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Evolving strategies for management of desmoid tumor

Richard F. Riedel, MD I and Mark Agulnik, MD?

Desmoid tumors (DTs) are rare soft tissue mesenchymal neoplasms that may be associated with impairments, disfigurement, morbidity,
and (rarely) mortality. DT disease course can be unpredictable. Most DTs are sporadic, harboring somatic mutations in the gene that
encodes for B-catenin, whereas DTs occurring in patients with familial adenomatous polyposis have germline mutations in the APC gene,
which encodes for a protein regulator of B-catenin. Pathology review by an expert soft tissue pathologist is critical in making a diagnosis.
Magnetic resonance imaging is preferred for most anatomic locations. Surgery, once the standard of care for initial treatment of DT, is
associated with a significant risk of recurrence as well as avoidable morbidity because spontaneous regressions are known to occur with-
out treatment. Consequently, active surveillance in conjunction with pain management is now recommended for most patients. Systemic
medical treatment of DT has evolved beyond the use of hormone therapy, which is no longer routinely recommended. Current options
for medical management include tyrosine kinase inhibitors as well as more conventional cytotoxic chemotherapy (e.g., anthracycline-
based or methotrexate-based regimens). A newer class of agents, y-secretase inhibitors, appears promising, including in patients who
fail other therapies, but confirmation in Phase 3 trials is needed. In summary, DTs present challenges to physicians in diagnosis and
prognosis, as well as in determining treatment initiation, type, duration, and sequence. Accordingly, evaluation by a multidisciplinary
team with expertise in DT and patient-tailored management are essential. As management strategies continue to evolve, further studies
will help clarify these issues and optimize outcomes for patients. Cancer 2022;128:3027-3040. © 2022 The Authors. Cancer published
by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly
cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION
Desmoid tumor (DT), also known as aggressive fibromatosis, deep fibromatosis, and desmoid-type fibromatosis, is a
clonal fibroblastic proliferation arising in deep soft tissue and is characterized by infiltrative growth and a tendency to-
ward recurrence but an inability to metastasize." D'Ts can occur anywhere on the body but most commonly occur in the
extremities in the case of sporadic DT and intra-abdominally in patients with familial adenomatous polyposis (FAP).>™
Although not malignant, DTs are often locally aggressive and invasive and cause significant impairments, disfigurement,
morbidity, and (rarely) mortality.” They may infiltrate adjacent organs, compress blood vessels and nerves, erode bones,
invade muscle, and cause bowel obstructions.”

DTs are rare, constituting <3% of soft tissue neoplasms,® with an estimated annual incidence of three to five cases
per million worldwide.>”™"" Approximately 1000—1500 new cases are diagnosed in the United States each year.'* Most
DTs occur sporadically (non-FAP), although DT is 1000-fold more common in patients with FAP than in the general

>13 D'Ts may be multifocal, typically in the same body part.>” DTs occur predominantly in women (approx-

population.
imately 70% of cases), and the risk of DT development or progression appears to increase during and after pregnancy.’
The most common age group for DT occurrence is 30-40 years, and trauma and prior surgery are known risk factors.*

DTs are almost universally associated with alterations in the Wnt/p-catenin pathway.”'* In 85%-90% of sporadic
cases, D'Ts harbor somatic mutations in CTNNBI, the gene that encodes for B-catenin, leading to its accumulation.” The
point mutations are predominantly T41A (55%), S45F (35%), and S45P (10%).>> In patients with FAP, DTs harbor
germline mutations in the APC gene, which encodes for a protein regulating B-catenin levels.” These two mutation types
affect the same pathway yet are mutually exclusive and thus have diagnostic value.”

The prognosis for patients with DT is notoriously variable. Tumors can be associated with an unpredictable disease

21,

course, including spontaneous regressions in 20%—-30% of patients who are followed for 2-3 years.”"** Frequently, an

initial growth phase is followed by stabilization.” > Factors significantly associated with shorter progression-free survival

(PES) include age (younger than 37 years), tumor size (>7 cm), and tumor location (extra—abdominal).2’26_28
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DIAGNOSIS

Symptoms

Because of its rarity, DT may be misdiagnosed in as many
as 30%—40% of cases,”*” resulting in inappropriate or de-
layed care. In one study, the time from patient-reported
symptom onset to DT diagnosis exceeded one year for
54% of patients.”’ Correctly diagnosing DT is key to
optimizing management but, in practice, can prove chal-
lenging. Initial evaluation by a multidisciplinary team
with expertise in the management of DT, including
medical oncologists, radiation oncologists, radiologists,
pathologists, surgeons, and geneticists, is recommended.”
Clinical presentation varies and depends on tumor loca-
tion.” Patients with DT often have a palpable mass at
presentation.”’ Those with DT in the extremities may
have pain and a limited range of motion that causes am-
bulatory difficulties.” Symptoms in patients with intra-
abdominal desmoids include weight loss, cachexia, and
malaise. Both sporadic and FAP-associated DT can com-
promise patient quality of life (QoL), adversely affecting

. . . . . 2
physical, social, cognitive, and emotional domains.**~

Imaging

Magnetic resonance imaging (MRI) is the preferred
method for imaging most DTs, with superior soft tis-
sue imaging compared with computed tomography
(CT) (Fig. 1A).4’37 Signal intensity for DTs reflects the
proportions of tumor components present (collagen fib-
ers, spindle cells, extracellular matrix) (Fig. 1B). Tumors
generally show moderate-to-marked enhancement with
gadolinium. Low-intensity, nonenhancing, linear bands
called band sign are common and correspond with dense
collagenous stroma seen by histology. However, this is not
specific for DT. Imaging alone cannot distinguish DTs
from other soft tissue tumors.

CT scans can reveal a soft tissue mass, which typically
is sharply marginated in abdominal wall tumors or has
poorly defined, infiltrative margins in extra-abdominal or
mesenteric tumors (Fig. 1C),4’3 7 and are useful for diag-
nosis and follow-up of intra-abdominal DTs and associ-
ated complications, such as small bowel obstruction. The
extent of attenuation and enhancement varies, with most
DTs demonstrating mild or moderate enhancement using
an iodine-based contrast agent. Ultrasound can be useful
for the initial evaluation of tumors in extremities or in the
abdominal wall (for pregnant patients) and for guiding
biopsies. The sonographic appearance is variable, but a
thin, linear extension along fascial planes called il sign is
sometimes seen (Fig. 1D).*” Plain radiography and posi-
tron emission tomography CT have very limited roles in
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DT diagnosis. The latter may be helpful in patients with
FAP to distinguish recurrent cancers (moderate uptake)
from DT (mild uptake).3 7

Pathologic features
DTs appear firm and white or gray, resembling scar tissue
(Fig. 2).»"%® An analysis of a biopsy specimen by an
expert soft tissue pathologist is needed to distinguish DT
from other neoplasms, such as lymphoma or sarcoma.>*”
Histologic features include low-to-moderate cellularity,
long fascicles of uniform cells, dense collagenous stroma,
and a lack of malignant features.”” DT immunohisto-
chemistry is characterized by nuclear B-catenin positivity
along with positivity for smooth muscle actin, vimentin,
cyclooxygenase-2 (COX-2), and frequently f-estrogen re-
ceptors, and by negativity for desmin, S100, CD34, and
KIT.32’4O

Mutations in CTNNBI or APC are the hallmarks
of DT. Because mutations in these two genes are mutu-
ally exclusive, the finding of CTNNBI mutation rules out
FAP, and APC mutation rules out sporadic DT. Therefore,
mutational analysis of B-catenin has been proposed as a
specific DT diagnostic tool, with a finding of wild-type
CTNNBI suggestive of FAP. Next-generation sequencing
is preferable to Sanger sequencing, and all of codons 32
through 49 should be sequenced.” In practice, however,
access or financial considerations often limit its use.

MANAGEMENT STRATEGIES

Active surveillance

Cumulative evidence of long-term stabilization or
spontaneous regression in many patients with sporadic
DT has resulted in a paradigm shift from immediate
surgical resection toward more conservative measures,
particularly active surveillance (watchful waiting).41’42
A large, prospective, observational study (ClinicalTrials.
gov identifier NCT02547831) of patients with spo-
radic DT who were managed with active surveillance
(MRI or CT every 3-6months) recently reported a
treatment-free survival rate of 65.9% at 3years, with
55% of patients experiencing spontaneous regression
either initially or after progression.41 A systematic re-
view found that local control rates for surgery, surgery
plus radiotherapy (RT), RT alone, and active surveil-
lance were 75%, 78%, 85%, and 78%, respectively, for
primary disease™; however, selection and reporting bias
as well as heterogeneity of patient and tumor charac-
teristics require careful interpretation of these data. Of
interest, among patients with recurrent disease, active
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Figure 1. (A) Tl-weighted and (B) T2-weighted, fat-suppressed magnetic resonance images in the coronal plain of a 28-year-old
woman with a large desmoid tumor (DT) in the shoulder region (straight arrows). The curved arrow indicates a nodular protrusion
that raises concern for pleural invasion. (C) Axial, contrast-enhanced computed tomography image from a 27-year-old woman with
a nonresectable, solitary intra-abdominal DT not associated with familial adenomatous polyposis. An arrow indicates a large, well
defined mass adherent to the small bowel and mesenteric vessels. (D) Transverse ultrasound of a sporadic right paraspinal musculature
extra-abdominal DT in a 26-year-old woman. Linear fascial extension (tail sign) is indicated by the arrow. A and B reprinted from:
Shinagare AB, Ramaiya NH, Jagannathan JP, et al. A to Z of desmoid tumors. AJR Am J Roentgenol. 2011:197(6):W1008-W1014,*
with permission from the American Roentgen Ray Society. Copyright©2011, American Roentgen Ray Society. C and D reprinted
from: Braschi-Amirfarzan M, Keraliya AR, Krajewski KM, et al. Role of imaging in management of desmoid-type fibromatosis: a
primer for radiologists. Radiographics. 2016;36(3):767-782,%” with permission from The Radiological Society of North America.

Copyright©2016, The Radiological Society of North America.

surveillance was associated with significanty better
local control than surgery (p = .001).%

Recent guidelines, including those of the Desmoid
Tumor Working Group, recommend active surveillance
as the preferred front-line approach to managing most
patients with DT.>"**% Of note, because pain caused
by DT affects patient QoL, active surveillance requires
an effective pain management strategy*’; however, fur-
ther research is urgently needed to elucidate optimal
approaches.” Patients should be monitored by clinical
symptoms and MRI (or CT if MRI is not possible) at
3-month to 6-month intervals for at least 2-3 years and
every 6—12 months thereafter, with shorter intervals if tu-
mors are located at critical sites such as head and neck
or mesentery.*>* Some degree of clinical or radiologic
progression may be tolerated.** An algorithm illustrating
this initial approach is shown in Figure 3.”
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LOCAL CONTROL STRATEGIES

Surgery and radiotherapy

Until the early 2000s, the treatment for DT was simi-
lar to that for soft tissue sarcoma, with surgery con-
sidered the cornerstone of treatment,>*>4¢ However,
postsurgical local recurrence rates at 5-10years were
reported to be in the range from 30% to 77%.2448
Furthermore, whether negative margins correlated with
a decreased likelihood of recurrence was controversial.
Microscopically margin-negative (R0O) resections were
not achieved in most surgeries, and there was no con-
sensus on whether a positive margin resection correlated
with the risk of recurrence.®’ Postsurgical relapse rates
were higher for extra-abdominal DTs than for abdomi-
nal DTs and among juvenile patients versus adult pa-

. 46 . .
tients,” and nomograms that incorporated tumor size

3029



Review Article

Figure 2. (A) Macroscopic view of the cut surface of an extra-abdominal desmoid tumor. (B) Abdominal desmoid tumor showing
typical infiltrative growth pattern of skeletal muscle (hematoxylin and eosin staining, original magnification x200). A and B reprinted
from: Leithner A, Gapp M, Radl R, et al. Immunohistochemical analysis of desmoid tumours. J Clin Pathol. 2005;58(11)1152-1156,%®
with permission from BMJ Publishing Group. Permission conveyed through Copyright Clearance Center, Inc.

to predict postsurgical recurrence were subsequently
developed.?”*

A recent Danish study reported that rates of sur-
gery as initial DT treatment fell from 75% between 2009
and 2014 to 32% between 2015 and 2018.”° Several
factors have combined to unseat surgery as the de facto
first-line standard treatment for most patients with DT.
Spontaneous DT regressions have been noted in 20%-—
55% of patients who underwent active surveillance.?"*!
Considering the relatively high postsurgical local recur-
rence rates, the trauma and functional impairments as-
sociated with surgery, and the introduction of newer
treatment options, surgery is no longer considered the
primary preferred therapy for patients with DT at diag-
nosis.>”’ Surgical resection, however, remains an option in
patients with symptomatic, disabling, or progressive DT
when expected postsurgical morbidity is low and patients
are carefully counselled.”*

A large meta-analysis revealed that, although RT after
RO resection did not significantly lower the risk of local re-
currence, this risk was almost doubled (relative risk, 1.78;
95% CI, 1.40-2.26) in patients who underwent R1 resec-
tions but did not receive RT.”! This supports the potential
role of adjuvant RT when surgery results in an incom-
plete resection® but bears a low level of evidence, and the
risk of radiation-induced sarcomas in a generally younger
patient population needs to be considered.” A European
Organization for Research and Treatment of Cancer study
examined moderate-dose RT alone in patients with inop-
erable, progressive DT.”* Patients with primary, recurrent,
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or incompletely resected DTs (61.3% in extremities) re-
ceived 56 grays in 28 fractions. The local control rate was
81.5% (13.6% had a complete response [CR]), and late
toxic effects, including skin toxicity (41%), lymphedema
(23%), and pain (18%), were reported. RT as a single
modality appeared to be at least as effective as incomplete
resection surgery followed by adjuvant RT. Therefore, RT
alone may provide adequate local control in most patients
who have progressive disease, for whom surgery is not
an option, and for disease not otherwise controlled with
medical therapy.”

Other local control methods

Other methods of local DT control have been explored.
High-intensity focused ultrasound (HIFU) is minimally in-
vasive, using ultrasound beams precisely focused on target
locations to produce thermal coagulation necrosis.” In
111 patients with DTs, ultrasound-guided HIFU pro-
vided a 36% 3-month tumor volume reduction rate with
the most common adverse events (AEs) being pain (14%;
all Grade 1 or 2) and bone reaction (10%; all Grade 1). 4
Percutaneous cryoablation uses argon gas through a sealed,
segmentally insulated probe to cause rapid cooling.53 This
has been used in a limited number of patients with extra-
abdominal DTs and was associated with tumor volume
reductions and symptom improvements with low rates of
complications.ss’56 This technique, however, may be lim-
ited to small-to-moderate sized extra-abdominal tumors.’
Radiofrequency ablation uses local tissue heating through
an electrode to cause thermal necrosis but requires CT
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Figure 3. Schema for the management of patients with desmoid tumor recommended by the Desmoid Tumor Working Group.
ILP, isolated limb perfusion; MTx, medical treatment; RTx, radiotherapy; Sx, surgery; Sx*, surgery is an option if morbidity is limited.
Reprinted from: Desmoid Tumor Working Group. The management of desmoid tumours: a joint global consensus-based guideline
approach for adult and paediatric patients. Eur J Cancer. 2020:127:96-107,” with permission from Elsevier Science & Technology
Journals. Permission conveyed through Copyright Clearance Center, Inc.

guidance of the probe, which may not clearly distin-
guish muscle from tumor.”” Selective delivery of cytotoxic
chemotherapy to DTs through intra-arterial doxorubicin
drug-eluting embolization and subsequent tumor volume
reduction has been reported in four pediatric patients
with recurrent or refractory DTs”® and, more recently, in a
series of 11 adult women with symptomatic, progressively
enlarging, extra-abdominal DTs in which 10 patients
(91%) reported improvement or abatement of pain.”
Hyperthermic isolated limb perfusion may be considered in
cases of progressive, unresectable disease for which medi-
cal treatments have failed or are contraindicated.®

SYSTEMIC CONTROL STRATEGIES
Antiestrogens and nonsteroidal
anti-inflammatory drugs

Just as active surveillance has superseded surgery as the
primary approach to DT, medical management has
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evolved to provide newer, more evidence-based therapeu-
tic options, although, at this time, no medication has re-
ceived regulatory approval for the treatment of DT.
Estrogen has long been suspected of modulating
DT.” Evidence includes estrogen receptor expression in
DTs and the heightened DT risk during and shortly
after pregnancy and among women taking estrogen-
containing oral contraceptives. Women of childbear-
ing age appear to have greater DT growth rates than
men or postmenopausal women, and menopause as
well as tamoxifen have previously been associated with
DT regression. Evidence for antiestrogen therapeutic
effectiveness in DT is limited, however, to case series
and single-arm trials. A systematic review identified
an overall response rate (ORR) according to Response
Evaluation Criteria in Solid Tumors (RECIST) crite-
ria of 48%-51% for antiestrogen therapy,®’ although
the lack of an active surveillance comparator makes

3031



Review Article

this finding difficult to interpret. Therefore, treatment
guidelines no longer routinely recommend hormone
therapies.”*

The rationale for using nonsteroidal anti-
inflammatory drugs (NSAIDs) in patients with DT
began with the observation that COX-2 is overexpressed
in these tumors.> NSAIDS that inhibit both COX-1
and COX-2, such as sulindac and indomethacin and the
selective COX-2 inhibitor celecoxib, have been investi-
gated, often in combination with hormone therapy.®® A
wide range of response rates have been reported, as has
favorable tolerability.*®® To date, however, no random-
ized, prospective studies of NSAIDs in DT have been
reported, and NSAIDs are not currenty deemed to be
disease-modifying agents. Guidelines now recommend

their use for pain control only.**

Cytotoxic chemotherapy

Evidence for the effectiveness of cytotoxic chemotherapy
in DT comes from retrospective and prospective, non-
randomized studies.” Typically, low-dose methotrexate
plus vinblastine or vinorelbine, or, alternatively, a con-
ventional anthracycline-containing regimen is associated
with disease control rates (DCRs) of 64%-100%.% In
one report, the use of chemotherapy regimens (most
commonly methotrexate plus vinblastine) in 62 children
and adults with recurrent or progressive DT resulted in
a 1.6% CR rate, a 19.4% partial response (PR) rate, and
a 59.6% stable disease (SD) rate, according to RECIST
criteria, with 19.4% of patients progressing at a median
of 71.3 months.”” The ORR was higher for anthracycline-
based regimens than for nonanthracycline regimens (54%
vs. 12%; p = .0011), and toxicity was primarily hemato-
logic, with AEs more common with the former (31% vs.
10%; p = .06).

Several recent retrospective studies of oral single-
agent vinorelbine have reported moderate response and
clinical benefit rates in patients with DT.%** Among
90 adults who had DT treated with oral vinorelbine
with or without antiestrogen therapy, the best responses
were 29% PR, 57% SD, and 14% progressive disease.””
Concomitant antiestrogen therapy was associated with a
significantly longer time to treatment failure in women
(p = .03). The time to treatment failure was significantly
longer in patients who had S45P or S45F mutations rel-
ative to those who had T41A or wild-type (median not
reached vs. 24.0 months; p = .04). Among the patients
who were evaluable for pain, 74% had symptomatic im-
provement after 3 months. The most common grade >2
AE was nausea (39%).
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Tyrosine kinase inhibitors

Although the exact mechanism(s) by which tyros-
ine kinase inhibitors (TKIs) act in DT has not been
fully elucidated,”® overexpression of platelet-derived
growth factor receptor f (PDGFRP), which is inhib-
ited by the TKI imatinib, has been postulated to drive
DT development and growth.”' Initial case reports
suggested that imatinib had efficacy in patients with
DT.”? Subsequently, multiple prospective trials evalu-
ated the safety and efficacy of TKIs in patients with
DT (Table 1).*"777% Of note, unlike cytotoxic chemo-
therapy, in which treatment cycles are limited, TKIs are
generally used continuously until intolerance develops
or disease progresses.

A retrospective review of sorafenib found that its
activity warranted prospective evaluation in DT.* In a
Phase 3, randomized, placebo-controlled study, sorafenib
demonstrated superior median PES (not estimable vs.
11.3months; hazard ratio, 0.13; »<.001) compared
with placebo (Fig. 4).*! The ORR was 33% and 20%
in the sorafenib and placebo arms, respectively, the lat-
ter through spontaneous regressions. Discontinuations
caused by AEs were reported in 20% and 0% of patients
in the sorafenib and placebo arms, respectively. The most
frequent AEs among patients who received sorafenib
were grade 1-2 rash (73%), fatigue (67%), hypertension
(55%), and diarrhea (51%). The most common grade >3
AEs were papulopustular rash (12%) and hypertension
(8%) for sorafenib and abdominal pain (11%) and vom-
iting (6%) for placebo.

In the Phase 2 DESMOPAZ trial, pazopanib, a
second-generation multikinase inhibitor, was associated
with higher objective response (37% vs. 25%) and 1-year
PES (86% vs. 67%) rates than methotrexate plus vin-
blastine in adults with progressive DT, although no sta-
tistical comparisons between groups were performed.”
Pain, as assessed using the Brief Pain Inventory, de-
creased by a clinically meaningful amount in the pa-
zopanib arm only, and patient-reported global health
status was stable in the pazopanib arm but decreased
in the methotrexate plus vinblastine arm. Fatigue and
gastrointestinal AEs were the most common toxicities
in both arms. The most common grade >3 AEs were
hypertension (21%) and diarrhea (15%) for pazopanib
and neutropenia (46%) and liver transaminitis (18%)
for methotrexate plus vinblastine. Discontinuations
caused by AEs were less frequent in the pazopanib arm
(8% vs. 23%).

Although not approved by any regulatory
agency, based on available evidence, TKIs have been
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No.of No.of Median Progression-free

Patients Events Survival (95% Cl)

mo
Sorafenib 49 7 NE (NE-NE)
Placebo 35 22 11.3 (5.7-NE)
Hazard ratio for progression or death, 0.13 (95% Cl, 0.05-0.31)
p < .001
100+
90
Sorafenib
g\?__ 80+
£ 704
2
w60
3
£ 50
2 404
[2]
.‘S 304 'Placebo .
=
[\
o 204
10+
0 T T T I I T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36
Months
No. at Risk
Sorafenib 49 46 41 36 32 29 23 22 17 14 8 4 3
Placebo 35 28 20 18 15 12 11 10 7 3 3 2 2

Figure 4. Kaplan-Meier plot of duration of progression-free survival in patients with advanced and refractory desmoid tumors in
the sorafenib and placebo arms of a clinical trial (ClinicalTrials.gov identifier NCT02066181). NE indicates not estimable. Reprinted
from: Gounder MM, Mahoney MR, Van Tine BA, et al. Sorafenib for advanced and refractory desmoid tumors. N Eng/ J Med. 2018;379
(25):2417-2428,%" with permission from Massachusetts Medical Society. Copyright©2018 Massachusetts Medical Society.

recommended in guidelines as a systemic treatment
option for patients with progressive DT.>” However,
caveats apply. Although convenient because of oral ad-
ministration, TKIs could potentially result in perma-
nent hypertension or thyroid dysfunction, which is of
potential concern in younger patients.®’ The longer life
expectancy of patients with DT stands in contrast to
that of populations with metastatic cancer, for which
these TKIs were initially developed. In addition, the
tolerability of long-term TKI use has not been fully as-
sessed, nor have potential effects of TKIs on growth and
fertility been explored,”® although a diagnosis of DT,
in itself, is not a contraindication to future pregnancy.”
Finally, further studies are necessary to establish opti-
mal dosing, duration, and sequencing of TKIs to better
define their place in the treatment of DT. In the absence
of comparative studies, the Desmoid Tumor Working
Group recommends following a 5-dimensional model
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that considers level of evidence, the ORR, the PFS rate,
ease of administration, and expected toxicity associated
with a particular agent,” generally moving from less
toxic to more toxic treatments unless more aggressive
treatment is indicated because of disease severity.

y-Secretase inhibitors

Notch signaling and dysregulation of cross-talk be-
tween the Notch and Wnt/p-catenin signaling path-
ways are implicated in tumorigenesis, progression, and
treatment resistance® ™ in multiple tumor types, in-
cluding DT.5® Inhibitors of y-secretase block Notch
receptor proteolysis and subsequent translocation of
the Notch intracellular domain to the nucleus. A se-
lective y-secretase inhibitor (GSI), nirogacestat (PE-
03084014), inhibited cell growth and caused cell cycle
arrest, providing in vitro validation for the potential use
of GSIs in DT.*?
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A first-in-patient study of oral nirogacestat in pa-
tients with advanced solid tumors resistant to therapy or for
which no therapy was available reported that five of seven
patients with DT (71.4%) achieved a PR, and the other
two achieved SD, resulting in a DCR of 100%.%” The most
common AEs with nirogacestat were diarrhea (55% any
grade; 9% grade 3), nausea (38% any grade; 2% grade > 3),
fatigue (30% any grade; 0% grade>3), and hypophospha-
temia (27% any grade; 23% grade > 3). Of seven evaluable
patients with DT, there were no discontinuations because of
AEs. All 5 patients who had a PR maintained their response
for at least 48 months.®® Furthermore, the mean duration
of clinical benefit (>63.8 months) was significantly longer
than that observed with all prior interventions, including
surgery (12.8months; p<.001). Interestingly, the mean
time to treatment response was 11.9 months by RECIST
criteria but only 1.6 months by T2-weighted MR

An open-label Phase 2 study of nirogacestat in 17
heavily pretreated adults with recurrent, progressive DT
reported a 29% ORR (all PRs) and a 100% DCR.*
Symptom burden, according to the MD Anderson
Symptom Inventory, was significantly and clinically
meaningfully reduced in patients who achieved a PR.
Clinical benefit was independent of CTNNBI or APC
mutational status, and four of five responders had DTs
refractory to imatinib or sorafenib. The most common
AEs were diarrhea (76%) and skin disorders (71%); the
only grade>3 AE was hypophosphatemia (47%), which
was reversible with supplementation.

Early studies have reported tumor regression with
two other GSIs: AL101”° and AL102.”" Given the prom-
ising results obtained to date, several clinical trials of
GSIs in DTs are underway (Table 2).* A Phase 2 trial
(ClinicalTrials.gov identifier NCT04195399) is evalu-
ating nirogacestat in patients aged 1-18years with DT
not amenable to surgery. A Phase 3 randomized, double-
blind, placebo-controlled trial (ClinicalTrials.gov identi-
fier NCT03785964; DeFi) of nirogacestat has completed
accrual in adults with progressing DT. The primary end
point is PFS, and secondary end points are ORR, toler-
ability, and patient-reported outcomes. The RINGSIDE
trial (ClinicalTrials.gov identifier NCT04871282) is a
pivotal Phase 2/3 randomized, double-blind, placebo-
controlled trial of AL102 in adults with progressing DT.
The primary end point is PFS, and secondary end points
include ORR and patient-reported outcomes.

Other investigational agents
Vactosertib, a TGFPR1 inhibitor, is being investigated

in combination with imatinib in patients with advanced
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DTs in a Phase 1/2 wial (ClinicalTrials.gov identifier
NCT03802084). Tegavivint, an inhibitor of trans-
ducing f-like protein 1 (TBL1), a novel target in the
Wnt/B-catenin pathway,”” was investigated for safety
in the first-in-human trial (ClinicalTrials.gov identi-
fier NCT0349469) and is being investigated in patients
aged 1-30years with recurrent or refractory solid tu-
mors, including DT, in a Phase 1/2 trial (ClinicalTrials.
gov identifier NCT04851119). Immunotherapy with
the monoclonal antibodies nivolumab and ipilimumab
is being investigated in a Phase 1/2 trial in adules with
rare tumors, including DT (ClinicalTrials.gov identi-
fier NCT02834013). Sirolimus, a drug that inhibits the
mammalian target of rapamycin (mTOR) cell prolifera-
tion/survival pathway, was investigated in a pilot study
to determine whether it decreases mTOR activation in
children and young adults with surgically resectable DT
(ClinicalTrials.gov identifier NCT01265030) (Table 2).

CONCLUSIONS

DT is often locally aggressive and invasive and, despite
the lack of metastatic potential, is a source of chronic
pain, disability, and disfigurement, with adverse effects on
QoL. DT presents many clinical challenges to the treating
physician. Given the rarity of the disease, the diagnosis of
DT often requires consultation with an expert soft tissue
pathologist because initial misdiagnoses can occur. Given
the unpredictable disease course with the potential for
spontaneous regressions, an active surveillance approach
is currently the preferred management for patients who
have DTs in noncritical locations. When treatment is
needed, providers must be able to navigate an expand-
ing range of locoregional and systemic options, and that
requires the collaborative effort of a multidisciplinary
team with expertise in the management of DT, including
medical oncologists, radiation oncologists, radiologists,
pathologists, surgical oncologists, orthopedic oncolo-
gists, geneticists, and supportive care. The difficulties are
compounded because biomarkers predicting response to
treatment have not been identified, and little evidence
comparing the effectiveness of various DT treatments is
currently available.

Although the DT treatment paradigm continues
to evolve, several directions are clear. For most patients,
surgery is no longer the preferred primary therapy and
has been displaced by active surveillance. Except for DTs
at critical sites, at least 1-2years of active surveillance
is now recommended, and some amount of progres-
sion may even be tolerated. Local management may be

Cancer  August 15, 2022
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achieved nonsurgically in some patients by techniques
like RT and HIFU. Regarding systemic options, hor-
mone therapy is no longer recommended, and NSAIDs
are largely used for pain control. Preferred options now
include TKIs and chemotherapy. The optimal duration
of treatment is based on cumulative dose limits and dis-
case status for chemotherapy but is less well established
for TKIs, although tolerability and disease status are
typical factors.

Preliminary data suggest that novel GSIs may be
active in DT. Upcoming Phase 3 data will provide ad-
ditional information on GSI efficacy in treatment-naive
and refractory DT populations. Other novel therapeutic
approaches are being explored. Evolutionary progress is
driven by this continuing unmet need, and patient advo-
cacy groups including, among others, the Desmoid Tumor
Research Foundation (and its sister arganz’zatiom%),
Rein in Sarcoma, Sarcoma Foundation of America, and
Sarcoma Alliance, will continue to play an important role
in advancing care for this rare disease.
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