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Rationale for the use of tyrosine kinase inhibitors
in the treatment of paediatric desmoid-type fibromatosis
Monika Sparber-Sauer1, Daniel Orbach 2, Fariba Navid3, Simone Hettmer 4, Stephen Skapek5,6, Nadège Corradini7,
Michela Casanova8, Aaron Weiss9, Matthias Schwab10,11 and Andrea Ferrari8

In children with desmoid-type fibromatosis (DTF) in whom disease progression occurs after an initial watch-and-wait strategy,
prolonged low-dose chemotherapy using vinblastine and methotrexate (VBL-MTX) is currently the standard of care. These
conventional drugs have been prospectively evaluated but their efficacy and safety profiles are limited, and alternative therapeutic
options are therefore essential. Based on the results of clinical trials, the use of tyrosine kinase inhibitors (TKIs) in the treatment of
DTF is currently considered only in adult patients. TKIs such as imatinib show superior therapeutic efficacy to VBL-MTX and tolerable
short-term side effects for the treatment of adult DFT, supporting the concept of the use of TKIs for the treatment of paediatric DFT.
Moreover, new-generation TKIs, such as pazopanib and sorafenib, have shown improved therapeutic efficacy compared to imatinib
in adult non-comparative studies. A tolerable safety profile of TKI therapy in children with disease entities other than DTF, such as
leukaemia, has been reported. However, the efficacy and, in particular, the long-term safety of TKIs, including childhood-specific
aspects such as growth and fertility, for the treatment of children with DTF should be investigated prospectively, as DFT therapy
requires long-term drug exposure.

British Journal of Cancer (2021) 124:1637–1646; https://doi.org/10.1038/s41416-021-01320-1

BACKGROUND
Desmoid-type fibromatosis (DTF) is a rare, deep-seated soft-tissue
tumour, classified as a ‘locally aggressive fibroblastic/myofibro-
blastic tumour with intermediate malignancy’—a definition mean-
ing that it has a high propensity for local dissemination and
recurrence after resection, but does not metastasise to other
organs like a high-grade malignant sarcoma would do. DTF can
arise anywhere in the body, and can occur in children and in
adults, with a peak incidence in young adults and an overall
annual rate of around 2–4 cases per 1,000,000.1–3 Notably, one-
third of cases occur in the first decade of life, and DTF accounts for
up to 60% of fibrous tumours in childhood, with a peak incidence
around 4.5 years and a slight male predominance.
DTF is a complex disease: in the sporadic form, most tumours

have a somatic pathogenic variant of the CTNNB1 gene, which
encodes ß-catenin, whereas patients with the less frequent form
of DTF (<5%)4,5 harbour a germline pathogenic variant of the
adenomatous polyposis coli (APC) gene,5–7 which is often
associated with familial adenomatous polyposis (FAP). It has been
proposed that endocrine factors as well as repetitive trauma might
play a role in the pathogenesis of DTF. Interestingly, only in the
past 10 years have data supported biological differences

according to age,8 with potential molecular differences reported
between paediatric and adult DFT.9,10

Although knowledge of the biological and molecular character-
istics of DTF is evolving, a standardised treatment approach to this
disease still presents a challenge. Surgery—for many years (but no
longer) considered the mainstay of treatment—is not curative in
many cases, can cause significant deformity, and might promote
tumour growth and recurrence.11–15 Over last decade, it has
become apparent that DTF can sometimes show spontaneous
regression, and stabilisation in a subset of patients (around 27%
in children), supporting an initial wait and see approach in
cases of non-evolving disease at diagnosis.4,5,16–18 Why some
tumours regress, some stabilise, and others progress is largely
unknown,19,20 but could be related to the type of somatic CTNNB1
mutation. For those tumours that do progress, various types of
systemic therapy, including chemotherapy, hormone therapies
and nonsteroidal anti-inflammatory drugs,11,21–24 have been
described over the past decade. Prolonged low-dose chemother-
apy using vinblastine and methotrexate (VBL-MTX) is currently the
standard of care in children with an expected response rate of
31–35% but up to 80% of non-progressive disease (Table 1).
Conservative local therapies such as cryoablation have been

www.nature.com/bjc

Received: 1 September 2020 Revised: 27 January 2021 Accepted: 11 February 2021
Published online: 15 March 2021

1Klinikum Stuttgart - Olgahospital, Stuttgart Cancer Center, Zentrum für Kinder-, Jugend- und Frauenmedizin, Pediatrics 5 (Oncology, Hematology, Immunology), Stuttgart,
Germany; 2SIREDO Oncology Center (Care, Innovation and Research for Children, Adolescents and Young Adults with Cancer), PSL University, Institut Curie, Paris, France;
3Department of Pediatrics, Children’s Hospital Los Angeles, University of Southern California, Keck School of Medicine, Los Angeles, CA, USA; 4Department of Pediatrics and
Adolescent Medicine, Division of Pediatric Hematology and Oncology, Faculty of Medicine, University of Freiburg, Freiburg, Germany; 5Department of Pediatrics, University of
Texas Southwestern Medical Center, Dallas, TX, USA; 6Harold C. Simmons Comprehensive Cancer Center, University of Texas Southwestern Medical Center, Dallas, TX, USA;
7Institut d’Hematologie et d’Oncologie Pediatrique, Centre Leon Berard, Lyon, France; 8Pediatric Oncology Unit, Fondazione IRCCS Istituto Nazionale Tumori, Milano, Italy;
9Department of Pediatrics, Maine Medical Center, Portland, ME, USA; 10Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany and 11Departments of
Clinical Pharmacology, Pharmacy, and Biochemistry, University of Tübingen, Tübingen, Germany
Correspondence: Daniel Orbach (daniel.orbach@curie.fr)
These authors contributed equally: Monika Sparber-Sauer, Daniel Orbach

© The Author(s), under exclusive licence to Cancer Research UK 2021

http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-021-01320-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-021-01320-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-021-01320-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-021-01320-1&domain=pdf
http://orcid.org/0000-0002-2520-139X
http://orcid.org/0000-0002-2520-139X
http://orcid.org/0000-0002-2520-139X
http://orcid.org/0000-0002-2520-139X
http://orcid.org/0000-0002-2520-139X
http://orcid.org/0000-0003-1709-4448
http://orcid.org/0000-0003-1709-4448
http://orcid.org/0000-0003-1709-4448
http://orcid.org/0000-0003-1709-4448
http://orcid.org/0000-0003-1709-4448
mailto:daniel.orbach@curie.fr


suggested as treatment approaches for symptomatic residual
disease, although cryoablation might have a role in primary
treatment or in case of recurrence as well.
Owing to its local aggressiveness, frequent locoregional relapses

and the need for prolonged and sometimes aggressive treatments,
DTF is quite often associated with significant sequelae in
children,25 and could therefore be considered a chronic disease
for many patients. A report published in 2020 indicated that
children previously treated for DTF treated according to the
European paediatric Soft Tissue Sarcoma Group (EpSSG) strategy
(initial observation, VBL-MTX in case of tumour progression or in
life-threatening sites) have lower quality-of-life (QoL) scores
compared with those in a healthy population.25 With this in mind,
new agents are needed to provide improved tumour control and
to limit long-term sequelae for this patient population. Moreover,
the results from prospective, randomised clinical trials evaluating
the use of tyrosine kinase inhibitors (TKIs) in adults with DTF have
prompted us to revise our treatment paradigm for DTF.18,24

In this article, we will outline current approaches to the
treatment of paediatric patients with DTF and review the efficacy
and toxicity of TKIs in adult patients with DTF before providing an
expert opinion on future treatment options and opportunities for
paediatric patients with DTF, with a particular focus on these
new drugs.

CURRENT MANAGEMENT STRATEGIES FOR PAEDIATRIC DTF
As outlined above in the Background, surgery was once
considered the mainstay of treatment for DTF, but this is no
longer the case, and systemic therapy is now used to treat the
majority of cases of progressive or symptomatic DTF.

Systemic therapy
It is important to mention that treating physicians should
approach DTF in a different way to malignant soft tissue sarcomas.
The goals of systemic therapy in DTF are not only to promote
tumour shrinkage (to permit a subsequent resection, for example),
but also to induce growth arrest and tumour stabilisation.
Furthermore, the endpoints for the evaluation of treatment results
in DTF should be broadened from only tumour response to
incorporate symptom control and other important QoL measures
as well. In this context, patient perspective, toxicity, and long-term
effects of the systemic treatment with VBL-MTX have been well
studied in adult and paediatric settings (Tables 1 and 2).11,12,26,27

Current regimens and their drawback. Most paediatric oncology
experts currently consider conventional chemotherapy the first
treatment approach in patients with evolving DTF (including
patients with worsening symptoms, rapidly growing tumours, or
tumours located in a life-threatening site) after an observation
period. VBL-MTX constitutes a minimal-morbidity chemotherapy,
and is given with a prolonged exposure of at least 6 months (or
sometimes up to 12–18 months)4,28 This regimen, with response
rates varying between 25 and 49%, is desirable in the paediatric
setting due to its known absence of long-term side effects,
especially in young children (Table 1). Reported toxicities include
mainly tolerable haematological side effects, and no significant
long-term effects are known.4,11,28 Other systemic therapies that
have been evaluated either prospectively or limited in interpreta-
tion based on the retrospective nature of the analysis have shown
limited benefit29,30 (Table 1). As has also been seen in adults, the
overall response rate (ORR) to chemotherapy is reported to be
~30–50% (or less) in paediatric patients.23,26,31 However, this

Table 1. Main recent data on treatment with chemotherapy in paediatric patients with DTF.

Author Series Number
of cases

Age of
patients

Main findings

Skapek
et al.22

Phase 2 study from the North
American POG 1997–2001

28 <18 years Treatment with VBL-MTX; response rate: 31%
G3/4 toxicity: 67%
3-year PFS 32.5% (95% CI ± 10)

Meazza
et al.11

Retrospective study from the Italian
STSC AIEOP 1970–2005

94 <21 years Various systemic therapy adopted; response rate to systemic therapy: 49%
(including also minor responses), plus stabilization in 38%; response rate in
frontline 47%, in second-line 50%; response rate to VBL-MTX: 58%; 5-year
EFS: 58%, 5-year OS: 99%

Oudot
et al.12

Retrospective study from 2 French
cancer centres 1976–2005

59 <16 years Various systemic therapies
Response rate to systemic therapy 33%
10-year PFS 31% (95% CI 20–45), 10-year OS 88% (95% CI 74–95)

Skapek
et al.29

Prospective Phase 2 study from COG
2004–2009

59 <19 years Treatment with tamoxifen and sulindac
Response rate: 8%
2-year PFS: 36%

Orbach
et al.4

Prospective study from the EpSSG
2005–2016

163 <24 years From 2005 to 2013; first-line therapy: VBL-MTX. Response to medical therapy
35% with 80% of ‘no progression'. Wait & see and chemotherapy-first
strategies do not jeopardize outcome and permit to avoid surgery in 70%
of cases.
5-year EFS 31.8% (95% CI 23.6–40.3)

Sparber-
Sauer
et al.28

Retrospective study from the CWS
1981–2016

90 <18 years From 1981 to 2013; response rate to systemic therapy (VAC and VBL-MTX)
39% at 3 months, 53% at 6 months. Response rate to VBL-MTX 47% at
3 months, 58% at 6 months.
5-year EFS 44% (95% CI ± 10), 5-year OS: 100%.

Ferrari
et al.30

Retrospective case series from four
referral European centres 2008–2016

16 <21 years Pre-treated/refractory disease, treated with oral hydroxyurea; response rate:
19% major partial response, 37% including also minor responses, 69%
considering symptom response or radiological signs of tissue response; No
G3–G4 haematological toxicity

COG Children’s Oncology Group, CWS Cooperative Weichteilsarkom Studiengruppe, EFS event-free survival, EpSSG European pediatric Soft tissue sarcoma
Study Group, OS overall survival, PFS progression-free survival, POG Pediatric Oncology Group, STSC AIEOP Soft Tissue Sarcoma Committee of the Italian
Association of Pediatric Hematologic Oncology, VAC vincristin/dactinomycin/cyclophosphamide, VBL-MTX vinblastine/methotrexate, CI confidential intervals,
G grade.
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finding is influenced by many variables, including the definition of
tumour response assessment and the study design of the different
analyses. The long-term QoL among paediatric patients with a
watch and wait strategy did not seem to differ from the QoL in
those who received treatment (chemotherapy (predominantly
VBL-MTX), surgery).25 Even if the efficacy of radiotherapy in
paediatric DTF seems real, the use of this treatment is not
recommended as a first-line treatment because of the long-term
risks of this technic in front of this benign tumour (growth defect,
mutagenic risk).14

Another point to consider when discussing the efficacy of
systemic therapy is the challenge of assessing the anti-tumour
activity of any medication in DTF. First, as is the case for sarcomas,
the response to a given drug is generally evaluated after 2–4 months,
but this might underestimate the response rate in DTF, which might
sometimes require a longer period of therapy. Second, we know that
the classic RECIST dimensional criteria can underestimate the
tumour response because the treatment might induce other types
of effect, such as fibrotic transformation or reduction of the amount
of vital cells, which can potentially correspond to radiological
changes in morphology and vascularity rather than changes in size.
Furthermore, clinical benefit—for example, pain control or gain-of-
function—might be considered as a favourable response even in the
absence of frank tumour regression. On the other hand, physicians
should be aware that the treatment response might be over-
estimated, as a reduction in tumour volume or a lack of growth
might not necessarily be the result of the drug’s activity, as DTFs can
spontaneously regress (or remain dimensionally stable). This concept
is best exemplified by the results of a randomised, double-blind,
placebo-controlled trial of sorafenib in adult DTF, which demon-
strated a durable partial response in 21% of patients receiving
placebo treatment.18 Note that the actual rate of spontaneous
regression in children with DTF is not clear.

TYROSINE KINASE INHIBITORS IN DTF
Overactivation of the Wnt–β-catenin signalling pathway
Research in the field of sarcoma genomics has identified multiple
potential drivers of oncogenesis in specific subtypes of soft tissue
sarcoma. Alterations in the Wnt–β-catenin signalling pathway
probably constitute the major oncogenic driver mechanisms in
DTF.32 Both CTNNB1 and APC encode components of the Wnt
signalling pathway (β-catenin and adenomatous polyposis coli
protein), the dysregulation of which gives rise to the uncontrolled
proliferation of fibroblasts. Patients with DTF-associated Gardner-
type FAP have inactivating germline mutations of the APC gene on
chromosome 5q21, and sporadic desmoids can harbour mutations
of APC or CTNNB1.33,34 Using current sensitive detection methods,
the incidence of desmoid tumours without CTNNB1 or APC
alterations is reported to be less than 5%.32 In more than 85% of
patients, the pathogenic somatic CTNNB1 mutations have been
reported to affect the N-terminal phosphorylation sites of the
β-catenin protein, interfering with its proteolytic degradation.
Similarly, the loss of function of APC in the germline pathogenic
variant leads to the reduced degradation and consequent
intracellular stabilisation of β-catenin.35 Both scenarios result in
the accumulation of β-catenin in the nucleus and subsequent
transcriptional activation of a number of genes that encode
proteins involved in tumorigenic signalling pathways, such as
those mediated by the kinases c-KIT, vascular endothelial growth
factor receptor (VEGFR) and platelet-derived growth factor
receptor (PDGFR).36 Indeed, the overexpression of VEGF has been
identified as a common feature in desmoid tumours, especially in
recurrent, aggressive cases.37 Studies are ongoing to confirm
whether these mutations are mutually exclusive. Therefore,
somatic molecular analysis of CTNNB1 helps to confirm DTF
diagnosis, differentiates DTF from other types of fibromatous
lesions, encourages offering genetic counselling for patients withTa
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DTF without CTNNB1 pathogenic variant, gives a molecular
biomarkers risk factor of recurrence and helps to identify possible
therapeutic targets. Nevertheless, agents targeting the Wnt
pathway are not yet readily available and have not been evaluated
in children.

Clinical trials of TKIs in DFT
Why TKIs are efficient in DFT is not totally understood. The
presence of KIT or PDGFR in desmoid tumours led to clinical trials
of pazopanib and sorafenib, oral TKIs that target VEGF receptors 1,
2 and 3, PDGFRα and β, and c-KIT tyrosine kinases, in adult
patients with DFT. However, tumour or serum levels of KIT, PDGFR,
PDGF-AA or PDGF-BB, or the CTNNB1 or APC mutation status, have
not consistently correlated with responses to TKI therapy.38–40

Alternatively, TKIs might provide an attractive therapeutic
approach due to their ability to simultaneously inhibit multiple
signalling pathway components, some of which (e.g. AKT, B-RAF
and RET) have been implicated in DTF tumorigenesis,9 as well as
their ease of administration (orally). Nevertheless, no clear data or
consensus exists to decide when to discontinue treatment with a
TKI and the rate of tumour recurrence after treatment. The main
published data on TKIs in the treatment of adult patients with DTF
is outlined below and summarised in Table 2.

Imatinib. Imatinib, a TKI with selectivity for c-KIT, PDGFRα,
PDGFRβ and macrophage colony-stimulation factor (M-CSF), has
dramatically modified the treatment and outcome of patients with
certain solid tumours.41–44 Imatinib was the first TKI evaluated
for the treatment of DTF. Three prospective, single arm, non-
randomised studies in adults demonstrated potential efficacy of
imatinib, with high rates of disease stabilisation (60–80%) despite
rather low response rates (6–19%), and the expected well-known
toxicity profile of imatinib.38,45,46 However, the lack of randomisa-
tion in a disease that has the possibility of spontaneous disease
regression and the inclusion of patients in the absence of
progressive disease at study entry make it difficult to determine
the definitive role of imatinib in this condition.47 Although the
efficacy of imatinib in paediatric patients with DTF is unknown,
significant pharmacokinetic data and well-established toxicity
profiles have been obtained for imatinib in the paediatric
setting.48–52 Data on the long-term effects of imatinib in young
patients treated over several years for other diseases, such as
chronic leukaemia, have been reported and describe issues with
potential growth failure, bone-metabolism alterations, endocrino-
pathies and second malignancies.48,50,53–60

Sunitinib. Sunitinib inhibits cellular signalling by targeting multi-
ple receptor tyrosine kinases such as PDGFR, VEGFR, c-KIT, RET,
CD114 and CD135. In paediatric patients with solid tumours, the
exposure–response relationships of safety endpoints of sunitinib
were mainly driven by sunitinib plasma exposures and were not
affected by age, sex, respective baseline safety endpoint values,
baseline Eastern Cooperative Oncology Group performance status,
or body size.61 However, only one single arm Phase 2 trial has
been conducted; it showed an ORR of 26% and 2-year
progression-free survival (PFS) of 75% in adults with DTF.62,63

Pazopanib. VEGF overexpression is a common feature of
aggressive desmoid tumours.37 Pazopanib is an oral, small
molecule TKI that targets VEGFRs 1, 2 and 3, PDGFRα and PDGFRβ,
and c-KIT, and is approved for the treatment of soft-tissue
sarcomas in adults.8,24,64–68 Pazopanib has been evaluated retro-
spectively in a limited case series and prospectively in a Phase 2
randomised, adult study for patients with DTF.24,65 In the
prospective clinical trial, patients were randomised 2:1 to receive
pazopanib or VBL-MTX. The 6-month non-progression rate in the
analysis on adults was 84% for pazopanib (versus 45% for VBL-
MTX), with response rates similar to those of sorafenib.24 Data on

global health status showed a clinically meaningful decrease in
pain intensity in adults with DTF receiving this drug, in contrast
with patients receiving VBL-MTX.24 Pazopanib has undergone
Phase 1 testing in children and found to be generally well-
tolerated, with mild haematological and non-haematological
toxicities including dose-limiting pancreatic enzyme elevation,
hypertransaminitis, proteinuria, canities and hypertension; the
recommended Phase 2 dose is 450 mg/m² once daily in tablet
form (comparable with the adult dose of 800mg daily). The Phase
1 powder for oral suspension (PfOS) maximum tolerated dose of
160mg/m² might result in suboptimal exposure. A Phase 2 study
using PfOS at 225 mg/m² has been completed, and the results are
pending.69 Data regarding the use of pazopanib in children
with DFT are limited.8 In a retrospective analysis in adolescent
and young adult patients with DTF (median age 16 years), six
patients received pazopanib. Except for one case of oedema, all
toxicities responded to dose reduction without sacrificing the
objective treatment response.8 The toxicities of pazopanib
included hypertension and diarrhoea, but were manageable;
however, no data on long-term toxicity were provided. Although
seemingly efficacious and generally well-tolerated, long-term
effects of pazopanib, particularly with the anticipated chronic
use in a paediatric population, are unknown.70

Sorafenib. Sorafenib is an oral, multi-targeted TKI, similar to
pazopanib. A retrospective study in adult patients with DTF
reported an ORR of 25% and promising disease stabilisation, with
an improvement in symptoms in 70% of patients.71 A Phase 3,
placebo-controlled, randomised trial of sorafenib in adult patients
with progressive DTF showed that the risk of progression could be
reduced by a factor of seven in favour of sorafenib.18 Notably, the
ORR was 33% for sorafenib, comparable with that of both
pazopanib and VBL-MTX. Common toxicities for sorafenib include
fatigue, rash, hypertension, thyroid dysfunction and gastrointest-
inal symptoms.71,72

Sorafenib has undergone Phase 1 and 2 testing in children,
showing toxicities similar to those seen in adults, including
diarrhoea, rash, fatigue, and liver transaminitis. The recommended
dose in children is 200 mg/m2 orally twice daily (comparable with
the adult dose of 400mg/m2 twice daily).73,74 To date, no data
exist on the efficacy of this drug in paediatric patients with DFT.
The pharmacokinetics and side effects of sorafenib have been
better investigated than those of pazopanib73–79 (Table 3).
Treatment-related adverse events were reported in 17% of
children treated with sorafenib, and no grade 4 or 5 events were
reported in the published paediatric Population Pharmacokinetics
study.78 Mild skin toxicities are frequently seen in paediatric
patients with other tumours (e.g. plexiform neurofibroma) treated
with sorafenib.73–78,80,81 Data on long-term effects and fertility are
limited.

EXPERT OPINION
Unlike for the treatment of malignant soft tissue tumours, the
main aim of systemic therapy for DTF is to stabilise tumour growth
and minimise tumour-related symptoms. Although low-dose,
prolonged chemotherapy using VBL-MTX does achieve this goal
in a subset of paediatric patients (at 6 months, the tumour
response rate was 69%), approximately a third of patients derive
no benefit from this therapy.28 Furthermore, the delivery of
chemotherapy, especially in young patients, can be challenging
(involving, for example, central venous catheter insertion, risk of
systemic infections, need for regular care, weekly clinic visits for
drug injections, acute toxic side effects). Owing to the anticipated
risk of relapses/progression and need for subsequent lines of
therapy, DTF should be viewed as a chronic disease and, thus, QoL
with improved functionality should be prioritised as another main
endpoint of.25
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In an attempt to standardise the approach for both adult and
paediatric patients with DTF, a global consensus-based guideline
approach to its management was published in 2020.47 The initial
watch and wait strategy that is used in adults has now been
adopted as the treatment of choice in children.82 However,
spontaneous regression is less commonly seen in children than in
adults in practice. Furthermore, physicians treating young children
have the legitimate concern of the risk of longer-term impairment
of structures and organs that are adjacent to the progressively
growing tumour, which is not the case for adult patients. As DFT is
not a malignant disease, non-cytotoxic approaches with moderate
long-term effects should be preferentially investigated in children.

The case for TKIs
Compared with conventional chemotherapy, TKIs appear to show
comparable or improved efficacy in DTF, with a more favourable
adverse event profile and health-related QoL measures.25 More-
over, the oral application of TKI would facilitate administration in
younger patients. When comparing between the different TKIs,
imatinib mainly stabilised tumour growth in adults but induced
fewer tumour regressions compared with VBL-MTX or other TKIs
such as pazopanib and sorafenib. Thus, we would not consider
imatinib to be the treatment of first choice for paediatric DTF.47

Furthermore, the clinical data in adults with DTF receiving
pazopanib and sorafenib are much more convincing. Both show
ORRs similar to those obtained using conventional treatment with
VBL-MTX, but differences in PFS are more evident for the TKIs.
Compared with the data for pazopanib, data on the pharmaco-
kinetics and safety of sorafenib in children are well investigated,
although potential mechanisms of primary resistance and long-
term effects of sorafenib are not yet known. The treatment
duration of VBL-MTX is typically 6–12 months;28,79 the appropriate
duration of treatment with TKIs is currently unknown but, taking
into consideration the ‘chronic’ nature of the disease, 6 months
would probably not be long enough, especially if this drug is
delivered after several relapses, which may reflect a more ‘active'
tumour. Well-defined parameters for stopping treatment for TKIs
have not yet been established and, owing to the lack of
comparative studies, no formalised sequence of therapies exists.
MRI shows early change in heterogeneity in responding tumours
due to a decrease in cellular area and an increase in fibronecrotic

content before dimensional response. The presence of an active
residual tumour on MRI or quantified by new technics as radiomics
may therefore help to considered to discuss the length of
therapy.24,83

We propose an international prospective multicentre trial to
evaluate TKI treatment in children, adolescents and young adults
(<21 years) with DFT (Desmoped study; Fig. 1). After an initial
watch-and-wait strategy, participants will be randomised (2:1) to
TKI (pazopanib or sorafenib) or VBL-MTX (current paediatric
standard of care). The indications for systemic treatment (i.e.
inclusion in the study) will include frank progressive disease
during observation (>30% of tumour volume progression),
intractable pain, possible damage of adjacent organs or structures
(e.g. inner ear) and/or life-threatening situations (mediastinal
tumour, compartment syndrome, etc.). Aesthetic considerations,
when tumour occurs in head and neck primaries for instance
should be also taken into account.82 Surgery should be avoided in
order to avoid stimulating the growth of any residual lesions. Local
therapies (e.g. thermal ablation, cryoablation) might be feasible for
small, symptomatic lesions, or at the end of systemic therapy.
Standard radiotherapy, although effective, has the potential to
cause long-term effects, including growth retardation or second-
ary malignancies, particularly in growing children, and should be
avoided. PFS will be the primary endpoint, but other important
measures of outcome should include QoL, MRI T2 signal (decrease
in volume, T2 hyperintensity decrease), and acute and especially
long-term toxicity, including potential effects on fertility.83,84

Furthermore, an initial molecular analysis of biopsy specimens
should be carried out in order to establish whether the presence
of specific mutations could influence the response to future TKI
treatment. Panel sequencing, whole-exon sequencing or methyla-
tion arrays of the primary tumour might help to limit the use of
drugs to those most likely to provide benefit while avoiding
toxicity in those agents that might not. Re-biopsy and analysis of
circulating tumour DNA during treatment should also be
considered to further help in the understanding of which patients
respond and why.85 These biological measures might have a
significant influence on the ultimate selection of therapy for
children with DFT beyond traditional definitions of treatment
success, emphasising the importance of their incorporation into
study design.

DESMOPED protocol (international clinical randomized trial on TKI)

IV VBL-MTX Oral sorafenib (or pazopanib)

Primary endpoint: PFS at 12 months
• Secondary endpoints: QoL, T2 MRI signal, relief of symptoms, biological investigations, financial impact, long-

term toxicity, correlation between molecular analysis results, tumor response and outcome

Diagnosis confirmed by central review

If progression of DTF > 30% tumour volume/ intractable pain/ risk of damage of adjacent structures/ life threatening
situation

Initial watch and wait strategy if feasible

Disease evaluation every 3 months.

•

Fig. 1 Proposal for a prospective international strategy in paediatric DFT. DTF desmoid-type fibromatosis, iv intravenous, MRI magnetic
resonance imaging, QoL quality of life, PFS progression-free survival, MRI magnetic resonance imaging, VBL-MTX vinblastine, methotrexate.
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CONCLUSIONS
Owing to the unpredictable clinical nature of the disease and
emphasis on QoL, the selection of therapy for patients with DTF
should be individualised. TKIs—specifically, pazopanib and
sorafenib—offer a novel, well-tolerated and effective treatment
in adult patients with DTF. However, a lack of data regarding long-
term toxicity and standardised stopping parameters has so far
made its widespread incorporation into frontline therapy in
paediatric patients less clear. Prospective, clinical trials in
paediatric DTF patients are urgently needed to appropriately test
these newer agents and better understand the age-dependent
biological differences compared with adults. We propose a way to
consider a prospective protocol on TKIs in children with FDT
(Fig. 1). Due to the rarity of the disease, international collaboration
for these ongoing efforts is critical.
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