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ABSTRACT

Desmoid tumors (DT) are rare, locally aggres-
sive, fibroblastic soft-tissue tumors that are
characterized by infiltrative growth and can
affect organs and adjacent structures, resulting
in substantial clinical burden impacting
patients’ health-related quality of life. Searches
of PubMed, Embase, Cochrane, and key con-
ferences were conducted in November 2021 and
updated periodically through March 2023 to
identify articles describing the burden of DT. Of
651 publications identified, 96 relevant ones
were retained. Diagnosis of DT is challenging
because of its morphologic heterogeneity and
variable clinical presentation. Patients visit
multiple healthcare providers, often facing
delays in correct diagnosis. The low incidence of
DT (estimated 3-5 cases per million person-
years) limits disease awareness. Patients with DT
experience a high symptom burden: up to 63%
of patients experience chronic pain, which
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leads to sleep disturbance (73% of cases), irri-
tability (46% of cases), and anxiety/depression
(15% of cases). Frequently mentioned symp-
toms are pain, limited function and mobility,
fatigue, muscle weakness, and swelling around
the tumor. Overall, quality of life in patients
with DT is lower than in healthy controls. There
is no treatment approved by the US Food and
Drug Administration for DT; however, treat-
ment guidelines reference available options,
such as active surveillance, surgery, systemic
therapy, and locoregional therapy. Choice of
active treatment may depend on tumor loca-
tion, symptoms, and risk of morbidity. The
substantial burden of illness of DT is related to
difficulties in timely and accurate diagnosis,
high symptom burden (pain and functional
limitations), and decreased quality of life. There
is a high unmet need for treatments that
specifically target DT and improve quality of
life.
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Key Summary Points

Desmoid tumors (DT), also known as
desmoid-type fibromatosis or aggressive
fibromatosis, are rare, soft-tissue tumors
that can cause debilitating pain,
deformity, and even life-threatening
organ damage to patients. DT is locally
aggressive and exhibits infiltrative growth
and a tendency to recur after surgery.

Patients with DT experience symptoms of
pain and impaired mobility that can
negatively impact their daily activities
and overall quality of life.

Because of the variable clinical
presentation and low incidence (3-5 cases
per million person-years) of DT, delayed
or inaccurate diagnoses are common.

Guidelines for DT recommend options
such as active surveillance, locoregional
treatments, and systemic treatments.

Unmet needs in DT include early and
accurate diagnosis and approved
treatments indicated for patients with DT.

INTRODUCTION

Desmoid tumors (DT)—also known as desmoid-
type fibromatosis (DTF) or aggressive fibro-
matosis—are rare, locally aggressive, fibroblastic
soft-tissue tumors that are characterized by
infiltrative growth and tendency to recur [1-3].
Desmoid tumors do not metastasize but can
arise in any part of the body: extra-abdominal
(appear in the head and neck, chest, extremi-
ties), and abdominal wall or intra-abdominal
(originating in tissue that connects abdominal
organs) [1, 2, 4, 5]. Depending on their location,
DT can cause debilitating pain and deformity
and even life-threatening organ damage
[2, 4, 5].

There are two types of DT: sporadic tumors,
which form the majority of all DT (85-90%) and

harbor somatic f-catenin (CTNNB1) gene
mutations; the remainder of DT (10-15%) occur
in patients with mutations in the adenomatous
polyposis coli (APC) gene, including patients
with familial adenomatous polyposis (FAP), a
tumor predisposition syndrome [6, 7].

The exact mechanism of disease is unclear.
Two pathways have been implicated in the
canonical Wnt/p-catenin/APC pathway, in
which CTNNB1 and APC mutations lead to f-
catenin accumulation [1, 7, 8], and the Notch
pathway, in which two cleavages at Notch
receptors occur (one by ADAMI10 in the extra-
cellular domain and the other in the intracel-
lular domain by gamma-secretase) [1]. The
potential cross-talk between the Notch and Wnt
pathways, as well as activation of the Notch
pathway resulting from dysregulation of the
Wnt pathway, are thought to be involved in the
pathogenesis of DT [9-14].

The course of DT is unpredictable, as spon-
taneous regression, stable disease, and disease
progression can all occur [2, 6, 15, 16].
Depending on the location and size of the
tumor and other factors, the risk of recurrence
after surgical treatment can be high [17-20].

Characterizing the burden of illness for rare
diseases such as DT is difficult because of the
inherent challenges associated with identifica-
tion and evaluation of a small patient popula-
tion. Recent reviews have focused on molecular
pathogenesis, diagnosis, and management of
DT [1, 8, 21-23]. To our knowledge, there is no
published, comprehensive review on the bur-
den of illness of DT. Here, we examine the
burden of this disease, including its diagnostic
challenges, clinical symptom burden, and
impact on quality of life (QOL). Additionally,
current management approaches and new
treatments under investigation for DT are
reviewed.

METHODS

Data Sources and Search Strategy

Key terms related to the study topics were used
to search relevant research articles in the
PubMed, Embase, and Cochrane Library
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databases. The initial searches were conducted
to identify only articles including human data
and published in English from November 2011
to November 2021. (Details for search strategies
in each database are provided in Supplementary
Materials Tables S1-S4.) Conference abstracts
published from 2015 to 2022 were also
reviewed. In addition, the bibliographies of
identified literature reviews and key studies
were reviewed to identify additional seminal
studies published before 2011. The searches
were updated periodically through March 2023,
using the same search strategy and criteria as
those used in the original search, to obtain the
most up-to-date literature since the previous
search. This article is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

Inclusion Criteria and Selection of Studies

Selection of studies was based on predefined
inclusion and exclusion criteria (see Supple-
mentary Materials Table S5) and was completed
through two levels of study: at level 1, titles and
abstracts of the identified studies were reviewed
to evaluate the potential study relevance; at
level 2, full texts of studies selected at level 1
were reviewed. The most recent and relevant
studies describing the disease and its diagnosis,
epidemiology, treatment, and clinical, human-
istic, and economic burden were selected for
inclusion. Data relevant to the study objectives
were extracted by one reviewer and quality
checked by a second reviewer.

RESULTS

A total of 541 unique titles and abstracts were
identified from the database searches; of these,
362 were excluded during level 1 (abstract/title)
screening and 179 progressed to level 2 (full-
text) screening. After desktop and conference
searches, 65 sources met the inclusion criteria
and form the evidence base for this review. The
updated searches, conducted in December 2022
and March 2023, resulted in 110 additional

titles and abstracts, of which 31 references were
found to be relevant.

Epidemiology and Risk Factors

Five European sources [24-28] providing esti-
mates on the incidence of DT were identified in
the literature. No study evaluating the preva-
lence of DT was identified. Likewise, no epi-
demiological study of DT in the United States
(US) was identified. All the primary studies are
presented in Fig. 1. The most recently published
study, Anneberg et al. [24], estimated 2.2 cases
per million person-years in 2011 and 4.3 cases
per million person-years in 2017 in Denmark,
using the Danish Sarcoma Database and
excluding patients aged 18 years and younger.
Two population-based registry studies [25, 28]
have reported incidence estimates of DT in the
Netherlands: van Broekhoven et al. [28] esti-
mated 2.10 and 5.36 cases per million person-
years in 1993 and 2013, respectively, after
excluding patients with intra-abdominal
tumors, and Nieuwenhuis et al. [25] estimated
an annual incidence of 3.42 cases per million
person-years after reviewing cases from
1999-2009 and excluding patients aged 10 years
and younger. In Finland [27], annual incidences
of 2.4 and 4.3 cases per million person-years
were estimated from pathology data collected
between 1953 and 1964 and between 1968 to
1972, respectively. The Orphanet Report Series
collects data on rare diseases from a number of
different sources, including scientific literature,
registries, national and international health
institutes and agencies, and other reports from
experts. The Orphanet Report Series [26] pro-
vides an average annual incidence of 3 cases of
DT per million person-years in Europe. The
epidemiological studies reveal that most DT
cases appear in the age range of 20-44 years,
with a female predominance, and female cases
2.2-3.9 times the number of male cases
[24, 25, 27, 28]. No estimates of incidence of DT
in children are available in the literature; there
is a lack of data on DT in children younger than
11 years old.

Regarding mortality, there is only one study
[24] that has reported a 5-year mortality rate of
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Fig. 1 Incidence of DT in European Countries Reported
in Primary Studies. DT desmoid tumor. Sources: I
Reitamo et al. [27], 2 Nieuwenhuis et al. [25], 3 van

7 per 1000 [95% confidence interval (CI) 3-16]
among Danish patients with DT as compared
with 5 per 1000 (95% CI, 4-7) in a healthy
matched cohort. The adjusted hazard ratio of
dying was 1.3 (95% CI, 0.6-3.2) for patients
with DT compared with the matched cohort.
The authors state that most deaths occurred in
patients with FAP, though they represented
only 7% of patients in the DT cohort.

Several risk factors for the development of
DT are cited in the literature:

e Trauma: Up to 25% of DT cases have been
associated with episodes of antecedent
trauma; and for abdominal wall and intra-
abdominal wall DT, 68-86% of cases are
noted after abdominal surgery. Patients with
FAP are at even greater risk for DT develop-
ment following surgical trauma, with a
reported 84% of cases of FAP-associated DT
occurring within 5 years of abdominal sur-
gery [2].

e Estrogen and pregnancy: This disease has a
high female predominance. Estrogen may
influence tumor growth and spontaneous
regression. In women of childbearing age,
DT have a greater growth rate than those in

The Netherlands®

1993 2013
The Netherlands®

2011 2017
Denmark®

Brockhoven et al. [28], 4 Anneberg et al. [24]. Data from
the Orphanet report [26] is not included in this
figure because the data represent an average of various
primary sources

males or in premenopausal or post-
menopausal women; in addition, the fre-
quency rate of DT increases during
pregnancy and in women taking oral con-
traceptives; and cases of DT developed at the
site of a prior cesarean section scar has been
reported [3]. In particular, abdominal wall
DT has been shown to occur more frequently
in patients with a recent history of preg-
nancy, and the risk of progression or relapse
of DT is twice as high in female patients with
a recent pregnancy versus those without
recent pregnancy [29]. Spontaneous regres-
sion has been observed during menopause,
after tamoxifen treatment, and after oral
contraceptive use in some cases [2, 3].

e APC gene mutations are associated with
development of FAP-related DT as well as
10-15% of sporadic DT [3, 7, 16, 30].

Diagnostic Challenges

The diagnosis of DT requires medical history
review and physical examination, imaging, and
biopsy and histopathology evaluation [31]. A
definitive diagnosis of DT can be made via
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histopathologic analysis of a biopsy sample of
the tumor [8, 32] Although immunohisto-
chemical analysis can be used to detect an
additional diagnostic marker—the nuclear
overexpression of f-catenin—in tumor cells this
marker is not specific to DT and is not positive
in all cases [6, 7]. Genetic testing may identify
the presence of mutated CTNNB1 or APC, which
can be specific to DT [7]. The use of a diagnostic
imaging method may depend on tumor loca-
tion: for example, computed tomography is the
method of choice for intra-abdominal DT,
whereas magnetic resonance imaging is the
preferred imaging technique for extra-abdomi-
nal tumors. Ultrasound is often used for preg-
nant women and DT located in the extremities
or the abdominal wall [8]. Because of its mor-
phologic heterogeneity and variable character-
istics, patients with DT face multiple diagnostic
challenges:

e Delays in diagnosis: patient-related delays
can result from the inability to recognize the
importance of symptoms, whereas health-
care provider-related delays can result from
practice settings in which providers lack
specific expertise in DT, potential for incor-
rect referral, and multiple healthcare provi-
der visits prior to a correct diagnosis [4]. In a
study to explore health-related quality-of-life
(HRQOL) challenges faced by patients with
DT [4], most of the patients interviewed
reported delays in diagnosis. They experi-
enced a long diagnostic trajectory within
primary and secondary healthcare and were
transferred from “hospital to hospital to
hospital” to receive the correct diagnosis of
DT. Patients were frustrated by lack of con-
tinuity and differing opinions offered by
clinicians at each hospital appointment.

e Misdiagnosis: misdiagnosis is common in
rare diseases such as DT [4, 6, 33]. Based on
pathologic similarities with other myofi-
broblastic diseases (e.g., sarcoma, gastroin-
testinal stromal tumor, nodular fasciitis,
leiomyoma) and the low incidence of DT,
30-40% of DT cases are reported to be
misdiagnosed following histologic analysis
[33-35]. A French nationwide survey demon-
strated that one-third of DT are

misdiagnosed (the most challenging differ-
ential diagnoses are nodular fasciitis and
low-grade fibromyxoid sarcoma) [33]. In a
focus group study [4], several patients were
initially given a diagnosis of “cancer” or
“malignant sarcoma” and were informed
that the anticipated prognosis was bleak,
which caused emotional distress.

Clinical Burden

The morbidity and mortality associated with DT
largely depend on the tumor location, as this
determines the adjacent structures that the DT
will infiltrate or compress. Depending on their
location, DT tend to infiltrate adjacent organs,
extend along fascial planes, compress blood
vessels and nerves, erode bones, or obstruct
organs such as the bowel. Muscle, nerve, and
vessel involvement may cause debilitating
symptoms, including pain, restricted mobility,
or deformity [2]. For example, tumors affecting
extremities may restrict joint movements and
consequently cause limping or difficulty in
moving arms or legs [S].

The clinical course of the disease varies, and
data suggest that an initial tumor growth phase
is followed by a long period of growth arrest and
even regression. According to estimates,
approximately 10-28% of DT will resolve
spontaneously without treatment (22% for
extra-abdominal tumors to 28% for abdominal
tumors) [2, 36, 37], 30% will cycle through
progression and resolution, 50% will remain
stable after diagnosis, and 10% will progress
rapidly [2].

Recurrence rates can also be influenced by
tumor location. Tumors on extremities are
believed to be locally aggressive and have
recurrence rates ranging from 24% to 77% [2].
Local recurrence rates of intra-abdominal
tumors in patients with FAP are higher than
those for extra-abdominal tumors and reported
to be 57-86% [2]. Recurrence rates can be
exacerbated by trauma, such as trauma from
surgery (and there is a high risk of local recur-
rence after surgery), and range from approxi-
mately 25% to 60% at 5 years [15].
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Overall, the clinical burden of patients with
DT is considerable because of the pain and
physical limitations resulting from the chronic
infiltrative nature of this disease, in addition to
the functional impacts resulting from surgical
interventions. Furthermore, because of the low
estimated prevalence of DT (due to low inci-
dence rate), approaches to disease management
are often hampered by misdiagnosis or delayed
diagnosis, reduced public awareness, lack of
expertise outside specialist centers, and treat-
ment uncertainty.

Impact of DT Disease Burden
on the Patient’s Quality of Life

Patients can experience compromised QOL due
to diagnostic challenges and the high clinical
burden of DT, including severe pain, impaired
physical function and mobility, and high
recurrence rates. This can limit their everyday
activities and lead to deterioration in physical,
social, and emotional functioning (Table 1)
[4, 38-40]. In addition, patients with DT may
receive treatments that are also used for patients
with metastatic cancers and therefore may
experience treatment toxicities that decrease
their overall QOL. Among all symptoms expe-
rienced by patients with DT, pain is the most
debilitating and has a large impact on the
patient’s QOL. In the survey conducted among
the active members of the French patient
advocacy group (SOS Desmoide), pain was pre-
sent in 63% of cases [41]. In a focus group study
by Husson et al. [4], dependency on painkillers
was a significant concern for several patients,
and others found that pain was unresponsive to
analgesics. According to data from the French
nationwide prospective database ALTITUDES, at
diagnosis (and up to 6 months post-diagnosis),
occurrence of pain significantly increased with
DT in the neck and shoulder [odds ratio (OR),
3.0; 95% CI, 1.2-7.1) but not in DT in the
abdominal wall (OR, 0.5; 95% CI, 0.3-0.8) or
intra-abdominal wall (OR, 0.4; 95% CI, 0.2-0.8)
compared with other sites (P <0.001). Large DT
(>50 mm) were significantly associated with
increased pain (OR, 1.8; 95% CI, 1.2-2.8;
P =0.011). Furthermore, presence of pain at

diagnosis was associated with worse prognosis
irrespective of first-line treatment (hazard ratio,
2.0; 95% ClI, 1.3-2.9; P =0.006) [42]. The pres-
ence of pain was associated with lower perfor-
mance status (P=0.024) and functional
impairment (P = 0.001). The 3-year event-free
survival probability in the absence of baseline
pain was 72.2% (95% CI, 65.1-78.1) and in the
presence of baseline pain 53.9% (95% CI,
43.3-63.4) [43]. In a phase 3 trial of an investi-
gational agent, nirogacestat (DeFi trial,
n=142), 41% of patients with progressing DT
had uncontrolled pain at baseline, defined as
average worst pain intensity score of>4 as
measured using the Brief Pain Inventory-Short
Form (range 0-10, with higher scores indicating
worse pain) [44]. The pain severity and associ-
ated burden of disease can lead to anxiety and
depression in many patients [4, 43, 45].

The HRQOL burden of patients with DT has
been assessed using a number of non-DT-
specific instruments such as the European
Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-Core
Module (EORTC QLQ-C30), Generalized Anxi-
ety Disorder scale-7 (GAD-7), Patient Health
Questionnaire-9 (PHQ-9), Edmonton Symptom
Assessment System-revised (ESAS-r), Distress
Assessment and Response Tool (DART), and
Child Health Questionnaire (Table 1)
(4, 39, 46, 47].

Recently, a DT-specific HRQOL instrument
(the Desmoid-type fibromatosis Quality of Life
Questionnaire [DTF-QOL]) was developed and
has been shown to cover the spectrum of DT-
specific HRQOL issues and can be used along-
side the EORTC QLQ-C30 [48]. The impact
scales of the DTF-QOL instrument cover various
DTF-specific HRQOL issues that are not covered
by other generic or cancer-generic question-
naires, including unpredictable disease trajec-
tory of DT or the impact of DT on relationships
[49]. In a cross-sectional study, both EORTC
QLQ-C30 and DTF-QOL were used to assess the
impact of sociodemographic and clinical char-
acteristics on DT-specific HRQOL [50]. The
study found that female patients, patients with
more than 2 comorbidities, or patients who
received treatment other than only active
surveillance or surgery (such as systemic
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Table 2 Treatment modalities recommended for the management of DT

Treatment modality

Administration/dosing

Efficacy

Active surveillance

Surgery

Radiotherapy

Locoregional therapy
Cryoablation

High-intensity-focused

ultrasound

Radiofrequency
ablation [21, 90]

All guidelines recommend a period of wait and

see, with continuous monitoring every 1-2 mo

or 3-6 mo and gradual reduction of the
frequency [6, 16, 31]

Indicated for progressive symptomatic tumors

leading to significant complications with the

goal to preserve function [8] According to

NCCN guidelines, in general, surgery is not

considered a first-line treatment option, except

in certain situations if agreed upon by a

multidisciplinary tumor board [31]

Administered alone or after surgery

56—60 Gy in 28 once-daily fractions of 2 Gy
[71, 85]

2 consecutive cycles using a 10-min freeze

followed by a 5-min passive thaw
Dose: 1-2 treatments [87]
Sonication energy: 419-2867 ]
No. of sonications per treatment: 17-235
Temperature per sonication: 50-68 °C
Multiple treatments [88]
375-500 kHz
10 min at 105 °C at 50 MHz

Single or multiple treatments, depending on

tumor size [90]

All tumors (% patients) [77]: PD, 20%; SD,
59%; PR, 19%

Extra-abdominal: DC, 60-92% [78]; SD,
71% (after minimum follow-up of 12 mo)
[79]

SR: 28% (abdominal wall) to 21% (extra- or
intra-abdominal) [36, 37]

In sporadic tumors (non-intra-abdominal):
SR, 25-28% (follow-up, 32-34 mo)
(74, 75]

DC: 70-80% at 5y in low-risk patients [80]

Recurrence rates:

o All DT: 15-40.6% [81, 82]

® Extra-abdominal: 29.6-45.5% [83, 84]

® RR = 1.78 for local recurrence of DT
resected with microscopically positive
margins [83]

DC: 85% (surgery + RT); 78% (RT only)
[57]

5- and 10-y local control rate with

RT =+ surgery: 71% and 69%, respectively
(86]

Recurrence rate for postoperative RT:

14.1-37.5% [20, 84]

CR: 36%; PR: 36%; SD: 28% [87]

Volume reduction: 63% in extra-abdominal

DT [88]

Ablation: 80-100% in abdominal wall DT
[21, 89]

Complete ablation in 4 patients without

relapses during a mean of 30 mo follow-up

[90]
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Table 2 continued

Treatment modality

Administration/dosing

Efficacy

Low-dose chemotherapy

MTX + vinblastine
[64, 91-93]

MTX + vinorelbine
[93, 94]

Vinorelbine alone

[16, 93]

Pegylated liposomal
doxorubicin [71]

MTX (30 mg/ m?) and vinblastine (5 or 6 mg/
m?) weekly or every 7-10 days for up to a'y

MTX (30 mg/m®) and vinorelbine (20 mg/m?)
weekly; 40 to 50 cycles (doses were reduced if

toxicity developed)

Weekly vinorelbine 20-25 mg/ m>

50 mg/m” every 4 weeks

Conventional chemotherapy

Anthracycline-based

regimens

Tyrosine kinase inbibitors

Imatinib [59-61]

Sunitinib [62, 63]

Sorafenib [55]

Pazopanib [64]

6-8 cycles until maximum tolerated dose is

reached [6]

200- to 800-mg daily dose oral

37.5- to 52-mg daily dose for 4 weeks per cycle

400-mg daily dose

800-mg daily dose

Therapies under investigation in phase 3 trials

Nirogacestat
(NCT03785964;
DeFi trial) [44]

150 mg twice daily

CR + PR: 25-50% [64, 93]
SD: 47% [93]

1-y PFS: 79% [64]

CR + PR: 50-60% [93, 94]
SD: 49% [93]

Symptomatic relief at 3 mo: 80% patients
PR: 32%; SD: 58%; PD: 10%

1-y PES: 88%

CR + PR: 33%

PFS: 14 mo

CR + PR: 54-100% for doxorubicin and

dacarbazine [1]

CR + PR: 2-5.9% (between 3-6 mo)
1-y PES: 66%

CR + PR: 26.3-77%

2.y PES: 74.7-81%

CR + PR: 33%

1y PES: 89%

CR + PR: 37% (6 mo)

1y PES: 85.6%

71% reduction risk of disease progression vs.
placebo in patients aged > 18 y
(HR = 0.29; 95% CI, 0.15-0.55;
P <0.001) [95]

Statistically significant improvements versus
placebo in ORR and patient-reported

outcomes
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Table 2 continued

Treatment modality Administration/dosing

Efficacy

AL102
(NCT04871282;
RINGSIDE phase
2/3 trial) [65]

1.2-4 mg daily

Primary endpoint: PFS
Secondary endpoints: ORR, duration of

response, quality-of-life measures

(GODDESS, PROMIS, EQ-5D, BIPI)

The 2023 NCCN Guidelines do not recommend hormonal therapies, the DTWG 2020 stated that there is no evidence to
consider antihormonal therapies and NSAIDs in patients with DT

CR complete response; CI confidence interval; DC disease control; D7 desmoid tumor; DTG Desmoid Tumor Working
Group; HR hazard ratio; mo month; MTX methotrexate; NCCN National Comprehensive Cancer Network; NSAID
nonsteroidal anti-inflammatory drug; ORR overall response rate; PD progressive disease; PFS progression-free survival; PR

partial response; RR risk ratio; RT radiotherapy; SD stable disease; SR spontaneous regression; y years

therapy or a combination of active treatments,
such as surgery, systemic therapy, or local
therapy) scored significantly worse on the sub-
scales of both the EORTC QLQ-C30 and the
DTF-QOL. It may be that patients on systematic
or combination therapy had a more aggressive
disease course, explaining the association with
worse HRQOL scores. In addition,
patients > 40 years of age had worse scores on
the physical functioning scale (EORTC QLQ-
C30) and patients aged between 18 and 39 years
scored significantly worse on several of the DTF-
QOL impact scales [50]. Using DTF-QOL and a
generic instrument may help clinicians provide
better and more personalized care to patients
with DT. Another DT-specific instrument—the
Gounder/Desmoid Tumor Research Foundation
(DTRF) Desmoid Symptom/Impact Scale
(GODDESS) patient-reported outcome instru-
ment—assesses symptoms (GODDESS Desmoid
Tumor Symptom Scale [GODDESS DTSS]; 11
items, such as pain and fatigue) and impacts
(GODDESS Desmoid Tumor Impact Scale
[GODDESS DTIS]; 17 items, such as difficulty
moving and trouble falling asleep), and was
developed on the basis of prospective, concept
elicitation, and cognitive interviews of patients
with localized or multifocal DT (n =46) [51].
The scale is being used in several clinical trials
(NCT03785964, NCT04871282, and
NCT04195399) and has now been validated in
the phase 3 DeFi trial [52]. In this trial, GOD-
DESS symptom and impact scores were

internally consistent at baseline and at cycles 4
and 7 (Cronbach’s a>0.70). The test-retest
reliability after 2 months was also consistent
and had an intraclass correlation coeffi-
cient > 0.85. GODDESS symptom and impact
scores showed moderate to high correlation
with other patient-reported outcomes (PRO)
tools, including BPI-SF and EORTC QLQ-C30
[52] In the DeFi trial, baseline values for GOD-
DESS DTSS total symptom scores (SD) in the
nirogacestat and placebo groups were 3.4 (2.3)
and 3.5 (2.6), respectively, and the GODDESS
DTIS physical functioning domain scores (SD)
were 2.8 (1.1) and 2.7 (1.2) [53].

Additional instruments that have been used
to assess patient burden (HRQOL, anxiety, and
depression) include the EORTC QLQ-C30, GAD-
7, and PHQ-9. Assessment of patient QOL using
these instruments has indicated significantly
lower global health status and significantly
higher symptom burden of fatigue, pain,
insomnia, and financial difficulties in patients
with DT (vs. healthy controls) (Table 1). Anxiety
and depression have been reported in 39.22%
and 50% of patients with DT, respectively, and
rates of mild, moderate, and severe anxiety and
depression are higher in patients with DT
compared with healthy controls [45].

Economic Burden

No studies evaluating direct or indirect costs of
patients with DT were identified in the
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literature. However, a recent study by Anneberg
et al. [24] has evaluated healthcare resource
utilization of patients with DT treated at two
sarcoma centers in Denmark from 2009 to 2018.
Data were obtained from the Danish Sarcoma
Database. A comparison cohort was randomly
selected from the general population to match
the patient cohort. Healthcare resource utiliza-
tion of patients with DT was substantially
higher than that in the comparison cohort,
both 1 and 3 years after the diagnosis. Within
3 years after the index date, patients with DT
had, on average, 1 inpatient and 7.1 outpatient
visits as well as 7.5 days in the hospital com-
pared with an average of 0.8 inpatient and 0.1
outpatient visits and 0.8 days in the hospital in
the comparison cohort. The median duration of
hospitalization for DT-related surgery was
5 days (interquartile range, 3-7).

Studies [4, 41] assessing the impact of DT on
employment and job productivity have repor-
ted that patients experience a negative impact
on their employment due to their disease and
find it frustrating being unable to work (26%
stopped working and 10% worked part- time;
see Table 1). In addition, financial difficulty
resulting from loss of employment and hospital
travel expenses may be a significant concern for
some patients [4]. No monetary costs from loss
of employment and hospital travel expenses
were reported in these studies.

A cost-analysis by Johns et al. [54] of sor-
afenib treatment versus placebo based on effi-
cacy data from a phase 3 randomized, double-
blind, placebo-controlled trial [55] analyzed
patients with DT and disease progression as
follows: both clinical and radiologic progression
and radiologic progression alone. Total cost of
sorafenib was estimated for 1- and 2-year treat-
ment durations based on absolute risk reduction
(ARR) and number needed to treat (NNT). At
1year of treatment, sorafenib was associated
with a 43.2% ARR of clinical and radiologic
progression. This resulted in an NNT of 2.3
patients per year, which translates to a cost of
US$259,406 to prevent one clinical and radio-
logic progression. When only patients with
radiologic progression as defined by Response
Evaluation Criteria in Solid Tumors (RECIST
version 1.1) were evaluated, those treated with

sorafenib experienced ARR of 13.9% with NNT
of 7.2 patients per year and estimated costs of
$812,052 at 1 year.

Guidelines and Current Treatments

Table 2 summarizes common therapies used for
the management of DT. There are currently no
US Food and Drug Administration (FDA)-ap-
proved treatment options specifically indicated
for patients with DT; however, 2 treatment
guidelines provide recommendations on the
management of DT: the NCCN Clinical Practice
Guidelines In Oncology (NCCN Guidelines®)
[31], and guidelines from the Desmoid Tumor
Working Group (DTWG) [16].

A period of active surveillance is recom-
mended by the NCCN Guidelines and the
DTWG guidelines as the preferred front-line
approach [6, 16, 31] for managing tumors that
are asymptomatic or mildly symptomatic and
not progressing or morbid. If there is ongoing
progression of the tumor, an increase of symp-
toms, or higher risk of disease morbidity, the
guidelines recommend treatment options
depending on the anatomic location of the
tumor and its potential morbidity. Surgery is
limited to specific scenarios (e.g., for abdominal
wall tumors) and when the morbidity of surgery
is low. According to the NCCN Guidelines, in
general, surgery is not considered a first-line
treatment option, except in certain situations if
agreed upon by a multidisciplinary tumor
board. If surgery is considered, the goal should
be to try to preserve function [8]. The risk of
recurrence after surgery may be high in certain
patients, depending on their age, tumor loca-
tion, and size [18, 56-58]. Adjuvant radiother-
apy is considered for surgery with positive
margins for abdominal wall and extra-abdomi-
nal DT. Radiotherapy can also be considered for
DT where recurrence would be technically
challenging to resect and would lead to signifi-
cant morbidity. Locoregional therapy modali-
ties, such as cryoablation, are used to treat
small- and moderate-sized extra-abdominal DT.
Antihormonal therapies, such as tamoxifen and
toremifene, have also been used as treatments
for DT but are no longer recommended by the
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NCCN Guidelines or the DTWG guidelines.
Systemic  therapy, including  low-dose
chemotherapy, conventional chemotherapy, or
tyrosine kinase inhibitors (sorafenib, imatinib,
pazopanib, sunitinib) is used for patients with
rapidly growing and symptomatic unre-
sectable tumors or advanced disease. Treatment
selection depends on how aggressive the tumor
is and the need for a faster response to treat-
ment (e.g., conventional chemotherapy will be
used when a fast response is needed) [1].
Tyrosine kinase inhibitors have been evalu-
ated in phase 2 and 3 studies, with response
rates ranging from 2.6% to 10% for imatinib
[59-61] (study population: n =38 [60], n =40
[61], and n =51 [59]), 26.3-77% for sunitinib
[62, 63] (study population: n=19 [62] and
n=22 [63]), 33% for sorafenib [55] (n=87),
and 37% for pazopanib [64] (n = 72). One-year
PFS rates were 66% for imatinib [59], 89% for
sorafenib [55], and 86% for pazopanib [64].
Sides effects of tyrosine kinase inhibitors
include neutropenia, rash, fatigue, hyperten-
sion, and abdominal pain [55, 59-61, 64].
Among the new agents currently under
investigation for the treatment of DT, two are
being evaluated in phase 3 trials. First,
nirogacestat, an oral gamma-secretase inhibitor
(DeFi trial, NCT03785964), has met its primary
endpoint of improving progression-free survival
and key secondary endpoints in patients
aged > 18 years with progressing or symp-
tomatic disease, not amenable to surgery [44].
Compared with placebo, nirogacestat led to a
statistically significant and clinically meaning-
ful improvement in PFS as determined via
blinded independent central review [hazard
ratio for disease progression or death, 0.29 (95%
CI, 0.15-0.55)] and a significantly higher rate of
objective response (41%, including 7% com-
plete response, with nirogacestat vs. 8% with
placebo; P <0.001). Improvements in PFS in
favor of nirogacestat were observed across sub-
groups defined by tumor location (intra-ab-
dominal and extra-abdominal), genetic
mutation status (including APC), treatment
status (treatment naive and refractory/recur-
rent), prior tyrosine kinase inhibitor treatment,
and prior surgery. Significant between-group
differences were also observed in favor of

nirogacestat compared with placebo for PROs
including pain, disease-specific symptom bur-
den, physical functioning, role functioning,
and HRQOL. The most common adverse events
in the nirogacestat group included diarrhea,
nausea, fatigue, hypophosphatemia, and mac-
ulopapular rash; most adverse events were low
grade [44]. And, second, oral gamma-secretase
inhibitor, AL102, is being evaluated in a phase
2/3 study (RINGSIDE; NCT04871282) in
patients aged > 12 years (part B) with progres-
sive DT [65].

Ongoing phase 2 trials include an open-label
phase 2 study of nirogacestat (NCT04195399) in
pediatric participants (aged 12 months to
18 years) with progressive unresectable DT who
have failed at least 1 prior line of systemic
therapy; a phase 'z study (NCT04851119) of
Tegavivint (BC-2059) in patients with recurrent
or refractory solid tumors, including lym-
phomas and DT; a phase 2 study
(NCT02834013) of the combination of nivolu-
mab and ipilimumab in patients affected by rare
cancers, including DT; and a phase 2 study
(NCT03802084) of the combination of vac-
tosertib and imatinib in patients with advanced
DT. Although not classified as phase 2, one
study (NCT05490667) is evaluating anlotinib
combined with chemotherapy in the treatment
of unresectable advanced DT in Chinese
patients.

Unmet Need

Few epidemiological studies providing inci-
dence estimates of DT were identified in the
literature; all these studies were conducted in
European countries, and no study provided
prevalence estimates. In addition, no incidence
or prevalence data on children are available.
Because all the epidemiological data are from
European populations, a US population-based
study will be necessary to compare incidence
estimates between Europe and the US.
Although DT have a considerable impact on
patients’ HRQOL, few studies are evaluating this
aspect. Two patient-reported outcome tools
(DTF-QOL and GODDESS) have recently been
validated for DT [48, 52]. Additional data on the
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impact of DT on HRQOL are needed. In a survey
of patients with DT, patients expressed that
they did not want to feel like a burden on their
partner or family, but there is no study evalu-
ating caregiver burden for patients with DT.

Furthermore, two old studies [66, 67] and
one recent study [44] report the functional
outcomes of patients following surgery and
other treatments; there is a need for additional
and recent studies describing the functional
outcomes of patients undergoing current treat-
ments. We identified few real-world studies
describing treatment patterns of patients with
DT, but most of these studies do not clearly
describe the disease outcomes after each treat-
ment. Only two US studies [68, 69] evaluating
treatment patterns in the real world were iden-
tified. One study [70] of European physician
preferences for treatment of DT was published
in 2018. In that study, the first-choice systemic
therapy for advanced DT was antihor-
monal + nonsteroidal anti-inflammatory drugs
(NSAIDs), for which the 2020 DTWG guidelines
[16] have indicated there is no clear evidence to
use as treatment of DT; few physicians (~ 7%)
selected tyrosine kinase inhibitors as their first-
choice. Because new data from randomized tri-
als of sorafenib and pazopanib have been
recently published, there is a need for recent
real-world studies, especially in the US, that can
shed light on the current most common treat-
ments used for DT and, in particular, progres-
sive or refractory DT.

In summary, further research is needed,
preferably an international, population-based
study that will integrate patient-reported out-
come data with objective clinical examination,
radiological findings, and, potentially, molecu-
lar characteristics. This will allow greater insight
into potential prognostic factors and treatment
efficacy from the patients’ perspective.

DISCUSSION

The current review provides the first compre-
hensive summary of the burden of illness of DT,
including clinical burden (e.g., diagnostic chal-
lenges), epidemiology, impact of disease burden
on patients’ HRQOL and economic burden,

treatments, and guidelines. Other reviews
[1, 8, 15, 21, 71-73] have either focused on the
diagnosis and description of the disease or pro-
vided deep summaries of the treatment options
in this disease. Based on our findings, DT is a
rare disease that can have a negative impact on
patients, particularly in symptoms (e.g., pain,
impaired mobility, disfigurement), functioning
(e.g., physical, emotional, and social), and
overall QOL [4]. The global incidence of DT is
approximately 3-5 cases per million person-
years. Desmoid tumors are typically diagnosed
in young adults (highest frequency of cases
between 20 and 44 years) and more frequently
in women [24-28]. The studies also show that
the incidence estimate has increased in more
recent years, which may be related to an
improvement in diagnostic techniques. Because
of the low incidence of this disease, patients are
confronted with delays in diagnosis and misdi-
agnosis that can cause distress due to the
uncertainty and affect the clinical course of the
disease [4, 6]. In addition, misdiagnosis leads to
errors in management and treatment. Aware-
ness of this disease among the clinical com-
munity is important for prompt diagnosis and
timely and appropriate management.

Among symptoms experienced by patients,
pain is highly prevalent (63% of patients in a
survey had pain [41]) and can cause significant
socio-familial and economic impact on
patients, leading to loss of employment, irri-
tability, and anxiety [41]. The emotional dis-
tress level of patients with DT was compared
with that of patients with sarcoma, also a
malignant connective tissue disorder [39].

No information on direct or indirect costs of
DT was found in the literature; only one study
has reported higher healthcare resource utiliza-
tion in patients with DT than in a healthy
matched cohort [24]. Studies evaluating direct
medical costs and other out-of-pocket costs, as
well as financial data on the impact of DT in a
patient’s employment and job productivity, are
needed.

Treatment modalities have evolved during
the last 10 years. For most patients, surgery is no
longer the preferred primary treatment and has
been replaced by active surveillance or alterna-
tive treatments, such as systemic therapy.
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Several studies [36, 37, 74, 75] have reported
spontaneous regression in patients with DT
under active surveillance. Therefore, the NCCN
Guidelines and DTWG guidelines recommend
an initial period of active surveillance with
continuous monitoring for asymptomatic
tumors that do not lead to functional limita-
tions. Antihormonal treatments and NSAIDs
that used to be common first-line treatment
among physicians [70] are no longer recom-
mended by the NCCN Guidelines and DTWG
guidelines. Because the use of surgery or radia-
tion in patients with progressive, morbid, or
symptomatic tumors may be associated with
poor long-term functional outcomes [76], sys-
temic therapy (chemotherapy or tyrosine kinase
inhibitors) is recommended for these cases.
However, none of these systemic therapies have
demonstrated a  statistically  significant
improvement in patient symptom burden,
functioning, or overall QOL or have been FDA-
approved specifically to treat DT. In a phase 3
trial, the investigational agent nirogacestat
demonstrated significant improvements in PFS
and ORR as well as in pain, disease-specific
symptom severity and impact, physical func-
tioning, role functioning, and global health
status/QOL [44].

Because of the highly variable presentation
and symptoms of DT, treatment requires a
highly individualized approach [2-4, 6]. Thus, it
is important that patients be evaluated by a
multidisciplinary team with expertise and
experience in sarcoma to optimize manage-
ment. Given the limited mortality associated
with DT, treatment goals should not solely
focus on clinical markers, such as progression-
free survival, but also consider patient-relevant
endpoints, such as a reduction in DT-specific
symptom burden (e.g., pain) and its impact on
patients’ lives, improvement in functioning
with daily activities, and overall QOL
[4, 40, 41, 46, 47, 51].

Limitations

We aimed to present a current comprehensive
review of DT, and therefore we conducted our
key searches for the last 10 years, reviewing

bibliographies of review articles to identify
other key articles published before our cut-off
date (e.g., epidemiological studies). However,
there may be additional publications not iden-
tified in this review that provide important data
for the burden of DT (e.g., articles published
after the date that our search was conducted).
We identified several gaps in the literature: for
example, the number of publications on epi-
demiology, impact of disease on patients’ QOL,
and economic burden was limited, which con-
siderably impaired the assessment for burden of
the disease. Specifically, no epidemiological
study in the US was identified, and no study
evaluating the direct or indirect costs of patients
with DT was identified, which reflects the low
incidence of disease. Few studies evaluating the
impact of the disease on HRQOL have been
published, but no study evaluating caregiver
burden was identified.

CONCLUSIONS

This review characterizes the burden of illness
of DT. Patients with DT face many challenges,
including delayed diagnosis or misdiagnosis
due to lack of awareness by patients and provi-
ders; unpredictable disease course; treatment
uncertainty; treatment-related side effects;
debilitating symptoms such as pain, which can
limit physical and psychosocial functioning;
decreased QOL; disfigurement; disability; and
financial distress due to loss of employment and
hospital travel costs. Due to the rarity of DT,
educational gaps remain regarding the man-
agement of these tumors. There are no
approved treatment options for patients with
DT. For most patients, surgery is no longer the
preferred first treatment option after active
surveillance. It is, therefore, important that
patients be evaluated by a multidisciplinary
team with expertise and experience in sarcoma.
This can help optimize patient management
and make possible the treatment goals of clini-
cal efficacy (e.g., progression-free survival) and
improvement in patient symptom burden,
functioning with daily activities, and overall
QOL.
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