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Abstract

Background: Desmoid tumor lately referred as aggressive fibromatosis (AF) is rare clinically
heterogeneous and unpredictable disease with prevalence < 0.03% of all malignancies. The current
standard treatment is: radical surgical treatment with tumour excision accompanied by radiotherapy
and/or systemic approaches. The potential morbidity and the high local recurrence rates leaded
investigators to assess the role of pharmacological approaches. The purpose of this review was to
overview effectiveness of treatment options for AF and the role of imatinib mesylate (Glivec™; Novartis),
in AF that has been published over the past decade.

Material and Methods: Published clinical trials, studies, case reports and case series literature review,
was carried out using the electronic databases PubMed/Medline from 2002 to 2012.

Results: Reviewed literature included case reports, case series, retrospective studies and several small
phase II trials. According to the review NSAIDs treatment performed positive response range of 37%-
57%, COX 2 treatment (Meloxicam) up to 90% response, treatment with hormonal agents response ratio
between 40%-50%, positive responses for chemotherapy against AF of almost 50% and response rate
for Imatinib ~10%. However several questions need to be answered: which is the most suitable treatment
at certain AF condition, what is the optimal dose and duration of treatment since the lack of sufficient
patient numbers and randomized trials compromises the validity of the reported results.

Conclusions: Reviewed literature presents evidence that citotoxic and non-citotoxic systemic therapies
other that surgery are effective against AF. Main issue that has to be processed is stronger validation
of results by further investigation with precisely designed prospective studies with larger patient
numbers and, with main end points that include tumor respones rate and survival as well as quality of
life.

Introduction
According to the World Health Organization,

desmoid tumors are defined as “clonal fibroblastic
proliferations that arise in the deep soft tissues and are
characterized by infiltrative growth and a tendency toward
local recurrence but an inability to metastasize.”
Aggressive fibromatosis (AF), also used as synonym
term for desmoid tumor in its variable biological behavior

is classified between benign fibrous tissue proliferation
and fibrosarcoma [1]. Since these tumors have a strong
potential for local invasiveness, high recurrence rates,
tendency toward destruction of the surrounding tissue
and significant morbidity and potential mortality, they are
classified as semi-malignant. AF is rare disease: accounts
for< 3% of all soft tissue sarcomas and approximately
0.03% of all malignant disease. General population
estimated incidence is 2–4 per million per year. AF
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occurs between the age of 15 and 60 years with a peak
age of about 30 years, more in women than in men and
may affect all sites, including the extremities, trunk, and
abdomen [2]. Aetiology of these tumors is multifactorial:
genetic, endocrine, and physical factors have been
stated. AF arises either sporadically (extra-abdominal)
or in association with the familial adenomatous polyposis
(FAP) and Gardner syndrome (intra-abdominal, mainly
mesenteric) [3]. On the molecular level, patients with
FAP express germ-line inactivating mutations of the
adenomatous polyposis coli (APC) gene [4], whereas
patients with sporadic AF usually express somatic beta-
catenin (CTNNB1) activating mutations [5]. APC and
beta-catenin are members of the WNT pathway which
leads to conclusion that WNT pathway is possibly altered
in all aggressive fibromatoses irrespective of familial or
sporadic origin. AF clinically is highly heterogeneous
and unpredictable: including phases of progression and
growth, stabilization, and sometimes spontaneous
regression. At the moment, possible correlation between
either beta-catenin or APC mutations and disease
penetrance or recurrence exists. Stabilization of disease
progression and spontaneous regression are even more
difficult to explain, and those may be due to modifying
factors of the microenvironment and host’s humoral
millieu.

Due to variable clinical presentation and
behaviour, no standard approach for AF can be
recommended. The treatment of choice for these tumors
has been changing and may involve current standard:
radical surgical treatment with tumour excision
accompanied by radiotherapy and/or systemic
approaches. The potential morbidity of surgery and
radiation therapy and the high local recurrence rates
have lead investigators to assess the role of
pharmacological approaches in settings in which surgery
and radiation therapy are either not possible or
unsuccessful.

In this review article, we collect and analyze all
available information regarding effectiveness of treatment
options for AF, with focus on targeted therapy with
tyrosine kinase inhibitor imatinib mesylate.

Material and Methods
For the purposes of this review we obtained,

review and analyzed all available data for AF in the
English language literature. Through a search of the
electronic databases PubMed/ Medline we identified
published trials, studies and series. The keywords

‘aggressive fibromatosis’, ‘desmoid tumors’ and ‘imatinib’
were used. Cross-referencing, using the references of
identified studies, were used in addition to the
computerised searches. Inclusion criteria for these review
were cases with information about patients’ age and sex,
tumor status (primary versus recurrent), previous therapy,
type of therapy, response and duration of response.

Results

Surgery
Surgery has been traditionally considered the

mainstay treatment. This particularly applies for patients
with primarily resectable and localized tumors where
standard goal is complete resection with negative
microscopic margins. In one of the largest series of 234
patients with extra-abdominal AF treated for over 35
years, only 17% of the patients had a recurrence and
23% of the patients needed additional surgery [6].

However, the growth pattern of these tumors is
deep infiltrating, and there is no tumor capsule. Because
the boundaries of the tumors are difficult to distinguish
intra operatively from scars or connective tissue, R0
resection is not always possible. Also, R0 resection is
not always possible because of anatomic boundaries. In
addition, because of variability in the clinical course and
the importance of site involvement, the application and
use of surgical intervention have been extensively
discussed [7, 8]. Mostly considered variables associated
with local recurrence are those including surgical margin
status which is complex. For tumor-free and tumor-
positive margins, response rates of 72% and 41%,
respectively, and local control rates of 94% and 75%,
respectively, have been reported [9].

Despite the results, the importance of a negative
surgical margin is debated. Massachusetts General
Hospital (MGH) study [11] and study from the M.D.
Anderson Cancer Center (MDACC) [10] revealed that
microscopically positive margins significantly influenced
local recurrence rates. At the same time, Memorial
Sloan-Kettering Cancer Center (MSKCC) [16], Instituto
Nazionale Tumori [13], and recent MDACC [14] studies
have failed to demonstrate any such significance of
surgical margin on recurrence. In addition, a recent
study composed of the largest series of sporadic desmoid
tumors also showed that microscopic assessment of
surgical resection quality (R0 vs. R1) did not have a
significant impact on progression-free survival [24]. Also,
in a long-term follow-up of 89 patients, it turned out that
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patients with microscopically complete surgery had an
event-free survival rate similar to that of patients
undergoing non surgical strategies [18]. Finally, despite
the use of surgery 20–36% of patients will show local
recurrence [19] that, although classified as benign, can
result in death due to local destruction in a small but
important fraction of patients. It must be noted that
spontaneous regressions have also been reported, a
fact that supports a wait-and-see policy after resection
without wide margins [7]

Taking into consideration all these
heterogeneous results, surgical therapy must be
performed to what is achievable in terms of margins
while preserving functional status for the individual patient.
Attempts to achieve negative margins may result in
unnecessary morbidity and may not definitively prevent
local recurrence. The consequences of radical excision
may be worse than the disease itself [20].

Radiotherapy
Radiotherapy in the treatment of AF has been

used either as adjuvant therapy to surgery with positive
margins or as primary therapy for extra-abdominal tumors
that are unresectable or where surgery derived functional/
cosmetic loss is unacceptable.

Comparative review of 22 articles in period from
years 1983–1998[21] analyzed results from surgery
treatment alone, surgery with radiotherapy, or
radiotherapy treatment alone (dose range, 10-75 Gy).
Mean follow-up for recurrences in 780 patients ranged
between 2.0 and 10.4 years. The results show significantly
better local control when radiotherapy alone (78%) and
surgery combined with radiotherapy (75%) was applied
than when surgery alone (61%) was performed. Relapse
rate when radiation therapy was added postoperatively
in patients with positive surgery margins, decreased
from 59% to 25%. These results were reported for
primary as well as for recurrent AF. The radiation therapy
complication rate was 22.8%, and tissue fibrosis was the
most common complication. The most serious risk that
has to be noted is radiation induced malignancy [22].

In contrast to these results retrospective analysis
of clinical data for 95 patients with AF who underwent
therapy at the University of Michigan from 1984 through
2008 suggest equivalent local control rates between the
groups receiving only surgery, only radiation, and a
combination of both [23].

Newly suggested approach to increase the
resectability and reduce rates of local recurrence in

extra-abdominal desmoids is the use of preoperative
radiotherapy [6]. However, confirmation with larger
prospective randomized trials is needed.

Soft Tissue and Bone Sarcoma Group of the
European Organization for Research and Treatment of
Cancer (EORTC) performed pilot study (EORTC 62991)
assessing moderate-dose radiotherapy for aggressive
fibromatosis in patients not amenable to resection without
significant function loss to evaluate the efficacy of
radiotherapy. Forthy patients (last recruitment date April
2008) in this nonrandomized, phase II study received
radiotherapy for a total of 56 Gy in 28 fractions. Patients
are under follow up until final analysis is published.

Noncytotoxic agents
Antiinflamatory agents: NSAIDs use in the

treatment of AF was based on the observation of the total
regression of a single recurrent desmoid tumor of the
sternum in a patient taking indomethacin for radiation
induced pericarditis [24]. A variety of NSAIDs have been
tested either alone or in combination with hormonal
agents such as tamoxifen and testolactone [25]. NSAIDs,
such as sulindac or indomethacin, demonstrated 37%–
57% responses, either as partial or complete response
in several non-randomized retrospective studies [19].
Tsukada et al. assessed the efficacy of sulindac in 14
patients with a history of recurrent abdominal desmoid
tumors [26]. The overall response rate was 57% with
delayed response mean time of 24 months. The rationale
for NSAIDs use for AF treatment is based on evidence
that COX-2 plays role in the growth of desmoid tumors
with pharmacologic blockade of COX resulting in
decreased cell proliferation in desmoid cell cultures in
vitro, and COX-2 blockade resulting in smaller desmoid
tumors in an in vivo mouse model. Poon et al. [27]
showed that COX-2 is expressed in the majority of
desmoid tumors, and Signoroni et al. showed that COX-
2 protein and mRNA were over expressed in all of their
14 cases [28]. There have been few prospective reports
analyzing the effect of a COX-2 inhibitor, against desmoid
tumors. Francis et al. reported an analysis of 52 patients
with resectable desmoid tumors, in which 16 patients
were treated with tamoxifen and cereblex treatment for
1.0 year, with 50% response, either as partial or complete
response [29]. Recently Nishida et al. reported results
from prospective study comprising 20 patients with
extra-abdominal fibromatosis successfully treated with
meloxicam 10mg daily. According to Response
Evaluation Criteria in Solid Tumors (RECIST) [30]
nineteen of the 20 patients (95%) were evaluated as final
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status with equal or better than stable disease. The
median period of medication was 36 months (range, 3–
81 months) at 2011 [31].

Hormonal agents: Antihormonal therapy use
for the treatment of desmoid tumors is based on
observations of the natural history of the disease: about
80% of agressive fibromatosis occurs in women,
incidences of fibromatosis is higher during and after
pregnancy and spontaneous tumor regression after
menopause have been reported. Studies have shown
that presence of antiestrogen binding sites (AEBS)
distinct from estrogen receptors (ERs) probably plays an
important role in modulating or mediating the action of
antiestrogens. ER-negative desmoid tumors with
presence of high levels of AEBS might explain responses
to tamoxifen when the overall incidence and concentration
of ERs is low in these tumors. One of the most commonly
used antiestrogens in AF is tamoxifen, many times
referenced in the literature, mostly single case reports
(dose range, 20-80 mg daily) presenting partial response
or disease stabilization, that disables firm conclusion
regarding the effectiveness of tamoxifen given as single
agent against AF. It was reported, in a nonrandomized
setting, that high-dose tamoxifen (120–200 mg daily)
combined with sulindac 300 mg daily may be more
effective (positive response 52%) than only lower doses
of tamoxifen 10–40 mg daily [32]. There are no
randomized data supporting the use of high doses of
tamoxifen, and the risk for second cancers and deep
venous thrombosis could be greater with its use.

A number of other hormonal agents have been
tested and found to be effective in AF: toremifene,
progesterone, medroxyprogesterone acetate,
prednizolone, testolactone and gosereline [33-36].

Toremifene appear to be effective against
desmoids as first- and second-line therapy. Brooks and
co-workers [33] treated 20 AF patients with toremifene at
an average dose of 200 mg/day. When used as first-line
therapy the overall response rate was 50%, while
toremifene as second-line therapy gave a response rate
of 33%.

Testolactone acts by irreversibly inhibiting
aromatase. It is proposed that testolactone acts through
inhibition of cyclic AMP synthesis, which is known to
influence growth and proliferation of fibroblasts. The
largest reported study on the activity of testolactone is
that of Waddell and Kirsch in a series of 17 patients [36].
Testolactone administered as a single agent 750 mg
daily gave an overall response rate of 40%.

Cytotoxic chemotherapy
Chemotherapy with cytotoxic agents represents

an appropriate choice for patients with unresectable,
rapidly growing tumors or for patients who are highly
symptomatic and/or with life-threatening desmoid tumor.

There have been no single-arm trials utilizing
single-agent therapy in the literature. Several combination
chemotherapy regimens are active with doxorubicin,
liposomal doxorubicin, dacarbazine, ifosfamide, and
methotrexate plus vinca alkaloid producing significant
responses, according to the RECIST, ranging from 50%
to 80% (partial responses or stable disease for at least
6 months) [37].

Constantinidou A at al. [38] have reported
significant activity of pegylated liposomal doxorubicin
applied to 12 patients at a dose of 50 mg/m2 every 4
weeks, with four(33%) partial response and seven (58%)
stable disease. Although with lower toxicity compared to
parent drug, dose reductions are appropriate especially
when the approach is to give therapy to a maximum
response, which can take 12–18 months or even longer.

Recent retrospective study conducted by de
Camargo et al. collected data over 15 years
recommended administering anthracyclines. As reported
[39], from seven different lines of treatment,
anthracyclines appeared to be the most active: when
applied to 35 patients anthracycline-based therapy
resulted in 13 (37%) partial responses and 18 (51%)
stable disease.

Garbay et al. [40] recently updated the results of
chemotherapy for AF in the French Sarcoma Group
study that enrolled 62 patients and in most of them
several other treatments has failed. Forty four patients
(71%) were treated with combination chemotherapy.
Overall, 80% responded: complete response 1 (1.6%),
partial response 12( 19.4%), stable disease 37 (59.6%)
The response rate was higher with anthracycline-
containing regimens: The only factor identified predictive
of a shorter interval to progression was non limb location.

Methotrexate with vinblastine administered on a
weekly basis was proposed as a less toxic alternative to
doxorubicin based and VAC chemotherapy. Skapek
[41] reported that the combination was effective in study
including 27 patients, with overall response rate 66%: 8
(29.6%) partial responses and 10 (37%) stable disease.
Azarrelli et al. conducted methotrexate with vinblastine
study enrolling 27 patients with overall response rate 85,
18%, 4 (14.81%) partial responses and 19 (70.37%)
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stable disease. Study demonstrated that weekly
treatment was not feasible due to myelotoxicity and
hepatotoxicity and the mean interval between cycles
was found to be 15 days [42]. Substitution of vinorelbine
for vinblastine resulted in significantly less neurotoxicity
without a compromise in response rates.

Conventional chemotherapy, typically
administered in low doses over a prolonged period of
time, has demonstrated encouraging results; however,
the duration of treatment is inherently limited by
cumulative toxicity.

Imatinib
Imatinib mesylate is a selective protein-tyrosine

kinase inhibitor that inhibits the bcr-abl tyrosine kinase
and is also an inhibitor of other class 3 receptor tyrosine
kinases: receptor tyrosine kinases for platelet-derived
growth factor (PDGF) and stem cell factor (SCF), c-kit
(CD117), and inhibits PDGF and SCF mediated cellular
events. Lately it was reported that imatinib is inhibits
macrophage-colony stimulating factor receptor (M-
CSFR) too. This agent blocks ligand activated receptor
phosphorylation and mitogen-activated kinase activation
and proliferation, resulting in the inhibition of cellular
growth and proliferation.

FDA granted approval for advanced
gastrointestinal stromal tumors which express an
activating c-kit in 2002. The same year, two patients with
unresectable AF and progressive disease, were treated
by Mace and colleagues and due to reported dramatic
responses to imatinib [43], amputation as final surgical
solution was avoided. Thus expression of PDGFR-A,
PDGFR-B and cKIT leaded to assumption of possible
response to imatinib in AF patients that encouraged its
use by physicians.

Following experience of Mace and colleagues
several other cases were reported including patients
with AF previously treated with surgery, radiotherapy
and different systemic approaches all resulting with
recurrent AF. Therapeutic regimes included imatinib
400mg to 600mg daily with positive responses after 7-11
months of administration. Additionally, possible
correlation between expression and mutation of c-Kit
and PDGFRs and positive response to imatinib in patients
with AF was hypotetized.

In order to determine the clinical efficacy of
imatinib in patients with advanced AF heavily pretreated
with different therapeutic approaches and to identify the
molecular basis of response/nonresponse to imatinib,

Heinrich et al. [44] treated 19 patients with 800 mg
imatinib daily. Three of 19 patients (15.7%) had a partial
response to treatment lasting longer then 1, 5 years, and
four patients (21%) having stable disease that lasted
more than 1 year (overall 1 year tumor control rate of
36.8%). One of the patients with partial response had
objective response that lasted more that 3 years. Authors
did not find any mutations of c-Kit, PDGFR-A, or PDGFR-
B, but reported that sixteen of 19 patients (84%) had
mutations involving the WNT pathway (APC or beta-
catetin). However, there was no correlation between
WNT pathway mutations and clinical response to imatinib.
The authors reported that plasma level of PDGF-BB was
inversely correlated with time to treatment failure.

Same author reported results from Phase II,
open-label study evaluating the activity of imatinib in
treating life-threatening malignancies known to be
associated with imatinib-sensitive tyrosine kinases. One
hundred eighty-six patients with 40 different malignancies
that had proven refractory to standard therapy were
enrolled in this study and treated with imatinib 800 mg
daily. Two of 20 patients with AF enrolled in this study
(10%) had a partial response and eight patients (40%)
had stable disease with median time to progression of 9,
1 month. [45]

All 20 patients were c-kit negative and PDGFR-
B positive that arouse conclusion that detection of c-kit
by immunohistochemistry is not necessarily predictive
of a response to imatinib therapy and that all responses
to imatinib included neoplasm for which activation of an
imatinib-sensitive tyrosine kinase (predominantly
PDGFR) occured via genomic mutation and/or
rearrangement.  Authors reported that it is not clear if the
activity of imatinib in these tumors is due to inhibition of
imatinib-sensitive tyrosine kinase signalling in tumors or
occurs by other mechanisms.

Phase II Multicenter Sarcoma Alliance for
Research through Collaboration (SARC) Trial to
investigate the outcome of AF patients treated with
imatinib presented promising response rates [46]. As
reported by Chugh R et al. fifty-one AF patients with or
without previous treatment and locally advanced disease
were enrolled in the study. Patients were dosed according
to body surface area and received from 200-600mg
imatinib. In this phase II trial, RECIST response rate for
imatinib is <10%: among 51 patients, 3 (6%) had an
objective response-partial response. The progression
free survival rate at 2 and 4 months was 94% and 88%,
respectively, and 66% and 58% at 1 year and 3
respectively.
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Laboratory evaluation of tissue specimen
presented immunohistochemical positivity for c-kit,
PDGFR-a, PDGFR-b, AKT, Phosphatase and beta-
catenin, and mutational changes for c-kit, PDGFR-a,
PDGFR-b and beta-catetin.

However, these findings did not show any
significant correlation with outcome or response.

Penel et al. [47] conducted FNCLCC/French
Sarcoma Group phase II trial with a long-term follow-up
to evaluate efficacy of imatinib as a new treatment option
in patients with recurrent or established progressive
aggressive fibromatosis.

Forty patients with unresectable and progressive
symptomatic AF previously undergone different
treatments were treated with imatinib 400 mg daily for 1
year.  At 3 months evaluation of response rate in 35
patients amendable to radiological review presented:
one (2.9%) complete, three (8.6%) partial responses
and 28 (80%) stable disease. The non-progression rates
at 3, 6, and 9 months were, respectively, 91%, 80% and
66%. The 1 and 2-year progression-free rates were 67%
and 55% respectively, while overall survival rate was
95%. This trial did not include identification of expression
and/or mutations in imatinib sensitive tyrosine kinase, so
Penel at al. are currently performing biological studies
on plasma and tumor specimens collected during the
study to better identify the tyrosine-kinase dependent
pathway implied in AF.

Other studies investigated the prognostic value
or influence of different c-kit mutations in the response to
imatinib [48-50].

Currently, German Interdisciplinary Sarcoma
Group conducts clinical phase II study to evaluate the
role of imatinib and nilotinib in the induction of progression
arrest in patients with aggressive fibromatosis with
documented progression and not amenable to surgical
R0 resection or accompanied by unacceptable function
loss (EUDRACT: 2007–000624-40, ClinicalTrials.gov
identifier, NCT01137916).

Discusion
Taking into consideration all these

heterogeneous and partly controversial results, variable
clinical presentation and behaviour of AF as well as
spontaneous regression and stabilization of disease
progression no standard approach for AF can be
recommended. AF is a rare and heterogeneous disease

that definitely requires individualized treatment to reduce
the chance for local tumor control failure. The aims of
individualized therapy should include reducing morbidity
and function loss and preserving patient quality of life.

Mainstay treatment is surgery particularly for
patients with primarily resectable and localized tumors
where standard goal is complete resection with negative
microscopic margins. Potential mutilation and association
with considerable function loss or major morbidity of
surgery emphasise that surgical therapy must be
performed to what is achievable in terms of margins
while preserving functional status for the individual patient.

Attempts to achieve negative margins may result
in unnecessary morbidity and may not definitively prevent
local recurrence. The consequences of radical excision
may be worse than the disease itself.

Radiotherapy is indicated either as adjuvant
therapy to surgery with positive margins or as primary
therapy for tumors that are recurrent and unresectable
or where surgery derived functional/cosmetic loss is
unacceptable. Main concerns with radiation therapy are
complications-fibrosis as most common and functions
impairment. The most serious risk that has to be noted
is radiation induced malignancy.

Chemotherapy with cytotoxic agents represents
an appropriate choice for patients with unresectable,
rapidly and aggressively growing tumors or for patients
who are highly symptomatic and/or with life-threatening
desmoid tumor. Preferable regime includes pegylated
liposomal doxorubicin because of lower toxicity rate. A
main concern about chemotherapy is cumulative toxicity
partly due to the pharmacological characteristic of the
agents and partly due to the prolonged period of
application for obtaining treatment response.

Systemic therapy administration, including
antihormonal therapy and NSAIDs, for advanced AF
disease is justified in cases of recurrent, not life
threatening disease in which previous treatments with
surgery and radiotherapy did not give response. Although,
some studies presented positive results when applying
systemic therapy as primary treatment, lack of
randomized controlled clinical trials arouses much
controversy regarding this issue. Main concerns are
duration of treatment to achieving positive response and
related to it possible toxicity for certain medication. (In
2004, the U.S. FDA issued a public health advisory
recommendation for COX-2 inhibitors (Paper No. T04–
61).
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Table 1. Imatinib treatment in patients with AF.

Table 2: Immunohistochemistry/immunoblotting evaluations.

Imatinib may be considered as an option in the treatment
of recurrent AF with different treatments modalities
previously applied as supported by studies-results
presented in Table 1. Further clinical trials with
translational studies are required to clearly identify the
target and better characterize the position of this drug in
the sequencing of treatment.

Studies hypothesise that PDGFRB may be the
target imatinib-responsive kinase in this disease, but
additional studies will be required to confirm this
hypothesis and to identify biomarkers predictive of
imatinib response/nonresponse in AF tumors and
possible genomic mechanisms of activating imatinib
sensitive tyrosine kinases. Immunohistochemistry/
immunoblotting evaluations are presented in Table 2.



353

Damjanovska & Labacevski. Aggressive Fibromatosis Treatment - Imatinib Challenges

Maced J Med Sci. 2012 Oct 15; 5(3):346-355.

Although the response rate of AF to imatinib is
low, the toxicity profile is favorable and some patients
had prolonged PFS. Given the variable behavior of AF
and choice of PFS as an endpoint in clinical trials, it is
difficult to determine the true benefit of imatinib in patients
with AF. The sequencing of imatinib relative to other
systemic treatments for AF, which are more toxic, but
with higher response rate, is also question of debate. For
patients who fail or refuse hormonal or low-dose
chemotherapy treatment for recurent AF, it may be
reasonable to consider imatinib therapy. For patients in
need of rapid shrinkage of their tumor due to disabling
symptoms or impending loss of limb or organ damage,
aggressive chemotherapy may be preferable.
Nevertheless, imatinib is another therapy that could be
considered as new option for use in advanced, recurrent
AF.

Finally, considering the natural history and
heterogeneous biological behaviour of AF, which is
often characterized by prolonged periods of stability or
even regression, a period of watchful waiting may be the
most appropriate management in asymptomatic patients.

Even initial observation may be an adequate
action to avoid over treatment.

Conclusion: Given the rarity of this disease,
prospective trials and correlative laboratory investigations
will require multicenter cooperation. Referral of AF
patients to expert teams is the only way to gain sufficiently
large experience in a prospective way. Such efforts will
be able to identify clinical or molecular criteria by which
patients can be selected for each single therapy, long-
term observation, or intense multimodality approaches
with the vision of keeping patients with this disease alive
and preserving their quality of life.
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