitor.

Notch signaling pathway

The Notch pathway is a highly conserved regulatory signaling network with the basic
molecular players in the pathway including 5 ligands (DIl 1, 3, 4 and Jagged 1, 2), Notch
receptors (Notch 1 to Notch 4) and the transcription factors. A complex signaling pathway is
initiated when a ligand expressed on one cell engages a receptor expressed on another cell.
Upon ligand/receptor interaction a cleavage event removes the Notch/ligand complex from
the membrane bound portion of Notch. The cytoplasmic region of Notch then undergoes a
proteolytic cleavage mediated by Y-secretase, releasing an intracellular domain peptide
which translocates to the nucleus and drives transcription of Notch target genes.20 The
physiologic functions of Notch signaling are multifaceted and include maintenance of stem
cells, specification of cell fate, and regulation of differentiation in development as well as
oncogenesis. 248,249

Y-secretase inhibitors are a promising therapeutic approach as they act downstream of the
ligand/receptor interactions and therefore should not be affected by the diversity of ligands,
receptors and combinations thereof. Currently several Y-secretase inhibitors are being
evaluated in early Phase human studjies.

Aberrant Notch signaling has been reported in rhabdomyosarcoma and Kaposi sarcoma cell
lines. 250251 = A striking increase in Notch 2 expression was observed. In addition a slight
upregulation of Notch 3 was also noted. However, Notch 1 and 4 were not significantly
increased. Increased expression of two downstream effectors, Hesl and Heyl, correlated
with invasiveness of the cell lines. The addition of Y-secretase inhibitors significantly
decreased the Hesl and Heyl expression. Furthermore, with addition of Y-secretase
inhibitors, a significant reduction in cell mobility was observed suggesting the Notch
pathway may play a role in the invasiveness of the cell lines.50 In pre-clinical studies, a Y-
secretase inhibitor also blocked Notch activation and induces apoptosis in Kaposi's sarcoma
tumor cells.?! These findings show that the Notch pathway is important in regulating these
subtypes of soft tissue sarcoma and may Y-secretase inhibitors be useful therapeutic agents.

Wnt pathway

Wnts are secreted glycoproteins that bind to cell surface receptors initiating signaling
cascades which are important in many physiologic settings including embryogenesis,
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development, cell polarization, differentiation and proliferation .252256 The Wnt signaling
pathways fall into two categories: canonical and non-canonical, characterized by their
dependence on B-catenin. Canonical Wnt will be the focus of this section as it is better
characterized in mammalian systems. Canonical Wnt signaling is initiated when a Wnt
ligand engages co-receptors of the Frizzled (Fzd) and low-density lipoprotein receptor-
related protein (LRP) families, leading to B-catenin stabilization, nuclear translocation and
activation of target genes.230.257

The relevance of Wnt signaling in human cancers is highlighted by the frequency of which
this pathway is aberrantly activated across a vast range of malignancies. There are
numerous mechanisms that drive aberrant Wnt/p-catenin signaling than nearly always
occur in a mutually exclusive manner. In one study, 50% of human sarcomas and 65% of
sarcoma cell lines of diverse histological subtypes exhibit upregulated autocrine canonical
Wnt signaling. Furthermore, in Wnt autocrine cell lines, alterations included overexpression
or gene amplification of Wnt ligands and/or LRP5/6 coreceptors and epigenetic silencing of
different cell surface Wnt antagonists.258 High level of nuclear expression of B-catenin has
reported in solitary fibrous tumor, endometrial stromal sarcoma, synovial sarcoma,
dedifferentiated liposarcoma, and malignant fibrous histiocytoma.259-262

There are three major areas of targeting the Wnt pathway which include receptor/ligand
interactions, cytosolic signaling components, and nuclear signaling components. In pre-
clinical studies, monoclonal antibodies against Wntl induced apoptosis in a number of cell
lines including sarcoma.263264 [ wvitro results are encouraging and warrant further
development. An alternate approach to inhibiting ligand/receptor interactions would be to
target the Wnt co-receptors. The LRP family is comprised of 2 highly homologous members,
LRP5 and LRP6 which are long single- pass transmembrane receptors which could be
targeted through antibodies.265 The Fzd family of transmembrane receptors also shares a
high degree of homology in their cysteine rich domain which could be targeted through an
antibody to block Wnt signaling.266

Targeting the cytosolic signaling components of the Wnt pathway are in preclinical or phase
I early development. No clinical information is currently available. The small molecules in
development include those targeting Dvl, Tankyrasel and 2, Axin, Porcupine, and (-
catenin.z0 Similarly nuclear signaling small molecules which would interrupt the p-catenin
interaction with TCF/LEF are also in early development.

6. Conclusions

With decades of research into the biology of each target, its interaction with other pathways
or targets, and the relevance in sarcoma, it is an exciting time in drug development in soft
tissue sarcomas. But the academia and industry must remember that soft tissue sarcoma is a
collective term for a florid of many different diseases, though some share similar
characteristics, such as the translocation associated sarcomas and their fusion proteins with
transcription factor activity, each target may only be relevant to a small number of subtypes.
A lot of investment and time will be needed in order to bring these agents to the market
with a small return.

During the development of these agents, it is important to understand the biology of these
targets and their effects on the sarcoma cells, cytostatic or cytotoxic, as it will influence the
clinical endpoints, progression-free survival or progression-free rate versus response rate,
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respectively, in proof of concept phase II studies. This approach will lessen our chance of
failure in the phase III setting.

Furthermore, how can a target, expression/overexpression, amplification, mutation, or
translocation, be considered to be of clinical relevance for clinical therapeutics? There seems
to be a different answer for different cancer. Therefore, detail preclinical modeling and
translational research using archival tumour samples will be important. It is important to
collect tumour (fresh biopsies before and after therapy and archival samples), blood or even
urine samples during proof of concept studies in order to validate the target identify and to
evaluate novel predictive markers for clinical benefit.

Resistance is universal for any cancer therapeutics. Preclinical, translational and clinical
research should be done to elucidate these escape mechanisms. Such information can help
us not only to develop combinatorial therapeutics to delay or prevent resistance and thus
more prolonged clinical benefits, but also to understand the biology of sarcomas and thus
new therapeutic options when resistance emerges.

With the constant quest of the sarcoma community to understand and to develop new
agents for this vastly diverse cancer, it is the hope that more effective and less toxic agents
will be available for the treatment of this disease.
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1. Introduction

Soft tissue sarcoma (STS) represents a heterogeneous group of mesenchymal malignant
tumors with variable natural history. This term was first introduced to describe a
circumscribed neoplasm consisting of malignant fat cell occurring principally in the trunk
(Abernethy, 1817). Nowadays, more than 30 types of STS have been described, and many of
these present innumerable subtypes. Despite this wide range of entities, they represent less
than 1% of all types of cancer, but still one of the most therapeutically challenging group of
tumor (Choong & Rudiger, 2008). Surgery is the keystone of treatment, associated or not to
adjuvant method, and the two aims are avoid metastatic spread and local relapse.

Despite advances in local control of the sarcomas, the metastatic disease, which is the
cause of death for most patients, presents little recent advances. In fact, 10% of patients
have metastasis at the diagnosis and 25% with localized disease will develop distant
spread (Delaney et al, 1991). The systemic disease occurs primarily by hematogenic
spread, and the lungs are the most common distant organs involved by the distant
metastasis. Some subtypes demonstrated predilection for lymphatic route of
dissemination such as synovial sarcoma and epithelioid sarcoma while the alveolar
sarcoma targets the brain involvement.

In contrast to bone sarcomas, soft tissue malignancies do not respond well to
chemotherapies schemes. This may be explained by the diversities of subgroups or by
different factors that affect the prognosis. Therefore, the difficult in treating soft tissue
sarcomas is determinate which patients will need the adjuvant chemotherapy or radiation
therapy. The indication of these methods is guided by factors that predict the risk of
metastatic disease or local recurrence. These factors are called prognostic factors and the
purpose of this chapter is to define the different prognostic factors of soft tissue sarcoma.

As a heterogeneous group, the behavior and natural evolution of this tumor are variable,
but, in general aspects the metastatic spreading is observed in about one third of the
patients, local relapse is seen in 10% to 30% and the global 5-year survival is 60%. Different
factors are reported in the literature such as tumor grade, size, location, vascular invasion,
histological necrosis and presence of cytogenetic markers. However, the importance of each
factor is unclear. In this chapter we will discuss each prognostic factor including: age, sex,
location, size, subtype, histological aspects, grade, surgical manipulation, recurrence,
imunohistochemical pattern, genetic and gene markers.
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In this chapter the prognostic factors can be separated into three categories: patient factors,
tumor factors and treatment factors.

PROGNOSTICFACTORS

GENETIC ASPECTS

Fig. 1. Resume of prognostic factor of soft tissue Sarcoma

2. Prognostic factors

2.1 Patient factors

The factors in the literature related to patients are: age, gender and tumor localization. In
some studies, patients older than 50 years and male are associated with a bad prognostic
(Gustafson et al. , 1994). Nevertheless, these factors have not been proven of value in
predicting the risk for local recurrence and metastasis. Although the shorter survival
observed in the elderly, this seems to be related to tumor size and aggressiveness in this age
group 35, 36. Even if gender and age had some importance, this seems to be a minor one.
(Teixeira et al., 2009)

Localization has also been evaluated as a prognostic factor, according to the segment
involved, depth or the site related to the anatomical compartments. The depth in relation
to the muscle fascia is considered a relevant factor for the prognosis, being included in
some prognostic systems as the AJCC/UICC. However, some studies doubt the validity of
depth as an isolated factor of worse prognosis, they have found the same survival rate
when the tumors are adjusted by the histological malignancy and size (Rydholm &
Gustafson, 2003).
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The extra compartmental localization also seems to be associated with a bad prognostic. The
tumors considered extra compartmental usually present more difficult surgical treatment
and thinner margins, provided that they are in close contact to neurovascular structures.
Both, the difficult to obtain proper margins and the fact that they are situated in areas with
rich vascularization and lymphatic drainage help to systemic disseminate and local recur,
which may explain the results obtained by some studies. (Teixeira et al., 2009)

More proximal tumors, situated in the scapular or pelvic girdle, in general present delayed
diagnosis and a bigger size, thus a worse prognosis. On the other side, more distal tumors
present longer survival rate, but many times they require amputations in order to achieve
the desired surgical margin. Some studies pointed out a survival rate of 47%, with a local
recurrence of 35% in tumors of the gluteus area, while tumors in hands and feet present a
survival rate between 80% and 82% in five years and a local recurrence rate between 17%
and 21% (Behranwala et al., 2004). Despite the disparity in the survival and local recurrence
rates, the risk does not seem to be associated with the localization but with the size of the
tumor in the moment of the diagnostic, as long as distal tumors tend to present earlier and
smaller.

2.2 Tumor’s factors

The factors associated with tumors seem to be the most important ones to determine the
prognostic of systemic spread. Among them, we call special attention for size, histological
and genetic aspects and the histological subtypes.

Fig. 2. Large tumors representing an adverse effect in survival
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The size of the tumor is implicated as an important factor for systemic disease and local
recurrence. However, there is no consensus determining the cutoff for groups at high risk.
Some clinical trials use 5cm, 8cm or 10cm as the cutoff. In general, the growth of 5cm in the
tumor size increases the risk for metastasis 1.5 times (Trovik et al., 1994). Provided that, the
tumors bigger than 5 cm should been considered as possessing a worse prognostic.

The histologic grading is a method for stratifying STS into groups of different prognosis
based on histological aspects such as cellularity, atypia, mitotic index, necrosis,
pleomorphism and histotype. Most of studies show that high grade of malignancy possess
a strong influence in developing metastasis and local recurrence, being one of the most
important independent factors related to the aggressiveness of the STS. However, the lack
of universal classification, the inaccuracy of each histological component, the examiner
subjectivity and the different grades of aggressiveness of each histological subtypes
reduce the reproducibility. The combination of these factors creates several grading
systems and prognostic models. Some schemes, such as that of the American Joint
Committee on Cancer (AJCC), have also included nodal involvement. The most widely
used grading systems include those proposed by the French Federation Nationale des Centres
de Lutte Contre le Cancer (FNCLCC) and the National Cancer Institute (NCI), the staging
system established by the AJCC, and a sarcoma-specific mortality nomogram developed
at the Memorial Sloan-Kettering Cancer Center (MSKCC). Despite of this, the high-grade
histologic aspect of the tumor must be considered one of most determinant factor in
overall survival.

Among the specific histologic aspects, vascular invasion and necrosis seem the most
important one as an isolated prognostic factor. Vascular invasion represents a well-
established prognostic factor in several tumor types, including malignant melanoma,
papillary thyroid cancer, endometrial cancer, and testicular cancer. In STS, vascular invasion
has repeatedly shown prognostic value, but it is generally not applied systematically in
pathological evaluations. Vascular invasion has been identified with variable prevalence in
different studies, which may hamper its clinical application. Tumor necrosis has repeatedly
been established as a negative prognostic factor in STS.23,30-34 It also represents an
important factor in the FNCLCC and the NCI grading systems, which apply cutoff values of
15% (microscopic evaluation) and 50% (macroscopic evaluation), respectively. A more
recent histologic find used in the STS grading is the pattern of growth. Growth pattern was
classified as pushing or infiltrative, irrespective of the extent of infiltration. Soft tissue
tumors with microscopically infiltrative pattern of growing have a significantly higher risk
for local and systemic recurrence compared with a “pushing” growth pattern.

The histologic subtypes was previously not considered a important factor in the prognosis
of patients with STS, but the differences in response to adjuvant treatments improve the
value of the histotypes in predicting metastatic spreading. Some subtypes have a high risk
to develop distant disease such as synovial sarcoma, epithelioid sarcoma,
rhabdomyosarcoma and soft tissue Ewing's sarcoma

2.2.1 Genetics and molecular aspects

Prognostication for adults with STS is primarily based on tumor size, histologic grade,
depth, location, histologic subtype, and the presence or absence of distant metastasis.
However, recent studies suggest that proliferation markers may improve the prognostic
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value of standard clinical-pathologic markers. These studies evaluated the DNA activity,
antigen markers and oncogenes. The first studies have shown that tumor cell proliferative
activity and/or DNA content are related to the outcome of patients with STS. Several
methods have been used to assess cell proliferation, including enumeration of mitotic
figures, thymidine labeling indices, DNA-flow cytometric analysis, and
immunohistochemical analysis of proteins associated with proliferation. Furthermore,
multivariate analysis revealed that DNA content was an independent prognostic indicator.
The widespread availability of DNA analysis by flow cytometry and image analysis, as well
as the magnitude of the difference in predicting survival, suggest that DNA analysis may be
useful clinically, for example in selecting candidates for adjuvant systemic therapy.
However, such statement will require further study (Levine, 1999). .

The second aspect is histological markers. The most studied is Ki-67, an antigen described in
1983 as a human nuclear antigen associated with cellular proliferation. Ki-67 expression has
been found related to other proliferation markers and to p53 mutations. To date, the
threshold value of immunohistochemical staining for Ki-67 expression that defines a high-
risk lesion for Ki-67 expression is unclear, but is observed in 40% as a “positive” level of
expression. Although his prognostic significance is unclear, it has been associated with
prognosis (Ueda et al. 1989).

The third aspect is the effect of oncogenes. The oncogenes most studied are p53, ras gene
family, myc, and the RB1.

The p53 gene, located on human chromosome 17p13, encodes a nuclear phosphoprotein
involved in transcriptional regulation, translational control, DNA repair, cell cycle
control, cell differentiation, and apoptosis. The p53 gene is the most commonly mutated
gene in human solid tumors (Bartek et al., 1991), its mutant expression is observed in
about 61% of patients with STS (Wadayama et al., 1993) and is associated with poor
prognosis for distant spread, disease free-survival and drug resistance. Although its
clinical validity is unclear.

The ras gene family consists of three genes located on chromosomes 1,11, and 12. Several
small series of STS have shown low incidence of ras mutations in the range of 3% to 35%.
Although ras mutations are demonstrable in some types of STS, it is doubtful that this
represents the original stimulation for malignant transformation or a clinically useful
prognostic marker.

The myc oncogene encodes the production of a nuclear phosphoprotein, which binds to
DNA and can transform cells both in vitro and in vivo [50]. This gene is normally a single
copy on chromosome 2. Amplification myc has been shown to be a poor prognostic
indicator for children with neuroblastoma. Several reports have been published of myc
expression in STS (Dias et al., 1990). In a study of rhabdomyosarcomas, another report
suggested that myc amplification is limited to the alveolar subtype. A study of 23 STS cases
found myc amplification in 30% and suggested it was correlated with higher grade and
poorer survival [54]. Although the data for myc expression/ amplification suggest a
putative relationship between myc with progression and survival, confirmatory studies are
needed before validating myc as a prognostic factor in routine clinical practice (Barrios et al.,
1994).

The c-erbB2 is located on human chromosomel?7 and encodes a transmembrane protein
(p185) which has remarkable homology with the epidermal growth factor receptor (EGFR).



260 Soft Tissue Tumors

Few reports have analyzed c-erbB2 amplifications or overexpression in STS. Amplification
in STS seems to be unusual, occurring in only six of 105 cases in one report (. No studies
have attached clinical significance to c-erbB2 amplification and/or overexpression.
Furthermore, the low rates of c-erbB2 alterations do not suggest a role in the initiation or
progression of STS.

The human retinoblastoma gene, RBI1, located on chromosome 13, is another tumor
suppressor gene involved in the genesis of STS. Germline’s mutations of RB1 result in the
hereditary form of retinoblastoma. In addition, somatic mutations of this gene and/or
absent p110RB protein expression have been observed in various human tumors and tumor
cell lines. Alterations in RB1 or p110RB protein expression have been observed in up to 70%
of the STS studied, but do not appear to consistently have clinical prognostic value (Karpeh
et al.; 1995).

2.3 Treatment factor

Although STSs do not have a good response as for bone sarcomas, some subtypes can be
treated with chemotherapy schemes. Systemic chemotherapy is considered the only
therapeutic option for patients presenting with widely metastatic disease or with locally
advanced disease not amenable to surgery or radiotherapy. For the majority of these
patients, cytotoxic chemotherapy should be regarded as palliative, although in a small
subset of patients long-term survival may be achieved. The standard chemotherapy is
doxorubicin-based therapy, but others subtypes have a good response to ifosfamide like
synovial sarcoma. Rhabdomyosarcoma, soft tissue Ewing's sarcoma and others round cell
soft tissue tumors have good response to this adjuvant treatment. So the response to the
treatment can be used as a prognostic factor, but the clinical use is still unclear.

Other question concerning the influence of the treatment in the prognosis is the previous
manipulation of the tumor by an unplanned resection. Many times patient and the assistant
physician came across a diagnosis of an unsuspected sarcoma after a lump resection. This
manipulation can spread cell tumor. We consider that the clinical problems following an
unplanned resection of a sarcoma are more dependent of the technical difficulties
concerning the oncological surgery principles when reoperating the patient than the
malignance of the tumor itself. If the salvage treatment could be performed appropriately,
the oncological outcomes may not be influenced.

Another topic is the effects of a local recurrence in the survival and metastatic disease. There
is little doubt in the literature that local relapse is associated with a worse prognosis. The
unsolved issue is whether local relapse is causative. The occurrence of local relapse per se
might favor the systemic spread of disease and, therefore, directly affect survival, or it might
simply be a marker of biological tumor aggressiveness. Theoretically, the two mechanisms
may coexist and possibly interact, with both contributing to the outcome. Some patients had
a local relapse after surgery performed at nonreferral centers, with unplanned resections
with marginal or intralesional margins. Others, relapse even with wide margins and
planned procedure. In the last cases, the recurrence suggests an aggressive sarcoma and
probably is associated with worse prognosis. If tumor aggressiveness could be objectively
assessed initially, a different surgical policy might be justified from the very beginning
(Gronchi et al., 2007).
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3. Conclusion

Soft tissue sarcomas have many factors that can influence the overall survival of the
patients. These factors are related to the patients, tumor and treatment. To achieve the best
possible result, the physician must take all of them in consideration and try to control the
factors that have influence in the outcome and are possible to be handled to minimize the
effects of the others witch he can’t modify.
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1. Introduction

Although soft-tissue sarcomas account for <1% of all malignancies, they represent a high
percentage of cancer-related deaths worldwide [1]. These tumors may arise in virtually any
anatomic site, but most originate in an extremity (59%), the trunk (19%), the
retroperitoneum (15%), or the head and neck (9%) [2]. Currently, more than 50 histologic
types of soft tissue sarcoma have been identified, but the most common are malignant
fibrous histiocytoma (28%), leiomyosarcoma (12%), liposarcoma (15%), synovial sarcoma
(10%), and malignant peripheral nerve sheath tumors (6%) [3]. Rhabdomyosarcoma is the
most common soft tissue sarcoma of childhood.

2. The role of the pathology

As part of the evaluation by a specialist multidisciplinary team, accurate histological
characterisation is essential before initiating treatment. The mainstay of diagnosis is
histological interpretationtimmunohistochemistry, although cytogenetic and molecular
genetics investigations and, occasionally, electron microscopy are useful ancillary tools.
Cytological analysis of fine-needle aspirates has a limited role in primary diagnosis, but can
be used to confirm recurrent disease, or nodal metastases.

The histopathology report is an interpretation based on tumour morphology and
immunoprofile in the available sampled tissue, and clinicopathological correlation is
mandatory.

Diagnosis is most frequently made on needle core biopsy material, and tumour subtype and
grade can be determined in about 80% of core biopsies [4], although pathologists
experienced in examining soft tissue tumours have a diagnostic accuracy of 95-99% [4,5].
The amount of tissue can be a limitation, as the biopsy may not represent the entire,
frequently heterogeneous tumour, or may miss the tumour. For this reason, correlation
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between the clinicoradiological features and the histopathology report is essential, and
rebiopsy considered if there is any discrepancy.

The mitotic count, amount of necrosis and degree of cellular atypia can be underrepresented in
biopsies, and a significant proportion of tumours are upgraded after subsequent resection.

The limitations of histology should be appreciated. There is notable morphological overlap
between different groups of malignant tumours, with different clinical behaviours and
therapeutic responses.

Some tumours are resected after neoadjuvant chemotherapy, or post-adjuvant
chemotherapy or radiation. Post-treatment changes include stromal fibrosis and tumoral
infarct, the latter difficult to distinguish from necrosis, making grading difficult. Radiation
can cause reactive atypia of stromal fibroblasts, obscuring distinction between tumour and
stromal tissue.

The clinical behavior of most soft tissue sarcomas is similar and, as defined by the

staging system, is determined by the anatomic location (depth), grade, and size of the
tumor. The histologic grade of a soft tissue sarcoma remains the most important prognostic
factor.

The features that define the grade are the degree of cellularity, differentiation,
pleomorphism, and necrosis as well as the number of mitoses. Certain tumors have an
assigned grade based on the histologic diagnosis (eg, Grade 1 for well-differentiated
liposarcomas; Grade 3 for rhabdomyosarcoma).

3. Metastasis of sarcomas

The current American Joint Committee on Cancer (AJCC) staging criteria for soft tissue
sarcomas rely on the histologic grade, the tumor size and depth, and the presence of distant
or nodal metastases [6]. In the 2002 AJCC staging system, four tumor grades are designated:
well differentiated (G1), moderately differentiated (G2), poorly differentiated (G3), and
undifferentiated (G4). In this four-tiered system, Grades 1 and 2 are considered low grade
and Grades 3 and 4 are considered high grade [6]. Some recommend using other grading
systems based on necrosis [7]or mitoses and necrosis [8].

The metastatic potentials for soft tissue sarcomas by grade are as follows: 5% to 10% for low-
grade lesions, 25% to 30% for intermediate grade lesions, and 50% to 60% for high-grade
tumors [9].

Superficial sarcomas are generally less aggressive than their deeper counterparts; for
example, atypical fatty tumours in the subcutis do not metastasise or dedifferentiate and
rarely recur, unlike similar intramuscular or retroperitoneal tumours [10].

The dominant pattern of metastasis is hematogenous. Lymph node metastasis of soft tissue
sarcomas is rare; less than 5% show nodal spread. A few histologic subtypes, including
rhabdomyosarcoma, epithelioid sarcoma, synovial sarcoma, angiosarcoma, clear cell
sarcoma, and malignant fibrous histiocytoma, show a higher incidence of nodal
involvement (10% to 20%) [11]. Alveolar rhabdomyosarcoma can present with widespread
nodal as well as bone marrow metastases. Myxoid liposarcoma is known for metastasizing
to other soft tissue sites [10].

Distant metastases occur most often to the lung. Of patients with extremity sarcoma,
approximately 20% will have isolated pulmonary metastatic disease at some point in the
course of their disease [12]. Although pulmonary metastases most commonly arise from
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Fig. 2. Operative view showing a large firm mass in segments V and VI of the liver [26].
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Fig. 3. Section in the mass in segments V and VI [26].

primary tumors in the extremities, they may arise from almost any histologic variant or
primary site [13]. Extrapulmonary metastases usually appear after lung metastasis and
represent disseminated disease [14]. Initial metastases to other sites such as the liver, brain,
and soft tissue distant from the primary tumor are rare [15, 16]. In our study, we report one
case of liver metastases of malignant fibrous histiocytoma|[fig 1-4]. Pezzi et al. reported that
most metastases of MFH occurred in the lungs (90%), followed by bone (8%). However, liver
metastases of this tumour are very rare (1%) [24] [26].

Liposarcoma has a documented tendency for spread to distant extrapulmonary sites other
than regional lymph nodes [17, 18, 19]. Cheng et al [17] reported on 60 patients with
extremity liposarcoma, of which 22 developed metastases. Of these 22 liposarcoma patients,
13 had exclusively extrapulmonary disease on recurrence.

Distant soft tissue was the most common location of unusual initial spread reported by
Cheng et al, including the brain and abdomen [17]. Many investigators have noted an
increased prevalence of myxoid liposarcoma to exhibit unusual metastases compared to
other subtypes of liposarcoma [19].
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Fig. 4. Histological examination showing spindle-shaped and pleomorphic malignant cells
intermingled with bizarre giant cells and inflammatory cells with a storiform pattern [26].

Other large series including all histologic types of high-grade sarcoma have reported
unusual metastatic patterns. Potter et al found 15 distant extrapulmonary metastases in their
series of 563 patients (2.7%) [20]. Vezeridis et al [21] also documented extrapulmonary
distant metastases, but both of these studies were failing to demonstrate a consistent pattern
in terms of anatomic location of the initial unusual metastatic site.

In our experience, over a period of 10 years (1998-2007), 13,737 cases of cancer are registered
in the central region of Tunisia. 357 (2.6%) cases are soft tissue sarcomas, and 40 (11.2%) of
them were diagnosed with metastatic disease.

Histological types who give most metastases are synovial sarcoma, stromal tumor and
undifferentiated sarcoma (Table No. I). The lung was the most common site of metastatic
sarcomas.

Postulating that soft-tissue sarcomas metastasize via the venous system may account for the
predominance of distant recurrence in the lungs. The mechanism of extrapulmonary
metastasis is less clear. In 1946, Tedeschi [22] proposed the concept of pluricentric anlage,
referring to systemically altered lipid metabolism causing stimulation of undifferentiated
mesenchymal cells to explain patients he observed with fatty tumors in multiple soft-tissue
locations. While this concept has been used to explain the development of multiple
subcutaneous nodules in patients with neurofibromatosis, it seems to be a less robust
explanation for the usual clinical course of sarcoma [23]. The mechanism of unusual distant
metastasis remains obscure.
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Fig. 5. Abdominal CT scan showing multiple cystic metastasis of a GIST with intracystic

enhancing nodules

Histologic type All of cases Sarcomas Stage IV | Metastatic site
Lung (6), liver (5),
Undifferentiated sarcoma 82 11 (13,41%) bone (1), lymph
node (1)
stromal tumor (GIST) 33 7 (21.21%) illx;er (6), peritonium
Synovialosarcoma 21 6 (28.57%) Lung (6), bone (2)
Leiomyosarcoma 26 5 (19.23%) Lung (6), bone (2),
Y o lymph node (1)
Ewing sarcoma 7 3 (42.85%) Lung (3), brain (1)
o Lung (1),
Rhabdomyosarcoma 23 3 (13%) peritonium (2)
Malignant fibrous 0 peritonium (1),
histiocytoma 25 2 (8%) lymph node (1)
Desmoplastic Intrabdominal o Rectum (1), bladder
8 2(25%)
round cell tumor 1)
Fibrosarcoma 14 1(7.14%) Liver (1)
Other sarcomas 118 0
Total 357 40 (11.2%)

Table 1. Histological type of sarcoma stage IV and metastatic sites
(1998-2007: The Central region of Tunisia)
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Liver metastasis of GIST are frequent. It mainly occurs after incomplete resection of the
primitive lesion. Surgical resection is the preferred treatment, but there is a high rate of
recurrence. Imatinib is the treatment of choice for these cases. With effective treatment, GIST
becomes entirely cystic. Upon reactivation, the cysts develop intracystic enhancing nodules
[25]

We report a case of liver metastasis of GIST that occurred three years after the incomplete
resection of the intestinal tumor treated with Imatinib. The CT scan showed the
development of intracystic enhancing nodules within Six months of Imatinib.
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Soft tissue tumors include a heterogeneous group of diagnostic entities, most of
them benign in nature and behavior. Malignant entities, soft tissue sarcomas, are
rare tumors that account fori% of all malignancies. These are predominantly tumors
of adults, but 15% arise in children and adolescents. The wide biological diversity of
soft tissue tumors, combined with their high incidence and potential morbidity and
mortality represent challenges to contemporary researches, both at the level of basic
and clinical science. Determining whether a soft tissue mass is benign or malignant
is vital for appropriate management. This book is the result of collaboration between
several authors, experts in their fields; they succeeded in translating the complexity of
soft tissue tumors and the diversity in the diagnosis and management of these tumors.
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