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Abstract: (1) Background: desmoid tumors (DTs) are common in patients with familial adenomatous
polyposis (FAP). An active surveillance approach has been recently proposed as a valuable alternative to
immediate treatment in some patients. However, no clear indication exists on which patients are suitable
for active surveillance, how to establish the cut-off for an active treatment, and which imaging technique
or predictive factors should be used during the surveillance period. (2) Results: we retrospectively
analyzed 13 FAP patients with DTs. A surveillance protocol consisting of scheduled follow-up
evaluations depending on tumor location and tissue thickening, abdominal computed tomography
(CT) scan/Magnetic resonance imaging (MRI) allowed prompt intervention in 3/11 aggressive
intra-abdominal DTs, while sparing further interventions in the remaining cases, despite worrisome
features detected in three patients. Moreover, we identified a possible predictive marker of tumor
aggressiveness, i.e., the “average monthly growth rate” (AMGR), which could distinguish patients
with very aggressive/life-threatening tumor behavior (AMGR > 0.5) who need immediate active
treatment, from those with stable DTs (AMGR < 0.1) in whom follow-up assessments could be delayed.
(3) Conclusion: surveillance protocols may be a useful approach for DTs. Further studies on larger
series are needed to confirm the usefulness of periodic CT scan/MRI and the value of AMGR as a
prognostic tool to guide treatment strategies.

Keywords: desmoid tumors; surveillance protocol; prognostic factors; CT scan; MRI; tumor growth;
familial adenomatous polyposis (FAP)

1. Introduction

Desmoid tumors (DTs), also referred to as aggressive deep-seated fibromatosis, are slow-growing,
non-metastasizing, benign, monoclonal fibroblastic tumors, which are rare in the general population,
and common in patients with familial adenomatous polyposis (FAP; approximately 5-10% of all
DT cases) [1,2]. The main differences between sporadic and FAP-related DTs are summarized in
Table 1. Treatment options depend on location and clinical behavior, and include surgery, radiotherapy,
or systemic treatment; in the last few decades, an active surveillance approach has been proposed as an
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alternative to more aggressive interventions [3,4]. However, the optimal therapeutic strategy for DTs is
still under discussion; there is no standardization of surveillance protocols and no clear indication
exists on prognostic or predictive biomarker for tumor progression [3,4].

Table 1. Characteristics of DTs in FAP vs. non FAP (sporadic) cases.

Characteristics FAP-Related DT Non-FAP (Sporadic) DT
Female (range) 45.4-54% 63.1-73.2%
Age at diagnosis (range); years 30.5-36 41.642.3
Location 51-68% IAD 50-89.1% EAD + AWD
Risk of recurrence 44% 25%
Mortality 14% -

AWD: abdominal wall DT; DT: desmoid tumor; EAD: extra-abdominal DT; FAP: familial adenomatous polyposis;
IAD: intra-abdominal DT.

In this paper, we provide an overview of DT characteristics and clinical management. We also
report the characteristics of a series of FAP patients treated in our center, which prompted some
evaluation on the feasibility of surveillance protocols for DTs and some preliminary assessment of
possible markers for disease aggressiveness.

2. Epidemiology

In the general population, DTs are rare, accounting for 0.03% of all neoplasms and <3% of soft
tissue tumors. They have an estimated incidence of 2-5 cases per 1 million of inhabitants in European
countries, with a median age at diagnosis of 35 years [1,2,5-8].

It is estimated that patients with FAP have an approximate 800-1000-fold increased risk of
developing DTs, compared with the general population [1,5]. DTs occur in approximately 7.5-15%
of patients with FAP, although their prevalence could reach up to 21-35% given their pleomorphic
presentation, which may lead to underestimated predictions [9].

3. Clinical Characteristics

Clinical features of DTs are characterized by location, size, number of lesions, and growth pattern.
Morbidity and mortality mainly rely on location and growth pattern/clinical behavior.

In terms of location, DTs may affect soft tissues in all sites. They are classified as intra-abdominal
DTs (IAD), when they develop in mesenteric folds or in retroperitoneal tissue in the small bowel,
as abdominal wall DTs (AWD), when they form inside the abdominal wall or extra-abdominal DTs
(EAD), when they originate from muscles located in the trunk, shoulder, neck, or extremities [1,5].

Growth patterns can be heterogeneous and vary from aggressive growth (10%), to a prolonged stabilization
(50%) or spontaneous resolution (10%) [10,11]. This feature, along with location, size, and number of lesions,
affects the onset (appearance) of symptoms and possible life-threatening complications [12]. In particular,
IAD can cause a small bowel obstruction, ureter compression, and hydronephrosis, ischemic lesions, and severe
complications, such as abscess formation, digestive hemorrhage, intestinal perforation, or fistulas [1,12].

Population-based studies on large case series [13-15] comparing sporadic and FAP-associated
DTs revealed distinct clinical characteristics.

The authors observed the following main features: a predominance of DTs in females compared
with males, especially in sporadic cases (63.1-73.2%) than in FAP-related ones (45.4-54%), a significant
younger age at diagnosis in FAP cases (30.5-36 years) than in sporadic ones (41.6—42.3 years), except for
the Mayo clinic series, in which age at onset was similar in both groups, and a higher prevalence of
intra-abdominal location in FAP (51-68%) and extra-abdominal/abdominal wall sites in sporadic cases
(50-89.1%). Less striking differences, represented more in FAP than in sporadic DTs, are a larger size
(210 cm), have a multifocal pattern of distribution and a more aggressive clinical behavior [13-16].
Patients with FAP-associated DTs have a higher risk of recurrence (44% vs. 25%) and mortality
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(14% vs. 0%) compared with those affected by sporadic DTs [13]. Despite their histological benignity,
DTs are the second/third leading cause of death in FAP patients who undergo prophylactic colectomy
(overall mortality ranging from 10% to 50%) [17]. Notably, IAD location is associated with a significantly
poorer survival. The propensity for intra-abdominal site in FAP could partially explain the mortality
rate. Quintini et al. reported additional poor prognostic factors: tumor size > 10 cm (hazard ratio (HR):
1.44), presence of severe pain/narcotic dependency (HR: 2.22), and need for total parenteral nutrition
(HR: 3.29) were found to negatively affect survival in the multivariate analysis (p < 0.001) [18].

4. Etiology and Predisposing Factors

The exact etiology of DT is unknown, but it is believed to be multifactorial with genetic, endocrine,
and physical factors playing a crucial role in tumor development and growth [9,17,19-22].

Pregnancy has been reported to be a predisposing factor in 12-33% of cases, especially in sporadic
cases (21% vs. 0% in FAP) [13]. Conversely, a previous surgical trauma is the main risk factor in
FAP versus sporadic cases (64-83% vs. 13%, respectively) [17,20,22,23]. However, incidental desmoid
tumors are also reported at index surgery in FAP DT [24].

To date, it is still unclear if the type of surgical procedure (total colectomy vs. proctocolectomy)
or surgical approach (laparoscopic vs. open) can influence the development of DTs. Saito et al., in a
retrospective study on 277 FAP patients, reported 14.1% of DTs, developed during a mean period of
26.3 months from surgery, and observed a significant difference in the risk of developing DTs in the
5 years after surgery depending on the type of surgery, but not on the approach (proctocolectomy was an
independent risk factor, HR: 2.2; p = 0.03) [21]. Conversely, in a retrospective study in 672 prophylactic
colectomies (602 open vs. 70 laparoscopy), Vitellaro et al. detected a lower risk of the development of
DTs with the laparoscopic approach (estimated cumulative risk 4% vs. 13%; p = 0.042) [23].

Most DTs arise sporadically and are associated with somatic mutations in the (3-catenin gene
(CTNNBI) [25]. Some have been linked with pregnancy (high estrogen states) and previous trauma,
and others are related to hereditary cancer syndromes, such as in the FAP [1,5] variant, the Gardner’s
syndrome, in which polyposis is associated with prominent extracolonic features, including osteomas
and multiple skin and soft tissue tumors (i.e., desmoid tumors), which can be the initial presenting
findings, especially at extra-abdominal sites [26,27].

Both the CTNNB1 mutation, which is mainly reported in somatic DTs, and mutations in the
adenomatosis polyposis coli (APC) gene, which is the characteristic germline mutation of FAP
syndrome, affect the Wnt signaling pathway. By promoting the expression of 3-catenin and subsequent
activation of the transcription factors of the T-cell factor/lymphoid enhancer factor (TCF/Lef) family,
these mutations eventually modulate the expression of Wnt target genes, influencing proliferation,
differentiation, migration, and apoptosis of cells [28]. Moreover, mutations in APC lead to alterations in
intracellular adhesions and the destabilization of the cytoskeleton, which are responsible for the genesis
of colorectal cancer, one of the main signs of FAP syndrome [29]. Some specific genetic mutations in
APC, especially between codons 543-713, 721-972, and 1256-2011, have also been associated with
an increased risk of FAP-associated DTs, highlighting the importance of appropriate surveillance
protocols tailored to the patients’ characteristics [30]. In particular, in a meta-analysis on risk factors
predicting desmoid occurrence in patients with FAP, Sinha et al. found that in a total of 4625 FAP
patients—559 (12%) of whom developed DTs—a positive family history was the most significant
risk factor (odds ratio (OR) 7.02, 95% CI: 4.15-11.9, p < 0.001), followed by APC gene mutation 3’ to
codon 1399 (OR: 4.37, 95% CI: 2.14-8.91, p < 0.001) and previous abdominal surgery (OR: 3.35, 95% CI:
1.33-8.41, p = 0.01) [17].

5. Treatment Options

Choosing the optimal therapy for DTs is rather complex, as the disease is rare, and management
varies depending on tumor size, location, symptoms, and disease growth pattern.
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5.1. Surgical Resection

Before the year 2000, complete surgical resection with wide margins was considered the best
course of treatment, especially in patients with AWD or EAD [5,31]. In the last few decades,
multiple retrospective studies have highlighted the limitations of this approach, which include
contraindications, risk of recurrence independently from the quality of surgical margins and risk of de
novo DTs [32-34]. Different studies suggest that, despite wide excisions with negative margins being
the goal of surgery, the risk of recurrence is independent from the achievement of microscopically
clear resection margins or adjuvant therapy [33]; recurrence is modest even in the presence of positive
margins (fewer than half of the patients, according to Mullen et al. [32]). Salas et al. also found that age,
tumor size, and tumor site, but not surgical margins, were independent prognostic factors for patients
with DTs; based on this observation, patients could be divided in separate subgroups, which might
benefit from different therapeutic strategies [35]. For example, the risk of relapse seems to be correlated
with the primary site of origin, with AWD a better prognosis than IAD and extremities desmoids.
In addition, Bonvolot et al. reported a growth arrest in two-thirds of non-operated patients with EWD,
suggesting that a nonaggressive, wait-and-see policy could be the best therapeutic strategy in this
subgroup of patients [36].

A large, prospective study of the French Sarcoma Group was conducted on 771 patients with DTs to
analyze the role of a wait-and-see approach versus immediate radical surgery. The relapse-free survival
at 2 years was similar between the two groups (53% for surgery and 58% for observation only, p = 0.415);
at univariate analyses, primary location proved to significantly influence the outcome. Favorable locations
(abdominal wall, intra-abdominal, breast, digestive viscera, and lower limb) were associated to a 2-year
event-free survival similar between surgery (70%) and the wait-and-see approach (63%; p = 0.413).
In patients with unfavorable locations (thoracic wall, head and neck district, superior limbs), the 2-year
event-free survival was significantly improved in patients initially managed with the wait-and-see
approach (52%) compared with those who underwent initial surgery (25%; p = 0.001) [37].

The same considerations can also be applied for patients with FAP-associated DTs with similar
progression-free survival at 10 years (33% and 49% for wait-and-see approach and surgery, respectively,
p = 0.16) and with better outcomes for extra-abdominal and abdominal wall desmoids (63%) [21,38—41].

Moreover, surgery is usually contraindicated in IAD, due to the involvement of the small bowel,
mesentery, and great vessels, the significant morbidity in case of extensive resection and the risk
of possible complications, such as ischemia, fistula, hydronephrosis, and bowel obstruction [1,5].
In addition, DTs (and especially IADs) have a tendency to recur, even after complete surgical resection;
mean time to recurrence is approximately 18 months (range: 4 months to 12 years) [42] and a second
procedure is required in 75-85% of the cases [43]. Lastly, data show that surgery may be a risk
factor for the development of de novo DTs, which were observed in 12% of the cases after restorative
proctocolectomy, 13% after ileorectal anastomosis, and 13.5% after partial colectomy [44]. For these
reasons, surgical treatment of DTs is currently highly debated, and a surveillance approach was
proposed as more feasible in patients with FAP-associated DTs or in large slow-growing DTs that are
involved in the mesentery, vessels, and organs [36,45,46].

5.2. Local Non-Surgical Treatment Options

Moderate-dose radiotherapy (RT) may be an effective option for patients with EADs only when
surgical resection is not feasible for DTs in critical anatomical structure (head and neck district, shoulder
girdle, etc.), and when potentially active systemic treatments are not available or contraindicated
for co-morbidities and/or very advanced age (see systemic treatments) [19,47-49]. Meta-analyses
and current guidelines do not confirm its role as post-operative treatment even in patients with R1
resection [31,50].

Among local treatments, isolated limb perfusion (with Tumor necrosis factor « (TNF-«) and
melphalan) and cryoablation proved to be effective in selected cases treated in specialized referral
centers [51].
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5.3. Subsection

Upfront systemic treatment may be an option for patients with symptomatic progressing DTs,
especially when surgery is associated to high morbidity and loss of function [31].

5.3.1. Nonsteroidal Anti-Inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been suggested for the treatments of
DTs based on the high expression of cyclooxygenase (COX)-1 and COX-2 observed in desmoid cells
in vitro [52]. Literature data reported positive results with NSAIDs, such as sulindac or indomethacin,
achieving stable disease or partial/complete responses in 37-57% of treated patients [53-56]. However,
most of these results come from case reports and should be investigated in larger clinical trials.

5.3.2. Hormone Therapy

Anti-estrogen therapy, mainly based on tamoxifen or toremifene, has proven to be effective
in treating DTs, probably because of the strict association between tumor growth and endogenous
hormonal environment [55,57]. The use of endocrine therapy (alone or in association with NSAIDs)
should be reserved to oligosymptomatic patients with tumors located in non-critical anatomic sites.
The low rate of response and a lack of a clear association with symptoms changes, together with
the known side-effects of tamoxifen, including a higher risk of endometrial cancer, are factors to be
taken into account and make anti-estrogen therapy not highly recommended. Interestingly, a study
by Libertini et al. on 32 patients with aggressive fibromatosis treated with tamoxifen, reported no
correlation between worsening or improvement of patient symptoms and disease response measured
by Response Evaluation Criteria in Solid Tumors (RECIST)1.1 or MRI; thus, suggesting the need for
prospective studies, focusing especially on patient symptoms [1,58].

5.3.3. Chemotherapy

In the case/eventuality of symptomatic disease or failure of endocrine/NSAIDs approaches, clinical
evidence indicates that chemotherapy can be effective in the management of DTs. “Low-dose”,
weekly chemotherapy regimens, including methotrexate and Vinca alkaloids (vinblastine or
vinorelbine), are considered the preferential approach in consideration of the relative low toxicity
and respect of patient quality of life with a clinical benefit in approximately 80% of patients [59].
The combination of methotrexate and Vinca alkaloids also reported positive results in a group of
26 pediatric subjects, with tumor regression or stable disease achieved by the majority of the patients
and no-to-moderate toxicity [60].

In case of highly symptomatic disease or critical primitive anatomic sites that require a fast-clinical
response (e.g., FAP-associated DTs or head and neck DTs), anthracycline-based schemes can be
taken into consideration [44,61-63]. In a study conducted in seven patients with symptomatic
unresectable DTs who did not respond to previous hormonal therapy, the combination of doxorubicin
and dacarbazine, followed by meloxicam proved safe and effective, with three complete responses,
all patients achieving a significant clinically and radiologically tumor regression, and no major
safety concerns [44]. Pegylated liposomal doxorubicin also appeared as a valuable single-agent
approach, as shown by Constantinidou et al., in a report on 12 patients with aggressive fibromatosis.
Pegylated liposomal doxorubicin reported an acceptable toxicity profile and a highly promising clinical
activity, with 36% of the patients achieving objective response, seven cases of stable disease and
important clinical benefits, such as pain relief, improved mobility, or cosmesis obtained by 11 out
of 12 patients [61]. The superiority of anthracycline-containing regimens also emerged from the
analysis of 62 patients with recurrent and/or unresectable DTs registered in the French Sarcoma Group,
who presented variable tumor location and different previous systemic treatment failures. Indeed,
anthracycline-based regimens reported a higher response rate compared with non-anthracycline
regimen, such as methotrexate—vinblastine (54% vs. 12%) [62].
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5.3.4. Targeted Agents

Several tyrosine kinase inhibitors proved to be active in DTs.

Imatinib is a selective tyrosine kinase inhibitor that showed positive results in two phase II trials
in patients with DTs who were not eligible for surgery. The first study showed objective response
rates (ORR) in 6% of the patients (three out of 51) and 66% progression-free survival at 1 year [63],
whereas the second one registered three cases of ORRs out of 41 patients, and 95% progression-free
survival after 2 years [64].

Sorafenib, another tyrosine kinase inhibitor active in VEGFR, PDGFR, RAF, and RET, proved to be
active in DTs [65]. In 2018, the positive results of the phase III trial, ALLIANCE, comparing sorafenib
with placebo in patients with progressive, symptomatic, or relapsing DTs were published [66].
Median progression-free survival at 2 years was 81% versus 36% for patients receiving sorafenib or
placebo, respectively, with an overall response rate of 33% and 20%, respectively.

Finally, pazopanib proved to be active in DTs in a phase II trial (PAZOPANIB Efficacy and
Tolerance in Desmoids Tumors (DESMOPAZ) study) versus chemotherapy with methotrexate and
vinblastine showing a 6-month non-progression rate of 80% vs. 50%, respectively [67].

6. Surveillance and Prophylactic Measures

In the last few decades, the routine use of aggressive first-line treatments for DTs, such as surgery
and RT, has been progressively challenged by many authors [3,31]. Considering the unpredictable
behavior of DTs and the high recurrence rates registered after surgery, close observation is now
considered an acceptable approach, especially for asymptomatic patients; whereas treatment is
recommended in symptomatic patients, in case of tumors adjacent to critical structures or for cosmetic
concerns [8,19,68]. In patients with FAP, specific attention should be given to high-risk mutations
(from codon 1444 to 1578) and a positive family history of DTs [69]. In addition, given that surgical
trauma is a known risk factor for DTs in this population, prophylactic colectomy should be delayed if
possible, or different approaches should be chosen over open surgery, if feasible [70].

Some authors have proposed treatment algorithms for newly diagnosed DTs in which the front-line
consists of a conservative watchful waiting approach, and more aggressive treatments are postponed
whenever possible [3,31]. The cut-off for an active treatment should be defined based on multiple
variables, such as tumor size, growth rate, anatomical location, risk of organ damage or worsening
of function [31]. In 2013, Crago et al. proposed a postoperative nomogram to estimate the risk of
local recurrence after tumor resection. The nomogram was built on three main variables: tumor size,
tumor location, and patient’s age, and could represent a useful tool to distinguish between patients who
should be addressed to surgery after diagnosis and those in which alternative approaches (systemic
treatment, radiations, observation) could represent a more feasible approach [71]. More recently, a study
on patients with primary DTs in multiple anatomical locations identified pain (32%), progression (31%),
or both (13%) as the main indicators for treatment requirement in patients undergoing a surveillance
protocol. The study also confirmed that active surveillance is an appropriate strategy in patients with
DTs, although almost half of the subjects may eventually require treatment [4].

Despite the increasing interest on surveillance protocols in DTs, a standardized approach is still
lacking, no clear indication exists on which imaging technique (MRI or CT scan) should be preferred,
and no significant prognostic or predictive factors have been identified to distinguish between patients
with indolent tumors and those who would need active therapy [3,31].

The rarity of the disease, the ubiquity of anatomical localizations, and the complexity of approach,
which includes regular comparative radiological evaluations and critical interpretations of clinical
behavior, are all factors that necessarily require a multidisciplinary approach in a referral center with
specific expertise.
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7. Description of Our Case Series

We retrospectively analyzed the data of 70 adult patients (34 females/36 males) with a proven
diagnosis of APC-related FAP, referred to our center (Istituti Fisioterapici Ospedalieri (IFO) Regina
Elena, Lazio, Italy) from January 2010 to March 2019.

All of the patients underwent a prophylactic colectomy and were subsequently followed through
periodic follow-up examinations, including contrast-enhanced abdominal CT and MRI, depending
on tumor location and status. The timing of surveillance was defined as MRI every 6-12 months in
patients who developed DTs or tissue thickening; MRI every 2-3 months in patients with IAD and
local infiltration, and both MRI and CT after 24-36 months in patients without DTs.

A total of 13/70 patients (18.6%), five females and eight males, were diagnosed with DTs, six DTs
were already present during the first radiological examination and seven developed de novo during
the follow-up period. Mean age at diagnosis was 31.2 years (range: 19-53) and mean time of onset
after colectomy was 19.8 months (range: 9-34). In terms of location, two patients developed an AWD
(15.4%), nine developed an IAD (69.2%), and two patients had lesions on both sites (15.3%). Overall,
an IAD location was present in 11 cases (84.6%) (Table 2).

Table 2. Characteristics of patients enrolled.

Characteristics n %
Total number of patients 70 100
Patients status:
Presence of DT 13 18.6
Tissue thickening 18 25.7
Negative 39 55.7
Desmoid familiar history (yes/no) 16/54 23/77
Gender (male/female) 36/34 51/49
Age at colectomy (years), median (min-max) 24 (14-67)
Type of surgery:
Open 46 66
Laparoscopy 24 34

Based on the predisposing factors reported in previous studies, we observed that 10/13 (76.9%)
patients had a positive familiar history for DTs; all patients underwent total colectomy with rectum
preservation and ileorectal anastomosis; 7/13 patients received an open (53.8%) and 6 (46.2%) a
laparoscopic surgical intervention; 8/13 cases (61.5%) had APC gene germline mutation 3’ to codon
1399, although the most frequently detected was the 1068delTCAA (4/13 cases, 30.8%) (Table 3).

Table 3. Characteristics of patients who developed a desmoid tumor.

Characteristics n %
Total number of patients 13
Age at diagnosis (years) 31.2 (19-53)

Time between surgery and desmoid onset (available only for

10/13 patients) (months), median (min-max) 19.8 0-34)
Desmoid familiar history (yes/no) 10/3 76.9/23.1
Gender (male/female) 8/5 62/38
Age at colectomy (years), median (min-max) 26 (17-52)
Type of surgery:
Open 7 53.8
Laparoscopy 6 46.2
DT localization:
AWD 2 15.4
TIAD 9 69.2

Both 2 154
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Focusing on the 11 patients with IAD, CT/MRI detected a small bowel compression with loop
dilations in five cases (45.4%) and no radiological sign of compression/infiltration, nor symptoms in
6 (54.5%). Among the five with radiological signs of compression/infiltration, one male aged 31 years,
and one female, aged 21 years, also had asymptomatic ureteral compressions, which were treated
with stent placements. Both patients had a rapid and progressive growth of IAD DTs and developed
recurrent abdominal pain and episodic sub-occlusion and, thus, started chemotherapy. The female
subject required three lines of chemotherapy (doxorubicin and dacarbazine, second-line vinorelbine,
and rechallenge with vinorelbine), whereas the male subject required a surgical intervention after
developing enteroenteric fistula, following two lines of chemotherapy (methotrexate and vinorelbine
and second-line doxorubicin). Another patient, among the five, with radiological evidence of small
bowel compression had a very rapid growth of the DTs, causing a fast development of intestinal
perforation, and needed an emergency surgery. The patient achieved a good partial response
(>50% reduction) and stable disease after first-line chemotherapy with weekly methotrexate and
vinorelbine for about 6 months, and parenteral nutrition support for several months. The remaining
two out of the five patients with radiological signs of intestinal compression had a single episode of
sub-occlusion treated conservatively with rapid improvement and did not develop any complication.
Therefore, 3/11 (27.3%) IAD had an aggressive behavior. The AWD showed a stable disease and did
not cause any symptom.

Based on these data, we conducted a preliminary assessment on possible predictive markers of
tumor aggressiveness, by focusing on/evaluating imaging, size of DT, and growth pattern, and by
measuring the “average monthly growth rate” (AMGR), defined as the rate between the difference
of tumor size measured by RECIST criteria 1.1 in two subsequent examinations, divided by the time
(in months) between one investigation and the following (Table 4). The highest AMGR values were
detected in the two patients who required surgery: 0.75 in the patient with enteroenteric fistula and
1.83 in the one with intestinal perforation, but not in the female patient who underwent chemotherapy
(0.25). In one out of the eight patients with asymptomatic—-paucisymptomatic IAD, the DT size was
11.6 cm and the AMGR was 0.42. In all of the other IAD and AWD cases, AMGR was <0.1.

Table 4. Growth index among patients with desmoid tumor.

Recurrent
. DT Age Size TO Size T1 Radiological Abdominal
Patient Site (years) Genotype cm cm AMGR Signs Pain/Sub-
Occlusion
1 IAD 34 ¢.2801delC 8.5 14 1.83 Loop dilation Yes
2 AWD 41 ¢.3471-3474delGAGA 2 2 0 N -
Loop dilati
3 IADAWD 23 1068deITCAA : 4 025 ppodb i Yes
ydronephrosis
4 IAD nd Exon duplication 2.6 26 0 Loop dilation No
from1to5 2 2
IAD 21 €.3471-3474del GAGA 6 6 0 No No
IAD nd 1865del A 3.5 45 0.07 Loop dilation No
7 IAD nd 1865delA 2 z 0 no No
8 IAD 30 1068delTCAA 7.3 7.3 0 no No
9 IAD 29 1068delTCAA 3 3 0 no No
10 AWD 19 1068delTCAA 2 2 0 - -
11 IAD 53 €.2446_2456del11 6.5 11.6 0.42 no No
12 IAD nd €2633delT 2 2. 0.02 no No
14 17 0.75 Loop dilation
13 IADAWD 31 €2633delT 3 3 0 Hydronephrosis Yes

AMG: average monthly growth rate; AWD: abdominal wall desmoid; DT: desmoid tumor; IAD: intra-abdominal
desmoid; nd: not determined; TO: time at diagnosis; T1: time at first follow-up examination.
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In our series, the prevalence of DTs was 18.6%, this is in line with previous studies [72]; whereas the
occurrence of intra-abdominal location (4.6%), was slightly higher compared with literature data,
probably because we enrolled asymptomatic FAP for a post-surgical surveillance program. The analysis
of predisposing factors revealed that the majority of patients had a positive family history of DTs
(76.9%) and an APC gene germline mutation 3’ to codon 1399 (61.5%), in line with literature data on
risk factors for DTs [17]. With regards to surgery, we did not observe any difference related to the
approach (open vs. laparoscopic) of surgical intervention, and we could not perform any analysis on
type of intervention as all of the patients underwent total colectomy with rectum preservation.

The main objective of our study was to assess the utility and the timing of surveillance for DTs
in asymptomatic FAP patients from surgery onwards. Overall, the surveillance protocol used in this
series of patients allowed to detect early asymptomatic intestinal obstruction and ureteral compression
in two out of three cases with “aggressive” IAD, improving clinical management. In the third case,
the radiological evidence of infiltrating DTs and the development of perforation occurred in a very
short time, thus, surgical intervention was the only treatment option. In our series, there was a high
frequency of aggressive DIs—nearly double that reported in other studies. However, these data should
be interpreted cautiously because of the small number of patients in our series.

The remaining eight patients without aggressive IAD and the two with AWD were scheduled
for close surveillance. One of them had a DT, with a worrisome size of 11.6 cm, which is a risk factor
for developing complications [18], as reported by Quintini et al., and two had radiological signs
of compression, none developed clinical complications. In summary, the radiological examination
scheduled allowed a prompt intervention in the 3/11 aggressive IAD DT cases (27.2%) and an active
surveillance of the remaining cases, avoiding unnecessary treatment despite the worrisome features
detected in three cases.

Taking into account the unpredictable course of this benign, but locally aggressive tumor,
recent position papers by the European Desmoid Working Group and of the European Organization
for Research and Treatment of Cancer (EORTC)/Soft Tissue and Bone Sarcoma Group (STBSG)/Sarcoma
Patients EuroNet (SPAEN) consider active surveillance with a regular instrumental monitoring (MRI or
CT scan, depending on the anatomical site of origin of DT) from 1 to 3 months from baseline, and every
3-6 months thereafter, the “first-line” approach to asymptomatic DTs, independently from the sites of
origin and from dimensions. The decision to start a treatment should rely only upon the documentation
of a confirmed progression of disease on more than one instrumental reevaluation, with the only
exceptions being worsening of symptoms or specific anatomic sites, as mesentery/abdominal cavity or
head—neck district. In these latter cases, an active treatment (local or systemic) should be considered
at the first documentation of progression of disease [31]. Considering the already described clinical
behavior of the disease and the high risk of relapse after surgery, surgical approach should be considered
the first option only in limited clinical situations, such as pictures of intestinal occlusion or perforation,
for cosmetic concerns, in order to preserve a patient’s quality of life, or in case of localization, of the
abdominal wall, due to the low morbidity and reported low risk of relapse.

In patients with FAP, the matter is the utility to start (or not) a surveillance after colectomy in
asymptomatic and, likely negative, patients. The recently published UK guidelines suggest counseling
patients about the risk of postoperative desmoid formation on the basis of genotype and family
history, and to perform, in these cases, a radiological screening at 12 months following surgery [73].
The American College of Gastroenterology guidelines do not consider any radiological surveillance,
but “evaluation is done for palpable masses and a full work-up for suggestive symptoms and a
preoperative abdominal CT scan before colectomy may be considered if desmoids have been an issue in
family members” [74]. The Mallorca Group [75] and the National Cancer Comprehensive Network [76]
(NCCN) guidelines do not give specific recommendations.

On this basis, we believe that the AMGR index developed by our group could be useful as a tool to
identify, in an asymptomatic phase, IAD’s that can develop aggressive behavior, becoming life-threatening
and requiring active treatment.
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From the preliminary results of our study, we can speculate that a high (>0.5) AMGR should be
indicative of a very aggressive/life-threatening behavior, and requires a quick active treatment. A very
low value (<0.1) is likely to be associated to stable DTs and follow-up could be delayed. AMGR values
from 0.1 to 0.5 are a “grey area” that should be carefully observed with a close follow-up and monitoring
of clinical symptoms. These preliminary results suggest that average tumor growth could be relevant
in the evaluation of disease aggressiveness, whereas mesenteric thickening does not seem to be a sign
of aggressive behavior. Certainly, further studies are needed to confirm this hypothesis and to identify
a cut-off or range risk.

8. Conclusions

Active surveillance protocols are an important tool in the management of patients with DTs,
although clear guidelines and possibly predictive markers to choose the most appropriate therapeutic
path for each patient are still needed.

In our experience on patients with FAP-related DTs, an active surveillance strategy, with scheduled
follow-up evaluations through abdominal CT scan/MRI, depending on tumor location and tissue
thickening, was a valuable means to distinguish patients who needed prompt intervention from
patients who presented apparently worrisome features, but did not require immediate treatment.
We also identified a possible predictive marker of tumor aggressiveness called AMGR, which could
distinguish patients with very aggressive/life-threatening tumor behavior (AMGR >0.5) from those
with stable DTs (AMGR < 0.1).

Further studies are needed to confirm the relevance of AMGR and to develop other markers and
clear guidelines to guide DTs treatment. Moreover, it is important to consider that, given the rarity of
the disease, the ubiquity of anatomical localizations, and the complexity of approach that includes
regular comparative radiological evaluations and critical interpretations of clinical behavior, are all
factors that necessarily require a multidisciplinary approach in a referral center with specific expertise.
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