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[l. INTRODUCTION

1. Definition

The World Health Organization (WHO) defines desntaitiors or agressive fiboromatoses, as
»clonal fibroblastic proliferations that arise inet deep soft tissues and are characterized by
infiltrative growth and a tendency toward localugence but an inability to metastasize” (1).
Regarding the biological background of the tumiois classified between benign fibrous
tissue proliferation and fibrosarcoma (1, 2).

The entity was first described by John MacFarlan832, and was named desmoid (from

the Greek word 'desmosgieaning band or tendon-like) by Johannes Mull&i@88 (3, 4).

2. Epidemiology

Desmoid tumors are rarely occurring tumors whiotoaat for 0.03% of all neoplasms and
<3% of all soft tissue tumors (2, 5, 6, 7, 8). Bsimated annual incidence in the general
population is 2—4 per million (5, 8, 9). Desmoidaynbe diagnosed at any age, but the peak
incidence is between 25 and 40 years of age @, Fwo different types have been
described: most of them belong to the sporadicadburing type (95%) and the rest are
associated with hereditary cancer syndromes (5%g.alitosomal dominant familial
adenomatous polyposis (FAP, Gardner syndrome)dharg desmoid disease (HDD) and
familial infiltrative fiboromatosis (FIF) belong tihe latter group with an incidence of 3.5%—
32% in these patients (2, 8-13). The incidenceesibids in FAP patients is approximately
850 to 1000 times that of the general populatiachweas 29% in the original Gardner kindred
(11, 14, 15). The sporadic types are more commavoimen than in men with a ratio
between 1.8:1and5:1 (5,9, 16, 17).

3. Clinical presentation

Desmoids develop from musculoaponeurotic structimesighout the body and are classified
as extra-abdominal (~ 60% of the cases), abdonin2b% of the cases) and intra-abdominal
(~ 15% of the cases) (2, 5, 7, 8, 15, 18, 19). Mstngies have confirmed that 37 to 50% of
desmoids arise in the abdominal region, and apprataly 10% of all cases are multicentric
(7, 19, 20). Significant differences were detectethe originating between sporadical and
hereditary forms. While just 5% of sporadic tumars intra-abdominal, 80% of patients with
FAP-associated disease present with desmoids $edaiintra-abdominally (2). The

anatomical distribution of extra-abdominal fibrowsss varies greatly. The principal sites



identified are the regions of the shoulder, chest,wack, thigh and head and neck (1, 8).
Abdominal desmoids arise from musculoaponeuroticciires of the abdominal wall,
especially the rectus and internal oblique musatektheir fascial coverings. Intra-abdominal
tumors develop in the pelvis, mesentery or retribgeeum and are frequently found in
patients with FAP, in whom it commonly originatestihe retroperitoneal space following

prophylactic proctocolectomy (5, 8, 13, 20).

3.1 Symptomatology

The clinical manifestation of desmoid tumors is 1specific (21, 22). Symptoms are usually
present for an average of 12-16 months before degrand the tumor is typically discovered
as palpable mass by the patient or physician adectally by chest-abdominal imagines (X-
ray, CT, ultrasonograpy (US)) (5, 8, 15, 22, 23}tlé. or no pain accompanies extra-
abdominal fiboromatoses, which typically arise asfipoorly circumscribed, deep-seated,
furtively grown masses (2, 5, 7, 24). Tumors axedito the musculoaponeurotic plane and
are usually free in relation to the bone, and joagpsule, only rarely adhering to these.
Muscular retractions, deformity, limited or lostrjbfunctions or even the lifethreatening
compression of vital organs may be caused if theotueaches a large size, and irradiated
pain and paralysis may occur if the tumor compresaseerve trunk (2, 5, 8, 11, 25). The skin
and subcutis may only be involved after repeategesy for recurrence or after radiation
therapy (16, 25). Desmoids account for 0.2% of prinbreast tumors, occassionally
mimicing breast cancer (2, 8). Abdominal wall lesi@re typically associated with young
age, female gender, present or previous pregndtey arising in the scar of a previous
Cesarean section (5, 11, 25). Intra-abdominal deswemain asymptomatic until their
growth and infiltration cause compression of vistergans or serious morbidity (5, 8).
Although asymptomatic abdominal mass is the ontpgaint of most patients with mesente-
ric lesions and only some have mild abdominal paatients with diffuse mesenteric lesions
may less commonly present with initial symptomsedstinal, vascular, ureteric, or neural
involvement, gastrointestinal bleeding, bowel peafion, obstruction or ischemia (5, 8, 25).
Pelvic fibromatoses arise as slowly growing palpabhsses, are initially asymptomatic,
often mimicing ovarian neoplasms (5, 8, 25, 26).eWwh desmoid is diagnosed, a thorough
family history is necessary to be taken, examimatignetic counseling and colonoscopy
should be performed in order to diagnose or ou@dedner’s syndrome (25, 27).

3.2 Clinical behaviour



The clinical behavior and natural history of destisas typically heterogeneous and
unpredictable due to the progressive fibroblagiit forous proliferation that lays in the
background of its development. It is characterisedonly by tumor growth, proliferation,

and disease progression but also by stabilizatidnspontaneous remission (2, 7, 8, 11, 25,
28, 29). Church et al. (2008) found that 10% otagive fibromatoses resolved
spontaneously, 30% were unpredictably interchanetgeen progression and resolution,
50% remained stable following diagnosis, and 10%ewebaracterised by rapid progression
(30). Variant desmoid growth patterns have beentified: some progress rapidly and
aggressively whereas others are more indolent arydremain stable (2, 8, 11, 15). Most
desmoids are however slowly growing neoplasms &lgiecneasuring between 5 and 10 cm,
they aggressively invade surrounding tissues agdns, do not metastasize but bear a high
propensity for local recurrence (5, 11, 25). Desfieir benign nature and their negligible
metastatic potential, the tendency to recur andrtil&ative growth remain significant
problems in terms of morbidity and mortality (5, 8verall recurrence rates range from 20%
to 85% in 10 years following primary treatment, aadurrence is more frequent with extra-
abdominal than intra-abdominal desmoids (2, 518,15, 25, 30-32). About 80% of
recurrences are observed within 3 years postopehatieven after radical excision (32-34). A
close surveillance of patients is essential, asagdis progression may occur even years after
primary treatment (11).

4. Etiology

The morphology of desmoid tumors has been wellatttarized, but their nature and
pathogenetic background remained indistinctiveuStb954), who first introduced the term
fibromatosis, defined desmoids as “the most incai@nsible group” (35). Some authors
considered them as non-neoplastic processes aasatbscribed desmoids as well-
differentiated low grade sarcomas (2, 7, 9). In,fdee etiology is likely multifactorial and
includes genetic, endocrine and physical factonseds(2, 5, 7, 8, 15, 25). The association of
desmoids with FAP syndrome, first described by Nishn 1923 is well known, and served
as an evidence to the underlying genetic bacgr¢8®d E. J. Gardner reported the familial
occurrence of intestinal polyposis, osteomas aikemal cysts in 1951, and although the
current view is that Gardner syndrome is a varddithe phenotypic expression of FAP, the
two terms are sometimes used as synonyms (37TB8)ole of endocrine factors in the
pathogenesis are supported by clinical observasank as the female predominance, regular

occurrence in the childbearing age, progressionhgaise of oral contraceptives, and
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regression in post-menopausal or post-oophorecfmatignts or those undergoing anti-
estrogen therapy (8, 11, 15, 25). An antecedeturlyisf trauma to the site of the tumors,
often surgical in nature (prophylactic proctocobeay, Cesarean section), has been identified
in about 25% of cases (5, 27, 30, 33).

4.1. The neoplastic nature of desmoids

Since desmoid tumors are characterised by iniNe@agorwth, low mitotic activity, and the
absence of metastases, they are most frequensisifiéal as benign neoplasms or deep
fiboromatoses (10). Multiple studies described tloma&l nature of desmoids pointing at
malignant capacities that place these tumors h@aategory of fibroblastic malignancies (8,
39-43). The presence of trisomy 8 and/or 20 (whichnon-random clonal aberrations
acquired during neoplastic progression) and thpgton of cells with these trisomies vary
greatly between desmoid tumor specimens (range268%o (8, 42-44). It can be therefore
concluded that trisomies 8 and 20 contribute tgfastic aberrations in a wide spectrum of
pathologic fibrous proliferations, without any distion between benign or malignant (8, 42,
43).

The non-random inactivation of the female X-chrooms is a sign of monoclonal neoplastic
proliferation (not a sign of malignancy), and itcorrence was also subject to investigation
during the demonstration of the clonal nature gfragsive fiboromatoses (8, 40, 45). A non-
random X inactivation pattern was found in 72% afignts with sporadic desmoids, with a
lesion clonality ratio ranging between 1.3 and 18, 45). Evidence of malignancy has also
been sought by assessing expression of tumor nsarkdesmoid tissue. In comparison to
other malignancies, desmoids were found with &ivelly low expression of metastasis
promoting extracellular matrix proteins such agopbntin and osteonectin, suggested to be
the reason for the inability to disseminate (39, £€&her common malignant tumor markers
as Ki-67, pRB or Bcl-2 have not been observed tagregulated in desmoid tissue (39, 43,
46-48). Appropriate tumor markers may explain tha@aal behavior of desmoids, and still
need to be identified (10). Although the propertégesmoids and the lack of malignant
tumor markers simply do not conform to the defomtof malignant tumors, and the term
benign is biologically valid, it does not propersflect the clinical picture.

To resolve this conflict the understanding of th@lenular etiology of desmoids, identified by
previous studies, is mandatory (8, 41, 49-51). AMewn feature detected is deregulated Wnt
signaling viaB-catenin—dependent activation of latent T-celldatymhpoid enhancer factor

(Tcf/Lef), a pathway with a critical role for instee in embryogenesis, cell adhesion,
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carcinogenesis, adult stem cell survival and siewal during wound healing (8, 41, 49).
Desmoids arising in patients with FAP show losadénomatous polyposis coli (APC) tumor
suppressor function, which leads to high intradaflfi-catenin levels and is correlated with
the constitutive activation of Wnt signaling (5@,)5In sporadic desmoids most tumors
contain specific point mutations in the catenirdfearin-associated protein) beta 1 (CTNNB1)

gene, that stabilizgscatenin and achieves a similar result describedal8, 52).

4.2. Desmoid tumor and3-catenin/APC

A germline mutation of the APC tumor suppressoregaredisposes patients with FAP to
develop large numbers of colonic polyps and sewtth-intestinal neoplasms including
desmoid tumors (8, 10, 53). The germline mutatesults in a null-allele of the APC gene
while a somatic mutation in the other allele resuitfunctionally homozygous knockout of
the APC gene and the subsequent malignant tranafamnof the colonic polyps (47, 53).
The precise location of the germline mutation witthie gene or the associated genetic
background of the affected individual determineslikelihood and form of occurrence of the

somatic mutation, and the penetrance of the dig@&se 7, 54).

4.2.1. Wnt signaling pathway

Upon activation, APC forms a cytoplasmic multiproteomplex that includes glycogen
synthase kinase (GSKBa&nd axin (8, 10, 55). APC and axin phosphoryfatatenin on its
APC binding sites, causing the degradation andiwveton of the protein. The binding ff
catenin to APC requires phosphorylation by GIKAxin promotes GSK-{3-dependent
phosphorylation of-catenin (56)Figure 1. The two major functions d@i-catenin are

forming a complex with E-cadherin anecatenin functioning within the adherens junctions
between neighboring cells, and, upon activatianmglocating to the nucleus and binding to
transcription factors of the Tcf-LEF family (8, 187). In its unphosphorylated, active form,
B-catenin stimulates DNA transcription through Taffd consequent cell proliferation. A
well-known nuclear protein involved in carcinogeises-MYC is one of the possible target
genes of activateg-catenin (58). The Wingless/Wnt signaling pathwag been extensively
investigated and has important roles in cell peoéifion (8). The AP(B3-catenin pathway is

its main intracellular effector route (8). Theraitarge body of evidence to support the theory
of involvement of either APC di-catenin mutations in the development of desmd@s (

60). It has been observed that in desmoids of Fa&tlRemts, somatic and germline mutations of

APC co-exist, suggesting a functional knockout @thballeles (60). Similarily, evidence for
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involvement of the AP(B-catenin cascade has been reported for sporadicailgs too.
However, it is currently not known whether APCpecatenin mutations are driving
oncogenic alterations in desmoid tumors (8, 10).

4.2.2.p-catenin and desmoid tumors

B-catenin was found to show high-level intracellidapression and nuclear localization in
sporadic desmoids and recurrent tumors in compatsthe surrounding tissues (8, 59-63).
Indeed, overexpression pfcatenin is considered to be a useful prognostitofdor reduced
disease-free survival (62). Multiple studies repdrthat sporadic desmoids are usually
characterized by oncogenic mutationg{catenin and the absence of APC alterations (8, 10,
59-62). The CTNNBL1 gene is located on chromoson22 3p region frequently altered in
human malignancies (61, 63, 64). About 75% of sgicrdesmoids are found to harbor
somatic mutations in either the APCfacatenin gene with a higher predominance for the

latter in current investigations (10, 62, 65, 66).

4.2.3. APC and desmoid tumors

Several mutations of the APC gene in sporadic detsrackingp-catenin gene mutations
have been reported and approximately 95% of thessktb expression of a truncated protein
(8, 10, 44, 67, 68). It has been suggested, theretloat the highgs-catenin protein levels are
consequences of the APC gene truncation in thenabs®p-catenin mutations (61, 67). Itis
proposed that APC mutations cause inadequate teguta p-catenin activation, leading to
proliferation on a cellular level, and the locatmirthe germline APC ds-catenin mutation
determines the phenotype of desmoid tumor expnegsi@, 54). The APC gene consists of a
total of 2843 codons (10, 68). Most mutations iardeidsoccurin the 3 amino endetween
codons 144@and1578, while mutations beyond codon 1600 are radeftaguently result in
undetectable levels of truncated protein (10, 47 58, 68-70). Mutations at the extreme 3’
end are associated with severe multifocal desmioéshptypes with almost 100% penetrance,
the so called C3 genotype (8, 10, 49, 68). Thequdar site of mutation, and the contribution
of modifier genes are determinants of the phenotggpression of an APC mutation (47, 54,
68, 70.

4.3. The endocrine etiology of desmoids
A possibility of functional interaction between ERd WntB-catenin signaling has recently

been reported in human tumor cell lines and in Bpbda, in which estrogen signaling
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appears to potentiate the effects of nucfeaatenin (8, 38, 71, 72). Observations such as the
significantly lower incidence rate of colorectahcar in women undergoing hormone
replacement therapy supported the finding, thowgtheace for interaction of the ER pathway
with the APC/B-catenin pathway is circumstantial (72).

The major mechanism of the functional interact®priesumably transcriptional modulation,

although other mechanisms may be involved (71).

4. 4. Desmoid etiology and wound healing

Desmoid tumors have been observed to developeat githealing wounds and to show
histologic similarities with dermal fibroprolifeige disorders (33, 73, 74). Physiological
wound healing is a tightly regulated, self-limigacess in response to tissue stress or injury
during which mesenchymal cells from various sousresmobilised and recruited to the site
of the wound where they engraft and promote hedBB8g75-78). These cells include
pluripotent hematopoietic stem cell (HSC)-deriveshmcyte precursors, that also home to
sites of tissue injury, engraft, and differentiati® CD34 fibrocytes mediating wound

healing (33). While recruited stem/progenitor calislergo terminal differentiation or
apoptosis during the resolution phase of normalngiduealing, under conditions of chronic
inflammation or tumor progression, these activatelts persist (79). A synergistic
cooperation of these multipotent cells support agenesis, a hallmark of accelerated wound
healing and fibrosis (33, 80). Increased angiogsrasl proliferation of fibroblast-like cells
within a collagen matrix are features of desmomlgvall (33). Since genes characteristic of
myofibroblasts were found to be expressed, thesrolgersistent recruitment of monocyte
precursors and defective wound healing resolutemmsto be significant in desmoid tumors
(81). Primary fibroblast cell lines have been dediyrom desmoids (81). Additionally, a
recent study by Carothers et al.(2012) showeddésinoids resulted from the growth of
MSCs in a wound healing setting, and an associatiinderegulated Wnt signaling due to
APC loss was also confirmed (33). These findinggyest possible novel targets for the

systemic treatment of this disease with the imgibeaof MSCs in the etiology of desmoids.

5. Histology

The macroscopic appearance of desmoid tumoransdird rubbery, and characterised by a
relatively homogenic incisional surface of whitelagreyish network of bundles resembling
scar tissue with a relatively poor vasculariza(in5, 7, 8, 11)Figure 2. These lesions are

typically poorly circumscribed and often infiltratgo surrounding soft tissue and skeletal
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muscle bundles (8). A capsule is occasionally $egrits appearance is often misleading
because the infiltration may be extending up to @s3eyond an apparently well-
circumscribed mass (11). At microscopical preseriad proliferation of elongated, slender,
spindle-shaped cells of uniform appearance, ardhilg&ascicles is seen, sometimes with
perivascular oedema (8, 11, 8Rjgure 3. As a consequance of the presence of abundant
collagen around neoplastic cells, there is hardiycell-to-cell contact. Cells also lack
hyperchromasia or atypia and are typically arrangdaindles (5, 8, 11, 15). The mitotic rate
is variable: one to three small nucleoli are ususdien in the pale cytoplasm (5). Cellularity
may vary even within the same lesion (11). Telometangth and activity are normal (15).
According to these findings the lesions are higi@ally benign. Desmoids arising in the
mesentery and pelvis show extensive stromal mygloagthge and more fasciitis-like
cytomorphology (11).

On electron microscopic examination, the spindlks @ desmoids appear to be
myofibroblasts, supporting the theory of tumor degeent from abnormal proliferation (8,
73, 74).

Immunohistochemistry (IHC) is positive for vimentadpha smooth muscle actin (SMA),
muscle actin, and desmin muscle cell markers (88,Rgure 3. Nuclearp-catenin
immunoreactivity is staining positive in 67%—-80%cakes in the reported series, but staining
for nuclearB-catenin is not specific for desmoids, since #ls observed in 56% of
superficial fibromatosis, 30% of low-grade myofiblastic sarcomas and 22% of solitary
fibrous tumors (8, 11, 15, 72, 83, 84). The IHCI&8 on hormone receptor status show 0 to
7.4% positivity for ERe, 7.4% to 100% positive staining for HRO to 25.5% for
progesterone receptor-A (PR-A), 0 to 33.3% for psigrone receptor-B (PR-B) and 13 to
52.9% for androgene receptor (AR) (42, 72, 83-8fAg IHCs for epidermal growth factor
receptor (EGFR), c-erbB2, c-KIT, CD34 were unifoymkgative reported in the literature
and, in general desmoids are regarded as BRd c-KIT negative tumors (83, 84, 85, 87-90).
IHC evaluation showed strong positivity for platedierived growth factor receptor (PDGFR)
-B and absence of expression of PDGEE9). IHC may play an important role in the

differential diagnosis of desmoids.

6. Differential diagnosis
The differential diagnosis of desmoid-type fibroosas is broad, ranging from reactive
fibroblastic and myofibroblastic processes (eg.utadfasciitis, hypertrophic scars, keloids)

to fibroblastic sarcomas (2, 7). Histologicallysdeids are often indistinguishable from
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nonneoplastic lesions associated with abnormal wdwealing and differentiation from other
soft tissue tumors, such as fiboromyxoid sarcomas,be challenging (33, 91, 92). The
differential diagnosis of intra-abdominal desmaitdudes gastrointestinal stromal tumor
(GIST), solitary fibrous tumor inflammatory myofidslastic tumor, sclerosing mesenteritis,
and retroperitoneal fibrosis or secondary to centirugs or an underlying malignancy, such

as a lymphoma (32).

7. Clinical diagnosis of desmoid tumors

7.1. The value of the different biopsy methods irme diagnosis of desmoid tumors

For the definitive diagnosis a biopsy with histdpdogical confirmation is needed (93, 94).
The efficacy of fine needle aspiration cytology @Nn desmoids is contradicting as there
have been only limited experiences with it (8, 88). Although over- and under-diagnosis of
malignancy may occur, FNA is a fairly reliable tdot recognition of the benign nature of
desmoids (94). Core needle biopsy (CNB) is therthatic method of choice:it is simple, and
yields abundant representative material for thbgagical examinations, allowing the
recognition of histological characteristics (95)eéperative CNB was not found to affect the
rate of postoperative recurrence (22). The perfogeaf incisional biopsy is sometimes
inevitable (5). Deffinitive histological diagnossmanadatory in tumors involving vital
structures, requireing an extensive surgical progedr neoadjuvant non-surgical treatments
(2,5,7,8).

7.2. Imaging features

Initial cross-sectional imaging of the affectedaavath computed tomography (CT) or
magnetic resonance imaging (MRI) is needed to ddfie relationship of the tumor to
adjacent structures in order to assess potensiattability and the need for treatment (7, 8,
25).Figure 4. Desmoids being observed or managed nonoperashelyld undergo periodic
imaging assessment. Both CT and MRI are valuablkgatitees for the diagnosis and
differential diagnosis, since features of desmgpktfiboromatosis are characteristic of
desmoids, but MRI is considered the primary mogé#dit the imaging (7, 8, 15, 25, 96).
Desmoids may have heterogeneous signal and inharaogs enhancement because of
variable distribution of spindle cells, collagengdanyxoid matrix (25, 96). Ultrasonography
shows desmoids as hypoechoic soft tissue masdevaviaible vascularity (31Figure 5.

The median maximum standardized uptake value (Sidesmoid tumors on 2-(fluorine—

18) fluoro-2-deoxy-D-glucose-positron emission tgraphy (18F-FDG-PET/ CT) has been
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reported to be 4.1 (range, 1.0-8.1) (8, 97). 18IGHEET/ CT can help in assessing masses of
unknown etiology and can aid in subsequent appatgptreatment planning (8, 98).
Histopathologic confirmation must be obtained incakes before definitive treatment.

7.3. Evaluation of FAP associated desmoid tumors

Extensive family history, ideally the acquisitiohabdetailed, three-generation family tree is a
very important part of clinical examination of gatts with a desmoid tumor (11). Medical
records of relatives with a history of colon polygscolon surgery should be requested in
order to evaluate the presence of FAP (11). A coatimn of endoscopy, genetic testing and
observation of extracolonic manifestations is useithe diagnosis of FAP (53). Genetic
testing is the most efficient mode of identifyingng carriers in a FAP relative and can be
assessed by several mutation specific methods wiiicte polymerase chain reaction (PCR)
amplification of these genomic DNA regions, suchlasct sequencing, heteroduplex
analysis or single-strand polymorphism (53). Sirgiland conformation polymorphism
(SSCP) and heteroduplex analysis (HA) are popugatrephoretic methods for the
identification of sequences (99-102). The princigasons for the popularity of these two
methods are their technical simplicity and thelatigely high sensitivity for the detection of
mutations. Patients with known APC mutations shduddcreened colonoscopically from the
age of 10 — 12 regularly (11, 103). Individuals vére at risk with an unknown mutation
status are recommended to have screening colonesdopage 15, every year from age 26 to
35, every other year from age 26 to 35, and eveBetyears between ages 36 and 50 (53).
An annual physical examination to screen for thymancer is necessary, while liver US and
seruma-fetoprotein are being investigated as possibleestng tests for hepatoblastoma (53).

8. Treatment of desmoid tumors

The optimal therapy for desmoids is difficult to éstablished due to the heterogeneous
clinical behavior and anatomical presentation aased to the variable etiology, the high
local recurrence rate, the infilltrative growth ahe rarity of the tumor (8, 15, 91). There is
limited or no evidence based medicine supportiagtinent choice (5, 7, 8, 15, 85). The
general recommendations for the the efficaciousagarent of desmoids consist of surgical
and nonsurgical modalities and require a multigigcary approach (8). The treatment should
be decided on case-by-case basis by the multidlisarg soft tissue board. Desmoid is
optimally treated only following precise diagnosismedical centers with expertise in the

care of soft tissue tumors. Patients are often gposa psychosocial oncological care is
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mandatory. Therapeutic alternatives could signifigediffer between FAP associated and
sporadic tumors, or between the localized and azhddiseases (2, 7, 8, 91). The treatment
of the FAP cases is complex, and includes posHiklapeutic and prophylactic procedures,
Because the long term results are sometimes umpabtk, after thorough consultation and
informed-consent the patient’s choice is of gregtartance (53). Accurate surveillance is

essential part of the management.

8.1. Observation

Close observation is an acceptable strategy fanpgymatic patients with small desmoid
tumors not infiltrating any nearby structures arpatients of stable disease presenting with
only few and mild symptoms (11, 15, 25, 28, 104)1@86 spontaneous tumor regression or
stabilization has been reported by many authorsemidging on the etiology of desmoids, a
conservative attitude is reasonable and may bedenesl when radical tumor excision cannot
be performed, or only with significant functionalesthetic impact (28, 29, 107). The
evolutive potential of extra-abdominal desmoidseeéo be limited after 36 months,
surveillance is recommended, using clinical exatmonaand 6-monthly MRI to assess
spontaneous recurrence before considering the cageneent of any subsequent treatment
(28, 29, 107). Even though no definite prognositdrs for tumor evolution have emerged to
date, therapeutic intervention is indicated foragpgrowing tumors or for symptomatic
patients if there is imminent risk to adjacent stuwes or if the tumors create cosmetic

concerns.

8.2. Surgical treatment of desmoid tumors

If the preoperative diagnostics finds that a deshtmmor is technically resectable, aggressive
surgery is the first line treatment (2, 5, 7, 8, 18, 25, 93). To date wide excision with 2 to 4
cm resection margins is generally recognized asnib& effective available treatment for
desmoids (2, 5, 7, 11, 15, 25). Complete resectidhe lesion with negative microscopic
surgical margins (RO resection) is the standardisalrgoal, however, it is not always
possible due to anatomic boundaries (5, 7, 8, 3123). Essential components of achieving
complete resection include the adequate markirigeo§pecimen, intraoperative consultation
with the pathologist, and frozen section analyss.(An important surgical issue in the
treatment of desmoids is the anatomic location. dbezall strategy should be to attempt
complete removal using function-preserving appreadb minimize major morbidity, but

even with radical surgical resection, the tumor meour (2, 7, 8, 25). Incomplete resection is
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associated with a higher risk for local recurreatap to 85% at 10 years (2, 7, 15). Some
large retrospective studies demonstrated that seommcally positive margins were predictive
of a higher local recurrence rate while othersfato find a relationship between microscopic
margins and recurrence, the importance of a negativgical margin is thus recently debated
(5,7, 8, 106, 108-112). At present, microscopisifpee margins may be acceptable if
achieving negative margins would produce excedsinvetional or cosmetic morbidity (104).
A significant correlation was found between the sit tumor and quality of surgery (105).
Positive margins do not always or immediately rieether treatment (112). Unplanned
excisions were found to be associated with an mdhg high rate of residual tumor (112).
The pathologic assessment of margins should be mamtdlaboration with the surgeon, and
the report should include an appropriate descmpdictumor margins (113).

8.2.1. Special surgical considerations by intra-atmminal desmoid tumors

Radical excision is often a therapeutic challengeven impossible for intra-abdominal
desmoids, confirmed by previous and recent studiesh reported a rather low success rate
of radical removal of intra-abdominal or retropeni¢al desmoids (8, 32, 91, 107, 113-116).
In addition, these tumors have a high tendencyokcal recurrence. As the resection often
necessitates removal of part of the small intestim@rbidity can be substantial and includes
bowel ischemia, adhesions and obstruction, hemge;Hestula formation and short-bowel
syndrome (21, 117). According to recommendationth@®fAmerican Society of Colon and
Rectal Surgeons, and a joint task force of the AzaarSociety of Clinical Oncology/Society
of Surgical Oncology the correct approach is coretere management over initial resection
for desmoid patients with Gardner syndrome or \atiye slow growing desmoids involving
the mesentery (8, 104, 113, 118, 119). Surgicalatem is indicated for symptomatic
desmoids involving visceral organs and desmoidsategrowing rapidly (32). In some cases
only palliative surgical intervention can be peni@d. About 20% of patients with FAP and
abdominal desmoids die of complications of desmid$. Table 1.According to the study
of Quintini et al. (2012) the five-year survival pétients (n=154) with stage I, Il, Ill, and IV
intra-abdominal desmoids were 95%, 100%, 89%, &3d iespectively (27).

8.2.2. Special surgical considerations by thoracolesmoid tumors
Where anatomic features make it possible, surgnaayins of 2 to 4 cm with en bloc removal
are optimal (22, 23). Resection may involve alelayof the chest wall (full thickness

resection) or it can be limited to certain laygyar{ial thickness resection) (22). Optimally,
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full thickness resection includes one unaffectecabove and one below the lesion, as well as
intercostal muscles, pleura, and a wide clear marfjadjacent soft and osteal tissues is
applied (22, 23, 120). If paravertebral structutlks,spine, the brachial plexus, great vessels,
or soft tissues of the neck are involved by thedymadical excision may be difficult or
impossible to perform, and palliative surgical diotion might be life-saving when
compression of vital organs is present (22). Thghoexamination and design of an
individually planned treatment scheme should predbd surgical intervention, often
requiring cooperation of more specialists. Primaoynd closure can be achieved after
removal of extensive areas of the chest wall amdigoous structures, without significant
cosmetic deformity or loss of function (22, 12011.2The overlying skin is usually
uninvolved by the tumor, which further facilitas@sund closure. Chest wall and intra-
thoracic resections are characterized by a highabtomplications, ranging from 21 to 46%
of cases. (22, 23, 120, 121). In particular caskgre adequate skeletal and soft-tissue
reconstruction of the chest wall following a radiiea block resection may be required, the
latissimus dorsi flap is considered to be the @&phoice (22, 122). Adequate stability can be

achieved by the use of synthetic meshes.

8.2.3. Special surgical considerations by abdomindlesmoids

In contrast to intra-abdominal desmoids, studiesuaiformly reporting favourable outcomes
after surgery of abdominal desmoids, with high prtipn of complete resection and low
recurrence and morbidity rates (8, 11, 91, 110, 123). The optimal surgical procedure is a
wide full thickness abdominal wall resection witler® margin. Following resection the
residual soft tissue defect needs to be reconstiwgther by autologous flaps or more com-
monly by prothesic grafts or combination (125). Témaining skin is usually sufficient for
closure. The superficial small desmoids shouldxXmésed with partial-thickness abdominal
resection not involving the peritoneum, and recats$ion can be achieved by direct repair
with sutures (34, 123). Radical resection folloviegne stage mesh reconstruction remains

the gold standard in the management of desmoidranfdhe abdominal wall (11, 91).

8.2.4. Special surgical considerations by extra-alothinal desmoids

Extra-abdominal desmoids can occur anywhere andadie infiltrative growth pattern CT

or MRI is necessary to detect tumor boundarie3 (B, 34, 93). The basic idea of the surgical
care is the same, wide excision with negative logioal margins should be attempted, but

not at the expense of loss of function (2, 52, 98)s principle requires that clinicians
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perform difficult surgery (7). As negative histologl margins are no guarantee of local
control, and the functional consequences of ragigaision may be worse than the disease
itself, major nerve trunks, even if marginally imwed, should be preserved, and amputation
should be extreme rarely requiredtt( 52, 110, 125-128RApart from the aspect of function
sparing and avoidance of amputation, disease-feggimseems to be crucial for reducing the
recurrence rate (2, 7, 52). Intraoperative frozstisn margin assessment can be helpful by
the surgery of extra-abdominal desmoids (5, 8). Jieatest challenges to the surgical
oncologist are large desmoids which tend to beeexgty locally invasive at the time of
examination, frequently growing near neurovascsiiarctures or bone (7, 11, 129-131). An
intracompartmental desmoid can be treated withnaptete compartmental excision, the most
frequently applied techniques as reported in tieedture are buttocks resection, adductor
compartment resection, posterior thigh resectiahcaradriceps resections (2, 7, 9, 25, 132).
Amputation of an extremity is extraordinary and éa&nconsidered if an agressive desmoid
massively encases the neurovascular bundle, delgudkid other non-surgical terapies are
ineffective or if a limb-sparing operation wouldtrio® of any functional use (5, 52, 132).
Multidisciplinary treatment decision making is matay in these extreme cases (52).
Complicated and technically demanding plastic retroictions may be necessary, using local
or distant myocutaneous flaps to reconstruct tifitetissue defect and even vascular grafting
(2,5, 11, 15, 25). A fundamental element of swaigoare of extra-abdominal desmoids is

adequate postoperative rehabilitation.

8.3. Non-surgical treatments of desmoid tumors

8.3.1. Non-surgical locoregional therapy of desmoithmors

8.3.1.1. Radiation therapy

Radiation therapy (RT) is considered an effectiptam in the therapy of desmoid tumors,
that may improve local control in both adjuvant amngnary settings, as indicated by large
retrospective studies (2, 7, 8, 19, 133, 134). uée risk for radiation induced neoplasms,
which is of particular concern in the young patipapulation, its use shall be well balanced
against the potential for late effects. The timesigression after RT alone is often quite long,
the best results are associated with high dosatradiand it may take up to two years for the
tumor to regress (8). The role of adjuvant RT ihiaeing local control has not yet been
clearly defined and is still controversial. Post@piee RT is considered only in patients with
a large tumor and positive margins as suggest#dteiNational Comprehensive Cancer
Network (NCCN) guidelines (104). The recommendeskdaf RT for definitive therapy is
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50-60 Gy in 5—-7 weeks at 1.8-2 Gy per fraction {1Bijure 6. A review of 22 articles
including 780 patients found that RT alone (dosgyea 10-72 Gy) and surgery combined
with RT resulted in significantly better local camit(78% and 75%) than with surgery alone
(61%) over a median period of 6 years (135). Relapte decreased from 59% to 25% in
patients with positive margins of both primary aadurrent desmoids after surgery when RT
was added postoperatively. The complication raimfRT was 22.8%, with tissue fibrosis
being the main problem, and in-field recurrenceuo@d especially if the total irradiation
dose was lower than 50 Gy (135). However, a reraspective analysis of 95 sporadic
desmoid cases did not detect statistical differemtéhe rate of local control between the
groups receiving only surgery, only RT, and a carabon of both (136). Only patients with
head and neck desmoids and a history of antedesergery presented with a higher risk of
recurrence. Higher doses do not appear to redgaédecurrence rates (137). Neoadjuvant
RT is a novel approach to increase the resectahititl reduce local recurrence rates in extra-
abdominal tumors (8, 93). To evaluate the efficalcRRT for irresectable desmoids, the Soft
Tissue and Bone Sarcoma Group of the European @egem for Research and Treatment of
Cancer (EORTC) performed a pilot nonrandomizedsehbstudy study (EORTC 62991)
(138). The trial recruited 44 patients in 2008, &ritbw-up is still in process; the final
analysis is awaited in the near future. In summpogtoperative RT is indicated in cases with
large tumors and positive margins where it mayiigantly reduce the local recurrence rate.
If a myocutaneous flap is used, brachytherapy isleal treatment option for these tumors

with small surgical beds and limited need for rédrafield (8).

8.3.1.2. Locoregional chemotherapy

Based on the finding that desmoids rarely form states, locoregional chemotherapy in the
form of isolated limb perfusion is an alternatieesiyystemic chemotherapy in patients with
limb desmoids (2, 7, 8, 11, 25). Although intratuaidypervascularity disappears after
perfusion quite rapidly, it may take up to sevenainths until a partial or complete response
develops (25, 113). Overall response rates wittphaan and recombinant human tumor
necrosis factor: were found to reach 80% (2). This method is paldity beneficial for
patients with locally advanced or recurrent diseageamenable to function-preserving
resections (113, 139).

8.3.2. Non-surgical systemic therapy of desmoid tuons
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While surgery remains the mainstay for resectaudgaglic tumors, for patients with positive
resection margins, advanced desmoids that arenmeni@ble to surgery or RT, various
medical treatment options including antihormonak#ipies, non-steroidal anti-inflammatory
drugs (NSAIDs), targeted therapies, and traditiaytdtoxic chemotherapies have been
investigated (5, 7, 8, 15)able 2. The choice of systemic therapy is a major deterntina
the long-term outcome (8). In the lack of sufficiemidence from multiple controlled trials
and comparative studies, evidence-based therapegiimens are not available yet, neither
are prognostic or predicitive factors for monitgritmerapies (22, 121). Only a subset of
patients respond to therapies, and even respoasgation according to the conventional
Response Evaluation Criteria in Solid Tumors verdid.. (RECIST) may be difficult in a
tumor that can have spontaneous growth arrest anable growth patterns (134, 141).
Currently, a stepwise approach is recommended. toegsmodalities such as antihormonal
therapy or NSAIDs are preserved for patients wiliealse without any impending threat to
life or function (7, 112, 115, 142). The next stageytotoxic chemotherapy for fast growing
desmoids not responsive to first-line agents (8)n#ost of the reported data are derived from
case reports, some but limited conclusions carrderdas to the relative effectiveness of
systemic treatments (2, 8, 15). Response rat88%for higher are reported, but the true
objective regression rates with these agents afreeirange of 10%—-15% (21). Another 25%
of patients experience minor shrinkage or tumdoibtation (21). As the maximum effects
are often not realized for several months, so aduation of systemic therapies is rather

complicated (2, 7, 8).

8.3.2.1. Antihormonal therapy

The implementation of antihormonal therapy in tleatment of desmoid tumors is empirical,
based on observations of the natural history oflikease (higher incidences of desmoids
during and after pregnancy and reports of sponta&onor regression after menopause) (5,
7,8,15, 38,113, 117, 143-148pble 2. Studies have shown uniform ERaegativity and a
high rate of nuclear ER-expression in desmoids (72). Selective estrogegpter modulators
(SERM) are compounds with a mixed agonist/antag@amisvity on ERs in different tissues
(145). The mechanism of SERM in the treatment shatds is not fully understood. A
contradictory observation is that ER negativity slaet necessarily mean that anti-estrogens
are ineffective (2, 8, 15, 117). SERM may be theuig through additional pathways in ER
negative disease, in addition they are believezk#at inhibitory effects on angiogenesis as
well (38, 84, 117, 148-151). Many citations arerfdun the literature in relation with
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tamoxifen, mostly case reports or retrospectivglsiarm surveys involving a low number of
casess, demonstrating some sort of response @sdis¢abilization (5, 8, 84, 117, 143).
According to the results of a non-randomized thaih-dose tamoxifen (120—-200 mg/day)
may be more effective than lower doses of 10-4@mg(38). However, there is no
randomized data supporting the extended use othidpses, and the risk for secondary
neoplasia and deep venous thrombosis could beegnedh its use (38). No firm statement
regarding the effectiveness of tamoxifen in thattreent of desmoids can be concluded.

8.3.2.2. Non-steroidal anti-inflammatory drugs

The use of NSAIDs against desmoids is based omadtgens too (5, 7, 8, 11, 15, 25, 146).
Table 2. Since cyclooxygenase-2 (COX-2) was found to plagi@ain the growth of
desmoids, and NSAIDs demonstrated influence oftteenin pathway, therefore treatment
with NSAIDs that inhibit COX may be effective (152 variety of NSAIDs were tested in
the treatment of desmoid patients, alone or in ¢oation with hormonal agents (117).
Patients treated with sulindac showed an overgfiarse rate of about 50%, and most of the
responders experienced a mean 24 months delagponse (117, 152). Although not
confirmed through a randomized comparison, the atnation of sulindac with or without
tamoxifen seems to be an effective non-cytotoxigdreatment (38, 146). Endocrine and/or
NSAID therapy is considered first-line pharmacotagitreatment for irresectable, advanced

disease without clinical symptoms (112, 115, 142).

8.3.2.3. Interferon

The precise mechanism of action of interferon-alpban desmoids is unknown, but several
case reports described objective responses ormgetbperiods of disease stabilization,
following failure on sulindac and tamoxifen (8, 158 direct growth-inhibitory action was
proposed after IHC of tumor tissue had revealesitinexpression of the interferon-a/-b
receptor in the majority of desmoid fibroblasts41555).

8.3.2.4. Cytotoxic chemotherapy.

A wide variety of chemotherapy regimens have besdun the management of irresectable,
rapidly growing, symptomatic, life-threatening adead desmoids, based on evidence from
small, mostly retrospective studies (2, 7, 8, 21,156-158)Table 2. Response rates range
from 50% to 80%, but assessment is challengingogpein static or slow growing tumors

as disease stability may represent either benefit themotherapy or simply slow
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progression of the tumor (8, 156-158). Due to Hréy of this disease, direct comparison is
difficult to perform. The use of chemotherapy irsoh®ids is still controversial, due to the
lack of metastatic potential of desmoids, the tecgef chemotherapy to cause severe

complications and the increased risk of treatmedticed malignancy (8, 21, 32, 156).

8.3.2.5. Targeted therapies: Imatinib mesylate andorafenib

Imatinib mesylate, a selective tyrosine kinasebitbar, has also been investigated, with
promising results (2, 7, 8, 89, 90, 157, 159).iRbotr even complete response was reported in
16%—-80% of patients with or without c-kit or iddied PDGFRe mutations in earlier studies
(8, 159). A cooperative phase Il study found thragpession free survival at 2 and 4 months
was 94% and 88%, respectively, and 66% at 1 yé&gr e overall progression-free survival
in a French phase Il study at 2 years was 55% ®)ever it is uncertain whether the
response is a result of inhibition of imatinib teigy(c-kit, PDGFRx and PDGFR3 kinases)

(2). The French Sarcoma Group found that noneeobtblogical factors, including PDGFR-
and PDGFR3, pB-catenin, c-kit were correlated with response, psgion-free survival, or
overall survival (89). Imatinib is not yet licenskxt the treatment of desmoid tumors and is
still subject to research.

Sorafenib, a different multikinase inhibitor, wasanistered to patients with desmoid tumor
in a study and approximately 70% of patients reggbresolution of symptoms. (8). Twenty-
five percent responded with a partial remissioRBCIST and 70% had stable disease after a
median of 6 months, and most patients also expmeeradiologic improvement (8, 160). The
authors concluded that sorafenib should be futésted, possibly against other agents active

in desmoid.

9. Posttreatment surveillance

Given the increased potential for recurrence, @gelinical and possible imaging follow-up
have been strongly recommended after therapy @, Gonsensus-based guidelines from the
NCCN suggest that a history and physical examinatiith appropriate imaging (preferably
MRI) every 3—6 months for 2—-3 years and then arin(&04).
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IV.  AIMS OF THE THESIS
Accordingly, it is concluded from the above, thaektive paucity of clinical and patholo-
gical data is available on sporadic desmoid tumasshe data found in the English language
literature are mostly based on the meta-analysis.sé reports or series, or retrospective
studies with low number of cases, a global lackrafwledge is recognised regarding risk
factors, multidisciplinary treatment modalitiespppective and predictive factors and long-
term follow-up results. Despite the lower incidein¢€&AP associated desmoids, the
knowledge of these hereditary tumors is more exten§iven these facts, the main aims of
our investigations were as follows:
1" aim. To establish a data base of sporadic desmoid siam®quate for analytical purposes
and, to collect clinico-pathological data over agdollow-up period in order to find scientific
answers to the questions of etiology, pathologydmical behaviour.
2" aim. On the basis of a detailed clinico-pathologicahtiase the first planned step was to
confirm the sporadical origin of desmoids by rulmg the FAP associated germ line
mutation of the APC gene by clinical and genetiestigations.
3 aim. To confirm the theory of the etiology of sporadi&smoids, by detecting tie
catenin mutation status with molecular-genetic psoin a large number of tissue samples,
quilting as one of the largest single cohort repih the literature.
4™ aim. To analyse and compare the clinical and pathotbgiata of the very rare thoracic as
well as the more common abdominal tumors and defsiiocated on the extremities.
a. Radicality of first surgery and its influence acal control.
b. The analysis of the surgical techniques and tbensructive methods after wide
soft tissue resections (e.g. long time results widsh reconstructions after the
resection of abdominal desmoids).
c. The correlation of genotyping results with cliniaad immunohistochemical
features, including time to recurrence ghdatenin protein expression pattern and
intensity.
d. To establish possible prospective and predicthetofs on the basis of the
correlation of genotyping and long-time clinicalicse.
5™ aim. a. Assessment of the expression of ERs and PR iradjwad desmoid tumors by
immunohistochemical analysis using anti-eRanti-ER$ and anti-PR antibodies.
b. The comparison of the clinical tumor status wite adherent ER-status of

patients following endocrine treatment.
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V. MATERIALS AND METHODS

1. The creation of a cohort of sporadic desmoid cas and a data base

With the approval of the Institutional Ethical Bdaa cohort of desmoid cases was collected
by the investigator, on a partly retrospective praspective multicentric way, using the soft
tissue tumor database of the National Institut®wéology (NIO), the Semmelweis

University Orthopaedic Clinic and the Thoracic ScatyClinic of Kordnyi National Institute

of Pulmonology. The cases were multidisciplinagated between 1982 and 2011 in the
above detailed centers. The medical records (imujuimily and personal anamnesis,
physical status, documentation of the surgical @daces, pathological befunds, records of
diagnostical imagines) and tissue samples wereatelll by personal research of the archives
of the institutes, by sending letters to patieetpuesting copies of documentation or by
interviews over the phone. Eventually, all patiemése invited for a face to face consultation
and clinical investigation. The participation waduntary. Clinical information including
demographic, therapeutic, tumor, and clinical onteo/ariables were retrieved and tabulated
for correlative analyses. During the last 5 yedithe study altogether 23 primary or recurrent
desmoid cases were surgically treated in the deeaitof the investigator, consequently the
clinical data were collected prospectively in theases.

Occasional (28 cases) or regular follow-ups (6®spwere realized by 97 patients in the NIO
with the succesful completion of the clinical andhmnestic database. Regular follow-ups
were performed as recommended in the literatung@ceal examination (performed by the
investigator) and radiographic studies every 6 meifdr the first postoperative 3 years, every
12 months from 3 to 6 years, and then annually.

The tissue samples (paraffin-embedded in archiasds) of all cases were officially acquired
from all three pathological departments and higfiglally revised by an independent
reference pathologists in the NIO.

Demographic and clinical data were gathered incagks sex, personal and family history,
antedescent trauma to the site of the tumor, hoahsiatus (menopausal status, parity, use of
oral contraceptives) the efficiency of imaging dmopsy techniques, clinical tumor size, local
control and follow-up results such as number ofiremncies, disease-free survival, time to
progression or overall survival. Therapeutic datguared consist of the type and number of
surgical interventions, surgical margins, recorgdtve plastic surgical options, perioperative
morbidity, mortality, adjuvant therapy administered its efficacy using the RECIST 1.1.

criteria. Pathological data consist of the pathmalggumor size, the circumferential
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microscopical surgical margin, results of IHC assahe database is continously updated
enabling long term follow-up and analytical compan of the data.

A limitation of the study was the principally resgective collection of data, the incidental
low-quality of a few decade-old pathological tissaenples, and the low number of cases
preventing a reliable statistical comparison ofs&ib of patients. Although during the nearly
30 years of patient recruiting period, surgicab®n and non-surgical therapies as first
choice of treatment have not or only minimally (tm#) changed, a further limitation was

proposed by the non-controlled therapies.

2. Confirmation of the sporadical origin of desmoidtumors by ruling out the germ line
mutation of APC gene.

All participants were asked for detailed familytbiry, and a three-generation family tree was
delineated. Medical records for family members Whoe developed colon polyps and/or
underwent colon surgery were requested, and taak\eey in order to evaluate the presence
of FAP. Colonoscopy was performed or former medieabrds were checked for all the
patients. Thirty-nine individuals included in tlstidy were referred to genetic counseling and
testing to the Department of Molecular GenetichatNIO. All investigations have been
performed in agreement with international guidedirtbe study protocols were approved by
the Institutional Ethical Board. Written informedresent was signed by each patient. DNA
was extracted from peripheral blood samples of@ilsenting subjects using the classic
phenol-chloroform method. The entire coding regaod splice junctions of the APgene

were amplified by PCR using primer sequences aodatlescribed by Miyoshi et al. (1992).
(100). PCR assays were set up using an AmpliTaq 8GR Kit (Applied Biosystems)
according to the manufacturer’s instructions. Gygltondition entailed an initial denaturation
at 95°C for 7 min, 40 cycles of denaturation at®%5r 30 sec, annealing at 51°C for 30 sec
and elongation at 62°C for 30 sec, followed bynalfextension at 62°C for 7 min using a
GeneAmp PCR System 9700 thermal cycler (Appliedsistems). Mutation pre-screening by
was done on the resulting PCR amplicons using S$QR/single-strand conformation
polymorphism /heteroduplex analysis) technique Y1B&nds on gels were visualized by
silver staining (102). Where altered mobility asample indicated the presence of a variant,
the fragment was subjected to direct bidirectiddA sequencing using the BigDye
Terminator v1.1 Cycle Sequencing Kit accordingh® manufacturer’s instructions and

protocol (Applied Biosystmes). Completed sequencasgtions were electrophoresed on an
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ABI 310 Genetic Analyzer (Applied Biosystems). Tgresence of mutations was confirmed

using a different blood sample.

3. Detection of thefi-catenin mutation status with locked nucleic acidl(NA) probe-

based real-time polymerase chain reaction (PCR) flawed by melting curve analysis.
Cases of diagnosed FAP or a family history of FARgses) were excluded, consequently
only sporadic desmoid tumors were evaluated. Asitisamples were only partly suitable in
quality (some of them were older than 10-20 yefnsinolecular-genetic investigations, an
amount of 58 specimens from 51 patients were fdarx eligible for thg-catenin mutation
analysis. The samples from formalin-fixed, paraéinbedded tissue sections were subjected
to cell lysis with proteinase K treatment (Magnad”’DNA Tissue lysis, proteinase K, Roche,
Germany) followed by DNA extraction using magndtead technology (Magna Pure CNA,
Roche Diagnostics, Germany) in accordance withmtheufacturer’s instruction. The purified
samples were stored at 4°C. For the subsequentaRélisis, a set of primers was chosen to
amplify a specific 172-bp genomic fragment of eBoregion off-catenin gene: forward
5’gtcttacctggactctggaa3d’; reverse 5’aataatactcaigeiacttgt3’. To distinguish the different
mutation types occuring in desmoid tumors in codbrand 45 of exon 3, we used 45F
mutation specific LNA spiked hybridization oligowering this region ( a + mark is written
before LNA nucleotides): probel 5'LCRed640-tcag+easggagctgtggtag-PH3’; probe2
5’acatcctcttcctcaggattgcctttacc-FL3'. The reactiwirture of a total volume of 10l
contained 0.5uM forward and reverse primer, 0.2q#¢h of the probes, 3.25mM Mg(Cl

10x ready-to-use master mix (LightCycler FastIbaA master HybProbe kit, Rochand

2l of DNA template. After initial incubation st€¢pO minutes for 95 °C), the conditions of
the PCR were 95 °C for 10sec, followed by 60°Gfeec and 72°C for 8 seconds with 80
cycle time. DNA from HCC15 cell line (DSMZ, Germgnyas used as 45F mutant control in
each run and water as negative control for contatimn was also processed in parallel with
each sample. After the thermal cycling we performmesdting curve analysis to detect
sequence variations in the amplicons (95 °C foed540°C for 1min to 95 °C for Osec with
continuous measure on F2 channel with 0.1°C/s raef. We found that applying a second
melting curve analysis gave better melting poibise to the increased thermal stability of
LNA-DNA duplexes that improves mismatch discriminatduring melting curve analysis, it

became capable of more sensitive single nuclegetetyping. Our results were confirmed
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by bidirectional sequence analysis on ABI-PRISM@G&netic Analyzer using the BigDye
terminator kit (Applied Biosystems, Foster City, QASA).

The HybProbes consist of two specifically desigakgbonucleotides: a 3’ fluorescein and
another with a 5’ LightCycler (LC) Red dye. Whemwlpes bind to the target DNA 1-5 bases
apart, fluorescence resonance energy transfer (JFBELrs. During FRET, the fluorescein
molecule is excited by the LED light source andsfars its energy to the LightCycler Red
dye. The emission of the LC Red dye is read intaaier channel of the LightCycler
instrument. To identify and genotype DNA produdteraPCR a melting program is created
by slowly increasing the temperature and measuwiiragges in fluorescence as the 3’ probe
melts. Single nucleotide mismatch between a 3’réaoently labelled probe and its amplicon
can significantly reduce the melting temperaturéhefheteroduplex because of the destabi-
lization of probe-target DNA binding. The meltirgmperature shift between a normal allele-
probe match and a mutated allele-probe mismatcbesadifferent fluorescence profiles and
indicate the presence of a mutatidhis technology permits reliable identificatiordan
genotyping of DNA products. However the sensitiafythis method is limited to detect one
type of sequence variation in the given regionifmiprove the resolution of this method we
designed a rapid and sensitive real-time PCR matkod) LNA spiked hybridization probe.
Due to the increased thermal stability of LNA-DNApdexes that improves mismatch discri-

mination during melting curve analysis, it becarapable of identifying multiple genotypes.

4. Three groups were formed following the analysiand comparison of clinical and
pathological data: sporadical desmoid tumors of thehest, abdominal wall tumors and
fibromatoses originating in the extremities.

Dividing the sporadical desmoid cases into 3 défiftigroups seemed a resonable option,
based on the diversity of the surgical techniqeedicality and methods of tissue
reconstruction according to the location of the ausrof the available 94 sporadical cases in
the database. The clinical data of the differentigs enabled a more reliable comparison
with the results in the English language literatgfebmed, Medline using the following
keywords:,desmoid tumor”, ,aggressive fiboromatosis”, ,,dedprématosis”) in concordance
with other published comparative reivews. Thereensmme parameters consistent in the three
groups while some other were specific for only oftee therapeutic protocol for desmoids
was invariable during the investigated period.tHirse treatment was surgery with an

established goal of a 1 to 4 cm surgical marginwide resections. The radicality of the
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surgery was considered to be RO if the circumfémeatirgical margins were microscopically
negative, R1 and R2 if microscopic residual tunrat gross residual disease respectively was
left behind. The largest diameter of the tumor dr&lstatus of the surgical margin were
defined by the pathological befund. In all the saséh subfascial soft tisue resetion, or with
a surgical reconstruction using myocutaneous ftapaesh, one or two crossing drains were
positioned and were removed if the daily secretwas decreased to or below 30 mL. All
operations were performed under antibiotic prophiglavith amoxicillin or cefazolin (a single
intravenous shot of 1000 mg of amoxicillin and 209 of clavulanic acid or 1000 mg of
cefazolin), or continued until the suction drainsreremoved over the implanted mesh gratft.
Patients treated during the last decade were adi@iad low-molecular-weight heparin
initiated on the first preoperative day and corgishdior 2-4 weeks after surgery to prevent
thromboembolic disease. According to the appliedqmol, patients exposed to the potential
of major complication (intra-thoracic location eslon adjacent to joint capsule or great
vessels) and those with R1 resections received@6fraral tamoxifen daily, otherwise close
surveillance was implemented. Higher dose of tafieaxil20 mg daily) and sulindac (150
mg/twice daily) were administered to patients viitsectable lesions or R2 resections. In
cases of recurrence, a daily dose of 20 to 120amgxifen and 150 to 300 mg sulindac were
administered. Sulindac was contraindicated in l#epts due to the known cardiovascular
side effects. The use of tamoxifen was omitted aases because of a prior thromboembolic
event. The therapy of high dose tamoxifen in comatiom with sulindac was continued for a
maximum of 24 months, followed by maintenance dddges of 20 mg of tamoxifen and 150
mg of sulindac. Patients who received sulindac wecer regular cardiological control.
Radiotherapy was indicated in agressive cases sigawpid progression in an adjuvant
setting or in irresectable cases showing tumornessjon. The dose of RT for definitive
therapy was 50—-60 Gy in 5—7 weeks at 1.8-2 Gynaetidbn, with wide radiation field mar-
gins of at least 5 cm applied in the direction o$sible infiltrative growth. Doxorubicin based
chemotherapy was administered in a single advacasel locating in the neck with life-
threatening morbidity. Operative morbidity was netsal within the first 30 days after surgery
or during the same hospitalization. There was worceof malignant disease in the histories
of the 94 investigated patients. The soft tissllevieup protocol of the participating

institutes corresponded with the international neg@ndations. Thoracic CT or MRI scans
were performed annually or if recurrent tumor argressive disease was suspected. The
investigated cases were analyzed for family histage, gender, previous trauma to the site of

the tumor, size and site of the tumor, radicalitgurgeries, results of IHC assays,
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reconstructive plastic surgeries, perioperativebiaity, number of recurrences, time to
recurrencies, and adjuvant therapeutic modalities.
For all patients, analysis of time to recurrences walculated from the first surgery of

primary lesions to the diagnosis of the first reeoce.

5. Assessment of the expression of ERs and PRs posadical desmoid tumors by
immunohistochemical assays.

Histological samples of sporadically occurring piipdesmoids acquired from 67 patients
were eligible for the IHC investigations. Each diagis was reviewed and confirmed based
on the relevant WHO criteria. Formalin-fixed panafémbedded specimens were cut into 4
pm sections and mounted on silanised slides. Sectiere deparaffinised, rehydrated, then
washed in Tris-buffered saline (TBS) and subjetbelaeat epitope retrieval in a microwave
in pH 6 citrate buffer. Slides were then incubated% hydrogen peroxide in methanol for 5
minutes to block endogenous peroxidase activitioed by incubation for 20 minutes in a
protein blocking solution to reduce non-specifitizady binding. The primary anti-ERNR
antibodies (Polyclonal Erb88; BioGenex, San Ran@, USA) (dilution: 1:200), anti-ER
antibodies (Mouse monoclonal clone ER88; BioGeiax Ramon, CA, USA) (dilution:
1:40) and anti-PR antibodies (Mouse monoclonal&l#tR88; BioGenex San Ramon, CA,
USA) (dilution: 1:40) were applied for 1 hour abro temperature. Slides were then
incubated for 30 minutes at room temperature Wighrespective anti-mouse or anti-rabbit
immunoglobulin (Ig) G antisera conjugated to a boadish peroxidase (HRP)-labeled
polymer (Dako Envision System, DakoCytomation Derk#dS, Glostrup, Denmark),
treated for 5 minutes with 3-3'-diaminobenzidindf@) chromogen, counterstained with
hematoxiline, and coverslipped. Normal and neodstman breast tissue from the surgical
pathology laboratory were used as positive conéstis. Normal mouse or rabbit sera were
used instead of the first antibodies in negativetiad tests. Classification as positive was
done either according to company guidelines ortirtginal standard protocols for the
positive controls: a minimum of 10% of the tumoliséad to be positive for ER; ER{3 or
progesteron receptor. Only definite nuclear stgmims regarded as positive and cases were
scored by the percentage of tumor cells staininta&10%), 2+ (10-50%), or 3+ (>50%).
Normal breast tissue served as control fordzRnd benign fibroadenoma served as positive
control for ERB, and were run parallel. The staining on the ertiray was performed at the

clinical IHC facility of NIO on two occasions and@&h was scored independently.
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6. Statistical methods

Categorical data were compared using Fisher’s gatiability test and chi-square test.
Recurrence free survival analyses were done ubméaplan—Meier method. Recurrence
free survival intervals were determined as the fr@eod from initial diagnosis to the time of
first recurrence. Univariate analysis of potenfigaitors affecting recurrence-free survival
(gender, age, tumor size, radicality of the fitgigery, and impact of the pharmacologic
treatment) was performed using Cox-regression danadel. Differences were considered to
be statistically significant when p < 0.05. Statst8.0 (StatSoft, Tulsa, OK) was used to

perform all of the statistical calculations.
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VI. RESULTS

1. The successful gathering of a cohort of sporad@esmoid cases and creation of a
database

A cohort of altogether 97 desmoid cases was celeby the investigator. Fifty-seven cases
were primarily treated in the NIO, 38 cases atS8kexmelweis University Orthopaedic Clinic
and 2 cases at the Thoracic Surgical Clinic of IKkgr&lational Institute of Pulmonology.
Three cases were excluded from the investigati@entdwonfirmed hereditary origin. Patients
were multidisciplinarily treated between 1982 afd 2in the above named centers. In all the
cases the personal attendance of the patient,yfamd personal anamnesis as well physical
investigation and completion of the medical recavese succesfully achieved. The 94
sporadic desmoid cases represented 66 female amél28atients with a female
predominance (2.4 : 1). The median age of the pigtiswas 31 years (range, 9—74 years) and
fifty-three female patients (80.3%) were premensphlPhysical, often surgical trauma to the
site of the lesion preceeded the development ahd&s in 26 patients (28%). Desmoids
were located on the region of the chest (includiregneck, shoulder girdle and the axillary
space) in 28 patients, in the abdominal wall irpa8ents and in the extremities (including the
buttocks) in 38 patients. None of the patients madticentric disease. As for the surgical
radicality of the primary tumor, 52 cases (55.5&sulted in RO, 39 cases (41.5%) in R1 and
3 cases (3%) in R2 resections. A reconstructivgisalrprocedure was performed in 54 cases
(57%). Perioperative morbidity was detected in 49es (20%), while perioperative mortality
didn’t occur. The median pathological diameterta primary tumors was 61 mm (range,
20—250 mm). Adjuvant therapy was commenced ford&iepts (53.2%), while 44 patients
(46.8%) did not need adjuvant treatment. The nagisal modalities in the adjuvant setting
varied greatly. Tamoxifen monotherapy in 20 cad@84), tamoxifen in combination with
sulindac in 17 cases (34%) including one patiert vateived imatinib too. Sulindac
monotherapy was chosen for 2 patients (4%). Teemqat(20%) received adjuvant RT, 8
cases (16%) in combination with tamoxifen and cany@nted with sulindac in one case, and
with chemotherapy in another one. Tamoxifen wasiaigtered to 48 out of the 50 adjuvant
therapeutic cases (96%). Follow-up was completedl imvestigated patients and ranged
from 8 to 336 months, with a median of 98 monthstily the follow-up period a total of 122
local recurrence happened. Taking the 3 casesR#@ttesection into consideration, among
the 91 cases with RO or R1 resection 38 cases¥#@)ere recurrence free and local

recurrence occured in 53 cases (58.2%). AmonglhmSes with RO or R1 resection 38 cases
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(41.8%) were recurrence free and local recurreccared in 53 cases (58.2%). Twenty-two
cases developed one, 13 cases two and 18 cases@elocal recurrences. Surgical
resection due to a recurrent tumor was performédtib@es. The radicality (RO vs. R1 or R2)
of the re-resections decreased significantly (P&D6) from the ¥ recurrence orlable 3a
and 3b.

2. Confirmation of the sporadical origin by ruling out germ line mutations of the APC
gene by clinical and genetic investigations.

Three patients were found to carry a deleteriou€ ARitation in the screened section of the
gene and were subsequently excluded from the fuirtiestigationsTable 4. All of these
patients were diagnosed with both desmoid tumadspanminent colorectal polyposis.
Interestingly, two of these mutations were outsiteclassical ,desmoid-cluster” region of
the gene, suggesting that genotype-phenotype atae$ should be inferred with caution.
Figure 7 and 8.The three patients with hereditary desmoids wreotuded from the further
investigations. At the last follow-up only one bt was aliveTable 5. The remaining 94
cases were confirmed as sporadic desmoids. Notewf had a positive family history, nor
developed polyposis contolled by colonoscopy dutimegfollow-up period. In conformity
with the literature, our investigation approved takability and cost effectivity of genetic
testing the APC gene.

3. The detection of the3-catenin mutation status.

3.1. CTNNB1 mutations are highly prevalent in spordic desmoid tumors

Fifty-eight tissue samples from 51 patients weigilde for evaluating the prevalence of
CTNNB1 mutationsAll cases had sufficient DNA extracted for CTNNBgon 3 genotyping
and the results were definitive in all cases. Tatllase provided appropriate clinical
information in relation to the 35 female (68.6%yd® male (31.4%) patients. Median age
was 33 years and ranged from 8 to 66 years. Thanfimlg sites were involved: chest in 13
cases (25.5%), abdominal wall in 17 cases (33.3%b)eatremities in cases 21 (41.2%).
Tumors presented with variable size ranging fromic2®40 mm (median, 83 mm). Samples
from primary lesions were available for all thefstients, and by 5 patients 7 tissue samples
from recurrencies were found appropriate as welthe investigations. A mutation was
identified in 30 (58.8%) of the 51 primary tumoffie CTNNB1 exon 3 mutation profile in
tissue samples taken from recurrent desmoids W@ lidentical with the mutation profile

of the primary tumor of the same patients. Femateepts were more likely than male
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patients (60% versus 50%) to have a mutation ludifierence didn’t prove to be significant
(P=0.387). Next the CTNNBhutational spectra was determined. Interestingily 8

different point mutations in 2 different codons @dd 45) could be identified in all mutated
samples (n=30 of 51 total): ACC to GCC in codor(4i1A), resulting in the replacement of
threonine by alanine, was identified in 15 sam@80); TCT to TTT in codon 45 (45F),
resulting in the replacement of serine by phenyiaks, was identified in 12 cases (40%);
TCT to CCT in codon 45 (45P), resulting in the em@iment of serine with proline, was
identified in1 sample (3.3%) and a deletion wasidied in 2 cases (6.7%lrigure 9-11.

Upon analyzing the incidence of the specific CTNNJ&he mutations and their correlation to
patient and tumor variables, a higher incidencief41A and 45F mutation was identified in
females versus males (75% versus 25%, and 73.384s/86.7% P=0.922). In terms of tumor
site, lesions involving the extremities showedgmiicantly higher incidence of the 45F
mutation (58,3%, P=0.018) and tumors originatinthim abdominal wall showed a

significantly hihgher incidence for 41A mutatiorg®o, P=0.037) versus all other sites.

3.2. CTNNB1 45F mutations significantly correlate \ith increased desmoid recurrence
The investigator assessed the correlation of thatmn of any specific CTNNB@iene with
clinical outcome. The different CTNNB1 gene mutatibcohorts were found to present with
different recurrence-free survival rates, which w@mificantly inferior for patients with the
45F genotype (P=0.008) (Cox-regressidrgble 6. Only one sample was found to harbor a
45P CTNNB1gene mutation, and so this tumor was excluded &inatysis. Younger age
(<30) at diagnosis as an increased propensityofwl recurrence was further identified by
univariate analysis (RR 0.959; 95% CI 0.933-0.985(.002). Other parameters just as
gender, tumor sites (chest vs. abdominal wall xsemities) and tumor size did not show
significant difference. Multivariate analysis wast performed due to the low number of
cases. The 45F CTNNBfene mutation-harboring tumors demonstrated sgamfidifference
to WT tumors in comparison with local recurrence nasing the log-rank analysis (P=0.009).

Figure 12.

4. The analysis and comparison of the clinical angathological data of the sporadical
desmoids in the three subgroups.

4.1. Sporadical desmoid tumors of the chest
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There were 19 female and 9 male patients with aanexbe of 35 years (range, 11—74
years). Surgical or physical trauma to the sittheftumor preceded the development of
desmoids in 9 patients (32%). As many as 64% ofuhrs originated in the shoulder
girdle. The location of the primary tumors is digtdiin Table 7. Patient symptoms included
palpable lesions (86%), pain (71%), loss of motmiction (25%), and hypesthesia (7%) of
the upper extremities. Eleven percent of the pttierere asymptomatic, and their tumors
were diagnosed by routine X-rays. Symptoms appestrradnedian of 12 months before the
diagnosis. Regarding the imaging tools used irdtagnosis, a chest X-ray was utilised in all
of the cases, CT scans in 22 cases (79%), US stpmil5 cases (54%), MRI in 13 cases
(46%), and angiography in two cases. The mediamtwize, measured by the imaging
techniques was 63 mm (range, 10—210 mm). The sealithe preoperative FNA of 22
samples suggested desmoids in 14 (64%), fibromhaanand low-grade fibrosarcoma and
fibromyxoid sarcoma in four cases while in two sgaske samples were proved to be
inadequate for cytological examination. In 83%lwf 1.8 cases in which CNB was performed,
the diagnosis of aggressive fibromatosis was caeftt. Low-grade fibrosarcoma was
suspected in 3 cases. The incisional biopsy wagdawut in one case and confirmed the
desmoid tumor. Upon the pathological examinatiothefprimary specimens, an RO excision
was achieved in only 50% of the patients. Of ther2itroscopically wide surgical excisions,
10 cases (37%) were full-thickness and 17 cases (@8€6) partial-thickness chest wall
resections. The number of ribs resected was 1Rartial or complete scapula and clavicle
resections waere performed in six and four casgsentively. The disease of 3 patients
necessiated compartment resection. Mediastinalggetpn indicated tumor removal through
sternotomy in one case. The median pathologicahelier of the resected tumors was 50 mm
(range, 20—210 mm). Nine patients had their chedisvgtabilized by synthetic meshes
(polytetrafluoroethylene ePTFE — Gore-Tex dual méxbre-Tex soft tissue patch, prolene
mesh (Ethicon), and vicryl mesh (Ethicon) and necd@ble implant complications occurred
presumably due to the antibiotic prophylaxis agplReleural involvement indicated wedge
resection of the lung in 3 patients. Soft tissueecage was achieved with transposed muscles
in six patients. The rate of complications was 288 .operative deaths occurred. In the
subsequent follow-ups, first recurrences were notdd (63%) of the 27 resectable (in both
RO and R1) patients while 10 patients (37%) renthneeurrence free. The median time to
first recurrences was 30 months (range, 10—120 InsdpnT he radicality of the surgeries that
were performed on recurrences are detailethinle 3a.Altogether, 35 surgeries were

performed on recurrences. One patient died of sthaore the end of the follow-up, another
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patient was in a weak general condition due toxa@nsive desmoid in the shoulder girdle,
and superior vena cava syndrome was diagnosed angéher case. One patient needed
neurosurgical intervention and stabilization of sppgnal. The median duration of anti-
estrogen therapy in 18 patients was 68 months €;at@—171 months) and the median
length of tamoxifen and sulindac combinaton therap}2 patients was 48 months (range,
10—118 months). The observed and reported sideteftd the aforementioned
pharmacological therapies were weight gain in Tep& (38%) and hot flashes in 4 patients
(22%). ERe. and PgR showed 100% negativity, whereaspg®sitivity was observed in

50% of the samples. Radiotherapy was applied iat2ipts with recurrent tumors on the nape
of the neck and the retrosternal region. Both lesiwere observed to recur and progress 9
and 14 months after treatment, respectively. A witd6 patients (57%) were found to be
recurrence free, whereas residual or recurrent tsinvere detected in 12 patients at the time
of their last follow-up examination. Sixty-severrgent of the recurrences exhibited stable
disease according to RECIST 1.1 during the lasbfths of follow-up, while 33% of the
tumors demonstrated slow progression despite tgeing multimodal therapy. Statistical
analyses of the categorical data such as genderiwagor size, ER status, and sulindac
treatment using Fisher’s exact probability test t@chi-square test established that these
factors did not correlate with surgical radicalifgble 8. Since tamoxifen was not an
independent factor (significance is explained byatljustment for R1 and R2 resected cases
and for recurrent tumors, corresponding to our\ajti protocol), it could not be used in the
multivariate analysis. However, local recurrende rmaas significantly affected by the surgical
radicality of the primary tumor (P=0.00065) andsadihc treatment (P=0.029) in the
univariate analysis by log-rank statisticable 9. Factors that were not significant included
gender, age, tumor size, and ER positivity. Thaiant difference on the factors affected
by the recurrence-free survival group was demotestray Kaplan—Meier curvegigure 13.
The multivariate Cox regression model confirmedaththe local recurrence rate was
only significantly affectedy the surgical radicality of the primary tumor (PG@L). Table
10. Factors that were netgnificantincluded gender, age, tumor sigalindactreatment,

and estrogen receptor positivifjhe follow-ups were completed in all patients.

4.2. Sporadical desmoid tumors of the abdominal whl
Twenty-three female and 5 male patients belongediscsubgroup with a median age of 29
(range, 19—59 years). Antedescent surgical or phlfiauma to the site of the tumor was

identified in 7 patients (Cesarean section in 8, arcidental trauma in 2 patients) (25%).
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Primary tumors were located in the anterior abdamivall in 100 %, including the inguinal
region in 4 cased.able 11. In order of their frequency, patient symptoms ideld palpable
lesions (89%), abdominal disconfort (35%) and [§aR#6). One patient (3.5%) was
asymptomatic, where the tumor was identified actialéy by ultrasound at a routine medical
check-up. Symptoms appeared at a median of 6 mbefose the diagnosis. The imaging
tools applied for the diagnosis were US in alllef tases, MRI in 15 cases (53%) and CT
scans in 12 cases (43%). The median tumor sizesuregh by the imaging techniques was 65
mm (range, 20—180 mm). The samples of 12 patiéi®o] were suspected to be desmoids
according to the results of the preoperative FNAemgas samples from 5 patients were
inadequate for cytological assessment. CNB confirthe diagnosis of aggressive
fibromatosis in 15 out of the 16 cases examinethlsymethod. Low-grade fibrosarcoma was
suspected in one case.

Pathological results of the primary specimens slaotivat an RO excision was achieved in 18
cases (64%). Of the 28 macroscopically wide sul@ixeaisions, 18 cases (64%) were full-
thickness and 10 cases were (36%) partial-thickalkbdeminal wall resections. The median
pathological diameter of the resected tumors wangB(range, 20—180 mm). Synthetic
meshes were utilised for the stabilisation of théaamninal wall in all the 28 cases
(polytetrafluoroethylene ePTFE — Gore-Tex dual mésbre-Tex soft tissue patch, prolene
mesh (Ethicon), and vicryl mesh (Ethicon). The aphntibiotic prophylaxis ensured the
lack of detectable implant complications, only pestdicial wound infection localised to the
subcutis was detected. Soft tissue coverage vatisprosed musculocutaneous flaps was not
necessary to perform. No perioperative deaths oegutlhe rate of complications was
10.5%. First recurrences were recorded in 10 (3bofhe 28 resectable (RO and R1)
patients during the subsequent follow-ups. TheWllups were completed in all of the
investigated patients. Eighteen patients (64%) viared to be recurrence free. The median
time to first recurrences was 26 months (range, 86-+honths). The radicality of the
surgeries that were performed on recurrences aadletbinTable 3a Altogether, 17 surgical
interventions were performed due to recurrencesp®lents were alive and tumor free at the
last follow-up. Abdominal wall hernias developedipatients, and in one case mesh bulging
was confirmed. The median duration of tamoxiferrdpg in 11 patients was 25 months
(range, 8—36 months). Four patients received tafanyand sulindac combination therapy
for the median length 20 months (range, 8—25 mgnWgight gain and hot flashes were
reported by 4 patients (36%) and in 6 patientsi%?.respectively. ER-positivity was
observed in 13 cases (46.4%) by IHC analysis, véselERe and PR assays resulted in 100%
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negativity. The inguinally located tumor of oneipat was observed to recur twice, thus RT
was applied. Fifteen months after the re-reseafdhe last recurrence the patient is disease
free. All the patients were found to be recurreinee at the time of last checkup. Statistical
analyses of the categorical data (gender, age,rtamm®, ER status) using Fisher’s exact
probability test and the chi-square test determthatithese categories did not correlate with
surgical radicality. Because of the low numberuwinglac use, the cases using tamoxifen and
sulindac were summed upable 12 The significance of tamoxifen and sulindac (p6719

% is explained by the adjustment for R1-resectegsand for recurrent tumors, correspon-
ding to our adjuvant protocol. As a result, tamerifvas not an independent factor and, it
could not be used in the multivariate analysigheunivariate analysis by Cox-regression
model, the local recurrence rate was significaatfgcted by the surgical radicality of the
primary tumor (P=0.006)able 13 Factors that were not significant included gendge,
tumor size, and ER positivity. The significant difnce on the factor affected by the

recurrence-free survival group was demonstratelddptan—Meier curved-igure 14.

4.3. Sporadical desmoid tumors of the extremities.

The subgroup included 24 female and 14 male patieith a median age of 30 years (range,
9—59 years). Thirteen patients (34%) reported aseeht surgical or physical trauma to the
site of the tumor. The location of the primary tusis detailed imable 14.Eleven tumors
(29%) were located in the upper extremity, while(2X%) tumors in the lower extremities.
Patient symptoms included palpable lesions (84%ih (12%), decreased joint mobility
(21%), neurological symptoms as loss of motor fiamc{18%) and hypesthesia (10%),
swelling of the extremity (10%) and appeared atedian of 8 months before the diagnosis.
Among the diagnostic imaging tools, US was useBlicases (79%), X-ray of the extremity
was performed in 19 cases (50%), CT scans in 1&d&9%), MRI in 27 cases (71%), and
angiography or angio-MRI in 7 cases (18%). The medimor size, measured by the
aforementioned imaging techniques wasm@ (range, 20—250 mm). Desmoids were
suspected in 13 cases (65%), fibroma in one, amehfade fibrosarcoma in 4 cases according
to the results of the preoperative FNA of 20 (5Z2#ples. Samples of two patients were
inadequate for cytological assessment. CNBs wearfenpeed in 28 cases (73.6%) and the
diagnosis of aggressive fibromatosis was confirme2R%. Low-grade fibrosarcoma was
suspected in 2 cases. The incisional biopsy wdsenpeed in 3 cases and confirmed the
desmoid tumor. Regarding the pathological resdlte@primary specimens, an RO excision

was achieved in only 19 cases (50%). Macroscopigdtle surgical resection was peformed
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in 32 cases (84%) whereas 4 patients (10.5%) uregr@ompartment resection of the
buttock resection, adductor compartment, quadrieepsthe entire brachioradialis muscle.
The tumor of one patient originated in the poplifeasa, thus the popliteal arteria had to be
grafted. Although en block resection with additibbbane resection was performed in 1 case
(partial resection of the fibula), amputations weot performed. The median pathological
diameter of the resected tumors wasi@ (range, 25—250 mm). Soft tissue reconstruction
was performed with transposed myocutaneous flapgiatients (15%), and additional 4
patients needed full- or partial thickness skirftgraverage. No operative deaths occurred.
The rate of peroperative complications was 23.7i¥6t Fecurrences were noted in 28 (77%)
of the 36 radically resectable (in both RO and pdt)ents. The median time to first
recurrences was 32 months (range, 6—108 months)pdigents (26.3%) proved to be
recurrence free. The radicality of the surgerig$opmed on recurrences are detailed able
3a. Altogether 52 surgeries were carried out on necwges and the follow-ups were
completed in all of the investigated patients. l#d kast follow-up all the patients were alive.
Twenty-seven patients (71%) were disease freedgratients had stable disease, while 7
patients had recurent tumors with slow progresdiore patients complained about limitation
of joint motion, 4 patients experienced neurolobsyanptoms like loss of motoric functions,
and 7 patients suffered from hypesthesia of thectdtl region or the distal part of the
extremity was experienced. The median duratiomtfestrogen therapy in 19 patients was
43.2 months (range, 11—78 months). The median heoigtamoxifen and sulindac
combination therapy in 4 patients was 32 monthsg@a9—68 months). The following
adverse effects were recorded: weight gain in l@mps (52%) and hot flashes in 10 patients
(52%). The IHC analyses of sex receptors were pedd in 28 cases: ERand PR showed
100% negativity, whereas E[Rpositivity was observed in 12 cases (42.8%). Radiapy

was administered for 7 patients (18.2%). Five ehthwere observed to be tumor free while
recurrence was found in 2 cases with a median en@iths followng treatment. A total of 27
patients (71%) were found to be recurrence freereds residual or recurrent tumors were
detected in 11 patients (29%) at the time of tlasit checkup. As many as 36.3% of the
recurrences exhibited stable disease accordinge@IKT 1.1 criteria during the last 6 months
of follow-up. However 63.7% of the tumors were &werized by a slow progressidaspite
the ongoing multimodal therapy. Categorical datzhsas gender, age, tumor size, ER status
did not correlate with surgical radicality deterehby Fisher’'s exact probability test and the
chi-square test. Because of the low number of dasated with sulindac statistical analysis

was unable to perform. The significance of tamox(fie=0.007) and RT (P=0.001) is
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explained by the adjustment for R1 or R2 resectsg s, corresponding to our adjuvant
protocol. Neither of these can be considered asdependent factor and thus, could not be
used in the multivariate analysigable 15 In the univariate analysis by Cox-regression
model, the local recurrence rate was significaatfgcted by the surgical radicality of the
primary tumor (P=0.013)able 16.Factors that were not significant included gendge,
tumor size and ER positivity. The significant diface on the factor affected by the
recurrence-free survival group was demonstratelddptan—Meier curved-igure 15.

4.4 . Comparisons of the clinical results among thilaree cohorts of different tumor
locations.

Significant differences were not detected amonghhee cohorts in terms of surgical
radicality of the primary tumor (RO versus R1 ar) =0.281), gender (P=0.236), age
(P=0.201), ERB status (P=0.122) and tumor size (P=0.435).

The recurrence-free survival showed a decreasamgitas follows: abdominal, chest and
extremitiesFigure 16.Significance was confirmed using log-rank analy&sveen tumor
locations 'abdominal’and 'extremity’ (P=0.0061), Nehno significance was found between

'abdominal’ versus 'chest’ (P=0.086) and 'chest'stes "extremities’ (P=0.253).

5. Assessment of the expression of ERs and PRs posadical desmoid tumors by
immunohistochemical assays.

The assessment included the tissue samples ofoBadspal desmoid patients: 51 female
(76.1%) and 16 (23.9%) male patients with a med@of 32 years (range 9-65 years),
accounting as the 3rd largest study in the litegatu

The tumor was located in the chest in 19 pati€28s36%), abdominally in 20 patients
(29.85%) and in the extremities in 28 patients§2d). Table 17.Stains for ERe and PR
were uniformly negative, whereas 36 cases (53.7%p)al/ed expression of ER-3+
expression in 31 cases (86.1%), 2+ expressiorcasds (11.1%) and 1+ expression in one
case (2.8%)Figure 3f. The distribution of ER3 positive tumors were as follows: 31% were
located in the chest, 36% in the abdominal regith28% in the extremities. There was no
significant correlation between the BRstatus and gender (P=0.732), age (P=0.281) or
location (P=0.289) and size (P=0.924) of the turtios. interesting to note that in one case
the primary tumor showed 10% HRpositivity, while another sample taken from a reent

tumor of the same patient 5 years later display®d R $ positivity. RO resection was
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achieved in 38 cases (56.7%) only. The median pagloal tumor diameter of the
investigated cases was 80 mm (range 25-210 mmitydto pateints (47.7%) in the IHC
screened group received adjuvant tamoxifen treatrreairteen of the 32 patients (43.75%)
treated with tamoxifen and subjected to clinicaemsment had ERpositive tumors. At a
median follow-up time of 110 months (range, 5 t6)383 cases (64.2%) had local
recurrences, and no difference between thegfpRsitive (12/14) and ER-negative (18/18)
patients treated with tamoxifen were detected (B84).
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VIl. DISCUSSION
1. Successful creation of a cohort of sporadic desmd cases and a database
Sporadic desmoids are extremely rare lesions. Aspiportunities offered by molecular-
genetic diagnostic tools are getting broader, tiralver of papers published on the possible
etiology of desmoids is increasing as seen in tegears. Many reports are focusing on the
IHC profile of this type of tumor. However due teetlow number of involved cases and the
databases that often merge sporadical and FAPiasmbor primary and recurrent tumors,
results are often rather inconsistent (28, 62,7383, 85, 91, 93, 110, 111, 137, 161, 162).
The facts contained ihable 18demonstrate that there are considerable limitatajrihe
comparison of the data of retrospective investigestj even with higher number of involved
cases. Furthermore, partially as a consequendeohtonsistency regarding the etiology,
there is currently no controlled or standard therapd radical surgical resection is the
mainstay of the therapy. Limitation of our studyhe multicentric retrospective way of
database creation. However the relatively largeberof patients with sporadic primary
desmoids (n=94), the constant therapeutic modsylitied the long term clinical follow-up
(median 98 months) together proved to be eligibiariolecular-genetic and IHC
investigations and scientific analysis of the dAmmentioned earlier, no evidence based
therapy exists yet. To resolve the problem of t@& e incidence, and to allow the same
research aims, international efforts were madedate data bases. Netherlands’ nationwide
network and registry of histopathology and cytop&aigy, PALGA ("Pathologisch-
Anatomisch Landelijk Geautomatiseerd Archief") whitas coverage since 1991, served as
the source for one of the largest study by Nieuwenét al. (2011) (91, 163). Conticabase, a
European sarcoma database and tumor bank curcemiigins the data of 11570 patients and
11614 rare soft tissue tumors together with 138%&e samples from 31 centres throughout
the continent (58, 164). Conticabase contains ama®d information about the tumor,
treatment and follow-up. Tumor samples are alsdata and so are molecular biology
analyses for mesenchymal lesions. The investigaeregistered the NIO into Conticabase,
and the transfer of the parameters of the 94 spocades is in progress. Data transfer is
achieved by the use of the so called SNOMED CT sgiggtem (Systematized Nomenclature
of Medicine Clinical Terms), which is a systemallicarganised computer processable
collection of medical terms providing codes, tersgonyms and definitions covering
diseases, findings, procedures. This way a comsigtay to index, store, retrieve, and
aggregate clinical data across specialties ansl giteare is made possible. Another

application of our database was to join to the Huiag National Coordinating Research
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Group of Rare Diseases which was established i8 20 the agreement of the Rare
Disease Center of the National Centre for Health@ardit and Inspection of the National
Public Health Service (ANTSZ OSZMK) in cooperatiwith the University of Pécs. Our
multicentric database has succesfully enabled ¢h@mnance of the planned molecular-
genetic, IHC and clinical investigations and relgastatistical analysis. The database was
registered to the national and the European dat¢abzgare diseases and soft tissue tumors,
to support additional scientific research of sparaidsmoids. The Department of Breast and
Sarcoma Surgery of the NIO is ready to participatgrospective randomized international

studies in the future, based on the experienceeddhrough the present study.

2. Confirmation of the sporadical origin of the demoid tumors.

Testing for APC germline mutations in FAP familless become an efficient tool for
predictive testing of subjects at possible risk snaow commercially available and has led to
changes in management guidelines, particularlytfose whose tests indicate they are not
mutation carriers. If the germline mutation caudi#gP is detected in a given family, carriers
are selected who need to undergo surveillancedaeendoscopies. Presymptomatic
genetic diagnosis of supposed FAP patients hasfieasible with linkage and direct
detection of APC mutations (165, 166). These tesigire a small sample of blood in which
the lymphocyte DNA is tested. Ancillary family mearb, (more than one affected
individual), need to be studied to identify geneieas when linkage analysis is applied.
Fewer family members’ blood samples are requiredlii@ct detection, but the specific
mutation must be identified in at least one affégerson by DNA mutation analysis or
sequencing. The detection rate is approximately 88#tg sequencing alone (167). Since
whole exon deletions in 12% of FAP patients witeyiously negative APC testing were
reported, deletion testing has been added as @amnapadjunct to sequencing of APC (168,
169). Intragenic deletions appear to be detectdddyiplex Ligation-dependent Probe
Amplification (MLPA), a variation of the multiplegolymerase chain reaction that permits
multiple targets to be amplified with only a singiemer (170). MYH gene testing may be
considered in APC mutation—negative affected irtials (171). Patients with fewer than 100
colorectal adenomatous polyps are a diagnostidesig@ (167). The differential diagnosis
should include Attenuated Familial Adenomatous pPogys (AFAP) and MYH-associated
colorectal neoplasia (also reported as MYH-assedipblyposis or MAP) (167). Mutations in
the MYH gene (mutY homolog (E.coli), MUTYH) causgarmline homozygous recessive

form of familial adenomatous polyposis, where pslgaused by mutated MYH do not
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appear until adulthood and are less numerous ti@setfound in patients with APC gene
mutations (173). AFAP can be diagnosed by testngé&rmline APC gene mutations.
Presymptomatic genetic testing removes the negesfssinnual screening of those at-risk
individuals who do not have the gene mutation (166} at-risk individuals who have been
found to be definitively mutation-negative by geaég¢sting, there is no clear consensus on
the need for or frequency of colon screening thaalbbxperts agree that at least one flexible
colonoscopy examination should be performed inyestulthood (by age 18-25 years) (165).
In the present study 3 of the genetically screédtedesmoid cases revealed to carry the
germline mutation of the APC gerfagure 17.In 2 of the 3 cases family history was positive
for FAP, but not in the 3rd case and genetic tgstonfirmed a germline mutation
(R1450X(4348C>T) of the APC gene. The 17-year-elddle patient presented with a
primary extra-abdominal desmoid in the lumbo-sagion in 2002. Three polyps were ex-
cised from the large intestine via colonoscopy. @eéemoid was radically excised, and local
recurrence occurred after a follow-up time of 16nths. The recurrent tumor was resected
several times with R1 surgical margins in the foottning 3 years and the patient also
received RT to the lumbo-sacral region (50 Gy,Gydday, 18 MV) and tamoxifen in
combination with sulindac. At the time of the l&dtow-up, a locally recurrent tumor was
confirmed, showing slow progressiorhe young patient was lost to follow-up for 2 year
She came back to our department in 2009 with mededaveight loss. Colonoscopy revealed
polyposis syndrome. A total colectomy with jejurayaly was performed. Histological
examination verified adenocarcinoma in the coldme Patient refused chemotherapy. Three
months later she was admitted to our outpatientacWith dyspnea and abdominal pain.
Chest CT showed multicentric giant desmoids inritjiet pleural cavity, confirmed by CT-
guided percutaneous core biopsy, another in ti higmithorax and a lesion located in the
right abdominal wall. Palliative chemotherapy (daxXmcinand dacarbazine) was performed,
but the patient died 5 months later.

Beside the desmoids in all 3 germline mutated cages manifestations of FAP syndrome
appeared such as multiple colon polyps or plypegiglermal cysts, osteomas. After the
exclusion of the FAP-associated cases, the rengadmpatients with negative clinical and
genetic tests and family anamnesis did not showsajmns of FAP during the median follow-
up time of 98 months. Colonoscopy, or occassior@llycolonography was performed in
every 5 years in the investigated population, gpoading with the international
recommendations (8, 11, 131). Sporadically, poltgees were performed, but multiple

polyps or polyposis were not detected. On the bakt®e above detailed experiences and
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results, the author agrees that genetic testingtheg with accurate family anamnesis,
physical investigation and colonoscopy is a rekadoid non-invasive method to confirm FAP
even without positive family anamnesis. It is imgdere that FAP families be referred for
genetic counselling, genetic testing, early diagna@nd clinical management to centres that
are aware of the complexity of both surgical ingetion and possible implications of

molecular findings for individual patients.

3. The detection of the3-catenin mutation status.

Sporadic desmoid tumors often turn out to harberuited3-catenin signaling pathway (2,
7,11, 60, 61, 62, 66, 174, 175). The rare occegar the tumors prevented evaluation of the
actual prevalence of such mutations, and thusaéively small numbers of cases are available
for analysis in the literature (59, 61-63, 66, 1745).Table 19 The present study identified
CTNNB1 gene mutations in 58.8% of the investigated 51s;amicipated as thé'dargest
reported in he literature. This finding further Gams the results of a recently published
series, strongly suggesting that CTNNB1 mutatiaresheghly prevalent in sporadic desmoids
(61-63, 66, 174, 175). A reasonable explanatichedower ratio of CTNNB1 mutation
reported by Saito et al. (2002) and Abraham gR8al02) is the different technique used for
the mutational analysis and also the differencésden patient ethnicities (59, 175). All the
investigated patients in our study were caucasiusatedp-catenin have been found in
many cancers at various incidence levels. The ndfyledevated rate of such mutations in
sporadic desmoids detected in various investigatipatentially makes this disease as one of
the most likely to harbor this specific geneticetgriation and suggests potential clinical
application (62, 63)3-catenin sequencing can indeed be used as a possitiplementary
diagnostic tool for desmoids. The differential diagtics of this lesion can sometimes be
difficult to establish, particularly in recurrenésimoid cases, howevigicatenin sequencing
can be easily and reproducibly conducted usingffias@mbedded tissue samples extracted
via needle biopsy. Although negative results dopmetlude the diagnosis of desmoid, a
positive result for an exon@catenin mutation would serve to confirm a diagaasi

desmoid (62, 63). Moreover, when insufficient tummaterial is available for histological
analysis, it means no barrierfiecatenin sequencing, as it requires just a fewfrgpiNA

(62). The sensitivity and specificity of the methsdhot evaluated yet, but it is helpful in
resolving complicated cases. Molecular prognosackars are unknown, but the
heterogeneity of biological behaviour of desmoidggests biological differences (2, 7, 15,

25). In conformity with other publications we haalso observed that desmoid CTNNB1
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mutational spectra are rather limited (61-63, 681,1.75). Interestingly, only three specific
mutations are noted: 2 involving codon 45 and biving codon 41, with all mutations
clustered at Threonine 41 (41A) and Serine 45 @%F45P) in all topographies, suggesting
that these residues have crucial functions irithatenin/Wnt signaling pathway (59, 61-64,
66, 174, 175). In our study we identified that ridlkecurrence in desmoids is significantly
associated with the specific CTNNBdutation of 45F (P=0.022). A larger than threefold
increased risk of recurrence is found in tumor$whis mutation, proposed to begin to be
manifest at a significantly earlier time point imetdesmoid tumor-host encounter (63). To the
best of our knowledge, this study is among the 8renes to correlate desmoid mutation type
with clinical outcome, suggesting that the biol@iconsequences of the 3 different CTNNB1
mutations in exon 3 are not equivalent. There neglifierences for instance between the
ability of the 3 mutant versus stable wild-typetpios to act as transcription factors, to enter
the nucleus, or to achieve stability in the cell@avironment. In conformity with the results
of Lazar et al with abdomial tumors, our study supga role for 45F mutation as a
prognostic factor strongly associated with recuree{62, 63). Domont et al have observed
only a weak trend for S45F compared to local remae in a cohort of extra-abdominal
lesions, a discrepancy that may reflect differenceke clinical entities studied (62, 63). Due
to the high propensity for recurrence of desmoidmeafter radical surgery, the use of
nonsurgical approaches as adjuvant strategies magiicularly applicable in 45F mutated
desmoid patients, and definitive mechanism-eluaidagtudies are yet to be conducted (7,
25). External beam RT, anti-hormone and NSAID thgrdaelong to these nonspecific
adjuvant treatments and may be useful in prevem&ogrrence, especially in recurrence-
prone cases such as the 45F mutated lesions. Netadenin expression by IHC in
desmoids was evaluated by multiple studies and dstraied significance with an overall
prevalence ranging from 82 to 100% (63, 176-178)s Tinding was identifiable in 85% of
the investigated cases in our cohort of desmoid2gh Although a recent publication
indicates that an increased nuclear expressio@08c>0f the tumor cells had a significantly
higher recurrence rate than desmoids lacking nufleatenin expression, little is known
concerning the utility op-catenin expression as a prognostic marker for detsr{87). Our
investigation could not demonstrate such a diffeeesince desmoids negative facatenin
staining were very rare. Furthermore, the assaciaif lowerp-catenin intensity levels and
CTNNB1 S45F mutation type independent-ly correlat&tt a higher tendency for recurrence
in a study by Lazar et al (63). The causal relatigm between the 45F mutatighcatenin

expression, and desmoid recurrence are still wobérmed in further investigations. In
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summary, our study suggests that genotyping of CBENékon 3 may provide information
regarding risk of recurrence and personalised adljutherapies and as a diagnostic test is
could be useful in situations such as insufficisare needle biopsies or differentiating a post-
surgical scar from desmoid recurrence. Prospettias are needed to test such possibilities.
Molecular insights such as these may ultimateld leanovel therapeutics for a disease in
which no new efficacious treatments have beendiited for the past few decades (62, 63,
176).

4. Three subgroups formed as a consequence of theadysis and comparison of the

clinical and pathological data of sporadical desmditumors.

4.1 Sporadical desmoid tumors of the chest

Although desmoids of the chest represent 20% ahdfa-abdominal fiboromatoses, our study
encompassing 28 cases proved to be the secondtlagdert in the English-language
literature (2, 22, 23, 140). Desmoids can arisgtsite of the chest, but the most common
site is the shoulder girdle, as has been confinméde present investigation too. Only 26
intra-thoracic desmoids cases have been reportiee iliterature (120). The clinical
manifestation of chest desmoids is hon—specifjically discovered as palpable masses, and
chest pain, dyspnea, cough, shortnessof breatietieess, chest wall swelling, and dysphagia
are its major symptom3able 20.Although incisional biopsies are sometimes inev@ab
CNB is the diagnostic method of choice due to tigl kdegree of its diagnostic accuracy (up
to 92%) (140). Aggressive surgical managementwithide local excision is generally
recognized as the most effective treatment (22723, 140, 179). Because radical (RO)
resection is often a therapeutic challenge andipesurgical margins are associated with a
high risk of local recurrence, the adjustment afiaidnal multimodal therapies are expected
to yield better results (22, 23))able 21.A likely consequence of incompletely planned and
performed primary surgical management, RO resectites reported in the literature are
higher than in this patient series. The presenseaf tissue and a higher potency of
invasiveness significantly mitigates outcomes afisties on recurrences. Despite the
removal of extensive areas of the chest wall amdigoous structures, primary closure can
generally be achieved without significant cosmdgatormity or loss of function (22, 23, 140).
Skeletal and soft tissue reconstruction of the tthvadl is ne essary following radical en block
resection in particular cases (22, 23, 140). Varitypes of autologous tissue grafts are
available for chest wall reconstruction, and this$amus dorsi flap is the flap of choice (22,

140).Figure 18.Adequate stability can be maintained via the usgyonthetic meshes.
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Downsizing of radically irresectable tumors caraltempted by neoadjuvant therapy, and
palliative surgical diminution proved to be savimgen vital organs are compressed. A high
complication rate is associated with chest wakcésns, wherein the most frequent
complications are of respiratory origin observed &atte of 20—24% (22, 23, 140).
Postoperative morbidity was 26% and there was stoperative mortality in our
investigation. Nonsurgical therapies include raatoapy and pharmacological treatments (2,
7, 15). The factors that impact local recurreneecantroversial in chest desmoids, so it is
difficult to draw conclusions therein. Brodsky €t(@992) found that gender, tumor site,
tumor size, the incidence of recurrent tumors, iaodmplete resection were not associated
with significant increases in the 29% 5-year |lagealurrence rate (181). The only significant
prognostic variable for recurrence was the patseage at treatment. Nevertheless, positive
margins, reoperation, and postoperative radiatienapy were identified to be factors in
recurrence in the study of Abbas et al. (2004).(2aple 21 In their investigation, as many
as 89% of the patients with positive margins dgwetbrecurrences in comparison to only
18% with negative margins and recurrences occunr&0% of patients who had a prior
desmoid resection and in only 8% who did not hapesaiious resection. Recurrence rate in
patients with negative margins was 27% without aaljit RT, while those who received
radiation therapy did not exhibit any recurrenc®)(In concordance with the findings of
Abbas et al. our study confimred the significanpartance of the radical surgical resection of
the primary lesion. Based on these results, thiegnigecurrence rate of 63% in our series may
be explained by the lower rate of RO resectionrdutine primary surgery and the longer
median follow-up time of 104 months. The investigdbund a significant relationship
between the occurrence of recurrences and theatadiof the first surgery, whereas age,
gender, tumor size, ER status, and sulindac trewdtdié not show any statistical relationship
to it. Our review also clearly demonstrates théaifty and low efficiency of achieving
microscopical-ly negative margins in the surgicahtment of recurrences. As concluded by
the literature local control of future cases mayrbproved by the use of adjuvant RT for in

our practice.

4.2. Sporadical desmoid tumors of the abdominal whl

To our knowledge, the present study is the folathdst series of patients with primary
sporadical abdominal wall desmoids with a longdwaHup period reported in the literature.
Due to the lack of randomized, controlled trialg, ave tried to extrapolate from the

published series those cases with tumors locatzélde abdominal wall to compare with our
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findings (2, 19, 34, 110, 114, 115, 137, 182-184le 22 In all but 2 previously reported
series of desmoids, tumor recurrence occurred leaat a certain extent of patients (19, 182).
In a small series of 4 patients with desmoids efahterior abdominal wall who underwent
neoadjuvant doxorubicin, neoadjuvant RT and surgeryjong-term recurrences were
reported after a median follow-up time of nearlyers (182)It should be noted that serious
overtreatment was achieved in this report. Five {@zl recurence rates of 8 to 44% were
reported by other series, and was 36% in the ptesedy (2, 34, 110, 114, 115, 137, 182,
184). Most recurrences are usually observed wBhyears, and nearly all by 6 years and m
ost of the studies found that the presence ofipessurgical margin proved to be relevant in
patients with recurrent disease (19, 34, 110, 118, 137, 182-184)Nell corresponding

with these results, the median time to recurrencmur series was 26 months (range 6-110
months) and the investigator established that oisigia wide disease-free margin is crucial
for reducing the recurrence rate. One-stage tredtmieh immediate mesh reconstruction
proved to be cost-effective and increased the awatdefinitive cure due to the low rate
(10.5%) of abdominal wall hernias at 92 months medollow-up time and at 63 mm of
median disease diameter. A remarkable drawbackefstage mesh placement is the intra-
operative detection of microscopic margin statusn& authors used frozen sections of the
closest margin as an alternative but the relevatitgbogical analysis of desmoid tumor
margins is debatable, especially in recurrent tsnoorscar tissue (19). The exact location of
the tumor within the abdominal wall is more appraf& to the increasing extent of resection
until free margins, than in other locations like tthest or the extremitiesSigure 19.The
author concludes that the resections of abdomihadigted desmoids were successfull
because none of the patients had recurrencies #shfollow-up. Abdominal wall desmoid
tumors seem to have a favorable prognosis, in caegrawith desmoids of the chest or
extremitiesFigure 16.The four long-term minor complications of the abdiaahwall
reconstruction with mesh reported: 3 patients Hatbainal hernias and 1 women
experienced mesh bulging. The bulge, which resditad the relaxation of the mesh inserts,
could be an indication for surgery, both becausth®possible subsequent chronic pain
syndrome and the cosmetic problems. Surgery wamdigiated in our patient due to the
observed symptom relief after physiotherapeutisises. Anecdotal reports or small series
are to be found on the pharmacological treatmerabdominal-wall lesions (182-184).
Radiation enteritis is a serious risk and thus &iarely used for abdominal wall and intra-

abdominal desmoids (19). As only 40% of the pasievere administered tamoxifen and only
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one patient received RT, no consequences can @ dram our data regarding adjuvant

therapies.

4.3. Sporadical desmoid tumors originating in the @remities.

Significant and often serious problems are poseddsynoids located in the extremities while
the optimal management and long-term outcome resnainlear (93, 184)igure 20.Our
results well demonstrate the surgical complexity arnigh relapse rate (73.7%) in the
treatment of primary extremity desmoids after gglamedian follow-up time of 98 months
(range 18-336 months), in spite of the relativenhigte of adjuvant therapies implemented
(52.6%) (tamoxifen 95%, and radiotherapy 35%).dtf bf our patients (50%), excision was
incomplete significantly impinging recurrence (F&IB). In a multivariate analysis of 138
patients by Posner et al. (1989) positive resectiargin was identified as the most important
independent predictive factor of local recurrert29). Table 23.In conformity, similar

results were obtained by Spear et al. (1998) ieri@s of 92 patients, by Ballo et al. (1999) in
a series of 189 patients (109, 137). The probgwlitradical resection was affected by
whether surgery was for primary disease or forcamenceTable 3.Results from this study
appear significantly poorer than in other seriél (110, 111, 185No correlation between
positive resection margins and recurrence was tetéc a series of 105 cases by Merchant et
al. (1999)42% of primary extra-abdominal desmoids displayesitive margins while only
23% of patients developed a local recurrence fatligvattempted resection at a median
follow-up of 49 months (110). Thirty-one percenttloé patients received adjuvant RT,
mainly those with positive margins. The comparisbthe data is difficult due to the addition
of data of chest and abdominal wall desmoids (4tepis), but it is seen in many other
studies as well (109, 137). Gronchi et al. (2008} Wlustrated the importance of long term
follow up for extremity desmoids. In their stughgtients with primary extremity tumors had a
72% disease free survival at 5 years decreasifg%oat 10 years (111). RT was
administered for patients with positive marginsisimilar study by Pignatti et al. (2000),
where recurrence rate was 41.2% compared to therezce rate of 45.3% in those with
negative margins following surgery alone (18). Alilgh the investigator followed patients
for a mean of 11.2 years, time to recurrence fahgvRT and surgery with surgery alone was
not evaluated (18). There are contradictions sumaowg the role of RT in the treatment of
desmoids mostly due to the significant possibiityleveloping a radiation induced sarcoma
in the predominantly young patient population.Ha teview by Nuyttens et. al. (2000) 0.7%

of patients developed sarcomas in the radiatidd fiewever, local control after RT or
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surgery plus RT was significantly superior to tatiér surgery alone (135)able 24.

Surgically treated patients with free or positivargins demonstrated salvage rates of 72%
and 41%, respectively, and when RT was added gesyrthe local control increased to 94%
and 75%, respectively. After surgery with positmargins, the addition of RT significantly
improved local control compared with surgery al¢re2o vs. 41%). The division of positive
margins into marginal, microscopic, and macroscdplayed postoperative local control
rates of 45%, 41%, and 33%, the rates improve®%,& 9%, and 69%, respectively when
RT was added to surgery. The comparison betwegeiuand surgery plus RT revealed
significant differences between the 3 subgroup® @625, P=5x18, and P=0.038,
respectively), however, in many of the studieseesdd applied short median follow up
periods with only one of the 22 reaching 10 yetims:incidence of local recurrences and
radiation induced sarcoma may have been thus ustdeeted. Possible reasons affecting the
much poorer outcome by local control in our stuafude the significantly higher rate of 45F
CTNNB1 mutation, the large number of positive scagjmargin and the long time follow-up.
Although responses have been reported with otkatrtrent modalities such as anti-estrogens
and NSAIDs, results have been inconsistent (2, 88Y. Many of these lesions are
asymptomatic at presentation (45% in our study)y stabilise and show no evidence of
progression for many years or exert spontaneousssign (2, 5, 28, 29, 107). It should be
noted, that none of our 94 sporadic cases showatapeous regression during the follow up
period. It might seem reasonable to chose the ‘aradtsee’ policy only following

confirmation of their nature by core biopsy andulagsurveillance, predominantly in cases
where radical surgery with higher rate of morbidityfuntional loss is regarded necessary for
complete resection. In general, surgery shoulddsfopned on those that are symptomatic
and appear resectable on MRI, and primary RT fadlbly wide excision for those that are
symptomatic and irresectable on MRI (135, 185)afiments are recommended to be carried
out in centralised units with a major interestarft sissue tumors, and all patients with
extremity desmoids require entry into prospectivelies with long term follow up. In the
phase Il trial of the American College of Surge@rscology Group, patients with
irresectable symptomatic lesions receive neoadjuRarfollowed by surgical resection in
those that respond to RT (135, 185).

4.4. Comparisons of the clinical results among thilaree cohorts of different tumor

locations
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According to our results we can conclude that tirgisal radicality of the primary tumor
served as a significant prognostic factor on lecaitrol rate. Another important conclusion is
that the available surgical radicality significgndleclines following the second local
recurrence. Possible reasons for this phenomemopraposed to be local anatomy, the
surrounding postoperative scarry tissues and eredlogdiotherapy.

Among the three cohorts of different tumor locasiprecurrence-free survival showed a
decreasing trend as follows: "abdominal’, ‘chestddextremities’, with a significantly better
local control in "Tabdominal’ versus ’extremitiestgm. Figure 16.Significant difference was
not detectable among the three cohorts in terniseo$urgical radicality of the primary
tumor, so the aforamentioned can be explained égitimificant occurrence of 45F and 41A
CTNNB1 mutations in the groups of 'extremity’ arabtlominal’.

5. Assessment of the expression of ERs and PRs posadical desmoid tumors.

In general, it has been suggested that aggresbrogrfatoses respond to the manipulation of
ER signalling (2, 7, 38, 117). ERs are member&efsteroid/thyroid/retinoid hormone
receptor superfamily of nuclear receptors, bingisgogen with high affinity (149). Binding
to its cognate ligand causes a change in receptdomation that results in dimerisation and
binding to specific promoter sequences of the DNIAe activated receptor/DNA complex
then recruits other cofactors from the nucleusctvinesults in transcription of a protein,
causing a change in cell function (149). Two mawoforms of the human ERs (ERand ER-
B) have been identified, which are encoded by tvdependent genes (72, 83, 84). The
classical ER cDNA clones (E&-were first isolated from a breast cancer ce# iim 1986,

and the second ER (ER-gene was identified ten years later (38, 72,189, 186). It has
been revealed that EiRand ERB overlap in fuction and tissue distribution, bigahave
significant differences in their ligand-binding amdnscriptional properties (72, 83, 84, 186).
The tissue distribution of ER-has proved to be broader, and provides the passtoi

achieve tissue selectivity through subtype seledtgands, while other known ligands
including estrogen metabolites and partial agofaistagonists (eg. tamoxifene, raloxifene) do
not discriminate between E®Rand ERB (117). Search for tissue selective SERMs was
launched because it is known that the amino adidrdnces between the two ER subtipes
impart subtle variations between the receptor Ibigdites, and selectivity to ligands (72, 86,
117). Results are promising from research intcaghi@ication of SERMs in desmoid tumors,
however the physiological role of ERhas not been extensively defined, so that the aéinpa

on treatment of a positive finding in a desmoid dums yet uncertain (72, 117). Antibodies to
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ER were produced and clinical measurement of EFbbas done routinely since the 1970s
although the methods changed over the years (6 EAB) assays demonstrated the presence
of ER in desmoids and were based on radioliganditgnor fluorescent hormone binding (6,
26). Table 25.New techniques in the 1980s were monoclonal any#ii@a$sed methods that

did not confirm the early findings as they turned tm measure both ERand ERB (41,

149). In IHC studies, Rasbridge et. al. (1993), @&assoux-Shisheboran et. al. (2000) and
Sorensen et. al. (2002) found uniformly ER negaspecimens, because they were using
antibodies against the Edrprotein, resulting in false-negative findings (1488-190). The
only exception among the IHC studies is a repotlio§fat et al. (1997), where 29% of the
samples were positive for ER (191). This may bebattable to partial cross-reactivity of the
antibody applied (Novocastra Clone CC4-5) with EE88, 189). Later, in contrast with
previous clinical observations confirming the rofeestrogen in the pathogenesis of
desmoids, it has been accepted that if estrogema halé in fiboromatosis, it was not by
signalling through the ER pathway until EBRwas discovered (38, 149, 188). Today, virtually
all ER determinations are performed with specifmnaclonal antibody -based methods for
ER-o and ERB (72, 83, 84). In an IHC study of 40 cases of eticominal fiboromatoses,
Deyrup et al. (2006) found that all of the casepldiyed expression of BRThirty-tree

(83%) displayed +3 expression (percentage of twralbistaining: >50%), 5 cases (12%) were
2+ (percentage of tumor cell staining: 10-50%) arwses (5%) showed 1+ (percentage of
tumor cell staining <10%) (72J.able 25.In another IHC study of 80 patients, Leithner et al
(2005) concluded that all patients were &RRR and HERZ2 receptor negative. Seven patients
(9%) showed ERB-positivity (84).The IHC study of Santos et al. (2010) revealed @lat
cases were negative for ERPR (83). Ninety percent of the investiga-ted &9es were
positive for EB. No significant difference was observed amongddihvariables and the

ER- status. In the present IHC study of 67 primarynt@ds, 36 patients (53.7%) were
found positive for ERB. At a median follow-up time of 110 months no sttal difference
between the ER-positive and ERB negative patients treated with tamoxifen were etk

An attempt to compare 4 methods for evaluatingettpression of ER-and ERB in desmoid
tumor-derived cells and tissues from 7 patients mvade by Picariello et al. (2006) (193).
Table 26.Using IHC, 100% of the cases were found negativ&Ra, and 43% were

positive for ERB. However, when IHC was used, 100% of the cases negative for ER:
expression but 83% were positive for BREighty-six percent were positive for ER-
expression and 100 percent for BR¢hen reverse transcriptase-polymerase chain ogacti

was used, whereas Western blot analysis, recogagéte best method to analyse expression
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with infrared imaging system revealed the prese@fidmth ERe. and ERB in all the samples
analyzed. It should be noted that the ER posi@geilts of the highly sensitive RT-PCR and
WB methods may be considered as functionally negatith respect to the minimum of 10%
ER+ generally accepted as the limit of a successfdbcrine therapy. ER negativity does not
necessarily mean that the tumor is not affectedrtirestrogens, in fact even in ER negative
disease there are additional pathways through wBiERM may be theraputic (2, 7, 72, 84,
117, 193). A functional interaction of the Wnt/AB&Yatenin and estrogen signaling
pathways has been reported in both Drosophila anthh tumor cell lines, but the evidence
is circumstantial (71). Another finding was theretation between a decreasing concentration
of transforming growth factgs-(TGF{) and the inhibition of aberrant fibroblasts in ohesd
tumors (2, 71, 194). The supposed biochemical egpian is the increase in the level of
platelet derived growth factor beta (PDBFin the absence of estrogen or in the presence of
tamoxifen, which has an inhibitory effect on theahnt fibroblasts in both desmoid tumors
and gastrointestinal polyps (194). SERMs in lowagréumors are believed to exert inhibitory
effects on angiogenesis as well (194). As a coresrpiit is assumed that there are
similarities between the mechanism of wound headimg) tumor progression (the role of
growth factors, angiogenesis), raising questioh s1$ whether surgery may stimulate the re-
growth of desmoids (194).
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VIIIl. NEW STATEMENTS

The multicentric creation of a cohort of primarywsgpdic desmoid tumors was
succesfully carried out, and proved to be one eftém largest in the English
language literature, and the largest in Hungarysani@ble for clinico-pathological
investigations and to join international databases.

Genetic testing of the APC gene is a reliable itigason together with family
tree analysis and clinical investigations, andmswradic cases were succesfully
separated and followed-up; mutation of the CTNNBfheaywas detectable with
high prevalence in sporadic desmoid tumors; mutaticthe 45F gene is
characteristic for higher recurrence rate, andisgras prognostic factor, the
optimal choice of individualized adjuvant therapiegnabled.

The cohort of sporadic desmoids of the chest iséwend largest of its kind
reported in the literature. Surgical radicalitytloé primary tumor was confirmed
to significantly (P=0.001) determine the recurrerate.

The cohort of the abdominal wall sporadic desmogdealed that surgical
radicality of the primary tumor as significant pragtic factor (P=0.006) is crucial
for the disease-free survival.

The recurrence rate in sporadic desmoids of theexties was confirmed to be
significantly (P=0.013) determined by the surgiealicality of the primary tumor
as well.

Significant difference was not detectable amonghinee cohorts in terms of the
surgical radicality of the primary tumor, but sifjcance (P=0.0061) was
confirmed between tumor locations 'abdominal’anxtremity’ in terms of the
recurrence-free survival, which can be explainethieysignificant occurrence of
45F (P=0.018) and 41A (P=0.037) CTNNB1 mutationthantwo groups.

The achieved surgical radicality of the re-resedis decreasing significantly
(P=0.0016) from the"™ recurrence, which must be taken into considerdtipthe
management of the recurrences.

Although a former universal statement existed spatradic desmoid tumors are
ER negative, our investigations confirmed a higlk d ERf positivity.
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IX. MAGYAR OSSZEFOGLALO

A ,Diagnosis and multidisciplinary treatment of sadical desmoid tumors” ciimPhD
értekezés magyar nyéhdsszefoglaldja.

Magyar cim: A spoéradikus desmoid tumorok diagnosztikaja édidistciplinaris kezelése.

BevezetésA desmoid tumorok extrém ritka, Ki&zoveti, borderline daganatok. A tumorok
extra-abdominalis, abdominalis és intra-abdomirédisportokba sorolhatéak. Attétet nem
képeznek, de jellenéza helyileg invaziv ndvekedés, a magas helyi kii§uds szddmeny
arany. Az etiologia alapja a hibas &sitdvet képédés. A tumor lehet sporadikus vagy
familiaris adenomatosus polyposis (FAP) szindroradaosult. A spéradikus desmoid
tumorok altaldban p-catenin vagy az APC-gén szomatikus mutacioit hzeék.
Kialakuldsukban a hormonalis hatasok és a kor&ihieti traumak is szerepet jatszhatnak.
A 0,2-0,5 eset / 1 milliGéfincidencia miatt mind a pontos etiologiarol, ma#losszu tavu
klinikai eredményekil csak keveés informacio all rendelkezésre a nenfizeéikodalomban,

mig a terapia nem evidencian alapul.

Célkitiizések:A vizsgalatok céljai a kovetkék voltak:

1. Retro-, majd k&b prospektiv, multicentrikus eset- és adafiggsel |étrehozni egy
adatbazist, ami leh&té teszi a spéradikus desmoid tumorok tudomanya@syigkliniko-
patoldgiai vizsgalatat, és a hosszu tavla utankéteté

2. Az etiologia pontositasa céljabdl az APC géregikai és klinikai vizsgalatokkal kiseni a
FAP-asszocialt desmoid tumorokat.

3. A sporadikus desmoid tumorokng-gatenin fehérjét kddolé CTNNB1 gén mutacidinak
genetikai meghatarozasa.

4. A kilonbo® elhelyezkedéssporadikus tumoroknal 6sszehasonlitani a klindeai
patoldgiai adatokat, élsorban az etglleges kezelésként szer@gkebészi eltavolitas
radikalitdsat tekintve.

5. Immunhisztokémiai médszerrel meghatarozni a nlaigaemi hormon receptor statuszat.

Eredmények:
1. A vizsgalatokhoz 97 eset hosszu tavu utankodvetésiményeivel rendelkézszovettani
mintakat magaban foglalé adatbazist és tumor bambatiunk létre, ami lehéséget teremtett

a ritka tumor tipus 6sszehasonlito vizsgalataihoz.
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2. Az APC gén genetikai és a klinikai vizsgalatolabit FAP-asszocialt tumorok (3 eset)
kizarasaval a tisztan spéradikus esetek (n=94)iz8halhatova véltak; B-catenin fehérjét
kédolo CTNNB1gén mutéacidja, - masodik legnagyobb esetszamualatkgnt, és ébkz6r
hazankban, a sporadikus desmoid tumorok tobbsé{E8P6) igazolhato volt; a CTNNB1
(45F) mutacio fontos prognosztikus faktornak bizadhg kidjulas tekintetében, ami
befolyasolhatja a személyre szabott adjuvans @rapgvalasztasat.

3. Megéllapitottuk, hogy a mellkasi (P=0.001), h#st@.006) és végta@P=0.013)sporadikus
desmoid tumorok klinikai és patologiai adatainakzéhasonlitasa alapjan azéetebészi
reszekcio radikalitasa szignifkans meértékben megbata a hosszu tavu betegségmentes
tulélést. A pontos preoperativ diagndzis és a peecinegtervezett iteti beavatkozas,
szilkség esetén plasztikai rekonstrukcioval kiefoeliossaggal bir.

4. A desmoid tumor elhelyezkedés alapjan meghatér8zmtoportban a primer tumor végzett
mutét radikalitdsa érdemben nem kilénbozétt, de gdgns (P=0.0061) kilonbség
igazolodott a hasfali és a végtagi tumorok kidjutéentes talélésében, amit igy a két
csoportban szintén szignifikans megoszlast mutako(®#=0.018) és 41A (P=0.037)
CTNNB1 mutéciéval lehet magyarazni.

5. Bizonyitottuk, hogy a masodik tumor kidjulast ktiveniitétek radikalitdsa szignifikansan
(P=0.0016) csokken, és befolyasolja a recidivaleléssst.

6. A sporadikus desmoid tumorok immunhisztokémiasgélata 6sztrogén receptoés
progeszteron receptor negativitast, és magas (938#rogén receptgr-expressziot igazolt.
A fentiek hozzajarulhatnak az anti-0sztrogén kesséhatdsmechanizmuséanak jobb

megeértéséhez.
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