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1
DESMOID-TYPE FIBROMATOSIS

Desmoid-type fibromatosis (DTF) is a rare soft tissue tumour 1. It is a clonal fibroblastic pro-
liferation that arises in connective tissues and can occur at nearly any body site, including 
the abdominal wall, extra-abdominal (extremities, head and neck, trunk) and intra-abdominal 
locations 2. The estimated incidence of DTF in the population is 5-6 patients per million people 
per year, with a peak incidence between 20 and 40 years and the majority of the patients being 
female 3, 4. DTF cannot metastasise and generally has a low mortality rate, but can display local 
infiltrative growth and has a tendency to recur locally after surgery. It is therefore classified as 
an ‘intermediate, locally aggressive’ tumour by the World Health Organisation 1. The biological 
behaviour of DTF is unpredictable, exhibiting phases of initial progression, growth stabilization 
or frequently even regression without any treatment 5, 6. Independent of tumour behaviour and 
size, symptoms can vary between being completely absent to extremely painful and function 
limiting situations.

The majority of DTF tumours arise sporadically. The development of sporadic DTF is not 
fully understood, but has been related to etiological factors as surgical trauma and hormonal 
influences 7, 8. Most sporadic DTF tumours are characterized by mutations in exon 3 of the 
β-catenin (CTNNB1) gene, of which the most common mutations lead to a substitution of 
threonine at position 41 with alanine (T41A) or cause replacement of serine at position 45 with 
phenylalanine (S45F) or proline (S45P). These mutations block phosphorylation of threonine 
or serine residues and result in stabilization of β-catenin which is subsequently translocated 
into the nucleus where it transcriptionally activates Wnt target genes 9-12. Studies reported 
a potential clinical impact of the CTNNB1 mutational subtype, with S45F-mutated DTF tu-
mours exhibiting a higher risk of recurrence after primary surgery and a different response 
to systemic treatment 13-16. However, the prognostic role of the S45F mutation is a matter of 
discussion since others reported conflicting results and could not find an effect of CTNNB1 
mutation status on outcome 13, 17, 18. In 5-10%, DTF arises in the context of familial adenoma-
tous polyposis (FAP), which is associated with mutations in the (adenomatous polyposis coli) 
APC gene and subsequent accumulation of β-catenin 5, 19. Tumours lacking mutations in the 
CTNNB1 or APC gene are categorized wild-types (WT) 9-11. In FAP patients, DTF is mainly lo-
cated at intra-abdominal sites; sporadic tumours are mainly located at extra-abdominal sites 
or the abdominal wall. The association between intra-abdominal DTF and FAP is suggestive 
for a different tumour biology and subsequently a different treatment strategy compared to 
sporadic disease 19, 20. In this thesis we will focus on sporadic DTF.
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DIAGNOSIS AND MANAGEMENT OF DTF

Early recognition and diagnosis of DTF can be challenging because of its rarity and highly 
variable clinical presentation. Most DTF patients present with a growing mass for which they 
undergo imaging, usually ultrasonography, magnetic resonance imaging (MRI) or computed 
tomography (CT), depending on tumour localisation 21. Based on only imaging, it can be diffi-
cult to distinguish between DTF and soft tissue sarcomas 22. A histologic tissue biopsy, exam-
ined by an expert soft tissue pathologist using immunohistochemical staining for β-catenin, 
is therefore required to confirm the diagnosis 23, 24. Since CTNNB1 and APC mutations are 
mutually exclusive in DTF, mutational analysis is recommended to both confirm the diagnosis 
and to help determine further treatment strategy 23.

The treatment strategy of DTF has changed tremendously. Up to ten years ago, surgery 
was the mainstay of DTF treatment, but high local recurrence rates and the high numbers 
of spontaneous regression caused a shift to a more conservative approach 3, 25-27. The term 
‘active surveillance’ (AS) for the management of DTF was introduced, which is defined as 
continuous monitoring of DTF patients with an initial MRI (or alternatively another imaging 
modality when MRI is unavailable) within 1-2 months, then in 3-6 months intervals 23. First, 
an AS approach was only offered to patients with recurrent tumours, but in the last years it 
is considered standard of care in primary DTF as well 25, 27-30. AS for DTF is justified as it has 
no metastatic potential and spontaneous tumour regression is reported in patients who un-
dergo initial AS, while active treatment can result in substantial morbidity 31. The most recent 
guidelines recommend AS as initial management for asymptomatic and mildly symptomatic 
patients, independent of tumour size and site (Figure 1) 23. In case of persistent radiological 
or symptomatic progression, active treatment with systemic therapy (i.e. medical treatment), 
surgical resection or local therapies, such as radiotherapy, can be considered. As depicted in 
the treatment algorithm from the Desmoid Tumor Working Group (Figure 1), the type of active 
treatment depends on the tumour location.

Surgery can be considered for abdominal wall tumours as the risk of local recurrence and 
morbidity is limited 23, 29, 32. However, for DTF located at other sites, recurrence rates are 
high - up to 60% - and unless the risk of morbidity after surgical resection is very low, sys-
temic therapy is preferred 23, 33. However, the number of effective systemic therapies in DTF is 
limited. Systemic treatment options include low-dose chemotherapy (i.e. methotrexate plus 
vinblastine or vinorelbine, doxorubicin) and tyrosine kinase inhibitors (i.e. imatinib, nilotinib, 
sorafenib, pazopanib) 23. According to the most recent guidelines, there is no evidence to 
consider anti-hormonal agents (i.e. tamoxifen, toremifine) and non-steroidal anti-inflammatory 
drugs (NSAIDs) in DTF patients 23. Unfortunately, a recommendation on the sequence of sys-
temic therapies is complicated due to the lack of comparative studies. It is only since recently 
that the first randomized clinical trials are available. A randomized phase 3 clinical trial has 
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demonstrated antitumour effect of sorafenib in DTF patients. Results showed a prolonged 
progression-free survival (PFS) for patients who received sorafenib compared to the placebo 
group (81% [95% confidence interval [CI] 69-96] versus 36% [95% CI 22-57]) 6. Despite the 
observed benefit in this study, a withdrawal rate of 20% was observed due to drug-related 
toxic effects. Gamma-secretase inhibitors appear to be an attractive new therapeutic option 
for DTF patients 34-36. Promising results from the first randomized phase 3 trial were recently 
published, showing that nirogacestat was well tolerated, led to an improvement in PFS (haz-
ard ratio [HR], 0.29 [95% CI, 0.15, 0.55; P<0.001]) and to a reduced symptom burden in DTF 
patients 37. As there is currently no consensus on the order of systemic therapies, a stepwise 
approach from less toxic to more toxic treatments is generally followed 5, 23.

Radiotherapy can be considered when surgery or systemic therapies are not an option and 
the risk of serious morbidity is low 5, 23, 38. In patients with inoperable progressive DTF, it has 
been shown that moderate dose radiotherapy can reduce symptoms and lead to disease 
stabilisation or a partial or complete response 38. However, because of the relatively young 
age of the DTF patients, the non-malignant character of the disease and the risk of secondary 

Diagnosis (core needle biopsy)

Front-line approach: 
Active Surveillance (1-2 years)

If Stabilization / Regression: 
Active Surveillance

In case of Progression 
(consider – If clinically possible – to wait until 3 subsequent progression)

Abdominal wall 
Intra-abdominal /
retroperitoneal /

pelvic
 

Extremity / 
girdles / 

chest wall
Head & neck /
intrathoracic 

 

Sx MTx MTx MTx

MTx (or RTx) RTx or Sx*+RTxMTxRTxSx* 
or ILPMTx Sx* / RTx

or both
 

Investigational treatments...

Figure 1. Treatment algorithm (Adapted from: Desmoid Tumor Working G. 23)
Abbreviations: Sx: surgery, Sx*: surgery is an option if morbidity is limited; MTx, medical treatment; RTx, radio-
therapy; ILP, isolated limb perfusion
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malignancy after radiotherapy, this modality is not often applied. Isolated limb perfusion (ILP) 
using tumour necrosis factor-alpha and melphalan is another local treatment that has proven 
to be effective in DTF patients and can be used in patients with locally advanced, progressive 
extremity DTF for whom resection would require a significant functional sacrifice 23, 39. Finally, 
when local treatment is required, minimally invasive treatment options such as cryoablation 
and MRI-guided high intensity focused ultrasound (MR-HIFU) have emerged as potentially 
effective treatment options in DTF 40-43.

With AS as the frontline approach and active treatment options that do not guarantee tumour 
reduction or clinical benefit, DTF has become a chronic condition for a significant proportion 
of patients. Hence, the main goal of treatment for DTF patients is to maintain an acceptable 
health-related quality of life (HRQoL), by reducing symptoms, obtaining a decrease in tumour 
size or both. Therefore, it is important to use patient-reported outcomes alongside objective 
outcome measures, such as radiological response or overall survival, to understand the ef-
fects and risks of treatment for DTF patients 5.

PATIENT-REPORTED OUTCOMES AND DTF

Patient-reported outcomes (PROs) are defined as: ‘measurements of any aspect of a patient’s 
health status that comes directly from the patient without the interpretation of the patient’s 
responses by a physician or anyone else’ 44. One of the most important PROs is HRQoL, a 
multidimensional concept that includes the patient’s perception of the impact of their disease 
and treatment on physical, psychological, and social functioning 45. Several studies have 
shown that integration of HRQoL assessment in clinical practice can improve patient satisfac-
tion, communication and symptom control, and can guide treatment decision-making 46, 47. 
Furthermore, PROs provide additional information next to objective outcomes to determine 
the net clinical benefit of a treatment 48, 49.

There are a limited number of studies focusing on HRQoL in DTF patients. These studies 
have shown that DTF patients experience a variety of physical and psychological challenges, 
which can have a significant impact on different domains of their HRQoL. From qualitative 
interview studies, it is known that DTF patients experience uncertainties due to diagnostic 
delay, limited experience of healthcare providers, the unpredictable clinical course of DTF 
and the variable treatment efficacies 50-52. Additionally, DTF patients report pain and physical 
symptoms due to the local and aggressive growth of the tumour itself or as a side effect 
of treatment, which can greatly affect HRQoL. These DTF-specific HRQoL issues are not 
captured by generic or cancer-generic HRQoL questionnaires (e.g., European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire Core 30 [EORTC QLQ-C30], 
EuroQol five-dimensional questionnaire [EQ-5D]), which are predominantly used in DTF stud-
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ies and in clinical care. The core EORTC QLQ-C30 is one of the most frequently used HRQoL 
questionnaires used in cancer research and was intended to be supplemented by disease-
specific modules 53. Up to now, only one DTF-specific tool is available, the ‘Gounder/DTRF 
Desmoid Symptom/Impact Scale’ (GODDESS), which has been developed according to the 
United States Food and Drug Administration (FDA) regulatory requirements 54. To develop a 
disease-specific tool for DTF patients that can be used to supplement the EORTC-QLQ-C30, 
a DTF-specific HRQoL questionnaire (DTF-QoL) was previously developed by our group ac-
cording to the EORTC Quality of Life Group guidelines for developing questionnaire modules 
51, 52, 55. These DTF-specific HRQoL instruments can be used in both clinical and research 
settings to evaluate HRQoL of DTF patients, which can contribute to personalised care and 
improvement of the overall patient experience.

OUTLINE OF THIS THESIS

Its rare nature, unpredictable clinical course and heterogeneous presentation make DTF a 
challenging tumour to treat. The aim of this thesis was to provide insights to personalise the 
management strategy of DTF. The first part of this thesis focuses on two treatment modalities 
and evaluates the results of an AS approach and the antitumour effects of sorafenib. The 
second part addresses HRQoL in DTF and provides insights into DTF-specific HRQoL issues 
patients experience. The ultimate goal is to provide a personalised care approach for DTF 
patients, taking into account the natural behaviour, factors related to treatment outcomes and 
the impact of DTF on HRQoL.

Part I: Treatment
The recommendation of AS as frontline approach for DTF patients in the international guide-
lines was based on the results of several retrospective studies. To summarize and evaluate 
the results of AS in published series, we conducted a systematic literature review, described 
in Chapter 2. This review provides an overview of the available evidence for the use of an AS 
approach in DTF, while awaiting the results of prospective studies. In the recent years, the 
first three prospective studies on AS as initial management for DTF have been conducted in 
Europe 20, 56, 57. These prospective studies aimed to better understand the natural behaviour of 
DTF and to evaluate the number of patients that do not need to receive an active treatment. 
In Chapter 3, the results of the Dutch prospective study, the GRAFITI trial, are presented. The 
relatively small number of patients in the individual study cohorts limited the analyses of clini-
copathological factors associated with DTF tumour behaviour and failure of AS. To strengthen 
the evidence level of the results of the prospective studies and to further identify prognostic 
factors, individual patient data of the Dutch and Italian prospective studies were combined. 
The results of this combined analysis are described in Chapter 4. In case of persistent tumour 
and/or symptomatic progression during follow-up of DTF patients, systemic treatment op-
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tions may be considered. Studies have demonstrated antitumour effects of sorafenib in DTF 
patients. In Chapter 5, we investigate the molecular effects of sorafenib exposure on DTF 
cells. Knowledge of the cellular effects could help to identify DTF patients who may benefit 
from sorafenib therapy and to reduce the drug-related toxic effects.

Part II: Health-Related Quality of Life
The chronic character, low mortality rates and substantial symptom burden make the assess-
ment of HRQoL in DTF highly relevant. In Chapter 6 the longitudinal HRQoL outcomes of DTF 
patients included in the GRAFITI trial are reported to assess the impact of AS on HRQoL. In 
order to gain more insight into the HRQoL issues DTF patients experience, the QUALIFIED 
study (The evaluation of health-related quality of life issues experienced by patients with 
desmoid-type fibromatosis) was conducted. In Chapter 7 we describe the study protocol 
of the QUALIFIED study; an international, cross-sectional observational cohort study where 
DTF patients completed a set of questionnaires, among which the previously developed 
DTF-QoL. Within the QUALIFIED study, the psychometric properties of the DTF-QoL were 
pre-tested, which is described in Chapter 8. Previous studies in DTF patients have focused 
on the population as a whole because of small sample sizes. To provide important insights 
into the problems and needs of specific groups of DTF patients, the HRQoL scores among 
different groups of DTF patients are assessed in Chapter 9. In addition, a latent class cluster 
analysis is performed in Chapter 10 to better understand which DTF patients experience low 
or high symptom burden.

Part III: General discussion, future perspectives and summary
Together, the results of this thesis will help to identify DTF patients at risk of poor outcomes and 
to better provide personalised care to the individual patient. Chapter 11 contains a summary 
of the previous chapters. In Chapter 12 the main findings of this thesis are discussed, and 
considerations and recommendations for future research and clinical practice are provided.
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ABSTRACT

Background
This study evaluates the results of the active surveillance (AS) approach in adult patients with 
desmoid-type fibromatosis (DTF), because AS is advocated as a front-line approach for DTF 
in the European consensus guidelines.

Materials and methods
A systematic literature search was conducted (December 19th, 2019, updated on April 14th, 
2020). Studies describing the outcomes of the AS approach were included. The PRISMA 
guidelines were used.

Results
Twenty-five articles were included for data-retrieval. Forty-two percent of reported patients 
(1480 of 3527 patients) received AS, the majority were women and the majority had a primary 
tumour. The median age at diagnosis ranged from 28 to 59 years. Common tumour sites 
were the extremities/girdles (n = 273), the abdominal wall (n = 253) and the trunk (n = 153). 
The median reported percentage of progressive disease, stable disease and partial response 
was 20% (interquartile range [IQR]: 13-35%), 59% (IQR: 37-69%) and 19% (IQR: 3-23%), 
respectively. In 640 patients, the outcome was not specified. The median reported percentage 
of shifting to an active form of treatment was 29%, most commonly to systemic treatment 
(n = 195) and surgery (n = 107). The reported median follow-up time ranged between 8 and 
73 months. The reported median time to progression and/or initiation of the subgroup shifting 
from AS to ‘active’ therapy ranged from 6.3 months to 19.7 months.

Conclusion
The majority of patients undergoing AS have either stable disease or a partial response, and 
about one-third of patients shift to an active form of treatment. Selecting patients who will 
benefit from active surveillance upfront should be the priority of future studies.
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INTRODUCTION

Desmoid-type fibromatosis (DTF) is an uncommon, soft tissue tumour arising in musculoapo-
neurotic structures and mainly affecting young adults aged between 20 and 40 years 1. DTF is 
characterised by unpredictable, invasive growth. Rapid growth is often seen in the early phase 
of the disease, but also in response to pregnancy or hormonal manipulation 2, 3. After an initial 
period of growth, many patients experience prolonged stabilisation of the desmoid tumour.

Up to ten years ago, surgical treatment was the mainstay of treating DTF leading to significant 
morbidity and high recurrence rates 4-6. Other forms of active treatments, such as radiotherapy 
and systemic therapy, mainly have a role in case of progressive and symptomatic tumours 
located at sites which are difficult to treat surgically 7. However, these therapies can lead to 
treatment-related toxicities 7. The term ‘active surveillance’ (AS) for the management of DTF 
was introduced in the 1990s. Initially, AS was only offered to patients with recurrent tumours, 
but after 2005 also patients with primary tumours were exposed to this approach 8, 9. As a 
result, a decrease in the use of these ‘active treatments’ over the past years has been reported 
in several nation-wide cohort studies 4, 5. AS for DTF is justified as it has no metastatic po-
tential and spontaneous tumour regression is reported in up to 30% of patients who undergo 
initial AS 10. A large retrospective study showed no difference in event-free survival (EFS) 
comparing surgery with the AS approach (53% versus 58%, p=0.415) 6. The first European 
consensus guideline dates from 2015, and advocates using AS as an upfront approach, to 
minimise overtreatment and to prevent unnecessary morbidity 11. This recommendation was 
based on the results of several retrospective series 8, 10, 12-14. A systematic review to summarise 
and to evaluate the published results of the AS approach can be helpful to select patients who 
benefit from this approach, while awaiting the results of three ongoing, prospective clinical 
trials from Europe (NCT01801176, NCT02547831, and NTR 4714) 15-17.

The aim of the current study was to systematically review published studies reporting the 
results of the AS approach in adult DTF patients. Furthermore, Response Evaluation Criteria in 
Solid Tumors (RECIST) classification of DTF tumours during the AS approach was evaluated, 
prognostic factors for a successful AS approach were identified, the median time to shift to 
an active form of treatment and the median duration of the AS approach were analysed and 
lastly, the forms of active treatment after the initial AS approach were assessed.
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MATERIAL AND METHODS

This study uses the PRISMA guidelines for reporting a systematic literature review.

Information sources
On December 19th 2019, a systematic literature search was performed by an expert librarian. 
The search was updated on April 14th which yielded one additional inclusion. Used databases 
include Embase.com, Ovid MEDLINE, Web of Science, Cochrane CENTRAL, PsychInfo Ovid 
and Google Scholar. Duplicated records were removed. Case reports were excluded and an 
English language filter was applied. There were no constrains on publication dates. Supple-
mental Materials 1 depicts the search strategy.

Eligibility criteria
Studies with sporadic DTF as a main subject and full-text availability were included by two 
researchers (MJMT, AWS). Papers reporting outcomes (either using RECIST 18 or number of 
patients shifting to ‘active treatment’) were included in this systematic literature review. Cross-
referencing was carried out ensuring inclusion of all relevant articles. The flowchart depicting 
the study selection procedure is available in Supplemental Materials 2.

Study selection
The retrieved articles were assessed for potential inclusion by the first and second author 
based on the review of title and abstract. Next, full-text articles were evaluated in accordance 
with the predetermined inclusion criteria and exclusion criteria for this systematic literature 
review (listed in Table 1).

Table 1. Inclusion and exclusion criteria of study selection procedure

Inclusion criteria Exclusion criteria

• Primary and recurrent DTF
• Active surveillance (or other similar terms such 

as wait and see, expectative management etc.) 
as a primary treatment 

• Adult (aged ≥ 18 years) patients
• English language
• Reporting the outcomes of active surveillance 

in terms of reporting the success rate of active 
surveillance, numbers of patients needed to 
shift to active treatment, RECIST outcomes 
during active surveillance

• Studies with patients receiving solely active forms of 
treatment such as surgery, systemic treatment, local 
therapy (e.g., cryotherapy), and radiotherapy

• Case reports, case series ≤ 5 patients
• Pre-clinical studies describing molecular features of DTF
• Diagnostic studies describing imaging features of DTF
• Non-original reports (e.g., editorials, study protocols, 

reviews etc.)
• Non-full text available (e.g., conference abstracts etc.)
• Studies describing solely paediatric cohorts
• Studies describing solely FAP or Garner syndrome
• Other subjects than DTF (e.g., soft tissue sarcoma)
• Language other than English

Abbreviations: DTF, desmoid-type fibromatosis; RECIST, response evaluation criteria in solid tumors; FAP, familial 
adenomatous polyposis
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Data extraction
Data was collected by two researchers (MJMT, AWS) using a pre-defined Excel sheet stating 
the year of publication, the first author, the journal, the publication title, whether the publica-
tion fulfilled the inclusion criteria, the inclusion period, the type of study, the total number of 
participants, the number of participants receiving AS, the number of patients with familial 
adenomatous polyposis (FAP)/Gardner syndrome, the number of primary tumours, and the 
number of recurrent tumours. Of the AS group, the following variables were extracted: the 
reported mean/median follow-up (range, interquartile range [IQR], 95% confidence interval 
[CI]), the reported median/mean age (with range or IQR), the sex distribution, the tumour sites, 
the number of patients with progressive disease (PD), stable disease (SD), partial response 
(PR), complete response (CR), the number of patients who shifted to active treatment, reasons 
for shifting to an active form of treatment, and whether RECIST were used for determination of 
these outcomes. For responses not evaluated by RECIST but by using similar terms, tumour 
response was categorised based on the RECIST categories; PD, SD, PR and CR. PD included 
the terms ‘increase’, ‘evolution’, ‘enlarged’, SD included the terms ‘stable’, ‘arrested’, and 
‘non-progressive’, PR included the terms ‘decreased’, ‘regressed’, ‘disease free survival’, 
‘responding disease’, and ‘spontaneous remission’, and CR included the terms ‘disappeared’, 
and ‘complete regression’. Not specified (NS) was used in case a variable was missing.

Tumour sites were classified as: the extremity/girdle region (including upper extremity, lower 
extremity, shoulder, buttock, thigh and hip), intra-abdominal (including mesenteric), trunk (in-
cluding paraspinal and thoracic wall), abdominal wall, head/neck region and other (including 
inguinal region and not further specified sites). When age and follow-up (in months of years) 
were reported for each individual patient, the median age and median follow-up with range 
were extracted and calculated from these data.

A shift to ‘active treatment’ was defined as ‘ceasing active surveillance’. The following 
therapies were categorised as ‘active treatments’: systemic treatment (including hormonal 
treatment, chemotherapy, and tyrosine kinase inhibitors), surgery, radiotherapy, combination 
therapies, and local therapies such as radiofrequency or cryotherapy. The category of “NS” 
was used when information was lacking about the type of active treatment. Shift to ‘active 
treatment’ is reported as the percentage of patients shifting to active treatment from each 
separate study, and compiled as an overall median percentage of patients shifting to active 
treatment with IQR, compiling all study results. The same was done for the types of active 
treatments. Variables such as median follow-up of the AS group, the time to intervention, the 
time to progression, the time to stabilisation, the time to regression, progression-free survival 
(PFS), and EFS were extracted in case they were stated by the included studies.
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RESULTS

Systematic literature search
The search was performed on December 19, 2019 and updated on April 14, 2020. The search 
strategy yielded a total of 940 papers, after deduplication, 589 papers remained. Title and 
abstract were screened leading to the exclusion of 551 papers. A total of 38 papers were 
reviewed based on full-text and 25 studies were finally included for further analysis. The study 
selection procedure is depicted in Supplemental Materials 2. No randomised controlled trials 
reporting about AS in DTF were identified. Several reviews, discussing the current status 
and treatments of DTF addressed the AS approach, but none of these reviews included a 
systematic literature review solely focussing on the outcomes of the AS approach.

Study design and quality assessment
All included studies were published after 2005. All studies were retrospective case series 
which are generally considered to have a high risk of bias and a low certainty 19, 20. Of note, 
nine studies potentially used overlapping patient cohorts based on author names, affiliations 
and inclusion time period 2, 9, 14&6, 10, 12, 21-23.

Clinical characteristics and outcomes of active surveillance
The clinical characteristics and outcomes of patients treated with AS of the included studies 
are shown in Table 2. Most studies only included sporadic DTF, whilst seven studies also 
included FAP-related DTF. It was mostly unclear whether these FAP-patients were included in 
the AS groups, and no study published separate results for the AS approach in FAP-related 
DTF patients. Treatment strategy comparisons included surgery with or without adjuvant 
radiotherapy, isolated limb perfusion, cryotherapy, radiotherapy, and systemic treatments 
including chemotherapy, tyrosine kinase inhibitors, and hormonal treatment. One study 
compared three groups categorised by surgical margins 24, another study categorised groups 
based on their pregnancy status 2. From the later, only groups A, B and C (representing 
patients with diagnosed during pregnancy [A], diagnosed within 6 months after delivery [B], 
and previously diagnosed and still in situ at the time of pregnancy [C]) were included in the 
analysis. Group D (resected before pregnancy without clinical evidence of residual or recurrent 
disease), was excluded from the results owing to lack of reporting of clinical outcome and 
shift to active treatment. One study only reported the outcome of 37 patients with RECIST 
whilst they had 72 patients undergoing AS (Table 2) 25. Furthermore, one study also described 
a group of patients with resected tumours (group B). This group was excluded from analysis 
and only groups A and C from this study were included 26.
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Few studies solely included patients receiving AS 27-30. Ten studies provided the type and 
interval of imaging during the AS approach. Most studies used intervals of two to six months 
after the first evaluation with either computed tomography (CT) 31 or magnetic resonance 
imaging 8, 10, 23, 28, 30, or a combination. Few studies used additional ultrasound 9, 29, 30. Two 
studies stated to ‘change to annual visits’ after tumour stabilisation or after two years of 
follow-up 29, 32.

Active surveillance as a single treatment
The total number of patients was 3527, of which 1480 (42%) received AS. Three studies 
allowed the use of non-steroidal anti-inflammatory drugs (NSAIDs) in symptomatic patients 
during the AS approach or did not consider shift to hormonal therapy as a “failure of AS” 
(Table 2) 6, 8, 33. As the use of NSAIDs could be under reported by both patients and research-
ers, the results of these studies were included in the analysis of this paper.

The number of patients receiving AS approach ranged from 3 to 388 per included study. The 
total group receiving AS consisted of 205 males and 526 females (reported in fifteen studies), 
for the remaining patients (n = 749), the sex was not further specified. The median percentage 
of females in each reported study was 72% (IQR 67-78%). The reported median age at diag-
nosis of the AS group (available in twelve studies) ranged from 28 to 59 years. Twenty studies 
reported the number of primary and recurrent tumours included in their AS group (Table 2). 
In these studies, the majority of patients had a primary tumour with a median percentage of 
primary tumours of 100% (IQR: 68-100%). The remaining had a recurrent tumour. Based on 
the reported information, no distinction in numbers of patients needing shift to active treat-
ment could be made between primary and recurrent tumours.

Tumour response to active surveillance
Fourteen out of twenty-five studies stated to use RECIST (either 1.0 or 1.1) 18 to objectively 
measure tumour response 2, 6, 8, 14, 23, 25, 26, 29, 31-33, 35, 36, 38, however only a part of those studies 
actually reported the radiological response per treatment type in accordance with RECIST. 
Other studies used similar approaches describing the disease outcome as PD, SD, PR or CR.

A total of 21 studies reported PD in 322 patients. The median percentage of PD reported in 
these studies was 20% (IQR: 13-35%). A total of eighteen studies reported SD in 382 patients. 
The median percentage of SD reported in these studies was 59% (IQR: 37-69%). Seventeen 
studies reported PR in 102 patients. The median percentage of PR reported in these studies 
was 19% (IQR: 3-23%). CR was reported sixteen studies in 34 patients. The median percent-
age of CR reported in these studies was 0% (IQR: 0-6%) (Table 3).
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Indications for start of treatment
Pain, with or without radiological evidence of progression, functional symptoms, or patient 
request, were frequently mentioned reasons for shifting to an ‘active’ treatment 10. A total of 
402 patients (reported in twenty studies) shifted to ‘active’ treatment. The median percentage 
of patients shifting in these studies was 29% (IQR: 17-40%). The type of ‘active’ treatment 
was systemic treatment in 195 cases, surgery in 107 cases, radiotherapy in 18 cases, a 
combination of therapies (e.g., systemic treatment with surgery, and systemic treatment with 
radiotherapy) in 8 cases and local therapy (e.g., radiofrequency and cryotherapy) in 4 cases. 
In 69 cases it was reported that patients shift to an active form of treatment but the type was 
unspecified (Table 3).

Table 3. Overview of RECIST outcomes and shift to active treatment

Number of studies reporting 
this variable

Number of 
patients

Median % of patients (IQR) 
reported in all studies

RECIST outcomes

Progressive disease 21 322 20% (13-35%)

Stable disease 18 382 59% (37-69%)

Partial response 17 102 19% (3-23%)

Complete response 16 34 0% (0-6%)

Active treatment

Shifting to an active form treatment 20 402 29% (17-40%)

Surgery 17 107 41% (11-62%)

Systemic treatment 17 195 33% (0-52%)

Local therapies a 16 4 0% (0%)

Radiotherapy 16 18 0% (0-1%)

Combination of therapies b 20 8 0% (0-3%)
a radiofrequency, cryotherapy; b surgery + radiotherapy, systemic therapy + surgery

Progression and change in treatment strategy
The median follow-up time of patients with the AS approach was reported by twelve studies 
and ranged between 8 months and 73 months (Table 4). Most studies reported the median 
time to progression (n = 5) 9, 22, 24, 26, 35, and solely two studies reported median time to shifting 
from AS to ‘active’ therapy 25, 29. Other studies used PFS 14, 32, 33, 36 or EFS 6, 24 to express the 
success rates of the AS approach. Two studies described time to SD 28, 30.

Van Broekhoven et al. described that the median duration of the AS approach was 22 months 
(IQR: 13-46) for patients with CR or PR 35. Kim et al. reported that age younger than 40 and 
a recurrent tumour were significant predictive factors of longer time to disease stabilisation 
(p = 0.014 and p = 0.036, respectively) 30. Penel et al. reported that 30.1% of patients in the 
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Table 4. Reported time intervals and survival data to express the success rate of the ac-
tive surveillance approach
Reference Outcome

Median time to intervention

Cassidy, 2018 25 11.7 months (±6.5)

Van Houdt, 2019 29 6.5 months

Median time to progression

Salas, 2011 22 19.7 months (range: 7.8-46.2 months)

Huang, 2014 24 15.3 months (range 7:.8-41 months)

Colombo, 2015 9 16 months

Van Broekhoven, 2018 35 7.3 months (IQR: 4.1-11.9 months)

Krieg, 2019 37 1.2 years (range: 0.9-1.5 years)

Median time to stable disease

Barbier, 2010 28 13.2 months (range: 6-30 months)

Kim, 2020 30 30.4 months (range: 7-112 months)a

Median time to regression

Briand, 2014 8 54.8 months (range: 21-130 months)

Median progression-free survival

Turner, 2019 33 10 months (range: 2-94 months)

2-year progression-free survival

De Bruyns, 2019 36 71% (95% CI 0.6% to 0.84%)

3-year progression-free survival

Turner, 2019 33 38%

Park, 2016 32 92%

5-year progression-free survival

Fiore, 2009 14 47% (SE: 10.3%) primary tumours
54% (SE: 11.5%) recurrent tumours

2-year event-free survival

Penel, 2017 6 85.7 (±9.6) core needle biopsy
52.8 (±4.6) open biopsy

5-year event-free survival

Huang, 2014 24 71.2%
a mean value instead of median
Abbreviations: CI, confidence interval; IQR, interquartile range; SE, standard error
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AS group experienced an event (progression during AS, change in treatment strategy and/or 
disease-related death) 6. Briand et al. reported a cumulative probability of dropping out from 
the AS approach of 5.7% (95% CI 1.5%-14.2%) at one year, and 9.6% (95% CI 3.5%- 19.6%) 
at 2, 5, and 10 years 8. Bonvalot et al. stated that the percentage of patients shifting to another 
treatment was 33% (95% CI 24-43) at 1-year, and 41% at 3 years (95% CI 31%-52%) 10. Fiore 
et al. reported that 89% of patients progressed within the first two years after referral, and 
reported a 5-year PFS rate of 47% (standard error [SE] 10.3%) for primary tumours and 54% 
(SE 11.6%) for recurrent tumours (p = 0.48) 14 (Table 4).

A description of the risk factors for progression or a change in treatment strategy is reported 
in Table 5. A larger tumour size, >5 cm vs. ≤5 cm, was associated with a shorter time to 
intervention (6.9 months versus 32.6 months, p = 0.02) 25, and shift to ‘active’ treatment was 
more likely in patients with “larger” tumours (≥ 7cm) with a hazard ratio (HR) of 2.0 (95% CI 
1.3%- 3.2%, p = 0.002) 29, and >3.5 cm, p = 0.004 10. Furthermore, the initiation of ‘active’ 
treatment was more likely for patients with PD or SD than for patients with PR (p < 0.001) 
with a HR of 12.4 (95% CI 4.9%- 31.4%), and 4.8 (95% CI 1.8% to 12.6%), respectively 29. 
Patients who experienced pain were also more likely (p < 0.001) to shift to an active form of 
treatment, with a HR of 2.55 (95% CI 1.63%-3.99%) 29. Cassidy et al. found no association 
between intervention (i.e., shift to active treatment) and age (p = 0.22), as well as intervention 
and sex (p = 0.07) 25.

The influence of tumour site on initiation of active surveillance
Frequent reported tumour sites (available in sixteen studies) were the extremities/girdles (n = 
273 patients, median percentage of incidence in studies 31% [IQR: 3-68%]), the abdominal 
wall (n = 253 patients, median percentage of incidence in studies 9% [IQR: 0-37%]), and 
the trunk (n = 153 patients, median percentage of incidence in studies 17% [IQR: 0-37%]). 
Intra-abdominal (n = 60) and head/neck (n = 15) tumours were less common, with a median 
percentage of incidence in studies of 0% (0-8%) and 0% (IQR: 0-4%) respectively. From 
a total of 1480 patients receiving AS, the tumour sites were not specified in 726 (49%) of 
patients (Table 2).

Cassidy et al. described that patients with abdominal wall tumours were often managed with 
AS (61%), whereas those with chest wall and intra-abdominal tumours more often received 
active treatment (80% and 60%, respectively) 25. Fiore et al. also described that patients who 
received AS commonly had abdominal wall tumours (p < 0.0001) compared with patients who 
received other treatments 14, whilst Park et al. found no difference in tumour sites between 
groups managed with AS or surgery 32.
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Table 5. Published results regarding variables that are potentially associated with time to disease 
stabilisation, risk of progression or change in treatment strategy. Significant outcomes (p-value 
<0.05) are in bold.

First author,  
year of publication

Outcome p-value Statistically significant 
identified risk factor

Barbier, 2010 28 Time difference in evolution to stabilisation
 Primary vs. recurrent disease p = 0.0417

Longer evolution time before 
stabilization in recurrent 
tumours

Kim, 2020 30  Age
 Tumour status
 Tumour site (axial vs. extremity)

p = 0.022
p = 0.041
p = 0.148

Age, < 40 years and 
recurrent tumours are 
predictive factors of longer 
time to disease stabilization

Bonvalot, 2013 10 Change in treatment strategy
 Pregnancy before the development of DTF
 Age
 Tumour size
  3.5-5.0 cm (HR 3.7, 95% CI 1.0% to 14%)
  5-7 cm (HR 4.0, 95% CI 2.4% to 2.8%)
  7-15.6 cm (HR 8.2, 95% CI 2.4% to 28%)

p = 0.27
p = 0.27
p = 0.004

Larger tumour size (>3.5)

Cassidy, 2018 25 Change in treatment strategy
 Age
 Sex
 Documentation of symptoms at presentation
PFS a
 Age (HR 0.99)
 Tumour size (HR 1,027)
 Tumour site extremities/all other sites vs. 

abdominal wall
 Tumour site paraspinal/flank vs abdominal 

wall

p = 0.22
p = 0.07
p = 0.35

p = 0.31
p= 0.13
p = 0.54/  
p = 0.38
p = 0.01

Colombo, 2015 9 Change in treatment strategy
 Sex
 Tumour site
 Size

p = 0.565
p = 0.926
p = 0.397

Turner, 2019 33 Progression
 Tumour site abdominal wall vs. other sites p = 0.53

Van Houdt, 2019 29 Change in treatment strategy
 Tumour size >7 cm  

(HR 2.04, 95% CI 1.29% to 3.21%)
 Reporting pain
 PR vs. SD, PD
 Age
 Tumour site
 Sex

p < 0.01

p < 0.001
p < 0.001
p = 0.13
p = 0.36
p = 0.84

Larger tumour size (>7 cm), 
reporting pain, and stable 
disease or progressive 
disease are associated with 
a higher risk of initiation of 
an active form of treatment

a only available for n = 37 patients with evaluable magnetic resonance imaging
Abbreviations: CI, confidence interval; HR, hazard ratio; PD, progressive disease; PFS. Progression-free survival; 
PR, partial response; SD, stable disease
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The influence of the tumour site on disease stabilisation, progression or a 
change of the treatment strategy
No differences in risk of progression during AS were found between abdominal wall tumours 
and other sites (p = 0.53) by Turner et al. 33 nor on a chance of spontaneous stabilisation 
among axial sites or extremity tumours (p = 0.148) by Kim et al. 30 (Table 5). The 5-year PFS of 
primary cases managed with AS of trunk/thoracic wall tumours and abdominal wall tumours 
was similar (53.9% [SE: 16.2%] versus 52.5%, [SE: 14.3%]) in the study from Fiore et al. 14. 
Van Houdt et al. concluded that upper-extremity and chest wall DTF tumours have the highest 
percentage of progression (39% and 47%, respectively), although this difference was not 
significant compared with other locations 29.

Cassidy et al. described that tumours located paraspinal or flank were more commonly asso-
ciated with a change in treatment than abdominal wall tumours (p = 0.01), but no differences 
were found comparing extremity, intra-abdominal or abdominal wall tumours 25. Van Houdt 
et al concluded that there was no difference in initiation of active treatment between upper 
extremity and chest wall DTF (p = 0.36) 29. This is in line with the findings of Colombo et al. 
who did not identify the tumour site as a predicting factor for progression and/or change 
in the treatment strategy among tumour sites (p = 0.926) 9. No single conclusion could be 
reached regarding tumour site and the success or failure of the AS approach because of the 
heterogeneity of the cohorts of included studies.

DISCUSSION

This systematic literature review evaluated the outcomes of the AS approach in sporadic DTF. 
Twenty-five articles, describing the outcomes of the AS in DTF, were identified. The majority of 
the reported patients experienced SD, and about one-third of the patients needed to shift to 
‘active’ treatment. The median time of follow-up was reported by twelve studies and ranged 
between 8 months and 73 months, and the median time to shift from AS to active treatment 
or to progression ranged from 6.5 months to 19.7 months.

AS has increasingly been advocated in for sporadic DTF 39. This is underlined by the number of 
publications about this subject since the year of 2006. In the most recent European consensus 
paper, published by the Desmoid Tumor Work Group in 2020, AS is advocated as a first line treat-
ment in symptomatic patients, independently of the tumour site or size. In case of progression, 
other treatments such as surgery or systemic therapies, and treatments (including AS), should 
preferably take place in an expert clinic with an experienced multidisciplinary sarcoma team 7. A 
study by Eastly et al. showed that almost half of the clinicians prefer AS an initial management 
strategy for primary DTF for which function-sparing surgery is possible. In case of recurrent DTF 
after a previous complete resection without adjuvant treatment, this rate dropped to 20% 40. 
This is illustrated by the current study as the majority of included patients have primary tumours.
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The definition of AS varies widely between studies. Some studies also allowed the usage of 
non-narcotic analgesics, NSAIDs or hormonal treatment in the AS group 6, 8, 33. Especially for 
NSAIDs, which are non-prescription drugs in many countries and mainly used for relieving 
pain symptoms, the usage of these drugs can be severely under-reported by patients, clini-
cians and researchers. Inclusion of these patients in studies evaluating the AS approach can 
distort the true outcomes because NSAIDs and hormonal treatment (e.g., tamoxifen) can be 
beneficial for DTF with a reported response rate of 85% 41.

The current study did not include the results of the phase 3 trial comparing sorafenib to pla-
cebo 42. Whilst placebo treatment can be considered a form of AS, as patients do not receive 
an active form of treatment, we decided not to include this trial in the current study. This was 
because only patients with progressive, recurrent or primary disease which were deemed 
inoperable or required extensive surgical resection or were symptomatic were included in this 
clinical trial. In daily clinical practice, AS will not be offered as a front-line approach to these 
patients, and therefore this study was not included in the current review.

The selection of patients suitable for the AS approach remains challenging. The results of this 
systematic review suggest that AS is mainly described as a treatment for tumours localised 
in the extremity/girdles and in the trunk. This might be due to the predilection sites of DTF 
tumours to these locations 43, or due to a selection upfront because of the higher risk of 
recurrence after surgery for these groups 12. Based on the current systematic review, drawing 
a single conclusion with regard to tumour sites and the success of AS remains challenging. 
This is mainly due to the inclusion of studies with homogeneous cohorts in terms of tumour 
site (e.g., mesenteric, or breast), or a preselection of patients upfront (e.g., inoperable tumours 
due to localisation adjacent to vital structures [e.g., nerves, blood vessels]). Furthermore, the 
exact tumour site was not specified in a large number of patients.

About one-third of the patients needed a shift to an ‘active’ form of treatment. Although no 
uniform results could be drawn from the current studies, several studies reported that larger 
tumours were more likely to shift 10, 29, whilst age, sex and pregnancy before the development 
of DTF were not associated with this shift 10, 25, 29. Colombo et al. reported that the sex, tumour 
site and tumour size did not predict progression and/or shift to change in treatment; the 
non-surgical group (n = 106) also contained patients receiving medical treatments (n = 4) 9. 
Few studies described β-catenin mutation of the included cohort, and none of these studies 
analysed the influence of these mutations on the success or failure of the AS approach 6, 21. 
The same applies for FAP-related DTF tumours. The variable results from these retrospec-
tive studies highlight the need for the identification of predictive factors for progression and 
changes in treatment strategies.
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In the current study, progression was often reported within two years after diagnosis 14, how-
ever the length of follow-up of the included studies varied highly. Few studies reported the 
median follow-up duration of the AS subgroup, and time to intervention was often lacking. The 
minimal available information about the type and frequency of follow-up during AS underlines 
the need for standardisation of the AS approach. This includes defining a follow-up schedule 
with the use of MRI or CT, depending on the tumour site. As few studies reported progression 
after stabilisation, a maximum AS term should be discussed with the patient.

The major limitation of the current study is the inclusion of retrospective, small sample-sized 
studies, which often evaluate several treatment regimens, with various follow-up schedules 
and limited information about disease outcomes, or reasons for shifting to ‘active’ treatment. 
Only part of the studies used and reported disease response based on RECIST 18. Some 
included studies selected patients for the AS approach based on the fact that the patients 
were unable to tolerate chemotherapy or radiotherapy 24, had unresectable asymptomatic 
mesenteric masses 31 or had masses that were not life-threatening or at risk for mutilation 
22. Moreover, some studies selected patients based on tumour sites (e.g., breast desmoids 
21, 23) or were interested in other study endpoints than the results of the AS approach (e.g., 
pregnancy status 2, or imaging characteristics 25, 34). Another limitation is the relatively large 
number of studies included in this systematic review where there is potential cohort overlap 
(based on author names, affiliations and inclusion time period) 2, 9, 14&6, 10, 12, 21-23. Despite these 
limitations, this systematic literature review was able to compile the available evidence for the 
use of the AS approach in adult DTF.

Currently, the results of three prospective European studies evaluating the efficacy of AS 
in DTF are awaited. The French study (NCT01801176) and the Italian study (NCT02547831) 
which started in May 2012 and July 2013, respectively, both evaluate 3-year PFS 15, 16. The 
Dutch study (NTR 4714) which started in May 2014, evaluates tumour progression at 5-years 
follow-up 17. These three studies will provide further insights into the natural growth of DTF, the 
differences in growth behaviour between various tumour sites, tumour sizes, and β-catenin 
mutation types as well as the indications and considerations for the start of ‘active’ treatment.

CONCLUSIONS

Active surveillance is the mainstay of treatment for sporadic DTF. This systematic literature 
review underlined the ongoing trend of the AS approach and indicates that a minority of 
patients need shift to an active form of treatment avoiding overtreatment and minimising 
potential morbidity.
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Supplemental Materials 1. Search strategy used in databases: Embase.com on December 20, 
2019 and updated on April 14, 2020.

(‘desmoid tumor’/exp OR Fibromatosis/exp OR (desmoid* OR Fibromatos*):ab,ti,kw) 
AND (‘conservative treatment’/de OR ‘active surveillance’/de OR ‘watchful waiting’/de OR 
‘expectant management’/de OR ‘observation’/de OR ‘clinical observation’/de OR (((activ*) 
NEAR/3 (surveill*)) OR ((conservativ* OR non-surgical* OR nonsurgical* OR non-operativ* OR 
nonoperativ* OR expectant* OR expectativ* OR expectiv*) NEAR/3 (treatm* OR therap* OR 
approach* OR managem* OR intervent*)) OR ((watchful*) NEAR/3 (waiting*)) OR ((wait) NEAR/3 
(see OR watch)) OR wait-and-see OR ((without) NEXT/2 (intervent* OR treatm* OR therap*)) 
OR ((natural*) NEXT/3 (cours* OR behaviour* OR behavior*)) OR observation):ab,ti,kw) AND 
[ENGLISH]/lim NOT ((animal/exp OR animal*:de OR nonhuman/de) NOT (‘human’/exp)) NOT 
(‘case report’/exp OR (case-report*:ti))
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Additional records identified through other 
sources 
(n = 0) 

Records after duplicates removed 
(n = 589 ) 

Records screened
(n = 589)

Records excluded
(n = 551) a

Full-text articles assessed for 
eligibility 
(n = 38) 

Full-text articles excluded, with 
reasons 
(n =13) 

n = 6 no outcomes of AS 
reported 

n = 5 description of other 
treatments 

n = 1 review 
n = 1 meta-analysis 

Studies included in qualitative 
synthesis 
(n = 25) 

a reasons for exclusion:
n = 93, studies with patients receiving solely active forms of treatment such as surgery, systemic
therapy, local therapy (e.g. cryoablation), and radiotherapy 
n = 57, case reports, case series ≤ 5 patients
n = 12, pre-clinical studies
n = 14, diagnostic studies
n = 73, non-original reports (editorials, study protocols, reviews etc.)
n = 29, non-full text available (conference abstracts etc.) 
n = 23, paediatric cohorts
n = 24, studies studying solely familial adenomatous polyposis (FAP) or Gardner syndrome
n = 223, other subject than solely DTF
n = 3, language other than English
  

Supplemental Materials 2. Flow diagram of study selection: search performed on December 19, 
2019 and updated on April 14, 2020
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MINI ABSTRACT

This multicentre prospective cohort study of 105 patients with desmoid-type fibromatosis dem-
onstrated that the minority of patients undergoing an initial active surveillance approach needed 
active treatment and most patients eventually developed stable or regressive disease. Patients 
with larger tumours or with a S45F mutation had a higher risk of starting active treatment.

STRUCTURED ABSTRACT

Objective
To assess tumour behaviour and the efficacy of active surveillance (AS) in patients with 
desmoid-type fibromatosis (DTF).

Summary Background Data
AS is recommended as initial management for DTF patients. Prospective data regarding the 
results of AS are lacking.

Methods
In this multicentre prospective cohort study (NTR4714), adult patients with non-intra-
abdominal DTF were followed during an initial AS approach for 3 years. Tumour behaviour 
was evaluated according to RECIST. Cumulative incidence of the start of an active treatment 
and progression-free survival (PFS) were calculated using the Kaplan-Meier method. Factors 
predictive for start of active treatment were assessed by Cox regression analyses.

Results
A total of 105 patients started with AS. Median tumour size at baseline was 4.1 cm (IQR 
3.0-6.6). Fifty-seven patients had a T41A CTNNB1 mutation; 14 patients a S45F CTNNB1 
mutation. At 3 years, cumulative incidence of the start of active treatment was 30% (95% 
CI 21-39) and PFS was 58% (95% CI 49-69). Median time to start active treatment and PFS 
were not reached at a median follow-up of 33.7 months. During AS, 32% of patients had 
stable disease, 28% regressed and 40% demonstrated initial progression. Larger tumour size 
(≥5 cm; hazard ratio (HR) =2.38 [95% CI 1.15-4.90] ) and S45F mutation (HR=6.24 [95% CI 
1.92-20.30]) were associated with the start of active treatment.

Conclusions
The majority DTF patients undergoing AS do not need an active treatment and experience 
stable or regressive disease, even after initial progression. Knowledge about the natural 
behaviour of DTF will help to tailor the follow-up schedule to the individual patient.



The GRAFITI trial 49

3

INTRODUCTION

Desmoid-type fibromatosis (DTF) is a rare soft tissue tumour with a highly variable clinical 
course. Adults are mostly affected and tumours can be located at nearly any body site, includ-
ing the extremities, the abdominal wall and intra-abdominal locations 1. The majority of DTF 
tumours are sporadic and characterized by mutations in exon 3 of the β-catenin (CTNNB1) 
gene, including T41A, S45F and S45P 2-4. In 5-10%, DTF arises in the context of familial 
adenomatous polyposis (FAP), which is associated with mutations in the (adenomatous 
polyposis coli) APC gene 5, 6. Tumours lacking mutations in the CTNNB1 or APC gene are 
categorized wild-types (WT) 2-4. The development of sporadic DTF is not fully understood, 
but has been related to etiological factors as surgical trauma and hormonal influences 7, 8. In 
FAP patients, DTF is mainly located at intra-abdominal sites. The association between intra-
abdominal DTF and FAP is suggestive for a different tumour biology and subsequently a dif-
ferent treatment strategy compared to sporadic disease 6, 9. DTF cannot metastasize, but can 
display local infiltrative growth and has a tendency to recur locally after surgery. The biological 
behaviour is unpredictable, exhibiting phases of initial progression, growth stabilization or 
frequently even regression without any treatment, which makes DTF challenging to treat 5, 10. 
Independent of tumour behaviour and size, symptoms can vary between being completely 
absent to extremely painful and function limiting situations.

Up to 10 years ago, surgery was the mainstay of DTF treatment, but high local recurrence rates 
and the high numbers of spontaneous regression caused a shift to a more conservative approach 
11-14. First, an active surveillance (AS) approach was only offered to patients with recurrent tumours, 
but in the last years it is considered standard of care in primary DTF as well 12, 14-17. Currently, the 
latest guidelines suggest AS as initial management for asymptomatic and mildly symptomatic 
patients, independent of tumour size and site. In case of persistent radiological or symptomatic 
progression, active treatment with systemic therapy, surgical resection or radiotherapy may be 
considered 18.

Identifying factors predictive for the failure of an AS approach will help physicians and patients 
to choose the appropriate treatment strategy upfront, leading to a more personalised treatment 
approach. Several potential clinicopathological factors associated with change in treatment 
strategy and risk of progression or recurrence have been evaluated in retrospective studies, 
such as tumour size, tumour location and CTNNB1 mutation status. However, drawing a 
single conclusion remains challenging due to variable treatment regimens and heterogeneous 
patient cohorts, which emphasizes the need for a prospective evaluation 13, 16, 19-21.

The aim of the GRAFITI trial was to prospectively assess tumour behaviour of DTF during 
an AS approach in adult patients with non-intra-abdominal DTF. Furthermore, the efficacy of 
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an AS approach as initial management was evaluated, including identification of predictive 
factors for success or failure of an upfront AS approach.

METHODS

Study design and population
The GRAFITI trial was a prospective, multicentre observational study performed in seven 
sarcoma centres in the Netherlands. The study was approved by the Ethics Committee of 
the Erasmus Medical Centre (MEC-2014-124), registered in the Dutch trial register (study ID: 
NTR4714) and its design has been published previously 9. Patients with non-intra-abdominal 
tumour localization, a histologically proven diagnosis of DTF and without previous treatment 
for the current lesion were eligible for inclusion. Patients < 18 years, with personal or family 
history of FAP, with severe pain or functional impairment due to the tumour (as indicated by the 
patient; use of analgesics, including non-steroidal anti-inflammatory drugs (NSAIDs), was not 
an exclusion criterion) or with tumour progression leading to mutilation or life/limb-threatening 
situations as assessed by the treating physician were excluded. Inclusion was open from May 
2014 until December 2018.

Study procedures
Patients with suspected or confirmed DTF referred to one of the participating centres were 
evaluated for eligibility for inclusion. Reasons for exclusion were documented. Eligible pa-
tients who provided written informed consent were included in the study. AS is defined as 
continuous monitoring of DTF patients with an initial MRI (or alternatively another imaging 
modality when MRI is unavailable) within 1-2 months, followed by imaging with intervals ac-
cording to the European consensus guideline 18. The follow-up protocol of the GRAFITI trial 
consisted of follow-up visits and imaging examinations (US and MRI) at baseline, 3, 6, 9, 12, 
18, 24 and 36 months (window ±3 months). 9 Findings on physical examination, medication, 
hormonal status (females only), pain score (1-10) and presence of symptoms reported by the 
treating physician were recorded at each follow-up visit. Symptoms were considered absent 
when there was no documentation of symptoms and present when the treating physician 
reported any symptoms. CTNNB1 mutation status was assessed at baseline on the basis of 
pathology reports for cases with known CTNNB1 mutation status or by Sanger Sequencing 
when CTNNB1 mutation status was unknown and pathology specimens were available. If 
biopsy material was unavailable or insufficient for further analysis, the CTNNB1 mutation 
status remained unknown. Tumour localization and maximum diameter at baseline and during 
follow-up were assessed by a radiologist. Tumour behaviour of DTF was evaluated according 
to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. and defined as 
progressive disease (PD), stable disease (SD), partial regression (PR) or complete regression 
(CR) 22. To minimize measurement variability, only MRI-images were used to analyse tumour 
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size and tumour behaviour. Measurements from computed tomography (CT) or US were only 
used in case MRI-images were not available and all measurements during follow-up were 
performed using the same imaging technique.

The decision to start treatment was individually made by both the physician and the patient 
and was discussed in a multidisciplinary meeting. Reasons for re-evaluating the current AS 
management strategy were tumour growth or progressive symptoms according to the interna-
tional guidelines 18. When AS was no longer feasible, active treatment was started and tumour 
behaviour according to RECIST and the reason for change in treatment were documented. 
Symptomatic progression was determined according to the documentation in the electronic 
patient record and considered present if an increase in symptoms was described by the treat-
ing physician as one of the reasons for initiating active treatment. Active treatments included 
systemic therapy, surgical resection or radiotherapy according to the European consensus 
guidelines 18. Treatment with NSAIDs or other analgesics was not considered as an active 
treatment in the current study as there is no evidence for the use of NSAIDs as antitumour 
therapy in DTF 18. The end of follow-up was marked by the start of active treatment or the last 
registered contact between physician and patient. After 3 years of AS, further follow-up was 
determined by the treating physician and data were collected when available.

Outcomes
The primary endpoint reported here was progression-free survival (PFS), defined as the time 
from inclusion to the date of first PD or death from any cause. Secondary endpoints were the 
cumulative incidence of the start of an active treatment, considerations for active treatment 
and factors predictive for failure of AS. The complete list of the endpoints is reported in the 
previously published protocol 9.

Statistical analysis
Based on the incidence of DTF, enrolment was estimated at 20 patients annually 11. A total of 
100 patients was expected to be included during a period of maximum 5 years. With a sample 
size of 100 patients, a progression rate of 50% would result in a 95% confidence interval (CI) 
of 40-60% and a progression rate of 25% would result in a 95% CI of 18-34% at a two-sided 
significance level of 0.050. These 95% CIs were considered as acceptable for this study 9.

Continuous variables were presented as median and interquartile range (IQR). Categorical 
variables were described as numbers and percentages. Comparative analyses were performed 
with Chi-square tests for categorical variables and Mann-Whitney U tests for continuous 
variables. The Kaplan-Meier method was used to estimate the cumulative incidence of the 
start of an active treatment and the PFS, with censoring at the last follow-up for patients who 
did not start an active treatment or experienced PD respectively. Univariable Cox regression 
analyses was performed to assess possible factors associated with start of active treatment, 
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and results are presented as hazard ratios (HR) with 95% CI. Multivariable Cox regression was 
performed using variables that were statistically significant in univariable analysis.

A planned interim analysis was performed after 1 year of follow-up from the first 20 patients to 
evaluate the number of patients who needed to switch to an active treatment. The study was 
considered safe if >50% of the patients was still undergoing active surveillance after 1 year 
of follow-up. Statistical analyses were performed using SPSS Statistics (IBM, Armonk, New 
York, USA, version 25.0) and R version 3.6.1. (http://www.r-project.org/). Figures were gener-
ated with GraphPad Prism version 5.0 (GraphPad Software, La Jolla; CA). For all analyses, 
two-sided P <0.050 was considered statistically significant.

RESULTS

Patient characteristics
A total of 164 patients with suspected or diagnosed DTF were referred to one of the participat-
ing centres. Fifty-eight patients were not eligible for study participation, leaving 106 patients 
who started with an AS approach (Supplemental Figure 1). One patient was excluded from the 
analyses because her DTF was retrospectively considered as a residual tumour, progressing 
after prior surgical resection. Ultimately, 105 patients were analysed until their last follow-up. 
Baseline characteristics are depicted in Table 1.

The majority of the patients were females (80%) with a median age of 37 years (IQR 32-47) 
at time of diagnosis. Most common tumour locations were the abdominal wall (35%) and the 
trunk and back (24%). Median tumour size at baseline was 4.1 cm (IQR 3.0-6.6). The majority 
(54%) had a T41A mutation. Five patients (5%) used NSAIDs at the time of inclusion, of whom 
three patients chronically used NSAIDs for another indication and two patients used NSAIDs 
for pain due to their DTF.

Treatment strategy during follow-up
The first 20 patients who completed at least 1 year of follow-up were included in the planned 
interim analysis. Fifteen of 20 patients were still undergoing AS (75%) and the AS approach 
was considered safe. Of the 105 patients with an initial AS approach, 31 (30%) discontinued 
AS and started with some form of active treatment during follow-up. Median time to the initia-
tion of active treatment was not reached at a median follow-up of 33.7 months (IQR 15.6-47.0). 
Overall, the incidences of starting active treatment at 1 and 3 years were 18% (95% CI 10-25) 
and 30% (95% CI 21-39) respectively (Figure 1). The remaining 74 patients (70%) continued 
with AS until their last follow-up, with a median follow-up of 39.1 months (IQR 32.3-49.6). 
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Table 1. Baseline characteristics of included desmoid-type fibromatosis patients
(N=105)

n (%)
Age at time of diagnosis (years)
 Median (IQR) 37 (32-47)
Sex
 Male 21 (20)
 Female 84 (80)
Tumour localization
 Abdominal wall 37 (35)
 Head and neck 8 (8)
 Upper extremity 7 (7)
 Trunk and back 25 (24)
 Breast 10 (9)
 Lower extremity 18 (17)
Recurrent disease
 Yes 6 (6)
 No 99 (94)
Tumour size (cm)
 Median (IQR) 4.1 (3.0-6.6)
 < 5 60 (57)
 5-10 38 (36)
 >10 7 (7)
CTNNB1 mutation status1

 T41A 57 (54)
 S45F 14 (13)
 S45P 16 (15)
 WT 8 (8)
 Others 3 (3)
 Unknown 7 (7)
Previous surgery in area of current DTF tumour
 Yes 23 (22)
Hormonal status at time of inclusion*

 Pre-menopausal 69 (82)
 Post-menopausal 14 (17)
 Pregnant 1 (1)
History of pregnancy before diagnosis of DTF* (n=81)2

 Yes 63 (75)
Use of hormonal medication at inclusion (n=104)2

 Yes3 20 (19)
Use of NSAIDs at inclusion (n=103)2

 Yes 5 (5)
Symptoms at time of inclusion4

 Yes 68 (65)

* Only in female population (n=84)
1. Others: S33L, H36P, Ser33Tyr; Unknown: insufficient/unavailable material to determine CTNNB1 mutation status.
2. Number of patients with known pregnancy status or medication use.
3. All hormonal medication involved hormonal contraceptives .
4. Sensory symptoms, motoric symptoms, cosmetic complaints, pain, cramps.
Abbreviations: DTF, desmoid-type fibromatosis; IQR, interquartile range; WT, wild-type; NSAIDs, non-steroidal anti-inflammatory 
drugs.
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None of the patients who continued AS and with an available follow-up moment switched to 
active treatment at 3-4 (n=34) and 4-5 years (n=10) of follow-up.

The treatment strategy during follow-up is summarized in Figure 2. Nine patients started with 
NSAIDs due to pain caused by their DTF and were able to continue AS. Reasons to start 
active treatment included PD according to RECIST with or without increase in symptoms 
(n=21) or symptomatic progression (n=10).

I

I
I I

I I II II I III I II I IIII I I III I III I II I I I I I I I III I I II III

1.00

0.75

0.50

0.25

0.00
0 6 12 18 24 30 36 42 48

Time in months

C
um

ul
at

iv
e 

in
ci

de
nc

e

I All patients

Time to active treatment

105 97 85 75 64 56 46 34 22−
Figure 1. Cumulative incidence of the start of an active treatment in 105 patients initially managed 
with active surveillance.
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Figure 2. Treatment strategies during follow-up. Systemic therapy included treatment with doxoru-
bicine, vinorelbine or tamoxifen.
Abbreviations: DTF, Desmoid-type fibromatosis; NSAIDs, non-steroidal anti-inflammatory drugs; RECIST, Re-
sponse Evaluation Criteria in Solid Tumors
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Univariable analysis of factors affecting the risk of starting active treatment showed that larger 
tumour size (≥5 cm; HR=2.38 [95% CI 1.15-4.90]) and the presence of a S45F mutation (HR=6.24 
[95% CI 1.92-20.30]) were associated with a higher risk of starting active treatment (Table 2).

Multivariable analysis using tumour size and CTNNB1 mutation status only identified the 
presence of a S45F mutation (HR=4.64 [95% CI1.38-15.8]) as a predictive factor for the initia-
tion of active treatment (Table 2). The number and corresponding frequencies of treatment 
strategy during follow-up, tumour behaviour and tumour size according to tumour location 
and CTNNB1 mutation type are summarized in Supplemental Table 1 and 2. The association 
between tumour size and CTNNB1 mutation was explored by Chi-square analysis. A signifi-
cant correlation between the presence of a S45F mutation and a larger tumour size (≥5 cm) 
was observed (P=0.004), indicating that tumours harbouring a S45F mutation were larger 
compared to tumours harbouring other mutations. No significant correlation could be found 
between CTNNB1 mutation and recurrence (P=0.708), age (P=0.170) and sex (P=0.482).

Natural behaviour of DTF tumours
The natural behaviour of DTF tumours of 104 patients was assessed during follow-up. One 
patient received active treatment within 3 months after inclusion due to symptomatic progres-
sion; hence tumour behaviour was not monitored. For 9 patients MRI was not available and 
CT (n=4) or US (n=5) images were used to assess tumour growth. After start of AS, 42 DTF 

Table 2. Univariable and multivariable analyses of factors influencing the risk of starting active treat-
ment

Univariable analysis Multivariable analysis

Active surveillance 
(n=74)
n (%)

Switch to active 
treatment (n=31)

n (%)
HR

[95% CI] P-value
HR

[95% CI] P-value

Age at time of inclusion (median) 37.0 36.0 0.99 [0.96-1.02] 0.481

Sex 0.717

 Male 14 (19%) 7 (23%) Ref

 Female 60 (81%) 24 (77%) 0.86 [0.37-1.99]

Tumour size at baseline (cm) 0.019 0.059

 <5 48 (65%) 12 (39%) Ref Ref

 ≥5 26 (35%) 19 (61%) 2.38 [1.15-4.90] 2.13 [0.97-4.68]

CTNNB1 mutation status (n=98)1

 Other2 23 (34%) 4 (13%) Ref Ref

 T41A 40 (59%) 17 (57%) 2.39 [0.80-7.10] 0.118 2.37 [0.80-7.04] 0.122

 S45F 5 (7%) 9 (30%) 6.24 [1.92-20.3] 0.002 4.64 [1.38-15.8] 0.013

1. Unknown CTNNB1 mutation status were not included in univariable and multivariable analysis.
2. Other: S45P, S33L, H36P, Ser33Tyr or wild-type (WT) mutations.
Abbreviations: HR. hazard ratio; CI, confidence interval.
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tumours showed initial progression (40%), 33 remained stable (32%) and 29 solely demon-
strated partial or CR (28%; Figure 3).

PFS at 1 year was 69% (95% CI 60-78) and 58 % (95% CI 49-69) at 3 years. With a median 
follow-up of 33.7 months, median time to PFS was not reached (Supplemental Figure 2). 
Twenty-one patients with PD switched to some form of active treatment. These patients had 
larger tumours compared to patients who continued AS (P=0.013; Table 3). In 13 of the 21 
progressive patients who continued AS, a decrease in tumour size was observed after initial 
PD. Time between start PD and start decrease in tumour size varied between 5.8 to 32.7 
months. In 4 of the 21 patients the DTF tumour remained stable after PD; in 3 patients there 
was ongoing PD and 1 patient was lost to follow-up (Figure 3a).

An increase in tumour size was not observed after a patient demonstrated a decrease in 
tumour size at ≥ 3 consecutive imaging examinations (Figure 3a-c). Of the 29 patients with PR, 
7 patients showed CR on the MRI examination at their last follow-up (Figure 3c). Since MRI 
and US were alternated during follow-up, 3 patients showed CR only at their last US examina-
tion. There were no statistically significant differences between patients with PD compared to 
non-progressive patients (Supplemental Table 3).

Progression
Stable
Regression
Active treatment
Loss to follow-up
Use of NSAIDs

Figure 3. Spider plot of relative change of largest desmoid-type fibromatosis diameter from baseline 
over time for all evaluable patients (n=104), defined as those with baseline tumour assessments and 
at least one postbaseline assessment. (a) Patients with progressive disease (PD) during follow-up 
(FU); (n=42) (b) patients with stable disease (SD) during FU (n=33) (c) patients with partial regression 
(PR) during FU (n=29). Horizontal dashes lines represent ≥20% increase in tumour size compared 
to baseline (PD according to the Response Evaluation Criteria In Solid Tumors version 1.1. (RECIST) 
and ≥30% decrease in tumour size according to baseline (PR according to RECIST).
Abbreviations: PD, progressive disease; FU, follow-up; SD, stable disease; PR, partial regression; RECIST, Re-
sponse Evaluation Criteria in Solid Tumors; NSAID, non-steroidal anti-inflammatory drug.
Legend: Pink, PD; Blue, SD; Green, PR; Circle, imaging measurement; Yellow triangle, NSAID use; Red diamond, 
loss to FU; Black square, start of active treatment.
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DISCUSSION

The GRAFITI trial is a prospective study evaluating patients with non-intra-abdominal DTF who 
underwent AS as initial management. This study shows that two-thirds of the DTF patients 
undergoing AS do not need an active treatment during follow-up after a median follow-up of 
33.7 months. The majority of the DTF tumours remained stable or regressed during follow-up, 
even after initial progression. Patients with a S45F mutation have a higher risk of starting an 
active treatment.

Currently, AS is already recommended as upfront approach for the management of DTF. 18 
This recommendation was based on the results of several retrospective studies with different 
patient cohorts and various follow-up schedules and definitions of AS 12, 14, 15, 20, 23. In this 
study, failure of the AS approach was seen in 30% of patients, which is comparable to previ-
ous retrospective studies 24. More than 50% of these patients needed a change in treatment 

Table 3. Comparison of patients with progressive disease who continued active surveillance vs. 
patients with progressive disease who switched to active treatment

PD and continue active 
surveillance (n=21)

n (%)

PD and switch to active 
treatment (n=21)

n (%) P-value

Age at time of inclusion (years) 0.533

 <40 11 (52%) 13 (62%)

 ≥40 10 (48%) 8 (38%)

Sex 0.292

Male 7 (33%) 4 (19%)

Female 14 (67%) 17 (81%)

Tumour size at baseline (cm)

 Median (IQR) 4.0 (3.0-5.8) 5.6 (3.8-8.0) 0.043*

 <5 15 (71%) 7 (33%) 0.013**

 ≥5 6 (29.6%) 14 (67%)

CTNNB1 mutation status (n=40)1 0.058

 Other2 8 (42%) 2 (10%)

 T41A 9 (47%) 15 (71%)

 S45F 2 (11%) 4 (19%)

Comparative analyses were performed with Chi-square tests for categorical variables and Mann-Whitney U test 
for continuous variables.
* Difference in median tumour size, calculated with Mann-Whitney U test.
** Difference in tumour size <5 compared to ≥5 cm, calculated with Chi-square test
1. Patients with unknown CTNNB1 mutation status were not included in the comparative analysis..
2. Other: S45P, S33L, H36P, Ser33Tyr or wild-type (WT) mutations.
Abbreviations: PD, progressive disease according to the Response Evaluation Criteria In Solid Tumors version 1.1.
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strategy within the first year after diagnosis. None of the patients of whom follow-up was 
available started active treatment after year 3. These findings indicate that with an initial AS 
approach, patients can be reassured that the likelihood of the need to start an active treat-
ment diminishes over time.

Identifying subgroups with risk of failure of AS will help selecting the appropriate treatment 
strategy and follow-up procedure upfront. Tumour localization, age at diagnosis, CTNNB1 
mutation status and tumour size are most frequently reported as potential clinicopathological 
factors associated with recurrence, tumour behaviour or change in treatment strategy in DTF 
patients 13, 17, 19-21, 24-27. In this study, a larger tumour size at baseline (≥5 cm) was associated 
with a higher risk to start active treatment in the univariable analysis. This finding was also 
reported in previous retrospective studies, 19, 20 while the predictive value of tumour size was 
not confirmed by Colombo et al. 13. It has been reported that the S45F mutation is associated 
with a higher risk of recurrence in surgically treated DTF patients, suggesting a more aggres-
sive behaviour 26, 28. The influence of CTNNB1 mutations on change in treatment strategy was 
not investigated previously. This study showed that the presence of a S45F mutation is an 
independent predictor for initiation of active treatment. Tumour size was not associated with 
initiation of active treatment in the multivariable analysis. The latter may be explained by the 
limited number of patients harbouring the S45F mutation, which resulted in wide CIs. In ad-
dition, the relatively low number of patients who started active treatment (n=31) may have led 
to insufficient power to find a significant effect for tumour size on the necessity to start active 
treatment. Interestingly, the majority of the DTF tumours harbouring the T41A mutation were 
<5 cm and tumours harbouring a S45F mutation were significantly larger compared to other 
mutation types. Timbergen et al. 28 also suggested an association between CTNNB1 mutation 
and tumour size based on the results of their meta-analysis. Hence, it could be hypothesised 
that tumour size at baseline does influence the risk of starting an active treatment after an 
initial AS approach.

The present study did not assess the predictive value of tumour localization due to the limited 
numbers, although patients with DTF located at the head and neck and upper extremity 
experienced more PD and more often needed a switch to active treatment. This is in line with 
a study by Penel et al., 16 who found that DTF located at unfavourable locations (head and 
neck, upper extremity and chest wall) experienced more PD and more often needed active 
treatment. A study by Van Houdt et al. 19 showed that upper extremity and chest wall tumours 
caused more pain, possibly leading to a higher need for active treatments. Further exploration 
of the predictive value of tumour localization could be of added value.

PD mainly occurred within the first 2 years. One patient developed PD according to RECIST 
after 3 years; however, her DTF tumour did show a constant increase over time. None of the 
patients who demonstrated a decrease in tumour size eventually developed or returned to PD. 



The GRAFITI trial 59

3

Additionally, patients with PD who started active treatment had significantly larger tumours 
compared to patients with PD who continued AS, supporting the hypothesis that tumour size 
does matter. It is interesting to note that in the group of patients with PD who did continue with 
AS, the majority of the DTF tumours stabilized or even regressed after initial PD.

These findings have important implications for the AS strategy of DTF patients and their 
follow-up schedules. As PD and initiation of active treatment most likely occur within the first 
3 years, DTF patients with an initial AS approach should be monitored for 3 years. However, 
when a patient shows a decrease in tumour size at ≥ 3 consecutive imaging examinations, it 
is unlikely that the DTF tumour will start to grow. Therefore, a more flexible or shorter follow-up 
schedule can be considered for these patients. If a DTF tumour continues to grow since the 
start of follow-up, follow-up should be continued to evaluate whether the tumour eventually 
stabilizes or if there is an indication for active treatment due to increase in symptoms or a high 
risk of morbidity. After 3 years, the treating physician and patient will make a shared deci-
sion how follow-up will be continued, based on tumour behaviour, symptom burden and the 
patient’s needs. These implications regarding the follow-up strategy must be interpreted with 
caution for pregnant DTF patients undergoing AS, given the currently limited data available.

The majority of patients in whom active treatment was initiated had PD. However, for most of 
these patients, it was a combination of PD and an increase in symptoms which necessitated 
the start of active treatment. Two patients with PD started active treatment due to a pregnancy 
wish, although it is debatable if this is a strong indication for active treatment. Ten patients 
with SD or even with regression also received an active treatment because of pain or func-
tional complaints, which was consistent with the study by Van Houdt et al. 19. Nine patients 
started with NSAIDs due to pain caused by their DTF tumour and were able to continue AS 
safely. Adequate pain control as a first step may therefore prevent the need to switch to more 
aggressive antitumour treatments in DTF patients 5.

This present study is subject to several limitations. First, the pain score was not well docu-
mented in the majority of patients, leading to missing data. Only the presence and progression 
of symptoms as assessed by the treating physician were reported; severity of symptoms 
was not scored. Objective symptom scores were therefore not used in the current study. 
Presence of symptoms may be biased by the potentially different assessment of symptoms by 
different physicians. However, it can be argued that this subjective method is consistent with 
current daily practice in determining the treatment strategy for DTF patients. Furthermore, all 
decisions to start an active treatment were discussed in multidisciplinary meetings and the 
international guidelines for active treatment were followed to the extent possible 18.

Second, follow-up of patients who started with active treatment after initial AS was not 
available in the current study to evaluate the outcomes of these active treatments. However, 
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there is no reason to believe that these outcomes would differ from the retrospective data 
from previous studies in the Dutch population 29, 30. Finally, patients underwent for practical 
reasons both MRI and US examinations during follow-up. In all analyses, tumour behaviour 
was solely based on MRI, as US could not be used as a method of measurement according 
to the RECIST guidelines, 22 resulting in large time intervals between RECIST measurements. 
However, the number of patients experiencing PD, SD and PR in our study is comparable 
with previous studies 14, 19. Furthermore, RECIST may not be the most useful tool to evaluate 
treatment success in DTF. These criteria assume spherical-shaped tumours and a uniform 
decrease in size, whereas DTF can display variable shapes with infiltrative growth 31-33. Sub-
sequently, tumour size in DTF remains an ambiguous variable which is prone to interobserver 
variability. Tumour volume or MRI T2 signal intensity, may be better parameters to evaluate 
radiological response in DTF 25, 33. In addition to radiological response, health-related quality 
of life (HRQoL) measurements could help to determine treatment efficacy, especially since 
not all patients with a high symptom burden show PD 5. During an AS approach, changes in 
HRQoL scores are a reason to re-evaluate the AS strategy and could help to identify patients 
who need some form of active treatment.

The small study cohort, although relatively large given the rarity of DTF, limited the analyses 
of clinicopathological factors associated with start of active treatment. Considering the low 
incidence of DTF, collaborations are essential. In France and Italy, similar studies (ClinicalTri-
als.gov identifier NCT01801176 and NCT02547831 respectively) have been conducted to 
prospectively evaluate AS in DTF patients. Combining the results of these three prospective 
studies will help to further identify subgroups at risk of failure of the AS approach.

In conclusion, this study indicates that after AS, only a minority of DTF patients will need ac-
tive treatment, minimizing overtreatment and potential morbidity. The majority of DTF patients 
eventually will develop stable or regressive disease. CTNNB1 mutation status and tumour size 
could be used to identify patients with risk of failure of AS. These results may help to tailor the 
follow-up schedule according to growth behaviour and the patient’s needs during follow-up, 
leading to a more personalised approach.
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DTF patients referred to 
participating center 

(N=164)

DTF patients eligible for study 
participation 

(N=106)

Not eligible for study (n=58)

- No histological evidence of DTF (n=6)
- Pain or functional impairment due to the tumour (n=5)
- Intra-abdominal tumour localization (n=11)
- Imminent functional impairment in case of tumour progression (n=5)
- Prior treatment (n=14)
- Patient has already been undergoing active surveillance ≥ 1 year  (n=4)
- Patient refused study participation (n=7)
- Patient preferred active treatment (n=4)
- Patient received systemic treatment for other diagnosis (n=2)

Not eligible for study analysis (n=1)

- Residual tumour (n=1)

DTF patients included in study 
analysis 
(N=105)

Supplemental Figure 1. Flowchart of included patients.
Abbreviations: DTF, Desmoid-type fibromatosis.
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Supplemental Table 1. Cross-tabulation of treatment strategy, tumour behaviour, tumour size, 
CTNNB1 mutation and tumour localization

Tumour localization n AW HN UE TB Breast LE

Treatment strategy

 Active surveillance 74 30 (81%) 2 (25%) 4 (57%) 19 (76%) 7 (70%) 12 (67%)

 Start of active treatment 31 7 (19%) 6 (75%) 3 (43%) 6 (24%) 3 (30%) 6 (33%)

 Total 105 37 8 7 25 10 18

Tumour behaviour during FU

 PD 42 10 (27%) 6 (75%) 5 (71%) 11 (44%) 1 (10%) 9 (53%)

 SD/PR 64 27 (73%) 2 (25%) 2 (29%) 14 (56%) 9 (90%) 8 (47%)

 Total 104 37 8 7 25 10 17

Tumour size at baseline (cm)

 <5 60 26 (70%) 4 (50%) 4 (57%) 13 (52%) 8 (80%) 5 (28%)

 ≥5 45 11 (30%) 4 (50%) 3 (43%) 12 (48%) 2 (20%) 13 (72%)

 Total 105 37 8 7 25 10 18

CTNNB1 mutation

 T41A 57 16 (49%) 4 (50%) 6 (86%) 17 (74%) 8 (80%) 6 (35%)

 S45F 14 3 (9%) 2 (25%) 1 (14%) 2 (9%) 0 (0%) 6 (35%)

 S45P 16 11 (33%) 0 (0%) 0 (0%) 1 (4%) 1 (10%) 3 (18%)

 WT 8 2 (6%) 2 (25%) 0 (0%) 2 (9%) 0 (0%) 2 (12)

 Others1 3 1 (3%) 0 (0%) 0 (0%) 1 (4%) 1 (10%) 0 (0%)

 Total 98 33 8 7 23 10 17

1. Others: S33L, H36P, Ser33Tyr.
Abbreviations: FU, follow-up; PD, progressive disease; SD, stable disease; PR, partial regression; WT, wild-type; 
AW, abdominal wall; HN, head and neck; UE, upper extremity; TB, trunk and back; LE, lower extremity.
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Supplemental Table 2. Cross-tabulation of treatment strategy, tumour behaviour, tumour size and 
CTNNB1 mutation type

CTNNB1 mutation n S45F T41A S45P WT Others1

Treatment strategy

 Active surveillance 68 5 (36%) 40 (70%) 14 (88%) 8 (100%) 1 (33%)

 Start of active treatment 30 9 (64%) 17 (30%) 2 (12%) 0 (0%) 2 (67%)

 Total 98 14 57 16 8 3

Tumour behaviour during FU

 PD 40 6 (46%) 24 (42%) 5 (31%) 3 (37%) 2 (67%)

 SD/PR 57 7 (54%) 33 (58%) 11 (69%) 5 (63%) 1 (33%)

 Total 97 13 57 16 8 3

Tumour size at baseline (cm)

 <5 56 3 (21%) 35 (61%) 11 (69%) 5 (63%) 2 (67%)

 ≥5 42 11 (79%) 22 (39%) 5 (31%) 3 (37%) 1 (33%)

 Total 98 14 57 16 8 3

1. Others: S33L, H36P, Ser33Tyr.
Abbreviations: FU, follow-up; PD, progressive disease; SD, stable disease; PR, partial regression; WT, wild-type.
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0.75

1.00

0 6 12 18 24 30 36 42 48
Time in months

PF
S

I All patients

105 77 66 56 46 38 32 21 14−
Supplemental Figure 2. Progression-free survival (PFS) for 104 patients initially managed with ac-
tive surveillance.
Abbreviations: PFS, progression-free survival.
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Supplemental Table 3. Comparison of progressive vs. non-progressive desmoid-type fibromatosis 
tumours during follow-up
Comparative analyses were performed with Chi-square tests.

Progression (n=42)
n (%)

Non-progression (n=62)
n (%) P-value

Age at time of inclusion (years) 0.694

 <40 24 (57%) 33 (53%)

 ≥40 18 (43%) 29 (47%)

Sex 0.210

 Male 11 (26%) 10 (16%)

 Female 31 (74%) 52 (84%)

Recurrent disease 0.621

 Yes 3 (7%) 3 (5%)

 No 39 (93%) 59 (95%)

Tumour size at baseline (cm) 0.404

 <5 22 (52%) 37 (61%)

 ≥5 20 (48%) 24 (39%)

CTNNB1 mutation status (n=97)1 0.842

 Other2 24 (60%) 33 (58%)

 T41A 6 (15%) 7 (12%)

 S45F 10 (25%) 17 (30%)

Previous surgery in area of current DTF tumour 0.890

 Yes 9 (21%) 14 (23%)

 No 33 (79%) 48 (77%)

Hormonal status at time of inclusion* 0.544

 Pre-menopausal 27 (87%) 41 (79%)

 Post-menopausal 4 (13%) 10 (19%)

 Pregnant 0 (0%) 1 (2%)

History of pregnancy before DTF diagnosis* (n=80)1 0.176

 Yes 22 (71%) 41 (84%)

 No 9 (29%) 8 (16%)

Use of hormonal medication at inclusion (n=103)1 0.517

 Yes 9 (21%) 10 (16%)

 No 33 (79%) 51 (84%)

Use of NSAIDs at inclusion (n=102)1 0.324

 Yes 1 (2%) 4 (7%)

 No 41 (98%) 56 (93%)

* Only in female population (n=83).
1. Patients with unknown CTNNB1mutation status, pregnancy status and or medication use were not included in 
the comparative analysis.
2. Other: S45P, S33L, H36P, Ser33Tyr or wild-type (WT) mutations.
Abbreviations: DTF, Desmoid-type fibromatosis
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ABSTRACT

Introduction
Desmoid-type fibromatosis (DTF) is a rare, soft tissue tumour. Sorafenib, a multikinase inhibi-
tor, has demonstrated antitumour efficacy in DTF patients. Little is known about the underly-
ing molecular mechanisms, which are crucial to know to further optimize systemic treatments. 
Here we investigated the molecular effects of sorafenib exposure on DTF and stromal cells, 
with an emphasis on cell death mechanisms.

Material and methods
DTF primary cell cultures, with known CTNNB1 status, and primary stromal cell cultures, 
derived from DTF tissue, were exposed to clinically relevant concentrations of sorafenib in the 
presence or absence of inhibitors of ferroptosis, apoptosis and autophagy. Cell viability was 
determined after 24 and 48 hours using MTT assays. Annexin V/PI staining, lipid peroxidation 
analysis and immunoblotting were performed to assess apoptosis, ferroptosis and autophagy.

Results
Exposure to sorafenib caused a significant, concentration- and time-dependent decrease in 
cell viability in all primary DTF and stromal cell cultures. Inhibitors of ferroptosis and apoptosis 
protected against sorafenib-mediated cytotoxicity, implicating that both cell death mecha-
nisms are activated. Annexin V/PI stainings and lipid peroxidation analyses confirmed induc-
tion of apoptosis and ferroptosis, respectively. Autophagy inhibition enhanced the cytotoxic 
effect of sorafenib and led to a stronger induction of apoptosis and ferroptosis.

Conclusion
This study identified ferroptosis and apoptosis as mechanisms for the sorafenib induced cell 
death in DTF cells as well as stromal cells. Furthermore, autophagy inhibition enhanced the 
cytotoxic effects of sorafenib. Knowledge of the mechanisms by which sorafenib affects DTF 
at a cellular level may help to optimize its clinical efficacy and mitigate toxic effects.
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INTRODUCTION

Sporadic desmoid-type fibromatosis (DTF) is a rare, clonal fibroblastic proliferation of the 
soft tissue cells arising in musculoaponeurotic structures 1. The estimated incidence in the 
population is 2 - 5 patients per million people per year 2, 3. DTF commonly occurs in the 
extremities, the abdominal wall and at intra-abdominal locations. Although they are benign 
tumours without metastatic potential, they can cause significant morbidity by local infiltrative 
growth and their tendency to recur locally 1, 4. The biological behaviour of DTF is unpredictable 
and variable, exhibiting stages of progressive growth, growth stabilization and even regres-
sion of the tumour without any treatment 4, 5.

Desmoid tumours do occur in the context of familial adenomatous polyposis (FAP), but the 
majority of desmoid tumours are sporadic and molecularly characterized by mutually exclu-
sive mutations in exon 3 of the β-catenin (CTNNB1) gene 6. The most common mutations 
lead to a substitution of threonine at position 41 with alanine (T41A) or cause replacement 
of serine at position 45 with phenylalanine (S45F) or proline (S45P). The mutations block 
phosphorylation of threonine or serine residues and result in stabilization of β-catenin which 
is subsequently translocated into the nucleus where it transcriptionally activates Wnt target 
genes 7. The remainder of sporadic desmoid tumours (5-15%) are classified as wild-type (WT) 
as they lack mutations in CTNNB1 exon 3. It is unclear what drives the formation of these WT 
tumours 8. Studies reported a potential clinical impact of the CTNNB1 mutational subtype, 
with S45F-mutated DTF tumours exhibiting a higher risk of recurrence after primary surgery 
and a different response to systemic treatment 9-12. However, the prognostic role of the S45F 
mutation is a matter of discussion since others reported conflicting results and could not find 
an effect of CTNNB1 mutation status on outcome 9, 13, 14.

The unpredictable clinical course of DTF makes it challenging to choose an appropriate treat-
ment strategy. The currently recommended first line treatment is active surveillance, while local 
or systemic treatment options may be considered in cases of progressive and symptomatic 
disease 515 Unfortunately, these active forms of treatment do not guarantee tumour reduction 
or clinical benefit. The rate of recurrence after surgical resection is high: up to 60%, while there 
is only a modest overall response to systemic therapies such as chemotherapy 7, 15-17.

Tyrosine kinase inhibitors have been suggested as a treatment option for DTF, of which 
sorafenib is the most promising 18. Recent studies have demonstrated the antitumour effect 
of sorafenib in DTF patients 5, 19. Results of a randomized phase 3 clinical trial showed a 
2-year progression-free survival of 81% for patients who received sorafenib compared with 
36% in the placebo group. The objective response rate was 33% in patients that received 
sorafenib and 20% in the control (placebo) group 5. Despite the observed benefit in this study, 
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a withdrawal rate of 20% was observed due to drug-related toxic effects, emphasizing the 
need to determine optimal use of sorafenib in DTF patients.

Sorafenib is a multikinase inhibitor and targets several receptor tyrosine kinases such as 
vascular endothelial growth factor receptors (VEGFR2, VEGFR3), platelet-derived growth 
factor receptor beta (PDGFRB), Flt-3 and c-KIT as well as Raf kinases (B-RAF, C-RAF) 20, 21. 
Currently, little is known about the cellular effects of sorafenib in DTF. Knowledge of the cel-
lular effects, particularly the cell death mechanisms that are induced, could help to identify 
DTF patients who may benefit from sorafenib therapy and to reduce the drug-related toxic 
effects or drug resistance. Studies, using cell lines derived from other tumour types than DTF, 
have shown that sorafenib is capable of inducing apoptosis 22-24. It has also been reported that 
sorafenib can induce ferroptosis in hepatocellular carcinoma (HCC) cells 25, 26. Ferroptosis is a 
form of programmed cell death that is distinct from apoptosis, necrosis and autophagy, and 
is characterized by oxidative stress and iron-dependent accumulation of lipid hydroperoxides 
27. Some studies of HCC cells have shown that autophagy acted as protective mechanism 
against cytotoxic effects of sorafenib, while others described that autophagy induced by 
sorafenib enhanced its antitumour effect 28-30. This ambivalent role of autophagy highlights the 
importance of exploring its function in response to sorafenib treatment in DTF cells.

Few studies have suggested that the cytotoxic effects of sorafenib in DTF cells are caused by 
inhibition of proliferation and invasion, and induction of apoptosis 31, 32. No previous study has 
investigated the induction of ferroptosis in DTF cells. The aim of this study is to investigate 
the antitumour effects of sorafenib in DTF cells. A better understanding of the underlying 
molecular mechanisms could help to improve the efficacy, and therefore the clinical benefits, 
of sorafenib therapy.

MATERIAL AND METHODS

Cell cultures
The primary cell cultures D5, D7, D8, D9 and D11 were isolated from desmoid tumour tissue 
at the Erasmus Medical Centre Rotterdam, the Netherlands. A detailed description of the cell 
cultures can be found in Appendix A. The cell line AF208 was a kind gift from Dr. B. Alman 
(The Hospital for Sick Children, Toronto, Canada) and cultured under similar conditions. At 
regular intervals the cell cultures were subjected to genotyping focusing on the presence of 
specific CTNNB1 exon 3 mutations as previously described by Dubbink et al.33. The passages 
used for the experiments of cell lines D7, D9 were heterozygous for the S45F mutation and 
the cell line D8 was heterozygous for T41A mutation, thereby matching the genotype of the 
primary tumours. No CTNNB1 exon 3 mutations could be detected in passages of D5 and 
D11, whereas the corresponding primary tumours did harbour exon 3 mutations. Therefore, 
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the cell lines D5 and D11 were considered derived from desmoid stromal cells with a wild-type 
CTNNB1 gene. The cell line AF208 was confirmed to be heterozygous for the S45F muta-
tion. This study was conducted as part of an experimental protocol entitled “Translational 
research on soft tissue sarcomas” which was approved by the Medical Ethics Committee 
of the Erasmus MC, Rotterdam the Netherlands (MEC-2016-213). The use of anonymous or 
coded left-over material for scientific purposes is part of the standard treatment agreement 
with patients. Therefore, no informed consent was required according to the applicable Dutch 
rules and legislation.

Chemicals
Sorafenib was purchased from LC Laboratories, hydroxychloroquine sulfate from Tebu-Bio, 
Z-VAD-fmk from AbMole BioScience, and deferiprone (DFP) and ferrostatin-1 were obtained 
from Sigma-Aldrich. Stock solutions of sorafenib, Z-VAD-fmk and ferrostatin-1 were prepared 
in DMSO, DFP was dissolved in DMEM (Gibco) and hydroxychloroquine was dissolved in 
PBS.

Assays
Cell viability was assessed after 24 and 48 hours of compound exposure using MTT as-
says. Annexin V/PI staining, lipid peroxidation analysis and immunoblotting were performed 
to assess apoptosis, ferroptosis and autophagy. A detailed description of the procedures is 
presented in Appendix A.

Statistical analysis
Differences in cell viability between the conditions were evaluated by using a Student t-test. 
For all statistical tests, a two-sided p-value <0.05 was considered statistically significant and 
marked by a single asterisk (*). P-values <0.01 were marked by double asterisks (**) and 
<0.001 by triple asterisks (***). All statistical tests were performed with SPSS (IBM SPSS 
Statistics, Version 26.0).

RESULTS

Sorafenib affects viability of DTF derived tumour and stromal cells
To examine the effect of sorafenib on DTF cells, we first performed a cytotoxicity assay on 
four primary DTF cell cultures (D7S45F, D8T41A, D9S45F, AF208S45F) and two primary cell cultures 
derived from desmoid stroma (D5WT, D11WT). Exposure to sorafenib resulted in reduction of 
cell viability in all cell lines. Maximum effects were seen at a concentration of 20 µM sorafenib, 
resulting in a significant decrease in cell-viability after 24 (15 - 30%) and 48 hours (50 – 75%) 
(Figure 1). A similar trend was seen at a concentration of 10 µM sorafenib, but the effects were 
less profound. A concentration of 1 µM sorafenib, used in a subset of cell lines, had little effect 
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on cell viability of DTF cells after 24 hours but caused a 8 – 30% reduction of cell viability 
after 48 hours (Supplementary Figure 1). The cell lines displayed a variability in response to 
sorafenib. However, these differences were not related to mutational subtype or cell origin 
(Figure 1).

Figure 1. Sorafenib decreases the cell viability of desmoid-type fibromatosis (DTF) and stromal cell 
lines. An in vitro cytotoxicity assay (MTT assay) was performed to assess the effect of sorafenib on 
primary DTF cell cultures and DTF-derived primary stromal cell cultures. Cells were exposed to no 
(0 µM; solute control), 10 µM and 20 µM of sorafenib for 24 and 48 hours. 
Bars indicate average values ± SD (n=3-4) *P<0.05; **P<0.01; ***P<0.001 in comparison to the solute control. D7, 
D9 and AF208 are DTF cell lines derived from S45F-mutated desmoids; D8 is derived from a T41A-mutated des-
moid tumour and D5 and D11 are cell lines derived from desmoid stroma that contain a wild-type (WT) CTNNB1.

Inhibition of autophagy augments the cytotoxic effects of sorafenib on DTF-
derived tumour and stromal cells.
Autophagy is an important cell survival mechanism which could mitigate the antitumour 
effects from sorafenib. To investigate the possible role of autophagy on the cytotoxic ef-
fects of sorafenib, cell viability of DTF cells was assessed after the cells were treated with 
sorafenib in combination with hydroxychloroquine. The latter compound inhibits autophagy 
by decreasing autophagosome-lysosome fusion 34. The combination of 20 µM sorafenib and 
hydroxychloroquine led to a significant larger reduction (10-20% more reduction) of cell vi-
ability when compared to sorafenib alone. This effect was not consistent for the combination 
of 10 µM sorafenib and hydroxychloroquine (Figure 2). To confirm that hydroxychloroquine 
indeed caused autophagy inhibition in DTF cells, Western blot analysis of LC3 was performed. 
Upon autophagy LC3-I is converted to the lower migrating LC3-II which associates with 
autophagosomes. Inhibition of autophagy by hydroxychloroquine results in LC3-II accumula-
tion. Our results clearly demonstrated a decreased expression of LC3-I and an increased 
expression of LC3-II in DTF cells after exposure to hydroxychloroquine or, another unrelated 
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autophagy inhibitor, bafilomycin, confirming inhibition of autophagy (Supplementary Figure 2 
and Supplementary Figure 6). These results are in agreement with the observations made by 
Braggio et al. using six primary DTF cultures 31.

Figure 2. Autophagy inhibition enhances the cytotoxic effect of sorafenib on desmoid-type fibroma-
tosis (DTF) and stromal cell lines. An in vitro cytotoxicity assay (MTT assay) was performed to 
assess the effect of sorafenib (10 or 20 µM) with or without the autophagy inhibitor hydroxychloro-
quine (10 µM) on primary DTF cell cultures and DTF-derived primary stromal cell cultures. Cells were 
exposed for 24 and 48 hours. 
Bars indicate average values ± SD (n=3-4) *P < 0.05, **P < 0.01, ***P< 0.001 when compared with sorafenib alone. 
D7, D9 and AF208 are DTF cell lines derived from S45F-mutated desmoids; D8 is derived from a T41A-mutated 
desmoid tumour and D5 and D11 are cell lines derived from desmoid stroma and contain a wild-type (WT) CTN-
NB1. Abbreviations: Sor, sorafenib; Hyd, hydroxychloroquine.

Sorafenib induces apoptosis in DTF cells
Previously, induction of apoptosis has been suggested as one of the mechanisms underlying in 
the cytotoxic effects of sorafenib in DTF cells 31. To explore the capability of sorafenib to induce 
apoptosis, DTF cells were treated with a combination of sorafenib and Z-VAD-fmk, a pan-
caspase inhibitor 35. Z-VAD-fmk prevented sorafenib-induced cytotoxicity in DTF cells as its 
application led to a significant increase in the number of viable cells (Figure 3a). To extend these 
initial observations, induction of apoptosis by sorafenib in DTF cells was further evaluated by 
Annexin V/PI apoptosis analysis (Figure 3b and Supplementary Figure 3). As shown in Figure 3b, 
the percentage of apoptotic cells increased after exposure to 10 and 20 µM sorafenib in all DTF 
cell lines, confirming induction of apoptosis. Furthermore, a combination of hydroxychloroquine 
and sorafenib resulted in a greater percentage of apoptotic cells when compared to sorafenib 
alone (Figure 3b). Induction of apoptosis was noticed in all cell lines examined including S45F 
(D7, D9, AF208), T41A-mutated (D8) DTF cells and stroma derived CTNNB1 wild-type cells (D5).
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Figure 3. Sorafenib induces apoptosis in desmoid-type fibromatosis (DTF) cells. (A) Cytotoxicity of 
sorafenib in DTF-derived cell lines was determined after exposure to sorafenib (10 and 20 µM) with 
or without Z-VAD-fmk (20 µM) for 24 and 48 hours using an MTT assay. Bars indicate average values 
± SD (n=3-4) *P < 0.05, **P < 0.01, ***P< 0.001 when compared with sorafenib alone. (B) Annexin 
V/PI apoptosis analysis of DTF-derived cell lines after exposure to sorafenib (10 and 20 µM) with or 
without hydroxychloroquine (10 µM) for 24 hours. 
Each bar is based on the FACS analysis of 20,000 events. D7, D9 and AF208 are DTF cell lines derived from S45F-
mutated desmoids; D8 is derived from a T41A-mutated desmoid and D5 is derived from desmoid stroma and 
contains a wild-type (WT) CTNNB1. Abbreviations: Sor, sorafenib; Z-VAD, Z-VAD-fmk; Hyd, hydroxychloroquine; 
PI-/+, propidium iodide negative/positive; AnnexV-/+, Annexin V negative/positive.
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Sorafenib is capable of inducing ferroptosis in DTF cells
Ferroptosis, an iron-dependent and non-apoptotic form of cell death, is characterized by the 
occurrence of oxidative stress and membrane lipid peroxidation 36, 37. To explore whether the 
cytotoxic effects of sorafenib were also partly mediated through ferroptosis in DTF cells, we 
first monitored cell viability after exposure to a combination of sorafenib and ferrostatin-1. Fer-
rostatin-1, a pharmacological inhibitor of ferroptosis inhibits lipid peroxidation by scavenging 
free hydroperoxyl radicals and initiating alkoxyl radicals produced by ferrous iron from lipid 
hydroperoxides 27, 38 . We observed that ferrostatin-1 protected DTF cells from the sorafenib-
induced cytotoxicity, suggesting that sorafenib can, in addition to apoptosis, also induce 
ferroptosis in DTF cells (Figure 4a). As accumulation of lipid hydroperoxides is one of the 
hallmarks of ferroptosis, we performed a lipid peroxidation analysis using a Bodipy-C11 probe 
to confirm the occurrence and accumulation of lipid hydroperoxides in DTF derived cells. An 
increase in fluorescent signal at 510 nm of this probe reflects increased lipid peroxidation. 
Sorafenib slightly induced lipid peroxidation in all DTF cell lines, and 20 µM sorafenib resulted 
in a larger increase in fluorescence compared to 10 µM sorafenib (Figure 4b and Supplemen-
tary Figure 4). The addition of hydroxychloroquine further enhanced the amount of sorafenib-
induced oxidative stress, and hence the induction of ferroptosis as judged from the increased 
fluorescent signal of the Bodipy-C11 probe in DTF derived cells at a sorafenib concentration 
of 10 µM. This effect was less clear when cells were exposed to 20 µM sorafenib and hy-
droxychloroquine (Figure 4b and Supplementary Figure 4). Finally, DTF cells were treated with 
a combination of sorafenib and DFP, an iron chelator that inhibits ferroptosis by preventing 
iron-dependent lipid peroxidation 39. Application of DFP led to a significant increase in the 
number of viable cells (Supplementary Figure 5). Overall, these findings indicate that sorafenib 
induces both apoptosis and ferroptosis in DTF-derived cells and that autophagy inhibition 
intensifies its cytotoxic activity.
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Cell line Condition Concen-tration Mutation MFI

D7 DMSO 10 µM S45F 7112
D7 Sor 10 µM S45F 7606
D7 Sor + Hyd 10 µM S45F 9591
D8 DMSO 10 µM T41A 8526
D8 Sor 10 µM T41A 9453
D8 Sor + Hyd 10 µM T41A 10403
D7 DMSO 20 µM S45F 4105
D7 Sor 20 µM S45F 5103
D7 Sor + Hyd 20 µM S45F 5995
D8 DMSO 20 µM T41A 3946
D8 Sor 20 µM T41A 5304
D8 Sor + Hyd 20 µM T41A 5166

Figure 4. Sorafenib induces ferroptosis in DTF cells. 
(A) Cytotoxicity of sorafenib in DTF derived cell lines 
was determined after exposure to sorafenib (10 and 
20 µM) with or without ferrostatin-1 (1 µM) for 24 and 
48 hours using an MTT assay. Bars indicate average 
values ± SD (n=3-4) *P < 0.05, **P < 0.01, ***P< 0.001 
when compared with sorafenib alone. (B) Lipid ROS 
assay analysing the Bodipy-C11 signal intensity of 
DTF cells (D7 and D8) after exposure to sorafenib (10 
and 20 µM) with or without hydroxychloroquine for 16 
hours. An increase in fluorescent signal of this probe 
reflects increased lipid peroxidation. The mean fluores-
cence intensity of the Bodipy-C11 probe is depicted in 
the table on the left. 
The graphs are based on the FACS analysis of 20,000 
events. D7, D9 and AF208 are DTF cell lines derived from 
S45F-mutated desmoids; D8 is derived from a T41A-mu-
tated desmoid and D5 is derived from desmoid stroma and 
contains a wild-type (WT) CTNNB1. Abbreviations: Sor, 
sorafenib; Hyd, hydroxychloroquine; Fer, ferrostatin-1; MFI: 
Mean fluorescence intensity; DMSO, dimethylsulfoxide.
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DISCUSSION

The aim of this study was to investigate the molecular effects of sorafenib exposure on DTF 
and stromal primary cell cultures with special attention to cell death mechanisms. It is of inter-
est to determine sorafenib’s mechanism of action in further detail to more accurately define 
sorafenib’s targets causing its antitumour activity. The results of this study show that sorafenib 
is capable of inducing ferroptosis and apoptosis simultaneously in DTF and stromal cells, and 
that inhibition of autophagy enhances the cytotoxic effects of sorafenib.

Induction of cell death resulting in tumour stabilization or regression is one of the main goals 
of DTF systemic treatments. Most studies have focused on apoptosis as mechanism of ac-
tion, but more recently non-apoptotic forms of cell death, particularly ferroptosis, received 
much interest 25, 36, 37, 40, 41. Some studies have previously shown that sorafenib is able to 
induce ferroptosis in hepatocellular carcinoma cells and different solid tumours, most likely by 
functioning as a competitive inhibitor of the system Xc

- cystine/glutamate antiporter thereby 
affecting glutathione synthesis 25, 26, 41, 42. In contrast to these findings, however, Zheng et al. 
recently reported that sorafenib is not able to induce ferroptosis in various, predominantly 
epithelial, cancer cell lines 43. In these experiments sorafenib was compared to erastin and 
sulfasalazine both potent inhibitors of system Xc

- and it is claimed that sorafenib is a poor 
inhibitor of system Xc

-. A confounding factor interpreting these experiments is the fact that 
sorafenib also induces apoptosis which may obscure ferroptosis induction. Our findings, 
using DTF cells do indicate that sorafenib exposure does induce ferroptosis to some extent 
(as well as apoptosis). In this context it should be noted that DTF cells are mesenchymal in 
origin and it has been observed that especially the mesenchymal cell state is dependent on a 
lipid peroxidase pathway, in which glutathione peroxidase 4 (GPX4) plays a central role, that 
protects against ferroptosis 44, 45. Hence, mesenchymal cells are prone to execute ferroptosis 
when GPX4 is inhibited.

To the best of our knowledge, this is the first study exploring the role of ferroptosis in DTF cells. 
Our current study found that sorafenib-induced cell death was significantly inhibited by the 
ferroptosis inhibitors ferrostatin-1 and DFP and that exposure to sorafenib led to lipid related 
oxidative stress in DTF cells. Together, these results support the conclusion that sorafenib is 
capable of inducing ferroptosis in DTF cells. Interestingly, Dixon et al. 42 and Lachaier et al. 25 
reported that none of the other kinase inhibitors that target a subset of kinases comparable 
to sorafenib, such as imatinib, were able to induce ferroptosis in human kidney cancer and 
colon carcinoma cells; this making ferroptosis induction a unique property of sorafenib. It may 
be of interest to evaluate whether the capability to induce ferroptosis has influence on clinical 
response, as the response to sorafenib in DTF patients appears to be more pronounced than 
to imatinib 15. Serum level of advanced oxidation protein products (AOPP) could potentially 
be used to evaluate effectiveness of sorafenib in DTF patients, as a study by Coriat et al. 
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showed that an increased serum level AOPP was correlated with the clinical response in HCC 
patients 46. Likewise, it would be important to assess whether ferroptosis plays a role in the 
potential development of toxic effects after sorafenib treatment to determine optimal clinical 
use. Furthermore, other ferroptosis inducers may present with more tolerable toxicities than 
sorafenib.

Because apoptosis has previously been identified as a mechanism of cell death induced by 
sorafenib therapy, the current study also evaluated the induction of apoptosis by sorafenib in 
DTF cells 26, 31, 42. The application of the caspase inhibitor Z-VAD-fmk was found to - at least 
partially - protect DTF cells from the cytotoxic effects of sorafenib, and exposure to sorafenib 
resulted in an increase of the percentage of apoptotic cells. Thus, next to ferroptosis, these 
results indicate that sorafenib can induce apoptotic cell death in DTF cells. The two cell death 
mechanisms appear to occur parallel to each other and their relative contribution to DTF cell 
viability may change in time. We observed that both Z-VAD-fmk and ferrostatin-1 failed to 
protect DTF cells completely after 48 hours, suggesting that when one of the mechanisms is 
blocked, sorafenib is able to exert its cytotoxic effect through the other mechanism.

Autophagy is a catabolic process which uses the lysosomal system for degradation of dam-
aged or useless proteins and organelles and is essential for maintaining cellular homeostasis 
47, 48. This mechanism has an important role in cancer development, as it could promote either 
tumour suppression or tumour progression 49, 50. In response to drug exposure, autophagy 
can lead to cell death or cell survival of tumour cells, contributing to drug responsiveness or 
resistance 47, 48, 51. The current study demonstrated that inhibition of autophagy by hydroxy-
chloroquine enhanced the cytotoxic effects of sorafenib in all DTF cell lines. Furthermore, a 
stronger induction of apoptotic cell death was achieved after exposure to a combination of 
sorafenib and hydroxychloroquine. This finding in HCC cells was also reported by Shimizu et 
al. 29, who found that autophagy inhibition by hydroxychloroquine increased apoptosis after 
sorafenib treatment. These results may be explained by the crosstalk between apoptosis and 
autophagy, as it has been suggested that in many cases inhibition of autophagy could lead to 
apoptosis induction, and vice versa 51. Looking at the interaction between autophagy and fer-
roptosis, previous studies have shown inconsistent results. While some studies reported that 
autophagy promoted the induction of ferroptosis52-54, Zhao et al. demonstrated that autophagy 
protected cells from ferroptotic cell death 55. The latter conclusion accords with our observa-
tions, which showed stronger ferroptosis induction after addition of hydroxychloroquine. This 
effect was more profound at 10 µM sorafenib than at 20 µM sorafenib. A possible explanation 
for this might be that a higher concentration of sorafenib could outcompete the protective ef-
fect of autophagy and consequently induce ferroptosis. Further research is clearly needed to 
better understand the effect of autophagy inhibition on induction of ferroptosis and apoptosis 
by sorafenib in DTF cells. The finding that autophagy inhibition enhanced the cytotoxic effects 
of sorafenib may be promising to improve clinical efficacy of sorafenib in DTF patients, either 
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by increasing effectiveness of sorafenib or by enabling the clinician to reduce sorafenib dosage 
(with the accompanying less toxicity) but the same effect. Phase I and phase II clinical studies 
evaluating the efficacy of the combination of sorafenib and hydroxychloroquine in refractory 
or relapsed solid tumours56 and hepatocellular cancer57 are ongoing and their preliminary data 
is encouraging 58. Results of these studies could potentially be used to guide a future clinical 
trial evaluating the effectiveness of sorafenib and hydroxychloroquine in DTF patients.

The exact molecules with which sorafenib interacts in DTF cells, be it kinases or other bio-
molecules, are not known. As sorafenib is a multikinase inhibitor with multiple targets, other 
mechanisms, such as anti-angiogenic effects, may also contribute to the antitumour effects of 
sorafenib in DTF. Furthermore, sorafenib may have antitumour effects in DTF trough inhibition 
of the ERK and PI3K/Akt/mTor signaling pathway 31, 32. While our study only evaluated direct 
effects of sorafenib in DTF cells, these effects on several receptor tyrosine kinases may also 
contribute to response of sorafenib in DTF and could potentially interfere with the induction 
of ferroptosis, apoptosis and autophagy. Knowledge of the downstream effects and interac-
tion between pathways could provide options for combination therapies to overcome drug 
resistance or reduce toxicity.

It has been suggested that CTNNB1 mutational status could influence induction of apoptosis 
and response to sorafenib in DTF cells 11, 31. Braggio et al. showed that 1µM sorafenib de-
creased cell viability of all DTF cell strains, but was only able to induce apoptosis in the T41A-
mutated DTF cells. Combination of sorafenib and hydroxychloroquine resulted in a larger 
increase of apoptosis induction in the S45-mutated DTF cells 31. Altogether, Braggio et al. 
concluded that response to sorafenib may differ between S45F and T41A-mutated DTF cells. 
This is in contrast to our findings presented here. While variability in response to sorafenib was 
observed between DTF cell lines, no differences in response were found between either S45F 
or T41A-mutated DTF cell lines. These conflicting results could be explained by differences 
in concentration and duration of sorafenib exposure. In the study by Braggio et al.31, the 
concentration of sorafenib was low (1µM) and cell death and apoptosis were measured at 
relatively late time points, varying from 3 to 7 days. Here, we measured cell viability after 24 
and 48 hours and found that the cytotoxic effect of sorafenib mainly is exerted at concentra-
tions above 10 µM, which encompasses the range of the maximum plasma concentration of 
sorafenib (5.2-21 µM) that could be achieved by the clinically recommended daily dose (400 
mg) 42, 59. These results could indicate that a higher dose of sorafenib is required in S45F-
mutated DTF cells to achieve a cytotoxic effect; however this difference seems no longer 
clinically relevant at concentrations above 10 µM. Knowledge of the mutation status and clini-
cal response of patients who received sorafenib in the randomized phase 3 clinical trial5, may 
help us to understand the influence of CTNNB1 mutational status on clinical effectiveness of 
sorafenib. Finally, we noted that the response to sorafenib of primary DTF-derived stromal 
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cell lines, is virtually indistinguishable from that of the CTNNB1 mutated DTF lines, which may 
indicate that sorafenib also acts on the DTF stromal compartment.

This study has several limitations. First, our study was limited by the small number of cell lines. 
Moreover, our study consisted of a relatively large number of S45F-mutated DTF cell lines, 
whereas S45F mutations usually represent about 20% all DTF 9, 10. The limited availability of 
DTF cell lines is partly due to the rarity of DTF, but also to the fact that there is less DTF tissue 
available as active surveillance is the currently recommended first line treatment strategy 15. 
Future studies consisting of more cell lines harbouring the different mutational subtypes are 
needed to confirm our results and to determine the association between CTNNB1 mutation 
status and response to sorafenib in DTF patients. In addition to cell line experiments, in vivo 
studies of biopsies taken from DTF tumours can contribute to the assessment of the effects 
of sorafenib exposure in DTF patients and may be performed in the future.

CONCLUSIONS

This study identified both ferroptosis and apoptosis as mechanisms for the sorafenib induced 
cell death in DTF cells as well as DTF-derived stromal cells. Furthermore, autophagy inhibi-
tion enhanced the cytotoxic effects of sorafenib. Knowledge of the molecular mechanisms 
by which sorafenib affects DTF at a cellular level may help to optimize its clinical efficacy 
and mitigate toxic effects. Further research is required to more precisely establish the role 
and contribution of ferroptosis, apoptosis and the involvement of autophagy in the clinical 
response and to determine the value of CTNNB1 mutation status in response to sorafenib.
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SUPPLEMENTARY MATERIALS AND METHODS

Cell cultures
The primary cell cultures D5, D7, D8, D9 and D11 were isolated from desmoid tumour tissue 
at the Erasmus Medical Centre Rotterdam, the Netherlands. In brief, freshly resected tumour 
tissue was finely minced using sterile scalpel blades, tumour pieces were resuspended in 
DMEM and treated with 1 mg/ml collagenase A (Roche) and 0.1 mg/ml DNAse I (Roche) 
for 60 – 90 min at 37°C with regular mixing. The cell suspension was passed through a 100 
µm cell strainer (Falcon) to remove remaining tissue parts and centrifuged for 10 min at 285 
x g to pellet the cells. After a wash with PBS the cells were resuspended in DMEM (Gibco) 
supplemented with 10% fetal bovine serum (Greiner Bio-One), 100 U/ml penicillin, 0.1 mg/ml 
streptomycin and 0.25 µg/ml amphotericin B (antibiotic-antimycotic solution, Gibco, 15240-
062) and cultured in a humidified incubator at 37°C in an atmosphere containing 5% CO2. 
Upon confluency, cells were passaged using trypsinisation. The cell line AF208 was a kind 
gift from Dr. B. Alman (The Hospital for Sick Children, Toronto, Canada) and cultured under 
similar conditions.

In vitro cytotoxicity assay
Desmoid and stromal cells were seeded in a 96-well plate at a cell density of 2,000 cells 
per well. After two days, cells were exposed in quadruplicate to a solute control or different 
clinically relevant concentrations of sorafenib (1 µM,10 µM, 20 µM) 1, 2 alone or in combination 
with hydroxychloroquine (10 µM), Z-VAD-fmk (20 µM), deferiprone (100 µM) or ferrostatin-1 
(1 µM). Cell viability was assessed after 24 and 48 hours of compound exposure using the 
MTT assay and corrected for the effect of hydroxychloroquine, Z-VAD-fmk, deferiprone 
and ferrostatin-1 on its own 3. Briefly, cells were incubated for 3 hours with culture medium 
supplemented with 0.5 mg/mL MTT (Sigma-Aldrich). Next, the culture medium was removed 
and DMSO was added to dissolve the formazan formed from the tetrazolium salt MTT by 
metabolically active cells. The formazan was quantified by measuring the absorption (A540 nm) 
using a spectrophometer (Tecan). For each of the cell lines multiple independent MTT assays 
(n=2-4) were carried out.

Apoptosis assay
Desmoid or stromal cells, which were treated for 24 hours with sorafenib (10 or 20 µM) and 
hydroxychloroquine (10 µM), were harvested by trypsinization. Apoptosis was assessed and 
quantified using the FITC Annexin V Apoptosis detection kit (Biolegend) according to the 
manufacturer’s protocol. In short, cells were washed in PBS, resuspended in Annexin V Bind-
ing buffer, and stained for 30 min with fluorescein isothiocyanate (FITC) Annexin V on ice. 
Next, staining with propidium iodide (PI) was performed for 15 minutes in the dark. Cells were 
analyzed by FACS using a 488nm laser with emission filters 502LP, BP530/30nm for FITC, 
and 655LP and BP695/40nm for PI on a FACS Aria III Flow cytometer (BD Bioscience). Cell 
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viability and cell death conditions were defined as: early apoptotic (PI negative, Annexin V 
positive), late apoptotic (PI positive, Annexin V positive) dead/non-apoptotic (PI positive, An-
nexin V negative), and live (PI negative, Annexin V negative), according to their PI or Annexin 
V staining.

Lipid peroxidation analysis
100,000 desmoid cells were seeded in each well of a 6-well plate. Sorafenib (10 or 20 µM) 
alone or in combination with hydroxychloroquine (10 µM) was added to the wells. After 16 
hours, cells were collected by trypsinisation, washed with PBS and resuspended in 1 mL 
of PBS containing 2 µM BODIPY® 581/591 C11 (ThermoFisher Scientific). The cells were 
stained for 15 minutes in a 37°C incubator. Next, cells were washed and resuspended in 750 
µL PBS and analyzed with a BD LSRTMFortessa flow cytometer using the FITC channel. Data 
was analyzed using FCS Express 6 flow software (De Novo software). BODIPY® 581/591 
C11 is a sensitive fluorescent reporter for lipid peroxidation, upon oxidation the fluorescence 
emission peak shifts from ~590 nm to ~510 nm.

Protein extraction, SDS-PAGE and Western blotting
Total protein was extracted from cells treated with sorafenib and hydroxychloroquine using 
MCB lysis buffer (50 mM Tris-HCl pH 7.5, 50 mM NaCl, 10 % (v/v) glycerol, 1% (v/v) NP-40, 
0.5% (w/v) Na-deoxycholate, 1 mM Na3VO4, 20 mM NaF) supplemented with a cocktail of 
protease inhibitors. Lysates were thoroughly vortexed and the DNA in the samples was frag-
mented using a 20 G needle. This was followed by 2 freeze-thaw cycles using liquid nitrogen. 
The debris was pelleted with centrifugation (10.000 x g, 5 min) and the protein concentration 
of the supernatant. was determined using the PierceTM BCA protein assay kit (ThermoFisher 
Scientific). Ten µg of protein was loaded on SDS-PAGE and transferred to a PVDF membrane 
by electroblotting. Membranes were blocked with 5% (w/v) BSA (Sigma-Aldrich) in TBS-0.1% 
Tween’20 (Sigma-Aldrich) to cover remaining protein-binding sites. The primary antibodies 
rabbit monoclonal anti-LC3A/B (1:1000, D3U4C XP®, Cell Signaling) and mouse monoclonal 
anti-β-Actin (1:10,000, A5441, Sigma-Aldrich) were incubated overnight at 4°C. As secondary 
antibody, HRP conjugated goat-anti-rabbit (1:10,000, Jackson ImmunoResearch) and HRP 
conjugated goat-anti-mouse (1:10,000, Jackson ImmunoResearch) were used. The antibod-
ies were visualized using enhanced chemiluminescence (Supersignal West Pico Chemilumi-
nescent substrate, ThermoFisher) and the ChemiDoc MP Imager (Bio-Rad). Expression of the 
proteins was quantified using ImageLab Software (version 5.0, Bio-Rad).
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Supplementary Figure 1. Eff ect of of 1 µM sorafenib on cell viability in a subset of DTF cell lines. 
An in vitro cytotoxicity assay (MTT assay) was performed to assess the eff ect of sorafenib on pri-
mary DTF cell cultures. Cells were exposed to no (solute control) and 1 µM of sorafenib for 24 and 
48 hours. 
Bars indicate average values ± SD (n= 3-4) *P<0.05; **P<0.01; ***P<0.001 in comparison to the solute control. 
D7 and AF208 are DTF cell lines derived from S45F-mutated desmoids and D8 is derived from a T41A-mutated 
desmoid tumour. 

Supplementary Figure 2. Confi rmation of autophagy inhibition by hydroxychloroquine in des-
moid-type fi bromatosis (DTF) cell lines. Western blot analysis of LC3 A/B-II in DTF cells (D7S45F; 
D8T41A; AF208S45F) after exposure to bafi lomycin (2.5 nM) and hydroxychloroquine (10 µM), both 
known autophagy inhibitors, for 24 hours. See Supplementary fi gure 5 for the complete Western 
Blot including molecular weight markers. 
Abbreviations: Hyd, hydroxychloroquine; Baf, Bafi lomycin.
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Supplementary Figure 3. FACS plots from Annexin V/PI stainings of DTF-derived cell lines after 
exposure to sorafenib (10 and 20 µM) with or without hydroxychloroquine (10 µM) for 24 hours. 
Cell viability and cell death conditions were defined as: early apoptotic (Q4: PI negative, Annexin V 
positive), late apoptotic (Q2: PI positive, Annexin V positive) dead/non-apoptotic (Q1: PI positive, 
Annexin V negative), and live (Q3: PI negative, Annexin V negative), according to their PI or Annexin 
V staining intensities. 
D7, D9 and AF208 are DTF cell lines derived from S45F-mutated desmoids; D8 is derived from a T41A-mutated 
desmoid and D5 is derived from desmoid stroma and contains a wild-type (WT) CTNNB1. Abbreviations: H, hy-
droxychloroquine.
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Cell line Condition Concentration Mutation MFI Cell line Condition Concentration Mutation MFI

AF208 DMSO 10 µM S45F 5603 AF208 DMSO 20 µM S45F 2639

AF208 Sor 10 µM S45F 4682 AF208 Sor 20 µM S45F 3932

AF208 Sor + Hyd 10 µM S45F 7579 AF208 Sor + Hyd 20 µM S45F 3639

D9 DMSO 10 µM S45F 10102 D9 DMSO 20 µM S45F 10102

D9 Sor 10 µM S45F 9762 D9 Sor 20 µM S45F 13944

D9 Sor + Hyd 10 µM S45F 11528 D9 Sor + Hyd 20 µM S45F 14825

D5 DMSO 10 µM WT 7059 D5 DMSO 20 µM WT 7059

D5 Sor 10 µM WT 7190 D5 Sor 20 µM WT 8396

D5 Sor + Hyd 10 µM WT 11968 D5 Sor + Hyd 20 µM WT 10013

Supplementary Figure 4. Sorafenib induces ferroptosis in desmoid-type fi bromatosis cells. Lipid 
ROS assay analyzing the Bodipy-C11 signal intensity of desmoid-type fi bromatosis (DTF) cells (D5, 
D9 and AF208) after exposure to sorafenib (10 and 20 µM) with or without hydroxychloroquine for 16 
hours. An increase in fl uorescent signal of this probe refl ects increased lipid peroxidation. The mean 
fl uorescence intensity of the Bodipy-C11 probe is depicted in the table below. 
The graphs are based on the FACS analysis of 20,000 events. AF208 and D9 are DTF cell lines derived from 
S45F-mutated DTF cell lines; D5 is derived from desmoid stroma and contains a wild-type (WT) CTNNB1; Sor, 
sorafenib; Hyd, hydroxychloroquine; MFI, Mean fl uorescence; DMSO, dimethylsulfoxide. 
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Supplementary Figure 5. Sorafenib induces ferroptosis in DTF cells. Cytotoxicity of sorafenib in 
DTF derived cell lines was determined after exposure to sorafenib (10 and 20 µM) with or without 
deferiprone (100 µM) for 24 and 48 hours using an MTT assay. 
Bars indicate average values ± SD (n=4) *P < 0.05, **P < 0.01, ***P< 0.001 when compared with sorafenib alone. 
It is noted that deferiprone on its own already reduces cell proliferation. AF208 is a DTF cell line derived from a 
S45F-mutated desmoid tumour; D8 is derived from a T41A-mutated desmoid tumour and D5 is derived from des-
moid stroma and contains a wild-type (WT) CTNNB1. Abbreviations: Sor, sorafenib; DFP, deferiprone



Supplementary Figure 6. Overview of the complete, non-cropped, Western Blot of Figure S2 in-
cluding molecular weight markers. Western blot analysis of LC3 A/B in DTF cells (D7S45F; D8T41A; 
AF208S45F) after exposure to bafi lomycin (2.5 nM) and hydroxychloroquine (10 µM), both known 
autophagy inhibitors, for 24 hours. Top panel short exposure visualizing LC3-II; middle panel visual-
izing β-actin; bottom panel long exposure visualizing both LC3-I and LC3-II. 
Abbreviations: Hyd, hydroxychloroquine; Baf, Bafi lomycin.





Part II
Health-Related Quality of Life



 Annals of Surgery, 2023



1

2

3

4

5

6

7

8

9

10

11

12

13

14

 6
Health-related quality of life of patients 

with non-intra-abdominal desmoid-type 
fibromatosis during active surveillance: 

results of a prospective observational 
study

Anne-Rose W. Schut, Milea J.M. Timbergen, Kazem Nasserinejad, Thijs van Dalen, 
MD, Winan J. van Houdt, Johannes J. Bonenkamp, Stefan Sleijfer, Dirk J. Grünhagen, 

Cornelis Verhoef§, Olga Husson§ on behalf of the Dutch Grafiti Group
§ Shared last authorship

Collaborators Dutch Grafiti Group: Anne-Rose W. Schut, Milea J.M. Timbergen, 
Danique L.M. van Broekhoven, Stefan Sleijfer, Dirk J. Grünhagen, Cornelis Verhoef, 

Winan J. van Houdt, Frits van Coevorden, Thijs van Dalen, Jos. A. van der Hage, 
Sander D.S. Dijkstra, Johannes J. Bonenkamp, Lukas B. Been, Robert J. van Ginkel, 

Marc H.A. Bemelmans.



120 Chapter 6

MINI ABSTRACT

This study presents the health-related quality of life (HRQoL) outcomes of a prospective 
observational study on active surveillance (AS) in patients with desmoid-type fibromatosis 
(DTF). The results show that an initial AS approach does not impair HRQoL of DTF patients 
who continue AS over time. On the other hand, DTF patients who need an active treatment 
during follow-up show a decrease in their HRQoL scores.

STRUCTURED ABSTRACT

Objective
To examine the impact of an active surveillance (AS) approach on health-related quality of life 
(HRQoL) of patients with desmoid-type fibromatosis (DTF).

Summary Background Data
AS is recommended as initial approach in DTF patients. AS might however negatively affect 
HRQoL due to physical symptoms or stress and anxiety.

Methods
In a prospective observational study, the GRAFITI trial (NTR4714), DTF patients were followed 
during an initial AS approach for three years. HRQoL was assessed by the EORTC QLQ-C30 
at baseline, 6, 12 and 24-month follow-up. Patients who completed questionnaires at ≥1 time 
point were included in this analysis of the secondary endpoint. A multivariable linear mixed-
effects model with random intercept was conducted to assess trends of HRQoL scores over 
time and to explore the effect of treatment strategy on HRQoL.

Results
All 105 patients enrolled in the GRAFITI trial were eligible for the HRQoL analyses. During 
24-month follow-up, 75 patients (71%) continued AS and 30 patients (29%) started an active 
treatment (AT). DTF patients who continued AS demonstrated relatively stable HRQoL scores 
during follow-up. HRQoL scores of patients who started AT worsened compared to patients 
who continued AS, although no significant changes in HRQoL score over time were found in 
the mixed-model analyses. Overall, DTF patients who started AT scored significantly worse on 
pain (β=10.08, P=.039) compared to patients who continued AS.

Conclusions
An initial AS approach did not impair HRQoL of DTF patients who continued AS over time, 
therefore providing further support for AS as the frontline approach in DTF patients. Longitu-
dinal assessment of HRQoL should be part of clinical follow-up to identify patients who may 
need a change in treatment strategy.
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INTRODUCTION

Active surveillance (AS) is considered as the frontline approach in patients with desmoid-type 
fibromatosis (DTF), a rare, intermediate-grade soft tissue tumour with a highly variable clinical 
course 1-4. An initial AS approach is justified as DTF does not metastasize, has a high tendency 
to recur locally after surgery, and retrospective series reported long-lasting disease stabiliza-
tion or spontaneous tumour regression without any treatment 5, 6. AS is defined as continuous 
monitoring of DTF patients with imaging modalities, preferably Magnetic Resonance Imaging 
(MRI), at intervals of 3-6 months. Persistent radiological or symptomatic progression can 
necessitate the start of an active treatment (AT), such as surgical resection, systemic therapies 
and local therapies 1. Two recent observational studies, one of which was the GRAFITI trial, 
provided the first prospective evidence supporting AS as initial approach in DTF patients 
7, 8. Their results demonstrated that the majority of patients eventually developed stable or 
regressive disease and that only 30% of the patients needed an active treatment. An initial 
AS approach thus minimizes overtreatment and avoids potential treatment-related morbidity.

However, an AS approach may affect the health-related quality of life (HRQoL) of DTF patients. 
HRQoL is a patient reported outcome that includes the patients’ perception of his or her 
physical, emotional, cognitive and social functioning9. During AS, DTF patients can experi-
ence pain and physical symptoms caused by the tumour itself, even without demonstrating 
radiological tumour progression8. Moreover, in other diseases than DTF, it has been reported 
that an AS approach can lead to increased stress and anxiety as a result of leaving a tumour 
untreated 10. Therefore, not only objective outcomes such as radiological response, but also 
HRQoL outcomes are important to evaluate the effects associated with an AS approach 3. 
Here we present the HRQoL outcomes of DTF patients included in the GRAFITI trial, a pro-
spective observational study in which patients were managed with an initial AS approach.

METHODS

Study design and population
The HRQoL data were collected within the GRAFITI trial, a prospective, multicentre obser-
vational study performed in seven sarcoma centres in the Netherlands. The study was ap-
proved by the Ethics Committee of the Erasmus Medical Centre (MEC-2014-124), registered 
in the Dutch trial register (study ID: NTR4714) and all patients provided written informed 
consent. The study design, details on study procedures and objective outcome measures 
of the GRAFITI trial have been published previously 8, 11. Briefly, AS was evaluated as an 
initial approach for adult patients with non-intra-abdominal sporadic DTF without previous 
treatment for the current lesion. Patients with severe pain or functional impairment due to the 
tumour at time of inclusion (as indicated by the patient) were excluded. The follow-up protocol 
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consisted of follow-up visits and imaging examinations (ultrasound and MRI) during an AS ap-
proach for a minimum of 3 years. In case of tumour growth or progressive symptoms, the AS 
management strategy was re-evaluated according to the international guidelines 1. For these 
patients, the decision to start an active treatment (AT) was made by both the physician and 
the patient and was discussed in a multidisciplinary meeting. Active treatments could include 
systemic therapy, surgical resection or radiotherapy. After the start of AT, clinical follow-up 
no longer took place in the GRAFITI trial setting. All patients were asked to complete the 
HRQoL questionnaire on paper at baseline and 6, 12 and 24 months after the start of an AS 
approach. After a switch to AT, patients were still asked to complete the HRQoL questionnaire. 
As per protocol, patients did not complete a questionnaire at 36-month follow-up, clinical 
and HRQoL data from baseline to 24-month follow-up were reported here. Progression-free 
survival (PFS) and the cumulative incidence of the start of an active treatment at 3 years have 
been reported previously 8.

HRQoL assessments
HRQoL was assessed by the European Organisation for Research and Treatment of Cancer 
Quality-of-Life Questionnaire-Core 30 instrument (EORTC QLQ-C30) 12. This 30-item HRQoL 
questionnaire consists of five functional scales (physical, role, cognitive, emotional, and social 
functioning), a global quality of life (QoL) scale, three symptom scales (fatigue, nausea and 
vomiting, and pain) and six single items (appetite loss, diarrhoea, dyspnoea, constipation, 
insomnia, and financial difficulties) assessing common symptoms and perceived financial 
impact of the disease. The timeframe of the questions is the last week. Each item is scored 
on a Likert scale ranging from 1, ‘not at all’ to 4, ‘very much’, with the exception of the global 
QoL scale, which is scored on a seven-point response scale ranging from 1, ‘very poor’ to 7 
‘excellent’. Scores of all scales and single items are linearly transformed to a score between 
0 and 100, according to the EORTC QLQ-C30 scoring manual 13. A scale score is generated 
if a patient answered at least half of the corresponding items of the scale. A higher score on 
the functional scales and global QoL means better functioning and HRQoL, whereas a higher 
score on the symptom scales means higher symptom burden.

Statistical analysis
All patients who completed questionnaires at ≥1 time point were included in the HRQoL 
analyses. HRQoL scores of DTF patients included in the HRQoL analyses were presented 
as mean and standard deviation (SD). In addition, EORTC QLQ-C30 mean scores of the 
Dutch general population norms were presented (for males and females aged between 30-49 
years) 14. Other continuous variables were presented as median and interquartile range (IQR). 
Categorical variables were described as numbers and percentages. Comparative analyses 
were performed with Chi-square tests for categorical variables and Mann-Whitney U tests for 
continuous variables. A multivariable linear mixed-effects model with random intercept was 
used to analyse longitudinal changes in HRQoL. To explore the effect of the type of treat-



Health-related quality of life outcomes GRAFITI trial 123

6

ment strategy during follow-up on trends of HRQoL scores and overall HRQoL, a patient was 
assigned to one of the two ‘treatment groups’. The active surveillance (AS) group included 
patients who continued AS from baseline to 24-month follow-up. The active treatment (AT) 
group included patients who discontinued AS and started AT during 24-month of follow-up.

For each HRQoL subscale or single item of the EORTC QLQ-C30, the following multivariable 
model was employed.
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Table 1. Baseline characteristics of the HRQoL-analysis study population (N=105).
 Values are presented as median (IQR), mean (±SD) or n (%)

Study 
population

(N=105)

Active surveillance 
group1

(n=71)

Active treatment 
group2

(n=30)

Median age at time of 
diagnosis (years)

37 (32-47) 37 (33-49) 36 (31-46)

Sex Male 21 (20%) 14 (19%) 7 (23%)

Female 84 (80%) 61 (81%) 23 (77%)

Tumour localization Abdominal wall 37 (35%) 30 (40%) 7 (23%)

Head and neck 8 (8%) 3 (4%) 5 (17%)

Upper extremity 7 (7%) 4 (5%) 3 (10%)

Trunk and back 25 (24%) 19 (26%) 6 (20%)

Breast 10 (9%) 7 (9%) 3 (10%)

Lower extremity 18 (17%) 12 (16%) 6 (20%)

Recurrent disease Yes 6 (6%) 4 (5%) 2 (7%)

Median tumour size (cm) 4.1 (3.0-6.6) 3.8 (3.0-6.0) 5.0 (3.8-7.6)

Symptoms at time of inclusion3 Yes 68 (65%) 49 (65%) 19 (63%)

Mean HRQoL scores (n=95)4

Functioning scales++ Global health 72.6 (19.4) 72.0 (19.8) 74.1 (18.5)

Physical 
functioning

88.9 (14.8) 88.2 (15.8) 90.6 (12.3)

Role functioning 81.4 (23.0) 82.1 (23.6) 79.6 (21.8)

Emotional 
functioning

72.1 (25.5) 71.9 (24.9) 72.5 (27.6)

Cognitive 
functioning

86.5 (19.4) 86.3 (20.1) 87.0 (18.1)

Social functioning 85.6 (22.3) 85.6 (21.9) 85.8 (23.9)

Symptom scales/items+ Fatigue 23.5 (23.4) 23.2 (23.7) 24.3 (23.1)

Nausea and 
vomiting

4.4 (11.2) 4.9 (11.9) 3.1 (9.3)

Pain 22.8 (22.9) 21.1 (22.6) 27.2 (23.6)

Dyspnoea 7.4 (18.3) 7.4 (17.1) 7.4 (21.4)

Insomnia 20.7 (27.1) 18.1 (26.7) 27.2 (27.8)

Appetite loss 5.6 (14.3) 4.9 (13.2) 7.4 (16.9)

Constipation 7.4 (17.7) 6.0 (14.1) 11.1 (24.5)

Diarrhoea 11.9 (39.8) 12.1 (44.8) 11.1 (24.5)

Financial 
difficulties

7.8 (20.4) 9.5 (22.3) 3.7 (14.1)

1. Patients who continued active surveillance from baseline to 24-month follow-up
2. Patients who started an active treatment during 24-month follow-up
3. Sensory symptoms, motoric symptoms, cosmetic complaints, pain, cramps.
4. Mean HRQoL scores were calculated based on the available questionnaires at baseline
++ Higher scores indicate better functioning; + Higher scores indicate a higher level of symptomatology / problems.
Abbreviations: IQR, interquartile range; SD, standard deviation; HRQoL, health-related quality of life
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Changes in HRQoL over time
Figure 1 presents the mean HRQoL scores of DTF patients who continued AS and of patients 
who started AT during 24-month follow-up for all EORTC QLQ-C30 subscales and single 
items. Visual presentation showed that mean HRQoL scores of patients who continued AS 
remained relatively stable. HRQoL scores in the AS were comparable to the mean scores 
of the Dutch general population norms14, except for physical functioning, role functioning, 
insomnia and pain. Compared with HRQoL scores of patients who started AT, DTF patients 
who continued AS scored better (i.e. higher scores on functioning scales and lower scores on 
symptom scales and items) on all functioning scales and symptom items related to fatigue, 
pain, insomnia and appetite loss.
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Figure 1A-B. Health-related quality of life (HRQoL) scores from baseline to 24-month follow-up by 
treatment group for all EORTC QLQ-C30 functioning scales and global health scale (A) and symp-
tom scales and items (B). HRQoL scores of the treatment groups are reported as mean score and 
95% confidence interval. The horizontal line presents the mean HRQoL score of the Dutch general 
population norm data based on Nolte et al. of males and females aged 30-49 years (n=324) 14. A 
higher score on the functional scales and global quality of life means better functioning and global 
health, whereas a higher score on the symptom scales means higher symptom burden.

The results of the multivariate analyses are presented in Table 2. In general, no significant 
trends of HRQoL scores over time were observed for the AS group. Trends of HRQoL scores 
over time for the AT group did not differ significantly from the AS group, except for the cogni-
tive functioning scale (β = -0.58, P =.022), with worse cognitive functioning over time for DTF 
patients in the AT group. Overall, DTF patients who started AT during 24-month follow-up had 
significantly higher scores, indicating more problems, on the symptom scale related to pain 
(β = 10.08, P =.039), compared with those who continued AS. Most HRQoL scores of DTF 
patients in the AT group did not change after AT was started compared to their HRQoL scores 
while they were still on AS; only HRQoL scores on physical functioning were significantly 
worse after treatment change (β = -5.72, P =.046).
Table 2. Multivariable mixed-model analyses of changes in HRQoL-scores for all DTF patients 
(N=105) and for all EORTC QLQ-C30 subscales

B
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Multivariable model

Time Time*Treatment 
during follow up1

(interaction)

Treatment during 
follow-up1

Treatment status2

Change 
rate (β) P-value

Change 
rate (β) P-value

Change
rate (β) P-value

Change 
rate (β) P-value

Functioning scales++

Global health -0.09 .426 -0.30 .293 -4.07 .297 3.22 .523

Physical 
functioning

0.03 .593 0.01 .962 -0.41 .903 -5.73 .046

Role 
functioning

0.01 .894 -0.03 .925 -7.02 .167 -6.68 .211

Emotional 
functioning

0.19 .119 -0.37 .234 -5.41 .119 5.07 .370

Cognitive 
functioning

-0.06 .550 -0.58 .022 -1.13 .786 5.78 .208

Social 
functioning

0.04 .667 -0.37 .160 -3.70 .404 -0.16 .974

Symptom scales/items+

Fatigue 0.09 .410 0.17 .560 2.72 .580 2.84 .588

Nausea 0.06 .426 -0.05 .789 -1.09 .647 2.90 .410

Pain 0.16 .155 0.17 .566 10.08 .039 -3.39 .518

Dyspnoea 0.12 .204 -0.26 .299 2.50 .566 6.71 .145

Insomnia 0.17 .243 0.03 .934 9.93 .057 -1.53 .822

Appetite loss 0.09 .386 -0.19 .430 4.98 .169 3.59 .411

Constipation 0.33 .002 -0.41 .151 1.93 .635 0.25 .961

Diarrhoea -0.28 .222 0.28 .617 -0.97 .863 2.05 .826

Financial 
difficulties

-0.07 .520 0.18 .542 0.39 .926 2.90 .579

++ Higher scores indicate better functioning; + Higher scores indicate a higher level of symptomatology / problems. 
Bold indicates significance (P < .050).
1 Patients who continued active surveillance (AS) during from baseline to 24-month follow-up (AS group) vs. pa-
tients who started an active treatment (AT) during 24-month follow-up (AT group)
2 Patients who were on AS vs. patients who were on/after an AT at the time a patient completed the questionnaire
Abbreviations: AS, active surveillance; AT, active treatment



128 Chapter 6

DISCUSSION

In the GRAFITI trial, patients with non-intra-abdominal DTF were prospectively observed dur-
ing an initial AS approach. The current study shows that an AS approach did not negatively 
affect HRQoL of DTF patients who continued AS. Overall, patients who needed AT showed 
worse HRQoL scores during follow-up compared to patients who continued AS.

Since the mortality rate of DTF is low, AS is considered to be the frontline approach, and ac-
tive treatment options do not guarantee tumour reduction or clinical benefit, DTF has become 
a chronic condition for a significant proportion of patients 1, 5, 15-17. Therefore, when evaluating 
treatment effectiveness, not only objective outcomes should be taken into account, but also 
the impact on the HRQoL. It has previously been demonstrated that AS is a safe and effective 
management strategy for DTF patients in terms of PFS and treatment-free survival (TFS) 7, 8. 
To the best of our knowledge, this is the first study reporting longitudinal HRQoL outcomes of 
DTF patients during AS.

In the current study, DTF patients who continued AS demonstrated relatively stable HRQoL 
scores during follow-up and their HRQoL scores were comparable with the Dutch general 
population norms. Physical functioning and role functioning of DTF patients who were on AS 
were slightly worse, which is in line with results of a study by Timbergen et al.17. Reduced 
physical functioning may be explained by functional limitations or pain caused by the DTF tu-
mour, as the pain scores of patients in the AS group were slightly increased. Reduced physical 
functioning and pain may subsequently be one of the reasons for reduced role functioning, as 
patients may experience more discomfort in their daily activities. However, most differences 
in mean HRQoL scores between DTF patients who continued AS and the general population 
were small and HRQoL scores of patients who were under AS did not significantly change 
during follow-up. Only the symptom item constipation worsened significantly during follow-up 
in the AS group. Since the difference in mean scores was only minimal with a small β-value and 
the fact that patients with intra-abdominal DTF were excluded from the GRAFITI trial, this was 
considered as a coincident finding. Emotional functioning did seem to be impaired at the time 
the decision for an AS approach was made and patients were included in the GRAFITI trial, 
but improved during follow-up for DTF patients who continued AS. The emotional functioning 
scale of the EORTC QLQ-C30 includes items related to worries, stress and mood. Since not 
actively treating a disease, along with the unpredictable clinical course of DTF, can cause 
uncertainties, anxiety and stress, it is not entirely unexpected that emotional functioning is 
affected in these patients10, 17-19. In a cross sectional study which evaluated HRQoL among 
different groups of DTF patients by using a DTF-specific questionnaire (DTF-QoL), patients 
who received only AS also reported problems related to concerns about their condition, the 
unpredictable clinical course of DTF, and the emotional and psychological consequences of 
DTF20. Studies on HRQoL of patients with low-risk prostate cancer on AS found that anxiety 
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and uncertainty play a particular role at the moment of treatment choice and lead patients to 
either not choose or stop an AS approach quickly, which could also explain the improvement 
after the start of AS and subsequent stabilisation of emotional functioning in DTF patients in 
our study18, 21. This emphasizes the importance of making patients understand the natural 
behaviour of DTF during the treatment decision-making process and why AS is the frontline 
approach in DTF, as an AS approach may seem obvious to physicians but highly unreasonable 
to patients18.

During follow-up of the GRAFITI trial, AT was started when AS was no longer feasible due to 
tumour progression and/or symptomatic progression alone. DTF patients who started AT had 
significantly larger tumours at baseline compared to patients in the AS group. The association 
between tumour size and the risk to start AT has been described previously 8. Compared to 
patients who continued AS, DTF patients who needed an AT demonstrated worse HRQoL 
scores on all functioning scales, with a decrease in cognitive, role and social functioning during 
follow-up. The need for AT or AT itself thus had a particular impact on how patients perceived 
other’s understanding of their condition and their ability to carry out their daily activities. This 
may be explained by the fact that these patients suffered more from physical symptoms such 
as insomnia, fatigue and pain, which made functioning more difficult. Interestingly, HRQoL 
scores on physical functioning did not differ much from the AS group. However, it could be 
that DTF-specific issues related to physical functioning were missed by using only the EORTC 
QLQ-C30 20. Although the differences in mean HRQoL between the AS and AT group were 
evident at visual presentation, no significant differences were seen between the groups in 
the multivariate analysis. This may be explained by the relatively low number of patients who 
needed AT (n=30) which resulted in wide CIs and may have led to insufficient power to find 
significant trends. The number of patients who completed a questionnaire after the start of an 
AT is even lower, which makes it difficult to make reliable statements about the effect of AT on 
the HRQoL. Most of the HRQoL scores seem to stabilise or improve slightly at the end, which 
could indicate a benefit of the AT. On the contrary, HRQoL scores on physical functioning 
were significantly lower after AT was started than before treatment, which could be a result of 
treatment-related morbidities. Future studies including larger numbers and longer follow-up 
are needed to further evaluate the effect of the switch from AS to AT on HRQoL.

There are limitations to the present study. Firstly, the type and number of treatments DTF 
patients in the AT group received, which is also related to the complexity of the tumour, could 
have had an impact on HRQoL 20. However, details on the number and duration of treatments 
are lacking since follow-up in the GRAFITI trial was stopped after a patient started AT. Due 
to the relatively low number of patients who started AT, the HRQoL scores of the different 
treatment types could not be compared. Secondly, HRQoL of DTF patients might also have 
been influenced by tumour location, comorbidities, personal circumstances and other socio-
demographic and clinical variables which were not corrected for. Finally, the lack of the use 
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of a DTF-specific HRQoL questionnaire may have prevented the recognition of DTF-specific 
issues related to AS during follow-up, possibly leading to an overestimation of HRQoL22, 23. 
However, the use of a generic questionnaire as the EORTC QLQ-C30 did allow comparison 
with the general population.

After an initial AS approach, a switch to AT might be indicated for DTF patients with large, 
progressive and/or highly symptomatic tumours 1, 3. The observation that DTF patients who 
needed an AT in this prospective study showed a decrease in their HRQoL scores, compared 
with relatively stable scores of patients who could continue an AS approach, indicates that 
HRQoL outcome measures might be useful alongside objective outcome measures to identify 
DTF patients for whom AT may be more appropriate. In addition to the EORTC QLQ-C30, 
DTF-specific HRQoL scores related to pain and physical limitations, e.g. the ‘physical con-
sequences’ and ‘pain and discomfort’ symptom scales of the DTF-QoL, could help identify 
which patients may need a change in treatment strategy or additional supportive care, e.g. 
pain management. Adequate pain control as a first step may prevent the need to switch to 
more aggressive antitumour treatments 3, 8. The ‘concerns about condition’, ‘unpredictable 
course and nature of DTF’ and ‘emotional and psychological consequences’ subscales of 
the DTF-QoL could be used in clinical follow-up to evaluate the psychosocial impact of an 
AS approach and could provide insight into which patients require additional psychological 
support during AS. In addition, knowledge of the risk factors for failure of an AS approach and 
for impaired HRQoL will help to provide better educational care at time of treatment choice 
and better supportive care during clinical follow-up 8, 20.

To conclude, an initial AS approach does not impair HRQoL of DTF patients who continue with 
AS over time. This study therefore provides further support for AS as the frontline approach in 
DTF patients. Longitudinal assessment of generic and DTF-specific HRQoL outcomes should 
be part of clinical follow-up of DTF patients to evaluate treatment efficacy and to facilitate 
shared decision making between AS and AT.
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Supplemental Table 1. Number of desmoid-type fibromatosis patients who were under active sur-
veillance or on/after active treatment and who completed the EORTC QLQ-C30 questionnaire per 
follow-up visit.
n (%), percentage of total patients on active surveillance or on/after active treatment at specific follow-up visit

Follow-up visit Number of patients

On active surveillance On/after active treatment

Baseline Total 105 -

Completed 95 (91%) -

6 months Total 99 6

Completed 83 (84%) 5 (83%)

12 months Total 86 19

Completed 68 (79%) 15 (79%)

24 months Total 75 30

Completed 54 (72%) 21 (70%)
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SIMPLE SUMMARY

Desmoid-type fibromatosis (DTF) is an uncommon soft tissue tumour with a high recurrence 
rate after resection. DTF does not metastasise, but its locally aggressive tumour growth and 
chronic character can cause significant morbidity. Although overall mortality is low, patients 
can experience a high symptom burden, making assessment of health-related quality of life 
(HRQoL) highly relevant. At present, data on HRQoL in DTF patients are limited. The QUALIFIED 
study aims to (1) pre-test a previously developed DTF-specific HRQoL tool (the DTF-QoL); (2) 
evaluate prevalence of HRQoL issues in adult DTF patients; and (3) identify subgroups at risk 
of impaired HRQoL. An international, multicentre, cross-sectional, observational cohort study 
will be conducted to validate the DTF-specific HRQoL questionnaire and to gain more insight 
into the issues experienced by DTF patients. This information will help to improve clinical 
practice, symptom control and patient satisfaction. When validated, the DTF-QoL can be 
used in both clinical and research settings to evaluate HRQoL of DTF patients.

ABSTRACT

Background
Sporadic desmoid-type fibromatosis (DTF) is a rare soft tissue tumour with an unpredict-
able clinical course. These tumours are incapable of metastasising, but their local aggressive 
tumour growth and tendency to recur locally can result in a substantial symptom burden. 
Measuring the impact of DTF on health-related quality of life (HRQoL) can be challenging due 
to the variable clinical presentation of the disease. Therefore, a HRQoL instrument assess-
ing DTF-specific issues is needed. The QUALIFIED study aims to (1) pre-test a previously 
developed DTF-specific HRQoL tool (the DTF-QoL); (2) evaluate prevalence of HRQoL issues 
in adult DTF patients; and (3) identify subgroups at risk of impaired HRQoL.

Methods
This study (NCT04289077) is an international, multicentre, cross-sectional, observational 
cohort study. Patients ≥ 18 years with sporadic DTF from the Netherlands and the United 
Kingdom will be invited to complete a set of questionnaires specifically composed for this pa-
tient group. Questionnaires will be completed using PROFILES (Patient Reported Outcomes 
Following Initial treatment and Long-term Evaluation of Survivorship). Analyses will include 
testing the psychometric properties of the DTF-QoL and evaluating the prevalence of HRQoL 
issues using the DTF-QoL, EORTC QOL-C30 and EQ-5D-5L, among other questionnaires.

Conclusion
This study will provide insight into HRQoL issues experienced by patients with DTF. Aware-
ness of these issues and the implementation of the DTF-QoL in research and clinical practice 
can help to improve overall HRQoL and to provide personalised care.
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INTRODUCTION

Desmoid-type fibromatosis (DTF) is an uncommon soft tissue tumour with a highly variable 
clinical course. Although this tumour does not metastasize, its potential locally aggressive 
tumour growth can cause significant morbidity. It is therefore classified as an intermediate 
tumour by the World Health Organisation 1, 2. The biological behaviour of DTF is unpredictable 
and displays phases of progressive growth or growth stabilization and up to 28% of tumours 
ultimately undergo spontaneous regression 3-5. For a substantial part of the patients DTF is a 
chronic condition which should be managed accordingly 6.

In the most recent European consensus guideline, active surveillance is advocated as primary 
treatment for asymptomatic and mildly symptomatic patients, independent of tumour loca-
tion or size 7. Persistent radiological progression or increasing symptoms can necessitate a 
change from surveillance to active treatment. These treatments include systemic therapies, 
radiotherapy or (extensive) surgical resection. A recent systematic review reported that ap-
proximately one-third of the patients with initial active surveillance approach needed a shift 
to an active treatment 8. The type of active treatment mainly depends on anatomical loca-
tion 7. Surgery can be considered for abdominal wall tumours as the risk of local recurrence 
and morbidity is limited 7, 9, 10. However, for DTF located at other sites, recurrence rates are 
high - up to 60% - and unless the risk of morbidity after surgical resection is very low, other 
therapies, including systemic, are preferred 7, 11. Unfortunately, the evidence for systemic 
treatments is mainly empirical and randomized controlled trials (RCT) in DTF are limited 12, 13. 
An RCT comparing sorafenib to placebo reported an overall objective response of 20% in the 
placebo group vs. 33% in the sorafenib group, with a median time to response of 13.3 and 9.6 
months respectively 12. Moderate dose radiotherapy has been demonstrated to be effective in 
patients with inoperable progressive DTF 14. Radiotherapy can be considered when surgery or 
systemic therapies are not an option and the risk of serious morbidity is low 2, 7, 14. However, 
because of the relatively young age of the DTF patients, the non-malignant character of the 
disease and the risk of secondary malignancy after radiotherapy, this modality is not often 
applied. The main goal of treatment for DTF patients is to maintain acceptable health-related 
quality of life (HRQoL) by reducing symptoms, obtaining a decrease in tumour size or both. 
Most importantly, therapeutic management of DTF should never cause more symptoms than 
DTF itself. Therefore, clinical studies should not only include objective outcomes such as 
radiological response or overall survival, but also patient-reported outcomes (PROs) 2. One of 
the most important PROs is HRQoL, a multidimensional concept that includes the patient’s 
perception of the impact of their disease and treatment on physical, psychological, and social 
functioning 15. Several studies have shown that integration of HRQoL assessment in clinical 
practice can improve patient satisfaction, communication and symptom control, and can 
guide treatment decision-making 16, 17, however data on HRQoL in DTF patients are scarce.



138 Chapter 7

Up to now, studies show that DTF patients experience a variety of physical and psychological 
symptoms, negatively affecting HRQoL. For example, studies by Husson et al. and Timbergen 
et al. showed that DTF patients reported physical challenges including pain, treatment com-
plications or side effects and function restrictions 18, 19. Furthermore, DTF patients experienced 
uncertainties due to diagnostic delay, the unpredictable clinical course, variable treatment 
efficacies and the risk of recurrence, causing significant distress. Social relationships of some 
patients were affected due to the uncertainties DTF entails, functional impairment as a result 
of DTF and/or treatment, and the feeling of not wanting to be a burden to others. Some 
patients mentioned feeling frustrated about their inner circle who had difficulty understanding 
DTF and the underestimation of the consequences of DTF, since it is categorised as intermedi-
ate tumour. Financial difficulties, due to loss of employment and hospital expenses, were a 
significant concern 6, 18, 19. Additional issues affecting HRQoL include delayed diagnosis and/or 
misdiagnosis due to the rarity of the disease and the limited experience of healthcare profes-
sionals of DTF 18-20. These DTF-specific HRQoL issues are not captured by generic or cancer-
generic HRQoL questionnaires (e.g. European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) and EuroQol five-dimensional 
questionnaire (EQ-5D)), which are predominantly used in DTF studies. Only one DTF-specific 
tool is currently available, the ‘Gounder/DTRF Desmoid Symptom / Impact Scale’ (GODDESS) 
21, which is being used in 3 ongoing clinical trials (NCT04195399 22, NCT03785964 23 and 
NCT03459469 24). Although the development of the GODDESS has enhanced our possibilities 
to assess DTF-specific HRQoL, there are some limitations. The 24-hour timeframe for symp-
tom items is short and patient’s answers can be biased by momentary factors. Consequently, 
symptom items need to be measured multiple times to get reliable results. Furthermore, 
the GODDESS cannot be used in conjunction with cancer-generic questionnaires, such as 
the EORTC QLQ-C30, to allow comparison with cancer patient populations and normative 
populations. Finally, the study included patients with familial adenomatous polyposis (FAP)-
related DTF. Because of the high incidence of malignant colorectal tumours in FAP patients, 
these patients might experience different HRQoL issues compared to patients with sporadic 
DTF. Therefore, we decided to develop a DTF-specific HRQoL questionnaire according to 
the guidelines of the EORTC Quality of Life Group, that can be used in conjunction with the 
most widely used cancer-generic HRQoL questionnaire, the EORTC QLQ-C30 25. First, we 
organised focus groups and semi-structured interviews in the United Kingdom (UK) and in 
the Netherlands 18, 19. The issues identified covered various domains including the diagnostic 
pathway, the treatment pathway, daily limitations (e.g., physical and psychological symp-
toms), and experiences with the current healthcare system. Next, the 124 issues identified 
were ranked according to their relevance by patients and healthcare providers. 6. Based on 
the results of these studies, the most relevant issues (102) were operationalised into questions 
for a DTF-specific HRQoL tool, named the DTF-QoL (phase II EORTC guidelines). Within the 
QUALIFIED (The evaluation of health-related quality of life issues experienced by patients 
with desmoid-type fibromatosis) study we will pre-test the psychometric properties of the 
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questionnaire. In addition, the QUALIFIED study aims to evaluate the prevalence of HRQoL 
issues experienced by adult DTF patients and to explore patient preferences in the decision-
making process and healthcare use. This manuscript describes the study protocol for the 
QUALIFIED study.

METHODS AND ANALYSIS

Study design and setting
An international, multicentre, cross-sectional, observational cohort study among patients with 
sporadic DTF treated in one of the participating centres (one centre in the UK: The Royal 
Marsden Hospital London; three centres in the Netherlands: Erasmus Medical Centre (MC) 
Rotterdam, Radboudumc Nijmegen, Netherlands Cancer Institute Amsterdam) will be con-
ducted (registered at clinicaltrials.gov: NCT04289077). Patients will be invited to complete a 
set of questionnaires specifically composed for the patient. After informed consent, patients 
will be able to complete the questionnaires. Sociodemographic and clinical data will be 
extracted from medical patients records and the questionnaire (patient-reported). This study 
was approved by the Royal Marsden and Institute of Clinical Research Joint Committee for 
Clinical Research for ethical review (SE806) in the United Kingdom and in the Netherlands 
the Institutional Review Board (or Ethics Committee) at each participating centre (Erasmus 
MC: MEC-2019-0816, Radboudumc: file number 2020-6235, Netherlands Cancer Institute: 
IRBd20-088). The study started recruitment in August 2020.

Patient and public involvement
The QUALIFIED study was designed in collaboration with experts from sarcoma centres in 
the Netherlands and the UK. The Dutch patient advocacy group (Contactgroep Desmoïd) and 
Dutch (n=2) and British (n=2) patients were asked to comment on the questionnaire. Their 
comments were used for further adaptation of the wording and the order of the questions. 
Based on their answers none of the items were excluded. Local patient advocacy groups will 
be involved in sharing the study results with patients.

Eligibility criteria
All adult (≥18 years) patients diagnosed between January 1990 and July 2020, with pathologi-
cally proven, sporadic DTF and a recent (between October 2014 and July 2020) visit to the 
hospital for their DTF are eligible for inclusion in the study. Patients must be able to under-
stand and provide written informed consent to complete a questionnaire. Patients diagnosed 
with familial adenomatous polyposis (FAP)-related DTF are excluded from the current study 
because of the different aetiology and treatments which can lead to different HRQoL issues. 
The inclusion criteria are depicted in Table 1.



140 Chapter 7

Table 1. Inclusion and exclusion criteria for participation in the QUALIFIED study

Inclusion criteria Exclusion criteria

Patients aged ≥18 years Patients diagnosed with  
FAP-related DTF

Patients with histopathological proven DTF, regardless of disease 
phase or treatment.

Patients diagnosed between January 1990 and July 2020, with a visit 
to the hospital for their DTF (between October 2014 and July 2020)

Patients with sufficient Dutch / English language skills

Patients competent to complete a questionnaire

Patients with written informed consent

Abbreviations: DTF, desmoid-type fibromatosis; FAP, familial adenomatous polyposis.

Data collection
PROFILES (Patient Reported Outcomes Following Initial treatment and Long-term Evaluation 
of Survivorship) will be used for data collection and online questionnaire administration. PRO-
FILES is a data management system set up in 2009 in The Netherlands for the study of the 
physical and psychosocial impact of cancer and its treatment 26. The PROFILES management 
system is stored on a secured server in the Netherlands in accordance with current European 
norms (NEN-ISO/IEC 27002). A separate version of PROFILES was recently installed in the 
Royal Marsden Hospital (London, UK) to meet local information governance requirements. 
Data from patients in each country will be collected and stored in the local PROFILES system.

Recruitment
Patients will be selected (based on their diagnosis) by the responsible treating consultant who 
will check the patient for their eligibility using information from the electronic patient records. 
The treating healthcare professional will introduce the study to the patient in the outpatient 
clinic and provide an invitation package. In case the patient does not visit the outpatient clinic 
within two months of the start of the study, the treating healthcare professional will invite the 
patient with the invitation package by post. Patients will be assured that non-participation has 
no consequences for their treatment or follow-up care.

The invitation package consists of a letter, a patient information sheet, an informed consent 
form and a prepaid return envelope. The patient information sheet explains the goals and 
procedures of the study and includes a link and login codes to the secure PROFILES website. 
Interested patients will be given the option to participate online or using a paper version of the 
questionnaire. Those who prefer online participation and who have read the information sheet 
without further questions, can login to PROFILES with their unique login name and password. 
If the patient does not have access to the internet or a computer, or prefers written rather than 
digital communication, (s)he can request a paper version of the questionnaire package. Paper 
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copies of the questionnaires will be entered by the research coordinator using the data entry 
option of PROFILES.

Informed consent will be obtained from all patients. This can be done on paper if a patient 
prefers a paper version of the questionnaire. Those who prefer online participation will be able 
to complete the questionnaire online after providing both written and online informed consent.

Patients will fill out the questionnaire only once. Completing all the questionnaires will take 
about 30-60 minutes. The link to the online questionnaire will be available in PROFILES for 
a total of three months after invitation. Patients are able to stop and start at any given time 
point and save their answers. In case the questionnaire is only partially completed, the patient 
will receive a reminder (via PROFILES) to fill out the remaining items. All patients will receive a 
reminder four weeks after the first invitation.

Case report forms
Sociodemographic and clinical data will be collected in the questionnaire (patient-reported) 
and from the medical files of patients who provided informed consent. Clinical data collected 
from the medical records include details regarding the pathology, treatment strategies and 
recurrence including treatment start date, type of treatment(s), medication dose(s), radia-
tion dose(s), date(s) of surgery, sequence of treatments, response to treatments, date(s) of 
recurrence(s), and treatment type(s) for recurrence(s). The information will be maintained ac-
cording to ICH-GCP (international good clinical practice) standards and entered into the study 
password-protected database where it will be stored on case report forms (CRF) using non-
identifiable study numbers. The patient records will not leave the hospital where the patient 
is treated. The questionnaire data will be linked with the clinical data with the CRF database 
using patient study numbers. Data will be linked by an epidemiologist at the Erasmus MC. 
Data will be stored in accordance with the Dutch General Data Protection Regulation.

Questionnaires
Newly created questions and existing validated questionnaires were combined for this study. 
The total questionnaire package contains 173 questions.

Sociodemographic and clinical characteristics
Sociodemographic and clinical characteristics questionnaire includes single items on age, sex, 
race, marital status, family composition, educational level, working situation, comorbidities, 
tumour location, details regarding the diagnosis, received treatments, recurrent tumours and 
the current treatment strategy. Health literacy will be assessed by one single item question 27. 
Additional medical data will be obtained from the electronic patient records to ensure correct 
and detailed reporting. If the patient-reported clinical data are inconsistent with the data from 
the electronic patient record, the latter will be used for statistical analysis.
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Healthcare utilization
The ‘healthcare utilization’ questionnaire is included to gain more insight into the use of 
medical facilities by DTF patients and their satisfaction with the care received. Patients will 
be asked about the frequency and reasons (DTF-related or not) for contact with their general 
practitioner or medical specialist in the past twelve months. Furthermore, patients will be 
asked about their preferences for follow-up and whether they have been referred to other 
healthcare services (e.g. psychologist, physical therapist etc.) 28-30.

Decision-making
Six questions have been adapted by our group to provide information on how patients make 
medical decisions, what their current role is and what their preferred role in the decision-
making process is 31. These questions have been taken from the ‘Control Preference Scale’ 
and the ‘Decisional Conflict Scale’ and adjusted to the context of DTF 31, 32. Roles are classified 
as fully active, active-collaborative, collaborative, passive-collaborative or fully passive 32. The 
four-item Decisional Conflict Scale (‘SURE’) was used to gain insight into the awareness of the 
benefits and the risks of certain treatments. This includes the four items; ‘Sure of myself’, ‘Un-
derstand information’, ‘Risk-benefit ratio’ and ‘Encouragement’, with two answer categories: 
yes (score 1) or ‘no (score 0). The ‘SURE’ Decisional Conflict Scale Questionnaire (‘SURE’) has 
been validated in English and a Dutch translation is available (psychometric properties have 
been partly confirmed in Dutch patients) 33. Furthermore, two questions are designed to gain 
insight into the reasons for choosing an active form of treatment.

EORTC QLQ-C30
HRQoL will be assessed with the European Organization for Research and Treatment for 
Cancer Quality of Life Questionnaire (EORTC QLQ)-C30, version 3.0 34. This 30-item HRQoL 
questionnaire consists of five functional scales (physical, role, cognitive, emotional and so-
cial), a global quality of life scale, three symptom scales (fatigue, pain, nausea and vomiting) 
and a number of single items assessing common symptoms (dyspnoea, loss of appetite, 
sleep disturbance, constipation and diarrhoea) and perceived financial impact of the disease. 
A higher score on the functional scales and global quality of life means better functioning and 
HRQoL, whereas a higher score on the symptom scales means higher symptom burden.

DTF-QoL
The DTF-specific questionnaire, the ‘DTF-QoL’, was designed based on previous focus 
groups, patient interviews and by ranking the relevance and importance of the issues 18, 19. 
Although this questionnaire is not an EORTC product, their guidelines for ‘developing a ques-
tionnaire’ were used¸ except for the number of countries in phase I-III as we only included a 
Northern-European and English-speaking country 25. Where possible, existing items from the 
EORTC-item library were used and duplicate items from the EORTC QLQ-C30 were removed. 
This resulted in a 102-item questionnaire (DTF-QoL) describing DTF-specific issues. Patients 



The QUALIFIED study 143

7

will be asked to score each item on a Likert scale ranging from 1 to 4 ([1] not at all, [2] a little, 
[3] quite a bit, and [4] very much). Questions are asked in different time frames in order to 
minimize failure to recall but also to maximize the ability for patients to respond as patients 
with various phases of disease are included in the current study 35. Eighteen questions have 
the time frame ‘during the last week’. One question has the time frame ‘in the last four weeks’. 
The remaining questions have the timeframe ‘since your diagnosis’. Covered topics include 
psychosocial, physical, diagnostic and treatment domains.

EQ-5D-5L
The EuroQol five-dimensional questionnaire (EQ-5D-5L) is a descriptive system for the mea-
surement of health. It measures quality of life (QoL) on five dimensions: mobility, self-care, 
usual activities, pain-discomfort, and anxiety / depression 36. Each of the five dimensions 
of the EQ-5D-5L can be divided into five levels of perceived problems ([1] no problems, [2] 
slight problems, [3] moderate problems, [4] severe problems and [5] extreme problems). The 
response value of each domain is combined into a 5-digit value that indicates a corresponding 
health state. Health states can be converted into single index values using country-specific 
reference data. A vertical visual analogue scale (VAS), the EQ VAS, records the patient’s self-
rated health. Patient can give a score from 1 to 10 with the endpoints labelled as ‘The best 
health you can imagine’ (10) and ‘The worst health you can imagine’ (1).

Objectives
The primary objective of the study is to (1) pre-test the psychometric properties of a pre-
viously developed DTF-specific HRQoL tool according to the phase III EORTC guidelines. 
The secondary objectives are: (2) to evaluate the prevalence of HRQoL issues in adult DTF 
patients, regardless of their disease phase or treatment course, (3) to compare the scores of 
the DTF-patients to those of the general population (matched to age and sex and based on 
the scores of the EORTC QLQ-C30), (4) to identify patients at risk of impaired HRQoL (based 
on the analysis of subgroups using the EORTC QLQ-C30 and the DTF-QoL), (5) to evaluate 
the treatment decision-making process and preferences, and (6) evaluate healthcare use of 
DTF patients.

Sample Size
A sample size calculation is challenging due to the rarity of the disease, the lack of published 
data regarding this subject, and the fact that the diagnosis DTF is neither part of a cancer 
registry nor has a disease specific registry in the UK or the Netherlands. The incidence of DTF 
is 5.4 patients per million per year in the Netherlands 37. In our previous Dutch study, the re-
sponse rate of the Dutch patients was 42% 6. A small fraction of the remaining patients will be 
excluded as they are younger than 18 years (about 5%) or their desmoid tumour is part of the 
genetic syndrome FAP (about 5%). With the participation of three Dutch centres, we hope to 
approach a total of 250 patients in the Netherlands. Based on the previous response rate we 
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expect to obtain data from 100 DTF patients. There are no studies describing the incidence of 
DTF in the UK. All eligible DTF patients were identified from the hospital database of the Royal 
Marsden Hospital. In the previous study the response rate of the UK patients was 37.5% 6. 
Therefore, we aim to include 70 patients from the Royal Marsden Hospital, London, UK.

Statistical analysis
The study population will be described using descriptive statistics (mean, SD, median, range, 
frequencies).

Pre-testing the psychometric properties of the DTF-QoL (study aim 1) will be performed in 
agreement with the methodology of the phase III EORTC guidelines 25. Item descriptive sta-
tistics and response distributions for each item will be calculated, in order to examine central 
tendency, variability and symmetry. To support construct validity, factor analysis will be used 
to determine underlying constructs, which explain significant portions of the variance. The 
factor loadings will be examined in order to explain the meaning of each construct. Scores of 
the founded scales will be calculated according to the guidelines of the EORTC Quality of life 
group 38. Multi-trait scaling analysis will be performed to confirm the hypothesized scale struc-
ture of the questionnaire 39. To test for item-scale convergent validity, the correlation between 
each individual item and its own scale (corrected for overlap) will be examined. Correlations 
of ≥0.40 will be considered substantial and satisfactory. By comparing the correlation of each 
item with its own scale versus other scales, item-scale discriminant validity will be examined. 
It is expected that an item correlated higher with its hypothesized scale compared to other 
scales. Reliability will be assessed by calculating Cronbach’s alpha coefficient (ranges be-
tween 0 and 1). A minimum score of 0.70 is preferred 40. Substantially lower scores indicate 
an unreliable scale. Finally, Pearson’s correlation coefficients will be calculated between the 
scales of the EORTC QLQ-C30 and found scales of the DTF-QOL to assess convergent and 
divergent validity. Scales conceptually related are sought to show high correlations (r≥0.40), 
while scales with less conceptual relation are expected to correlate weakly (r<0.40). The 
prevalence of HRQoL issues (study aim 2) will be evaluated using the scores of the EORTC 
QLQ-C30 (version 3.0), DTF-QoL and EQ-5D-5L. The scores of the EORTC QLQ-C30 will be 
calculated using a Likert scale from 1-4. The scoring manual of the EORTC will be followed 38. 
After linear transformation, all scales and single item measures range in score from 0 to 100. 
Scores for each scale will be reported as mean (SD), or as median (inter quartile range (IQR)).

The scores for each item of the DTF-QoL will be calculated using a Likert scale from 1-4. The 
scores of each item will be calculated as mean ± standard deviation (SD), or as median (IQR). 
These scores (median or mean) will be reported per item. Scores of the developed scales of 
the DTF-QoL will be calculated according to the guidelines of the EORTC Quality of life group 
38.
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Each of the five dimensions of the EQ-5D-5L (version 1.0) can be divided into five levels 
of perceived problems (1-5). Health states can be converted into single index values. The 
outcomes will be reported as frequency (proportion) of reported problems for each level and 
for each dimension. The VAS data will be presented as a mean value (SD). In case of skewed 
data, median values and IQR will be used.

To compare the scores of DTF patients with the general population (study aim 3), the demo-
graphic and clinical data for age and sex will be used and patients will be matched, using a 
1:10 nearest-neighbour match method, with the general population 41 based on age, and sex 
using Rstudio (RStudio, version 1.0.153, Boston, MA, package MatchIt). Differences in scores 
of the EORTC QLQ-C30 scales between groups will be tested for their significance using the 
Mann-Whitney U test or the t-test, depending on the distribution.

Multiple linear regression analyses will be conducted to investigate the independent asso-
ciations between clinical and sociodemographic characteristics with subscale scores of the 
EORTC QLQ-C30 and DTF-QoL (study aim 4). Subgroups will be created based on demo-
graphic and clinical information.

The outcomes of the healthcare utilization (study aim 5) and the decision-making question-
naire (study aim 6) will be reported in numbers and corresponding percentages per answer 
option. The total score of the ‘SURE’ Decision Conflict Scale will be calculated if all four items 
are answered. The sum of the four items will range from 0 (extremely high decisional conflict) 
to 4 (no decisional conflict). A score of ≤3 indicates decisional conflict 31.

All statistical analyses will be performed using SPSS Statistics (IBM, Armonk, New York, USA, 
version 25.0). A two-sided p<0.05 will be considered statistically significant.

Statistical techniques to deal with imbalanced data due to the rare character of DTF will be 
considered (e.g. artificial intelligence techniques).

Missing data
Participants who have completed online questionnaires will not have missing data, unless they 
did not complete the entire questionnaire. The online questionnaires have been programmed 
so that participants are unable to proceed to the next question until all questions on the 
current page have been answered. The number of items missing from paper questionnaires 
will be described where applicable, and only available data will be analysed. For missing data 
of the EORTC QLQ-C30 the EORTC scoring manual guideline will be followed 38.
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CONCLUSIONS

The unpredictable and highly variable clinical course of DTF causes a variety of HRQoL is-
sues in DTF patients, indicating the need to assess the impact of DTF on patient’s lives. 
This international, cross-sectional, observational study will pre-test a previously developed 
DTF-specific HRQoL tool (the DTF-QoL); provide insight into HRQoL issues experienced by 
DTF patients; compare the HRQoL of DTF patients with the ‘general population’; and identify 
patients at risk for a poor QoL. When validated, the DTF specific HRQoL tool, accompanied 
by the EORTC QLQ-C30, can be a useful HRQoL instrument in future (longitudinal) clinical 
studies and clinical care. Furthermore, it could help healthcare professionals to recognize 
HRQoL issues earlier and thereby improve overall patient experience and overall quality of life.
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SIMPLE SUMMARY

Desmoid-type fibromatosis (DTF) is an uncommon soft tissue tumour that is incapable of 
metastasising. Patients can experience a variety of physical and psychological symptoms, 
making assessment of health-related quality of life (HRQoL) highly relevant. Measuring the 
impact of DTF on HRQoL can be challenging due to the rare character and variable clinical 
presentation of the disease. Therefore, a HRQoL instrument assessing DTF-specific issues is 
needed. Previously, a provisional DTF-specific HRQoL tool was developed (the DTF-QoL). The 
aim of the current study was to pre-test the DTF-QoL. Pre-testing of the questionnaire led to 
the selection of 96 questions, conceptualised into three symptom subscales, eleven disease-
impact subscales and six single items, together forming the final DTF-QoL. This questionnaire 
can be used in both clinical and research settings to evaluate HRQoL of DTF patients, which 
could help to provide personalised care and improve overall patient experience.

ABSTRACT

Background
Sporadic desmoid-type fibromatosis (DTF) is a rare, non-metastasising soft tissue tumour. 
Patients can experience a variety of disease-specific issues related to the unpredictable clini-
cal course and aggressiveness of DTF, which negatively impacts health-related quality of life 
(HRQoL). These DTF-specific issues are not captured by generic HRQoL tools. A 102-item 
provisional DTF-specific HRQoL tool, the DTF-QoL, was previously developed. The aim of this 
study was to pre-test the psychometric properties of the DTF-QoL.

Methods
The DTF-QoL was administered together with the EORTC Quality of Life Questionnaire Core 
30 (EORTC QLQ-C30) to 236 DTF patients from the United Kingdom and the Netherlands. 
Construct validity and reliability were determined based on factor analysis, multi-trait scaling 
analysis, Cronbach’s alpha, and correlations with the EORTC QLQ-C30 scales.

Results
Ninety-six items were selected, conceptualised into three symptom scales, eleven disease-impact 
scales and six single items, together forming the final DTF-QoL. Scaling assumptions were fully 
or moderately met for ten out of fourteen scales. Cronbach’s alpha ranged from 0.551–0.908. 
Most scales of the DTF-QoL were weakly or moderately correlated with the EORTC QLQ-C30.

Conclusions
The DTF-QoL is a promising tool capturing the whole spectrum of DTF-specific issues. Imple-
mentation of the DTF-QoL in research and clinical practice will help to personalise HRQoL 
measurement and clinical care for DTF patients.
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INTRODUCTION

Desmoid-type fibromatosis (DTF) is a rare soft tissue tumour 1. The estimated incidence in 
the population is 5–6 patients per million people per year, with a peak incidence between 
20 and 40 years of age, and the majority of the patients being female 2, 3. Although DTF 
does not metastasise, its potential locally aggressive tumour growth can cause significant 
morbidity and it is therefore categorised as an intermediate tumour 1. DTF tumours do occur 
in the context of familial adenomatous polyposis (FAP), but the majority of DTF tumours are 
sporadic and characterised by mutations in the β-catenin (CTNNB1) gene 4. Sporadic DTF 
can arise in any part of the body, most commonly in the extremities and the abdominal wall 5. 
The biological behaviour of DTF is unpredictable and variable, including phases of progressive 
growth, growth stabilisation, and spontaneous regression 6, 7.

The unpredictable clinical course of DTF makes it challenging to choose an appropriate 
treatment strategy. Active surveillance is currently recommended as first-line treatment for 
asymptomatic and mildly symptomatic patients, while in the case of persistent progression 
or increasing symptoms, systemic therapies, surgical resection, and local therapies, such as 
radiotherapy, can be considered 4. With high local recurrence rates for DTF at anatomic sites 
other than the abdominal wall, and with treatment-related toxicities, these active treatments 
do not guarantee tumour reduction or clinical benefit 4, 5, 8, 9. Potential risks and benefits of 
these treatment modalities should be considered carefully, as the main goal of treatment for 
DTF patients is to maintain acceptable health-related quality of life (HRQoL) 10.

HRQoL is a multidimensional concept that includes the patient’s perception of the impact of 
their disease and treatment on physical, psychological, and social functioning 11. It provides 
additional information next to objective outcomes, such as radiological response or overall 
survival, to determine the net clinical benefit of a treatment. Integration of HRQoL assessment 
in clinical practice can improve patient satisfaction, communication and symptom control 
12, 13; however, data on HRQoL in DTF patients are scarce. A recent study indicated that DTF 
patients generally have a similar or slightly worse HRQoL compared to the normative popula-
tion 14. Nevertheless, DTF patients do report a variety of disease-specific issues related to 
the unpredictable clinical course, rarity and aggressiveness of DTF, negatively impacting their 
HRQoL. Additionally, DTF patients can experience physical symptoms caused by the tumour 
itself or as a side effect of treatment 14-16. These DTF-specific HRQoL issues are not captured 
by generic or cancer-generic HRQoL questionnaires, such as the European Organisation for 
Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), 
which are predominantly used in DTF studies. The core EORTC QLQ-C30 consists of 30 items 
and was intended to be supplemented by disease-specific modules 17. One DTF-specific 
tool is currently available, the ‘Gounder/DTRF Desmoid Symptom/Impact Scale’ (GODDESS), 
which has been developed according to the United States Food and Drug Administration 
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(FDA) regulatory requirements for a disease-specific patient-reported outcome (PRO) instru-
ment 18. To develop a disease-specific tool for DTF patients that can be used to supplement 
the EORTC-QLQ-C30, we have developed a DTF-specific HRQoL questionnaire according to 
the guidelines of the EORTC Quality of Life Group 19. Previously, interviews were organised and 
HRQoL issues were ranked according to their relevance by patients and healthcare providers 
to ensure content validity (phase I EORTC guidelines). Based on the results of these studies, 
the most important issues for DTF patients in several domains, including diagnosis, treat-
ment, living with DTF, and healthcare facilities for DTF, were identified and transformed into 
102 items of a provisional DTF-specific HRQoL tool, named the DTF-QoL (phase II EORTC 
guidelines). The aim of the current study is to pre-test the psychometric properties of the 
DTF-QoL (phase III EORTC guidelines).

MATERIALS AND METHODS

Questionnaire development
To develop the DTF-QoL, the EORTC guidelines for developing questionnaire modules 
were followed as much as possible, however our questionnaire is not an EORTC product 19. 
The development consisted of three distinct phases. Phase I and II have been conducted 
previously, and are described in detail elsewhere 16, 20. The provisional DTF-specific HRQoL 
questionnaire, the DTF-QoL, was pre-tested in a sample of DTF patients to test construct 
validity and reliability.

Study sample and data collection
The sample included 236 patients (United Kingdom (UK): n = 80; Netherlands (NL): n = 156) 
who participated in the QUALIFIED study (The evaluation of health-related quality of life 
issues experienced by patients with desmoid-type fibromatosis; registered at clinicaltrials.
gov: NCT04289077) 20. The QUALIFIED study is an international, multicentre, cross-sectional, 
observational cohort study among adult (≥18 years) patients with sporadic DTF who were 
treated in one of the participating centres (one centre in the UK; three centres in the NL). 
Patients completed a set of questionnaires including the EORTC QLQ-C30 and DTF-QoL. 
Questionnaire data were collected via the PROFILES registry and management system; an es-
tablished international registry for collection of cancer patient reported outcomes 21. Sociode-
mographic and clinical data were extracted from the questionnaire (patient-reported) and from 
the patient medical records. Ethical approval was obtained in each participating centre in the 
UK and the NL (Royal Marsden Hospital: SE806, Erasmus Medical Centre: MEC-2019-0816, 
Radboudumc: file number 2020-6235, Netherlands Cancer Institute: IRBd20-088). Further 
details of the protocol are described elsewhere 20.
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Statistical analyses
Patient characteristics were summarised using descriptive statistics. For phase III, item 
descriptive statistics and response distributions for each item were calculated, in order to 
examine central tendency, variability and symmetry. Floor or ceiling effects were considered 
high if > 85% of answers fell in the lowest or highest category respectively 22.

To support construct validity, exploratory factor analysis was used to determine underlying 
constructs that explained significant portions of the variance. The factor loadings, i.e., the 
correlation coefficients between the items and the factors, were examined in order to explain 
the meaning of each construct. Items deemed inappropriate for the identified scales due to 
their content were treated as single items. Scores of the identified scales were calculated 
according to the guidelines of the EORTC Quality of Life Group 23.

Multi-trait scaling analysis was performed to confirm the hypothesised scale structure of 
the questionnaire 24. To test for item–scale convergent validity, the correlation between each 
individual item and its own scale (corrected for overlap) was examined. Correlations of ≥0.40 
were considered substantial and satisfactory. By comparing the correlation of each item 
with its own scale versus other scales, item–scale discriminant validity was examined. It was 
expected that an item correlated higher with its hypothesised scale compared to other scales.

Reliability was assessed by calculating Cronbach’s alpha coefficient (ranges between 0 and 
1). A minimum score of 0.70 is preferred 25. Substantially lower scores indicate an unreliable 
scale. Cronbach’s alpha was also calculated for each scale per item if that item were deleted, 
to see if the scale improved without the item.

Finally, Pearson’s correlation coefficients were calculated between the scales of the EORTC 
QLQ-C30 and the identified scales of the DTF-QOL to assess convergent and divergent valid-
ity. Scales conceptually related were sought to show moderate to high correlations (r ≥ 0.40), 
while scales with less conceptual relation were expected to correlate weakly (r < 0.40) 25.

Missing answers for patients completing the questionnaires were reported where applicable, 
and only available data were used for further analyses. All analyses were performed using 
SPSS software, version 25.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Testing the psychometric properties of the provisional DTF-QoL
The DTF-QoL and the EORTC QLQ-C30 were completed by 236 DTF patients (response rate 
47%). Socio-demographic and clinical characteristics are described in Table 1.
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Table 1. Desmoid-type fibromatosis patient characteristics (n = 236).

Mean (SD)

Age in years at time of diagnosis 41.6 (14.4)

Age in years at time of questionnaire 47.2 (14.0)

n (%)

Sex Male 62 (26.3)

Female 174 (73.7)

Tumour localisation Head/neck 13 (5.5)

Upper extremity/shoulder 29 (12.3)

Trunk 1 54 (22.9)

Abdominal wall 58 (24.6)

Intra-abdominal 39 (16.5)

Hip/pelvis/gluteal region 21 (8.9)

Lower extremity 22 (9.3)

Recurrent disease after surgery (n = 98) Yes 41 (41.8)

No 57 (58.2)

Treatment received 2 Active surveillance only 87 (36.9)

Any form of active treatment 149 (63.1)

Comorbidity (self-report) None 91 (38.6)

≥1 145 (61.4)

Relationship status Partnered 182 (77.1)

Not partnered 53 (22.5)

Missing 1 (0.4)

Education level Low (primary/secondary) 36 (15.3)

Medium (vocation/college/diploma) 127 (53.8)

High (university/post-graduate) 73 (30.9)

Current employment status Working 156 (66.1)

Not working 80 (33.9)
1. Including thoracic wall, breast, and back. 2. Active surveillance only: including patients who received only active 
surveillance or analgesics; Active treatment: including patients who received surgery, systemic therapy or targeted 
therapy (i.e., radiotherapy, isolated limb perfusion, high-intensity focused ultrasound, cryoablation).

Response information is provided in Table 2, which displays the items’ descriptive statistics. 
Valid responses were high for all items. Missing responses were considered as missing at 
random. Five items with >85% of the answers falling in the lowest category (floor effects) were 
excluded for factor analyses [holding a pen (item 11), lost weight (item 14), guilty receiving 
more attention than family members (item 44), suicidal thoughts (item 47), and changing living 
accommodation (item 54)]. Six items had high ceiling effects (80–85%); however, these items 
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Table 2. Item descriptive statistics of 236 desmoid-type fibromatosis patients.

Item Description Valid 
(%)

Mean
(SD)

Distribution of Valid Responses 
(%)

1 2 3 4 NA

During the Past Week:

1 Have you felt uncertain? 100 1.6 (0.8) 55.9 31.4 8.9 3.8 -

2 Has pain interfered with your sleep at night? 99.6 1.5 (0.8) 67.7 19.6 8.1 4.7 -

3 Have you had a bad temper because of the 
condition?

100 1.4 (0.6) 71.2 21.6 6.4 0.8 -

4 Have you been unsatisfied with your body? 100 1.7 (0.9) 52.5 28.8 12.3 6.4 -

5 Have you had problems getting dressed? 100 1.2 (0.5) 84.3 13.1 2.1 0.4 -

6 Have you felt isolated? 100 1.3 (0.6) 80.5 14.4 2.5 2.5 -

7 Have you felt disabled? 100 1.3 (0.6) 78.0 17.4 2.5 2.1 -

8 Have you had pain while sitting? 100 1.5 (0.8) 64.8 22.9 7.2 5.1 -

9 Have you had stiffness in your limbs? 100 1.6 (0.8) 57.2 29.2 8.9 4.7 -

10 Have you had any trouble walking? 99.6 1.4 (0.7) 71.9 21.3 4.7 2.1 -

11 Did you have a problem holding a pen, which 
made writing difficult? *

100 1.1 (0.5) 91.5 5.1 2.5 0.8 -

12 Have you had swelling in your legs or ankles 
(oedema)?

100 1.3 (0.7) 81.4 12.3 3.4 3.0 -

13 Have you been unable to lean on the tumour 
sites? (e.g., due to local pressure)?

100 1.7 (1.0) 59.3 19.1 11.0 10.6 -

14 Have you lost weight? * 100 1.2 (0.5) 87.3 10.2 1.7 0.8 -

15 Have you felt lonely? 100 1.3 (0.7) 76.3 16.9 4.7 2.1 -

16 Have you worried about the disease being 
aggressive?

100 1.6 (0.9) 60.2 25.4 7.6 6.8 -

17 Have you worried about dying? 100 1.4 (0.7) 75.4 17.8 2.1 4.7 -

18 Have you had problems with your appearance? 99.6 1.4 (0.8) 71.5 20.4 3.0 5.1 -

In the last four weeks:

19 Have you had a decreased libido? 100 1.8 (1.0) 50.4 14.8 15.7 7.2 11.9

Since your diagnosis:

20 Have you been afraid of tumour growth? 100 2.5 (0.9) 12.3 45.8 25.0 16.9 -

21 Have you felt there is something in your body 
that does not belong there?

99.6 2.6 (1.1) 17.0 36.2 18.7 28.1 -

22 Has the disease changed your life perspective 
(positive or negative)?

99.6 2.3 (1.0) 25.5 33.6 23.8 17.0 -

23 Has desmoid fibromatosis or its treatment 
caused those close to you to feel distressed?

99.6 2.3 (1.0) 24.3 35.7 26.4 13.6 -

24 Have you been afraid of getting another 
tumour?

99.6 2.2 (1.0) 31.9 36.6 15.7 15.7 -

25 Have you been worried or concerned about the 
future?

99.6 2.3 (1.0) 21.3 39.6 23.4 15.7 -
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Table 2. Item descriptive statistics of 236 desmoid-type fibromatosis patients. (continued)

Item Description Valid 
(%)

Mean
(SD)

Distribution of Valid Responses 
(%)

1 2 3 4 NA

26 Have you felt a need to keep your fears, 
concerns and/or symptoms from family 
members or friends?

99.6 2.0 (1.1) 44.3 25.5 18.3 11.9 -

27 Has your physical fitness level reduced? 99.6 2.0 (1.0) 40.4 29.8 19.1 10.6 -

28 Have you felt asymmetrical and/or misshapen 
due to the desmoid fibromatosis or the 
treatment?

99.6 1.9 (1.0) 46.8 28.9 9.8 12.8 1.7

29 Have you felt worried constantly? 99.6 1.9 (0.9) 39.6 39.1 16.2 5.1 -

30 Have you been disappointed by the course of 
your condition?

99.6 1.8 (0.9) 51.1 27.2 14.9 6.8 -

31 Have you felt you had to fight this condition? 99.6 1.8 (1.0) 51.9 23.0 14.9 10.2 -

32 Have you had problems with confidence? 99.6 1.7 (0.9) 55.3 26.4 14.0 4.3 -

33 Have you worried that you are a burden to other 
people?

99.6 1.8 (0.9) 51.5 29.4 11.1 8.1 -

34 Have you had difficulties explaining your 
condition to others?

99.6 1.9 (1.0) 48.9 28.1 11.5 11.5 -

35 Do you think your condition is not well 
understood by people close to you?

99.6 1.8 (1.0) 55.3 23.4 12.3 8.9 -

36 Have you felt less independent and/or more 
dependent on others?

99.6 1.5 (0.8) 66.8 20.9 7.7 4.7 -

37 Have you had problems eating? 99.6 1.2 (0.6) 84.3 11.1 2.1 2.6 -

38 Has the desmoid fibromatosis had a negative 
impact on your family life?

99.6 1.6 (0.8) 59.6 25.5 10.6 4.3 -

39 Has your physical condition or medical 
treatment interfered with your social activities?

100 1.8 (0.9) 47.9 28.4 17.8 5.9 -

40 Have you had extra expenses due to your 
physical condition or medical treatment (e.g., 
for medication, transport and/or aids)?

100 1.8 (0.9) 44.5 38.6 10.2 6.8 -

41 Has your physical condition or medical 
treatment interfered with your marriage or 
intimate relationships?

99.6 1.7 (1.0) 54.0 20.9 10.6 7.7 6.8

42 Have you had problems with your ability 
to have children because of your desmoid 
fibromatosis?

99.6 1.4 (0.9) 50.6 3.4 2.6 4.7 38.7

43 Have you felt that you have received less 
attention from family and friends because the 
condition is benign?

100 1.4 (0.9) 75.0 12.7 5.9 6.4 -

44 Have you felt guilty for receiving more attention 
than family members (e.g., siblings) because of 
your desmoid fibromatosis? *

99.6 1.2 (0.5) 88.5 8.9 1.7 0.9 -

45 Have you had problems with your job or your 
education?

99.6 1.8 (1.1) 51.1 15.7 10.6 10.6 11.9



Development of the DTF-QoL 159

8

Table 2. Item descriptive statistics of 236 desmoid-type fibromatosis patients. (continued)

Item Description Valid 
(%)

Mean
(SD)

Distribution of Valid Responses 
(%)

1 2 3 4 NA

46 Have you felt supported by your family 
members and/or friends?

100 3.3 (0.9) 6.4 13.6 26.7 53.4 -

47 Have you had suicidal thoughts? * 100 1.2 (0.5) 88.6 8.9 1.3 1.3 -

48 Have you had problems driving a car? 99.6 1.4 (0.7) 70.2 22.6 5.5 1.7 -

49 Have you lost friendships? 99.2 1.3 (0.7) 82.5 11.1 3.0 3.4 -

50 Have you been afraid of needing a limb 
amputation?

99.6 1.5 (0.9) 58.3 11.9 4.3 6.8 18.7

51 Have you been afraid of your desmoid 
fibromatosis coming back?

99.6 2.5 (1.0) 12.3 31.9 19.1 18.7 17.9

52 Have you felt a change in sensation in the area 
around the tumour?

99.6 2.4 (1.1) 26.4 31.9 19.6 22.1 -

53 Have you wanted to cover-up the tumour area 
and /or scar(s)?

100 1.8 (1.1) 59.3 13.1 12.7 14.8 -

54 Have you changed your living accommodation 
because of desmoid fibromatosis? *

100 1.2 (0.6) 92.4 3.0 1.7 3.0 -

55 Have you felt addicted to pain medication? 100 1.2 (0.6) 78.0 8.1 1.7 3.0 9.3

56 Have you lost your hair? 100 1.3 (0.7) 79.7 11.4 5.5 3.4 -

57 Has your parental role been affected because 
of your desmoid fibromatosis?

100 1.4 (0.8) 54.2 11.4 3.4 3.0 28.0

58 Have you felt that doctors are unfamiliar with 
desmoid-type fibromatosis?

100 2.3 (1.0) 27.5 32.2 24.6 15.7 -

59 Have you felt stressed around check-ups? 100 2.2 (0.9) 20.8 46.2 22.0 11.0 -

60 Have you felt frustrated about the ’benign’ 
diagnosis with cancerous features?

99.6 2.1 (1.1) 39.6 27.2 18.7 14.5 -

61 Have you felt stressed about the diagnosis? 99.6 2.5 (0.9) 13.2 40.0 30.2 16.6 -

62 Did you think it took a long time to get a definite 
diagnosis?

100 2.1 (1.1) 43.6 23.3 16.1 16.9 -

63 Have you felt like a cancer patient? 100 2.0 (0.9) 33.5 39.4 18.2 8.9 -

64 Have you felt reassured by the benign nature of 
your disease?

100 2.6 (1.0) 14.8 35.2 25.0 25.0 -

65 Do you think your prognosis (the expected 
improvement or worsening of your condition) 
is clear?

100 2.3 (1.0) 30.5 25.0 30.9 13.6 -

66 Have you felt there is no optimal treatment for 
you?

100 2.2 (1.1) 33.9 29.7 19.9 16.5 -

67 Have you felt your desmoid fibromatosis has 
changed your life in a negative way?

100 2.0 (1.0) 37.7 35.2 15.7 11.4 -

68 Have you wanted to meet others with desmoid 
fibromatosis?

99.6 1.8 (1.0) 49.8 30.6 9.4 10.2
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Table 2. Item descriptive statistics of 236 desmoid-type fibromatosis patients. (continued)

Item Description Valid 
(%)

Mean
(SD)

Distribution of Valid Responses 
(%)

1 2 3 4 NA

69 Have you had doubts about the effectiveness of 
your treatments?

100 1.9 (1.0) 38.6 28.4 13.6 9.7 9.7

70 Have you found it frustrating having to explain 
your condition to others?

100 1.8 (1.0) 50.0 29.7 12.3 8.1 -

71 Have you lacked information about your 
desmoid fibromatosis and/or its treatment?

100 1.6 (0.8) 60.2 25.4 9.7 4.7 -

72 Have you been satisfied with your 
communication with your professional(s)?

99.6 3.1 (0.9) 7.7 14.5 34.9 43.0 -

73 Have you had to explain your circumstances 
to others?

100 2.0 (0.9) 36.0 36.4 19.1 8.5 -

74 Do you feel like you have a chronic disease? 100 2.1 (1.1) 37.7 31.4 16.9 14.0 -

75 Have you lacked psychological support? 100 1.6 (0.9) 63.6 20.8 11.0 4.7 -

76 Have you had to take sick leave? 99.6 2.2 (1.2) 33.6 17.9 15.7 17.4 15.3

77 Have your career ambitions changed because 
of the diagnosis?

99.2 1.8 (1.1) 52.1 14.1 12.4 11.5 9.8

78 Have you experienced a lack of continuity 
(seeing the same doctors / specialised nurse) in 
the care for your desmoid fibromatosis?

100 1.7 (0.9) 58.9 22.0 11.9 7.2 -

79 Have you had problems receiving enough 
information about your desmoid fibromatosis 
and its treatment?

100 1.6 (0.8) 57.6 29.7 8.1 4.7 -

80 Have you been bothered by long travel to the 
hospital?

100 1.6 (0.8) 55.9 30.9 8.9 4.2 -

81 Have you worried about passing the condition 
to your children?

100 1.7 (1.0) 46.6 20.8 7.6 8.5 16.5

82 Have you had a problem receiving treatments in 
a cancer hospital?

100 1.5 (0.8) 64.8 24.2 8.1 3.0 -

83 Have you worried about not being able to 
continue working or studying?

99.6 2.0 (1.1) 40.0 20.0 10.6 14.5 14.9

84 Has the colour of your hair changed? 99.2 1.2 (0.6) 78.2 8.1 2.6 1.7 9.4

85 Have you felt that you are standing still in life? 100 1.8 (1.0) 55.9 19.5 13.6 11.0 -

86 Have you felt less feminine/masculine? 100 1.4 (0.8) 77.5 12.3 5.1 5.1 -

87 Have you received different contradictory 
recommendations about treatment options?

100 1.5 (0.8) 72.0 14.0 9.7 4.2 -

88 Have you had to change jobs as a result of your 
condition?

99.6 1.5 (1.0) 62.1 3.8 3.8 8.5 21.7

89 Have you felt you were wasting the time of 
cancer specialists?

100 1.4 (0.7) 75.0 17.8 4.7 2.5 -

90 Have you worried about your ability to have 
children?

99.6 1.7 (1.1) 38.3 9.4 2.6 9.4 40.4
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were considered to be of clinical importance for a subgroup of patients and were therefore 
retained. Factor analysis was performed for items 1-18 (time frame during the past week) and 
items 20–102 (time frame since diagnosis) separately. Item 19 (time frame last four weeks) was 
excluded for factor analyses due to a different time frame, and therefore seen as single item.

The suitability of the data (remaining 96 items) for factor analyses was tested via the Kai-
ser–Meyer–Olkin (KMO) measure of sampling adequacy, which tests the partial correlations 
among the items. The KMO value should be higher than 0.5 for a satisfactory analysis to 
proceed 26. The KMO measures in this study were 0.89 (items 1–18) and 0.87 (items 20–102). 
Items with initial communalities <0.10 should be deleted for further analyses; none of the 
items were deleted based on this criterion. Based on Cattell’s scree plot and the Kaiser–Gutt-

Table 2. Item descriptive statistics of 236 desmoid-type fibromatosis patients. (continued)

Item Description Valid 
(%)

Mean
(SD)

Distribution of Valid Responses 
(%)

1 2 3 4 NA

91 Were you frightened by the referral to the 
cancer hospital?

100 2.1 (1.1) 38.6 27.1 20.3 14.0 -

92 Have you lacked online support (forum and/or 
chat group)?

99.6 1.5 (0.9) 69.4 18.7 6.0 6.0 -

93 Has there been mutual trust between you and 
your professional(s)?

100 3.3 (0.8) 3.0 9.3 39.0 48.7 -

94 Have you felt embarrassed using mobility aids 
(e.g., wheelchair, scooter, electric bike)?

99.2 1.5 (0.9) 24.8 5.6 1.7 2.6 65.4

95 Have you had a rash as a result of the 
treatment?

99.2 1.4 (0.8) 79.1 11.5 3.8 5.6 -

96 Have you worried about your treatment? 99.6 2.1 (1.0) 34.0 36.6 17.0 12.3 -

97 Have you worried about a decrease in muscle 
strength after treatment?

99.6 1.9 (1.1) 52.8 16.6 16.2 14.5 -

98 Have you received enough information about 
the possible treatment side effects?

99.2 2.6 (1.1) 24.8 16.7 35.5 23.1 -

99 Have you been worried about tumour growth 
during pregnancy?

99.2 2.4 (1.3) 15.0 4.3 3.4 12.0 65.4

100 Were you passed from one hospital to 
another before the final desmoid fibromatosis 
diagnosis?

100 1.9 (1.1) 51.7 25.0 6.4 16.9 -

101 Have you worried about being treated unfairly 
because of your desmoid fibromatosis (i.e., at 
work, by insurance companies)?

100 1.6 (0.9) 65.3 18.2 9.3 7.2 -

102 Have you worried about being able to access 
treatments in the future?

98.7 1.6 (0.9) 59.2 22.7 9.9 6.0 2.1

Valid (%) is the percentage of patients who answered the question. 1, Not at all; 2, A little; 3, Quite a bit; 4, Very 
much; NA, not applicable; * Items 11, 14, 44, 47, and 54 were deleted due to floor effects.
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man rule (which states that an eigenvalue (the amount of the total variance explained by that 
factor) must be greater than one), three (items 1–18) and eleven factors (items 20–102) were 
identified. Factors for items with time frame ‘during the past week’ were numbered from W1 to 
W3, and factors for items with time frame ‘since your diagnosis’ from 1 to 11. Oblique rotation, 
which assumes that the factors could be correlated with each other, simplified their interpreta-
tion by minimising the items with high loadings on each factor. For the items with time frame 
‘during the past week’, the three factors cumulatively accounted for 55% of variation in all 
items (respectively, 42%, 7%, 6%).

Table 3. Rotated component matrix (factor loadings pattern matrix) items with time frame during 
the past week.

Item Description Pattern Matrix

1 2 3

Factor W1: Emotional and psychological consequences

4 Unsatisfied with body 0.782

18 Problems with appearance 0.748

6 Felt isolated 0.735

15 Felt lonely 0.653

17 Worried about dying 0.646

1 Felt uncertain 0.628

16 Worried about aggressive disease 0.485

3 Bad temper because of condition 0.241

Factor W2: Physical consequences

10 Trouble walking 0.772

12 Swelling leg/ankles 0.657

7 Felt disabled 0.338

9 Stiffness in limbs 0.296

5 Problems getting dressed 0.227

Factor W3: Pain and discomfort

2 Pain interfered with sleep −0.910

8 Pain while sitting −0.714

13 Unable to lean on tumour site −0.694
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Factor analyses for items with time frame ‘since your diagnosis’ demonstrated eleven factors 
cumulatively accounting for 50% of variation in all items (respectively, 24%, 6%, 4%, 3%, 3%, 
2%, 2%, 2%, 2%, 1%, 1%). Oblique rotation generates a pattern matrix with factor loadings 
(Tables 3 and 4) and a structure matrix with correlations between items and components in a 
structure matrix. Cut-off points of 0.20 (items 1–18) and 0.15 (items 20–102) for factor loadings 
were adopted, i.e., only those items scoring higher than this threshold were retained for further 
analyses 27. Based on this criterion, no items were dropped. Five items were treated as single 
items based on content validity (items 56, 67, 84, 89, and 95). Item 22 ‘Has the disease changed 
your life perspective (positive or negative)?’ was excluded due to incorrect wording and similarity 
to item 67 ‘Have you felt your desmoid fibromatosis has changed your life in a negative way?’.

The multi-trait scaling analysis showed that scaling assumptions were fully met for three of 
the fourteen scales. Seven of the fourteen scales showed that scaling assumptions were 
moderately met, and four scales poorly met the scaling assumptions (Table 5). Cronbach’s 
alpha coefficients ranged from 0.551–0.908, and ten of the fourteen scales scored higher 
than the preferred 0.70 level. Removing items improved the Cronbach’s alpha coefficient of 
five scales. In Table S1, these items were distributed into the scales with which they had 
the highest correlation to assess whether this resulted in an improved scale structure and 
higher scale reliability, except for item 46. Removing item 46 ‘Have you felt supported by your 
family members and/or friends?’ from scale 4 (‘effect of DTF on relationships’) did improve the 
Cronbach’s alpha coefficient of scale 4 (from 0.908 to 0.920). However, based on the content 
validity of item 46 with scale 4, no higher correlation of item 46 with another scale, and only 
little improvement of Cronbach’s alpha, item 46 was not distributed to another scale.

Scales of the DTF-specific questionnaire measuring similar concepts as scales of the EORTC 
QLQ-C30 showed high correlations. For example, scale W2 (‘physical consequences’) and 
scale 5 (‘physical limitations and consequences’) of the DTF-QoL were strongly correlated 
with the physical functioning scale of the EORTC QLQ-C30 (Table 6). Most scales of the 
DTF-QoL were weakly or moderately correlated (r ≤ 0.60) with the EORTC QLQ-C30 (Table 6).

The final version of the DTF-QoL consisted of 96 items (Supplementary Questionnaire).



164 Chapter 8

Ta
bl

e 
4.

 R
ot

at
ed

 c
om

po
ne

nt
 m

at
rix

 (f
ac

to
r l

oa
di

ng
s 

pa
tte

rn
 m

at
rix

) i
te

m
s 

w
ith

 ti
m

e 
fra

m
e 

si
nc

e 
di

ag
no

si
s.

Ite
m

D
es

cr
ip

tio
n

Pa
tte

rn
 M

at
rix

1
2

3
4

5
6

7
8

9
10

11

Fa
ct

or
 1

: C
on

ce
rn

s 
ab

ou
t c

on
di

tio
n

1

20
Af

ra
id

 tu
m

ou
r g

ro
w

th
0.

73
8

24
Af

ra
id

 g
et

tin
g 

an
ot

he
r t

um
ou

r
0.

63
6

25
W

or
rie

d 
ab

ou
t f

ut
ur

e
0.

62
6

29
W

or
rie

d 
co

ns
ta

nt
ly

0.
60

1

61
St

re
ss

ed
 a

bo
ut

 d
ia

gn
os

is
0.

58
1

96
W

or
rie

d 
ab

ou
t t

re
at

m
en

t
0.

53
5

23
Pe

op
le

 c
lo

se
 fe

el
 d

is
tre

ss
ed

0.
50

8

59
St

re
ss

ed
 c

he
ck

-u
ps

0.
43

8

Fa
ct

or
 2

: J
ob

 a
nd

 e
du

ca
tio

n
2

76
Si

ck
 le

av
e

0.
87

6

45
Pr

ob
le

m
s 

w
ith

 jo
b 

or
 e

du
ca

tio
n

0.
86

7

83
W

or
rie

d 
no

t b
ei

ng
 a

bl
e 

to
 w

or
k/

st
ud

y
0.

84
5

77
C

ar
ee

r a
m

bi
tio

ns
 c

ha
ng

ed
0.

74
1

88
C

ha
ng

e 
jo

bs
0.

73
8

Fa
ct

or
 3

: D
oc

to
r–

pa
tie

nt
 re

la
tio

ns
hi

p,
 c

om
m

un
ic

at
io

n 
an

d 
in

fo
rm

at
io

n
3

93
M

ut
ua

l t
ru

st
 b

et
w

ee
n 

yo
u 

an
d 

pr
of

es
si

on
al

(s
)

−0
.6

89

72
Sa

tis
fie

d 
co

m
m

un
ic

at
io

n 
pr

of
es

si
on

al
(s

)
−0

.6
44

98
En

ou
gh

 in
fo

rm
at

io
n 

tre
at

m
en

t s
id

e 
eff

ec
ts

−0
.5

96

79
Pr

ob
le

m
s 

re
ce

iv
in

g 
en

ou
gh

 in
fo

rm
at

io
n 

DT
F

0.
56

9

71
La

ck
ed

 in
fo

rm
at

io
n 

DT
F

0.
43

1

78
La

ck
 o

f c
on

tin
ui

ty
 in

 c
ar

e 
fo

r D
TF

0.
35

5



Development of the DTF-QoL 165

8

Ta
bl

e 
4.

 R
ot

at
ed

 c
om

po
ne

nt
 m

at
rix

 (f
ac

to
r l

oa
di

ng
s 

pa
tte

rn
 m

at
rix

) i
te

m
s 

w
ith

 ti
m

e 
fra

m
e 

si
nc

e 
di

ag
no

si
s.

 (c
on

tin
ue

d)
Ite

m
D

es
cr

ip
tio

n
Pa

tte
rn

 M
at

rix

1
2

3
4

5
6

7
8

9
10

11

Fa
ct

or
 4

: E
ffe

ct
 o

f D
TF

 o
n 

re
la

tio
ns

hi
ps

4

43
Le

ss
 a

tte
nt

io
n 

fa
m

ily
 a

nd
 fr

ie
nd

s 
be

ca
us

e 
be

ni
gn

 c
on

di
tio

n
0.

64
3

35
C

on
di

tio
n 

no
t w

el
l u

nd
er

st
oo

d 
by

 p
eo

pl
e

0.
62

9

34
Di

ffi
cu

lti
es

 e
xp

la
in

in
g 

to
 o

th
er

s
0.

61
2

32
Pr

ob
le

m
s 

w
ith

 c
on

fid
en

ce
0.

42
3

70
Fr

us
tra

tin
g 

ex
pl

ai
n 

co
nd

iti
on

 to
 o

th
er

s
0.

41
9

46
Su

pp
or

te
d 

by
 fa

m
ily

/fr
ie

nd
s

−0
.4

09

73
Ex

pl
ai

n 
ci

rc
um

st
an

ce
s 

to
 o

th
er

s
0.

35
2

26
N

ee
d 

to
 k

ee
p 

fe
ar

s/
co

nc
er

ns
/s

ym
pt

om
s 

fro
m

 fa
m

ily
/fr

ie
nd

s
0.

33
7

38
DT

F 
ne

ga
tiv

e 
im

pa
ct

 o
n 

fa
m

ily
0.

30
2

33
W

or
rie

d 
bu

rd
en

 to
 o

th
er

 p
eo

pl
e

0.
29

3

10
1

W
or

rie
d 

be
in

g 
tre

at
ed

 u
nf

ai
rly

0.
20

8

41
C

on
di

tio
n 

in
te

rfe
re

d 
re

la
tio

ns
hi

ps
0.

17
8

85
Fe

lt 
st

an
di

ng
 s

til
l i

n 
lif

e
0.

15
9

Fa
ct

or
 5

: P
hy

si
ca

l l
im

ita
tio

ns
 a

nd
 c

on
se

qu
en

ce
s

5

36
Le

ss
 in

de
pe

nd
en

t/m
or

e 
de

pe
nd

en
t o

n 
ot

he
rs

−0
.7

26

40
Ex

tra
 e

xp
en

se
s 

du
e 

to
 c

on
di

tio
n 

or
 tr

ea
tm

en
t

−0
.6

53

39
C

on
di

tio
n 

in
te

rfe
re

d 
w

ith
 s

oc
ia

l a
ct

iv
iti

es
−0

.5
55

27
Ph

ys
ic

al
 fi

tn
es

s 
re

du
ce

d
−0

.5
32

48
Pr

ob
le

m
s 

dr
iv

in
g 

a 
ca

r
−0

.5
10

49
Lo

st
 fr

ie
nd

sh
ip

s
−0

.4
02

37
Pr

ob
le

m
s 

ea
tin

g
−0

.3
17



166 Chapter 8

Ta
bl

e 
4.

 R
ot

at
ed

 c
om

po
ne

nt
 m

at
rix

 (f
ac

to
r l

oa
di

ng
s 

pa
tte

rn
 m

at
rix

) i
te

m
s 

w
ith

 ti
m

e 
fra

m
e 

si
nc

e 
di

ag
no

si
s.

 (c
on

tin
ue

d)
Ite

m
D

es
cr

ip
tio

n
Pa

tte
rn

 M
at

rix

1
2

3
4

5
6

7
8

9
10

11

94
Em

ba
rra

ss
ed

 u
si

ng
 m

ob
ilit

y 
ai

ds
−0

.3
05

Fa
ct

or
 6

: D
ia

gn
os

tic
 a

nd
 tr

ea
tm

en
t t

ra
je

ct
or

y 
of

 D
TF

6

82
Pr

ob
le

m
s 

tre
at

m
en

ts
 in

 c
an

ce
r h

os
pi

ta
l

0.
55

7

10
0

Pa
ss

ed
 fr

om
 o

ne
 h

os
pi

ta
l t

o 
an

ot
he

r b
ef

or
e 

fin
al

 d
ia

gn
os

is
0.

54
4

62
Lo

ng
 ti

m
e 

to
 d

efi
ni

te
 d

ia
gn

os
is

0.
48

8

58
Fe

lt 
do

ct
or

s 
un

fa
m

ilia
r w

ith
 D

FT
0.

39
8

87
Re

ce
iv

ed
 c

on
tra

di
ct

or
y 

re
co

m
m

en
da

tio
ns

 tr
ea

tm
en

t
0.

29
5

80
Bo

th
er

ed
 b

y 
lo

ng
 tr

av
el

 to
 h

os
pi

ta
l

0.
23

4

91
Fr

ig
ht

en
ed

 b
y 

re
fe

rra
l t

o 
ca

nc
er

 h
os

pi
ta

l
0.

19
8

Fa
ct

or
 7

: P
ar

en
ts

 a
nd

 fe
rti

lit
y

7

99
W

or
rie

d 
tu

m
ou

r g
ro

w
th

 d
ur

in
g 

pr
eg

na
nc

y
−0

.6
61

42
Pr

ob
le

m
s 

ab
ilit

y 
to

 h
av

e 
ch

ild
re

n 
be

ca
us

e 
of

 D
TF

−0
.6

00

57
Pa

re
nt

al
 ro

le
 a

ffe
ct

ed
 b

ec
au

se
 o

f D
TF

−0
.5

21

90
W

or
rie

d 
ab

ou
t a

bi
lit

y 
to

 h
av

e 
ch

ild
re

n
−0

.4
88

81
W

or
rie

d 
ab

ou
t p

as
si

ng
 c

on
di

tio
n 

to
 c

hi
ld

re
n

−0
.4

51

Fa
ct

or
 8

: B
od

y 
im

ag
e 

an
d 

se
ns

at
io

n
8

53
C

ov
er

−u
p 

tu
m

ou
r /

sc
ar

s
−0

.4
69

52
C

ha
ng

e 
in

 s
en

sa
tio

n 
ar

ea
 tu

m
ou

r
−0

.2
69

86
Le

ss
 fe

m
in

in
e/

m
as

cu
lin

e
−0

.2
43

28
As

ym
m

et
ric

al
/m

is
sh

ap
en

 d
ue

 to
 D

TF
 o

r t
re

at
m

en
t

−0
.1

87

Fa
ct

or
 9

: S
up

po
rti

ve
 c

ar
e

9

92
La

ck
ed

 o
nl

in
e 

su
pp

or
t

0.
55

2



Development of the DTF-QoL 167

8

Ta
bl

e 
4.

 R
ot

at
ed

 c
om

po
ne

nt
 m

at
rix

 (f
ac

to
r l

oa
di

ng
s 

pa
tte

rn
 m

at
rix

) i
te

m
s 

w
ith

 ti
m

e 
fra

m
e 

si
nc

e 
di

ag
no

si
s.

 (c
on

tin
ue

d)
Ite

m
D

es
cr

ip
tio

n
Pa

tte
rn

 M
at

rix

1
2

3
4

5
6

7
8

9
10

11

68
W

an
te

d 
to

 m
ee

t o
th

er
s

0.
32

1

75
La

ck
ed

 p
sy

ch
ol

og
ic

al
 s

up
po

rt
0.

26
4

Fa
ct

or
 1

0:
 C

on
ce

rn
s 

ar
ou

nd
 tr

ea
tm

en
t a

nd
 it

s 
co

ns
eq

ue
nc

es
10

50
Af

ra
id

 n
ee

di
ng

 li
m

b 
am

pu
ta

tio
n

−0
.4

69

55
Fe

lt 
ad

di
ct

io
n 

to
 p

ai
n 

m
ed

ic
at

io
n

−0
.4

09

69
Do

ub
ts

 e
ffe

ct
iv

en
es

s 
tre

at
m

en
t

−0
.3

27

97
W

or
rie

d 
de

cr
ea

se
 m

us
cl

e 
st

re
ng

th
 a

fte
r t

re
at

m
en

t
−0

.2
33

Fa
ct

or
 1

1:
 U

np
re

di
ct

ab
le

 c
ou

rs
e 

an
d 

na
tu

re
 o

f D
TF

11

66
N

o 
op

tim
al

 tr
ea

tm
en

t
−0

.5
74

65
Pr

og
no

si
s 

is
 c

le
ar

0.
46

5

30
Di

sa
pp

oi
nt

ed
 b

y 
co

ur
se

 o
f c

on
di

tio
n

−0
.3

63

74
Fe

el
 li

ke
 c

hr
on

ic
 d

is
ea

se
−0

.3
31

31
Fe

lt 
to

 fi
gh

t c
on

di
tio

n
−0

.2
93

21
So

m
et

hi
ng

 in
 b

od
y 

th
at

 d
oe

s 
no

t b
el

on
g 

th
er

e
−0

.2
33

64
Re

as
su

re
d 

by
 b

en
ig

n 
na

tu
re

 d
is

ea
se

0.
21

0

10
2

W
or

rie
d 

ac
ce

ss
 tr

ea
tm

en
ts

 in
 fu

tu
re

−0
.1

97

60
Fr

us
tra

te
d 

be
ni

gn
 d

ia
gn

os
is

 w
ith

 c
an

ce
ro

us
 fe

at
ur

es
−0

.1
75

51
Af

ra
id

 D
TF

 c
om

in
g 

ba
ck

0.
17

3

65
Fe

lt 
lik

e 
ca

nc
er

 p
at

ie
nt

−0
.1

58

Ite
m

 2
2 

(d
is

ea
se

 c
ha

ng
ed

 li
fe

 p
er

sp
ec

tiv
e 

po
si

tiv
e 

or
 n

eg
at

iv
e)

 w
as

 e
xc

lu
de

d 
du

e 
to

 in
co

rre
ct

 w
or

di
ng

; B
as

ed
 o

n 
co

nt
en

t v
al

id
ity

 it
em

s 
56

 (l
os

t h
ai

r),
 6

7 
(D

TF
 c

ha
ng

ed
 li

fe
 n

eg
a-

tiv
e 

w
ay

), 
84

 (c
ol

ou
r h

ai
r c

ha
ng

ed
), 

89
 (f

el
t w

as
tin

g 
tim

e 
ca

nc
er

 s
pe

ci
al

is
ts

), 
95

 (r
as

h 
re

su
lt 

tre
at

m
en

t) 
w

er
e 

se
en

 a
s 

si
ng

le
 it

em
s.

 A
bb

re
vi

at
io

ns
: D

TF
, d

es
m

oi
d-

ty
pe

 fi
br

om
at

os
is

.



168 Chapter 8

Ta
bl

e 
5.

 S
um

m
ar

y 
of

 re
su

lts
 o

f m
ul

ti-
tra

it 
sc

al
in

g.

Ite
m

-s
ca

le
 c

on
ve

rg
en

t v
al

id
ity

 
C

rit
er

io
n 

1 
(in

cl
us

iv
e 

cr
ite

rio
n)

Ite
m

-s
ca

le
 d

iv
er

ge
nt

 v
al

id
ity

C
rit

er
io

n 
2 

(e
xc

lu
si

ve
 c

rit
er

io
n)

Sc
al

in
g 

fu
lfi

lm
en

t

Sc
al

e
N

M
ea

n 
(S

D)
1

C
ro

nb
ac

h’
s 

al
ph

a
Ra

ng
e 

of
 

ite
m

-s
ca

le
 

co
rre

la
tio

ns
2

N
um

be
r o

f 
ite

m
-s

ca
le

 
co

rre
la

tio
ns

3

Ra
ng

e 
of

 
co

rre
la

tio
ns

 w
ith

 
ot

he
r s

ca
le

s4

N
um

be
r o

f i
te

m
s 

hi
gh

er
 c

or
re

la
tio

n 
w

ith
 o

th
er

 s
ca

le
5

N
um

be
r o

f i
te

m
s 

th
at

 m
ee

t c
rit

er
io

n 
1 

bu
t n

ot
 2

Ti
m

ef
ra

m
e:

 d
ur

in
g 

th
e 

pa
st

 w
ee

k

W
1

Em
ot

io
na

l a
nd

 p
sy

ch
ol

og
ic

al
 c

on
se

qu
en

ce
s

8
15

.4
 (1

8.
6)

0.
87

5
0.

55
2-

0.
71

2
8/

8
0.

33
3-

0.
61

1
1/

8
7/

8

(It
em

 4
; 1

8;
 6

; 1
5;

 1
; 1

7;
 1

6;
 3

)

W
2

Ph
ys

ic
al

 c
on

se
qu

en
ce

s
5

11
.6

 (1
6.

5)
0.

80
3

0.
46

5-
0.

73
7

5/
5

0.
18

6-
0.

66
5

2/
5

3/
5

(It
em

 1
0;

 1
2;

 7
; 9

; 5
)

W
3

Pa
in

 a
nd

 d
is

co
m

fo
rt

3
19

.5
 (2

5.
5)

0.
80

4
0.

62
3-

0.
70

8
3/

3
0.

43
1-

0.
58

5
0/

3
3/

3

(It
em

 2
; 8

; 1
3)

Ti
m

ef
ra

m
e:

 s
in

ce
 d

ia
gn

os
is

1
C

on
ce

rn
s 

ab
ou

t c
on

di
tio

n
8

41
.3

 (2
4.

1)
0.

89
3

0.
56

0-
0.

80
0

8/
8

0.
02

8-
71

9
0/

8
8/

8

(It
em

20
; 2

4;
 2

5;
 2

9;
 6

1;
 9

6;
 2

3;
 5

9)

2
Jo

b 
an

d 
ed

uc
at

io
n

5
29

.1
 (3

1.
5)

0.
88

7
0.

69
9-

0.
89

5
5/

5
0.

02
6-

0.
72

9
0/

5
5/

5

(It
em

76
; 4

5;
 8

3;
 7

7;
 8

8)

3
Do

ct
or

-p
at

ie
nt

 re
la

tio
ns

hi
p,

 c
om

m
un

ic
at

io
n 

an
d 

in
fo

rm
at

io
n

6
26

.8
 (1

9.
6)

0.
72

8
0.

33
4-

0.
59

8
5/

6
0.

00
1-

0.
39

8
0/

6
5/

6

(It
em

 9
3;

 7
2;

 9
8;

 7
9;

 7
1;

 7
8)

4
Eff

ec
t o

f D
TF

 o
n 

re
la

tio
ns

hi
ps

13
24

.8
 (2

1.
8)

0.
90

8*
0.

12
1-

0.
77

8
12

/1
3

0.
00

4-
0.

70
9

4/
13

8/
13

(It
em

 4
3;

 3
5;

 3
4;

 3
2;

 7
0;

 4
6;

 2
6;

 3
8;

 1
01

; 7
3;

 
33

; 4
1;

 8
5)

5
Ph

ys
ic

al
 li

m
ita

tio
ns

 a
nd

 c
on

se
qu

en
ce

s
8

18
.8

 (2
1.

8)
0.

86
8*

0.
45

9-
0.

76
8

8/
8

0.
01

4-
0.

73
1

2/
8

6/
8

(It
em

 3
6;

 4
0;

 3
9;

 2
7;

 4
8;

 4
9;

 3
7;

 9
4)



Development of the DTF-QoL 169

8

Ta
bl

e 
5.

 S
um

m
ar

y 
of

 re
su

lts
 o

f m
ul

ti-
tra

it 
sc

al
in

g.
 (c

on
tin

ue
d)

Ite
m

-s
ca

le
 c

on
ve

rg
en

t v
al

id
ity

C
rit

er
io

n 
1 

(in
cl

us
iv

e 
cr

ite
rio

n)
Ite

m
-s

ca
le

 d
iv

er
ge

nt
 v

al
id

ity
C

rit
er

io
n 

2 
(e

xc
lu

si
ve

 c
rit

er
io

n)
Sc

al
in

g 
fu

lfi
lm

en
t

Sc
al

e
N

M
ea

n 
(S

D)
1

C
ro

nb
ac

h’
s 

al
ph

a
Ra

ng
e 

of
 

ite
m

-s
ca

le
 

co
rre

la
tio

ns
2

N
um

be
r o

f 
ite

m
-s

ca
le

 
co

rre
la

tio
ns

3

Ra
ng

e 
of

 
co

rre
la

tio
ns

 w
ith

 
ot

he
r s

ca
le

s4

N
um

be
r o

f i
te

m
s 

hi
gh

er
 c

or
re

la
tio

n 
w

ith
 o

th
er

 s
ca

le
5

N
um

be
r o

f i
te

m
s 

th
at

 m
ee

t c
rit

er
io

n 
1 

bu
t n

ot
 2

6
Di

ag
no

st
ic

 a
nd

 tr
ea

tm
en

t t
ra

je
ct

or
y 

of
 D

TF
7

28
.1

 (1
9.

1)
0.

68
0*

0.
26

1-
0.

55
0

3/
7

0.
05

3-
0.

48
9

3/
7

3/
7

(It
em

 8
0;

 8
2;

 1
00

; 6
2;

 5
8;

 8
7;

 9
1)

7
Pa

re
nt

s 
an

d 
fe

rti
lit

y
5

21
.1

 (1
9.

1)
0.

61
5

0.
27

1-
0.

48
2

2/
5

0.
01

4-
0.

73
3

3/
5

1/
5

(It
em

 9
9;

 4
2;

 5
7;

 9
0;

 8
1)

8
Bo

dy
 im

ag
e 

an
d 

se
ns

at
io

n
4

28
.9

 (2
3.

1)
0.

75
5*

0.
44

6-
0.

64
8

4/
4

0.
00

1-
0.

71
1

2/
4

2/
4

(It
em

 5
2;

 5
3;

 8
6;

 2
8)

9
Su

pp
or

tiv
e 

ca
re

3
36

.1
 (1

4.
1)

-0
.8

22
*

0.
07

5-
0.

50
7

1/
3

0.
07

6-
0.

61
4

3/
3

0/
3

(It
em

 9
2;

 6
8;

 7
5)

10
C

on
ce

rn
s 

ar
ou

nd
 tr

ea
tm

en
t a

nd
 it

s 
co

ns
eq

ue
nc

es
4

22
.0

 (2
1.

4)
0.

55
1

0.
29

4-
0.

43
4

1/
4

0.
00

3-
0.

62
1

4/
4

0/
4

(It
em

 5
0;

 5
5;

 6
9;

 9
7)

11
U

np
re

di
ct

ab
le

 c
ou

rs
e 

an
d 

na
tu

re
 o

f D
TF

11
28

.8
 (2

2.
4)

0.
86

6
0.

40
0-

0.
68

8
11

/1
1

0.
05

1-
0.

74
2

3/
11

8/
11

(It
em

 6
6;

 6
5;

 3
0;

 7
4;

 3
1;

 2
1;

 6
4;

 1
02

; 6
0;

 
51

; 6
3)

Sc
al

in
g 

as
su

m
pt

io
ns

 w
er

e 
fu

lly
 m

et
 if

 a
ll 

ite
m

s 
m

et
 c

rit
er

io
n 

1 
bu

t n
ot

 2
; s

ca
lin

g 
as

su
m

pt
io

ns
 w

er
e 

m
od

er
at

el
y 

m
et

 if
 ≥

50
%

 o
f t

he
 it

em
s 

m
et

 c
rit

er
io

n 
1 

bu
t n

ot
 2

; s
ca

lin
g 

as
su

m
p-

tio
ns

 w
er

e 
po

or
ly

 m
et

 if
 <

50
%

 m
et

 c
rit

er
io

n 
1 

an
d 

no
t 2

. *
 C

ro
nb

ac
h’

s 
al

ph
a 

w
ill 

im
pr

ov
e 

if 
on

e 
of

 th
e 

ite
m

s 
w

ou
ld

 b
e 

de
le

te
d

1.
 H

ig
he

r s
co

re
s 

in
di

ca
te

 a
 h

ig
he

r l
ev

el
 o

f s
ym

pt
om

at
ol

og
y 

/ p
ro

bl
em

s.
2.

 P
ea

rs
on

 c
or

re
la

tio
n 

be
tw

ee
n 

ite
m

s 
an

d 
hy

po
th

es
ize

d 
sc

al
e 

(c
or

re
ct

ed
 fo

r o
ve

rla
p)

.
3.

 N
um

be
r o

f i
te

m
-s

ca
le

 c
or

re
la

tio
ns

 th
at

 m
ee

t m
in

im
um

 s
ta

nd
ar

d 
fo

r c
on

ve
rg

en
t v

al
id

ity
4.

 P
ea

rs
on

 c
or

re
la

tio
ns

 b
et

w
ee

n 
ite

m
s 

an
d 

ot
he

r s
ca

le
s

5.
 C

or
re

la
tio

ns
 h

ig
he

r b
et

w
ee

n 
ite

m
s 

an
d 

ot
he

r s
ca

le
s 

in
 c

om
pa

ris
on

 w
ith

 h
yp

ot
he

si
ze

d 
sc

al
e

Ab
br

ev
ia

tio
ns

: D
TF

, d
es

m
oi

d-
ty

pe
 fi

br
om

at
os

is



170 Chapter 8

Ta
bl

e 
6.

 C
or

re
la

tio
ns

 b
et

w
ee

n 
EO

RT
C

 Q
LQ

-C
30

 a
nd

 s
ca

le
s 

DT
F-

Q
oL

EO
RT

C
 Q

LQ
-C

30
Fa

ct
or

W
1

Fa
ct

or
W

2
Fa

ct
or

W
3

Fa
ct

or
 1

Fa
ct

or
 2

Fa
ct

or
 3

Fa
ct

or
 4

Fa
ct

or
 5

Fa
ct

or
 6

Fa
ct

or
 7

Fa
ct

or
 8

Fa
ct

or
 9

Fa
ct

or
 1

0
Fa

ct
or

 1
1

Ph
ys

ic
al

 fu
nc

tio
ni

ng
-0

.4
9*

*
-0

.7
6*

*
0.

58
**

-0
.2

1*
*

-0
.5

5*
-0

.1
1

-0
.3

9*
*

-0
.6

1*
*

-0
.2

0*
*

-0
.4

7*
*

-0
.3

9*
*

-0
.0

7
-0

.3
6*

*
-0

.3
5*

*

Ro
le

 fu
nc

tio
ni

ng
-0

.5
9*

*
-0

.6
2*

*
-0

.6
5*

*
-0

.3
3*

*
-0

.6
0*

*
-0

.0
8

-0
.4

6*
*

-0
.6

8*
*

-0
.2

5*
*

-0
.4

2*
*

-0
.4

4*
*

0.
03

8
-0

.3
9*

*
-0

.4
3*

*

Em
ot

io
na

l f
un

ct
io

ni
ng

-0
.6

6*
*

-0
.5

4*
*

-0
.4

8*
*

-0
.4

7*
*

-0
.5

4*
*

-0
.1

6*
-0

.6
0*

*
-0

.5
9*

*
-0

.4
2*

*
-0

.4
1*

*
-0

.4
2*

*
-0

.1
5*

-0
.5

0*
*

-0
.5

4*
*

C
og

ni
tiv

e 
fu

nc
tio

ni
ng

-0
.5

2*
*

-0
.5

2*
*

-0
.4

0*
*

-0
.3

1*
*

-0
.5

0*
*

-0
.1

7*
*

-0
.4

3*
*

-0
.5

3*
*

-0
.2

2*
*

-0
.2

3*
*

-0
.2

2*
*

-0
.1

8*
*

-0
.3

9*
*

-0
.4

2*
*

So
ci

al
 fu

nc
tio

ni
ng

-0
.6

7*
*

-0
.6

6*
*

0.
58

**
-0

.4
0*

*
-0

.5
8*

*
-0

.1
4*

-0
.5

6*
*

-0
.6

9*
*

-0
.3

5*
*

-0
.4

1*
*

-0
.4

7*
*

-0
.1

3*
-0

.4
6*

*
-0

.4
9*

*

G
lo

ba
l Q

oL
/h

ea
lth

 s
ta

tu
s

-0
.4

9*
*

-0
.4

9*
*

-0
.4

3*
*

-0
.2

7*
*

-0
.4

3*
*

-0
.1

8*
*

-0
.4

2*
*

-0
.5

0*
*

-0
.2

1*
*

-0
.1

8
-0

.3
0*

*
-0

.1
7*

*
-0

.2
9*

*
-0

.4
0*

*

Fa
tig

ue
0.

56
**

0.
59

**
0.

56
**

0.
37

**
0.

51
**

0.
16

*
0.

47
**

0.
60

**
0.

33
**

0.
42

**
0.

41
**

0.
12

0.
40

**
0.

47
**

N
au

se
a/

vo
m

iti
ng

0.
32

**
0.

21
**

0.
17

*
0.

15
*

0.
17

*
0.

10
0.

17
**

0.
20

**
0.

09
0.

26
**

0.
08

-0
.0

8
0.

18
**

0.
24

**

Pa
in

0.
48

**
0.

58
**

0.
73

**
0.

28
**

0.
46

**
0.

07
0.

41
**

0.
56

**
0.

26
**

0.
39

**
0.

41
**

0.
01

0.
43

**
0.

41
**

Dy
sp

no
ea

0.
29

0.
38

0.
23

**
0.

10
0.

18
*

0.
16

*
0.

15
*

0.
23

**
0.

10
0.

13
0.

14
*

0.
16

*
0.

15
*

0.
15

*

Sl
ee

p/
in

so
m

ni
a

0.
47

**
0.

56
**

0.
60

**
0.

25
**

0.
37

**
0.

16
**

0.
40

**
0.

49
**

0.
27

**
0.

29
**

0.
35

**
0.

08
0.

34
**

0.
34

Ap
pe

tit
e 

lo
ss

0.
43

**
0.

46
**

0.
36

**
0.

21
**

0.
32

**
0.

15
*

0.
30

**
0.

44
**

0.
16

*
0.

41
**

0.
27

**
-0

.0
4

0.
24

**
0.

25
**

C
on

st
ip

at
io

n
0.

15
*

0.
26

**
0.

20
**

0.
05

0.
26

**
0.

08
0.

26
**

0.
23

**
0.

16
*

0.
16

0.
15

*
0.

05
0.

18
0.

22
**

Di
ar

rh
oe

a
0.

29
**

0.
21

**
0.

20
**

0.
20

**
0.

12
-0

.0
03

0.
21

**
0.

25
**

0.
09

0.
13

0.
19

**
-0

.0
1

0.
10

0.
16

*

Fi
na

nc
ia

l d
iffi

cu
lti

es
0.

59
**

0.
57

**
0.

40
**

0.
38

**
0.

68
**

0.
15

*
0.

49
**

0.
63

**
0.

28
**

0.
45

**
0.

42
**

0.
14

*
0.

45
**

0.
47

**

<0
.4

0,
 w

ea
k 

co
rre

la
tio

n 
(w

hi
te

), 
0.

40
-0

.6
0,

 m
od

er
at

e 
co

rre
la

tio
n 

(lig
ht

 g
re

y)
, a

nd
 >

0.
60

, h
ig

h 
co

rre
la

tio
n 

(d
ar

k 
gr

ey
); 

*p
<0

.0
5;

 **
 p

<0
.0

1
W

1:
 e

m
ot

io
na

l a
nd

 p
sy

ch
ol

og
ic

al
 c

on
se

qu
en

ce
s;

 W
2:

 p
hy

si
ca

l c
on

se
qu

en
ce

s;
 W

3:
 p

ai
n 

an
d 

di
sc

om
fo

rt
1:

 c
on

ce
rn

s 
ab

ou
t c

on
di

tio
n,

 2
: j

ob
 a

nd
 e

du
ca

tio
n;

 3
: d

oc
to

r-p
at

ie
nt

 re
la

tio
ns

hi
p,

 c
om

m
un

ic
at

io
n 

an
d 

in
fo

rm
at

io
n;

 4
: e

ffe
ct

 o
f d

es
m

oi
d-

ty
pe

 fi
br

om
at

os
is

 (D
TF

) o
n 

re
la

tio
ns

hi
ps

; 
5:

 p
hy

si
ca

l l
im

ita
tio

ns
 a

nd
 c

on
se

qu
en

ce
s;

 6
: d

ia
gn

os
tic

 a
nd

 tr
ea

tm
en

t t
ra

je
ct

or
y 

of
 D

TF
; 7

: p
ar

en
ts

 a
nd

 fe
rti

lit
y;

 8
: b

od
y 

im
ag

e 
an

d 
se

ns
at

io
ns

; 9
: s

up
po

rti
ve

 c
ar

e;
 1

0:
 c

on
ce

rn
s 

ar
ou

nd
 tr

ea
tm

en
t a

nd
 it

s 
co

ns
eq

ue
nc

es
: 1

1:
 u

np
re

di
ct

ab
le

 c
ou

rs
e 

an
d 

na
tu

re
 o

f D
TF

Ab
br

ev
ia

tio
ns

: D
TF

, d
es

m
oi

d-
ty

pe
 fi

br
om

at
os

is



Development of the DTF-QoL 171

8

DISCUSSION

The DTF-QoL has been developed according to the robust guidelines of the EORTC Quality 
of Life Group to measure disease-specific and treatment-related HRQoL issues relevant to 
DTF patients that are not adequately covered by the EORTC QLQ-C30 19. The DTF-QoL is 
designed to be used in combination with the EORTC QLQ-C30. The content of the question-
naire has been determined by an extensive literature search, and by interviews with healthcare 
providers and DTF patients from two countries 14, 16. This made it possible to pre-test the 
questionnaire in a relatively large study sample for a rare disease and to enhance cross-
cultural acceptability.

Exploratory factor analysis of the DTF-QoL yielded fourteen factors, which were categorised 
in three symptom scales (items with time frame during the past week) and eleven disease im-
pact scales (items with time frame since diagnosis). These scales covered all the DTF-specific 
issues found in previous studies 14-16. Results confirmed the hypothesised scale structure for 
three of the fourteen scales. Specifically, high reliability estimates (0.804–0.893) and scaling 
success were achieved for scale 1 (‘concerns about condition’), 2 (‘job and education’) and 
W3 (‘pain and discomfort’). However, some limitations should be acknowledged. Although 
reliability and item–scale convergent validity were satisfactory for scale W1 (‘emotional and 
psychological consequences’), W2 (‘physical consequences’), 4 (‘effect of DTF on relation-
ships’), 5 (‘physical limitations and consequences’), 8 (‘body image and sensation’), and 11 
(‘unpredictable course and nature of DTF’), item–scale discriminant validity was suboptimal. 
The fact that some items showed a higher correlation with other scales may be due to 
common themes the scales contain. Lower reliability and poor item–scale convergent and 
divergent validity were observed for scale 6 (‘diagnostic and treatment trajectory of DTF’), 
7 (‘parents and fertility’), 9 (‘supportive care’) and 10 (‘concerns around treatment and its 
consequences’). Despite the suboptimal results of some scales, we prefer to keep the scale 
structure of all scales, as scales improve clinical interpretability 15.

Based on the content validity of an item with its scale, or improvement of the Cronbach’s 
alpha coefficient if a certain item was deleted, we explored whether rearrangement of some 
items would improve the psychometric properties of the scales. For scale 3 (‘doctor–patient 
relationship, communication and information’), item 78 ‘Have you experienced a lack of conti-
nuity (seeing the same doctors / specialised nurse) in the care for your desmoid fibromatosis?’ 
showed a weak correlation with its hypothesised scale, but had no higher correlation with 
another scale. In addition, removing item 46 ‘Have you felt supported by your family members 
and/or friends?’ from scale 4 (‘effect of DTF on relationships’) improved the reliability of scale 
4. The fact that item 46 might be more person-specific rather than DTF-specific might explain 
why this item did not fit scale 4. Furthermore, both items 78 and 46 reflected a more generic 
aspect related to support, which was associated with almost all scales. For this reason, treat-
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ing item 46 and 78 as single items could be considered. Moving item 52 ‘Have you felt a 
change in sensation in the area around the tumour?’ from scale 8 (‘body image and sensation’) 
to 10 (‘concerns around treatment and its consequences’) improved the Cronbach’s alpha 
coefficients, as well as the scaling fulfilment of both scales. Based on these results and good 
content validity, we recommend to move item 52 from scale 8 to scale 10. Finally, item 68 
‘Have you wanted to meet others with desmoid fibromatosis?’ of scale 9 (‘supportive care’) 
was formulated in a neutral way, so patients could have interpreted it positively or negatively, 
possibly affecting the reliability of the scale. The fact that Cronbach’s alpha was negative 
reflected the incoherence of item 68 with its scale. We chose not to consider the items of 
scale 9 as a single item directly, but suggest formulating item 68 in a positive direction and 
re-evaluating the psychometric properties of this scale. However, all our recommendations, 
as well as our hypothesised scale structure, require additional confirmatory analysis in a larger 
(international) study.

Up until now, one disease-specific HRQoL instrument, the GODDESS, has been developed for 
DTF patients 18. The GODDESS, consisting of 28 items, enhanced the possibility of assessing 
DTF-specific HRQoL. Our DTF-specific HRQoL questionnaire can be used in conjunction with 
the cancer-generic EORTC QLQ-C30 questionnaire, for better comparison with cancer patient 
populations potentially receiving similar treatments and with normative populations. The time 
frames of the DTF-QoL (one week for symptom items; since diagnosis for impact items) are 
longer than those of the GODDESS tool (24 h for symptom items; one week for impact items) 
to ensure that important symptom-related information can be captured at less frequent time 
points. The study to develop the GODDESS included patients with FAP-related DTF; in our 
current study FAP-patients were excluded. FAP-related DTF seems to be characterised by a 
more aggressive clinical course, and subsequently a different treatment strategy, which can 
lead to different HRQoL compared to patients with sporadic DTF 10, 28. We hypothesise that the 
EORTC QLQ-C30 can also be supplemented with the DTF-QoL in FAP-patients to evaluate 
their DTF-specific HRQoL. However, since FAP-patients were excluded in our study, the use 
of the DTF-QoL in FAP-patients must be further studied.

Finally, the DTF-QoL consists of a relatively large number of items compared to the GOD-
DESS, and may be exhausting to patients. However, all items were considered to be of clini-
cal relevance, as these issues were rated as important by patients and healthcare providers 
during phase I of the development process. In particular, the impact scales of the DTF-QoL 
include a variety of DTF-specific HRQoL issues not covered by existing questionnaires, such 
as the unpredictable disease trajectory of DTF or the effect of DTF on relationships. The weak 
correlation of most scales with the EORTC QLQ-C30 confirms divergent validity and supports 
the fact that the DTF-QoL identifies issues not covered by generic or cancer-generic question-
naires. Known-group comparisons will be performed next to assess the ability of the DTF-QoL 
to discriminate between subgroups of DTF patients with different disease phase or treatment 
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modalities. Furthermore, based on the results of these subgroup analyses, relevant and irrel-
evant issues for specific subgroups will be identified. Ultimately, we hope to identify optional 
and essential scales for specific subgroups or even for individual patients. Furthermore, the 
use of different time frames offers the possibility of using a specific selection of subscales for 
a specific type of research. For example, the symptom scales with a relatively short time frame 
(past week) are appropriate for assessing a patient’s experience during a clinical trial, while 
the disease impact scales can potentially be used during longitudinal follow-up. Given the 
large number of items, which together form an extensive item library, it might be worthwhile to 
explore the possibilities of applying computer adaptive testing (CAT) techniques 29. CAT tech-
niques will help to evaluate HRQoL more precisely with fewer items, which will personalise the 
DTF HRQoL scores even more.

CONCLUSIONS

The DTF-QoL is the first DTF-specific questionnaire developed using the EORTC guidelines 
for developing a questionnaire. This questionnaire can be a useful HRQoL instrument in future 
(longitudinal) clinical studies and clinical care. It could help healthcare professionals to under-
stand patient priorities and to recognise HRQoL issues earlier to provide truly personalised 
care and improve overall patient experience.
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Supplementary Questionnaire. Final 96 items of the DTF-QoL Questionnaire

The questionnaire may be used for free for scientific purposes after permission of the main 
author. Additionally, the scoring manual can be requested by the main author.

Question Description Not 
at all

A 
little

Quite 
a bit

Very 
much

During the past week:

 1. Have you felt uncertain? 1 2 3 4

 2. Has pain interfered with your sleep at night? 1 2 3 4

 3. Have you had a bad temper because of the condition? 1 2 3 4

 4. Have you been unsatisfied with your body? 1 2 3 4

 5. Have you had problems getting dressed? 1 2 3 4

 6. Have you felt isolated? 1 2 3 4

 7. Have you felt disabled? 1 2 3 4

 8. Have you had pain while sitting? 1 2 3 4

 9. Have you had stiffness in your limbs? 1 2 3 4

 10. Have you had any trouble walking? 1 2 3 4

 11. Have you had swelling in your legs or ankles (oedema)? 1 2 3 4

 12. Have you been unable to lean on the tumour sites? (e.g. 
due to local pressure)?

1 2 3 4

 13. Have you felt lonely? 1 2 3 4

 14. Have you worried about the disease being aggressive? 1 2 3 4

 15. Have you worried about dying? 1 2 3 4

 16. Have you had problems with your appearance? 1 2 3 4

In the last four weeks:

 17. Have you had a decreased libido? 1 2 3 4 Not 
applicable

Since your diagnosis:

 18. Have you been afraid of tumour growth? 1 2 3 4

 19. Have you felt there is something in your body that does 
not belong there?

1 2 3 4

 20. Has desmoid fibromatosis or its treatment caused those 
close to you to feel distressed?

1 2 3 4

 21. Have you been afraid of getting another tumour? 1 2 3 4

 22. Have you been worried or concerned about the future? 1 2 3 4

 23. Have you felt a need to keep your fears, concerns and/
or symptoms from family members or friends?

1 2 3 4

 24. Has your physical fitness level reduced? 1 2 3 4

 25. Have you felt asymmetrical and/or misshapen due to 
the desmoid fibromatosis or the treatment?

1 2 3 4 Not 
applicable
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Question Description Not 
at all

A 
little

Quite 
a bit

Very 
much

 26. Have you felt worried constantly? 1 2 3 4

 27. Have you been disappointed by the course of your 
condition?

1 2 3 4

 28. Have you felt you had to fight this condition? 1 2 3 4

 29. Have you had problems with confidence? 1 2 3 4

 30. Have you worried that you are a burden to other 
people?

1 2 3 4

 31. Have you had difficulties explaining your condition to 
others?

1 2 3 4

 32. Do you think your condition is not well understood by 
people close to you?

1 2 3 4

 33. Have you felt less independent and/or more dependent 
on others?

1 2 3 4

 34. Have you had problems eating? 1 2 3 4

 35. Has the desmoid fibromatosis had a negative impact on 
your family life?

1 2 3 4

 36. Has your physical condition or medical treatment 
interfered with your social activities?

1 2 3 4

 37. Have you had extra expenses due to your physical 
condition or medical treatment (e.g. for medication, 
transport and/or aids)?

1 2 3 4

 38. Has your physical condition or medical treatment 
interfered with your marriage or intimate relationships?

1 2 3 4 Not 
applicable

 39. Have you had problems with your ability to have 
children because of your desmoid fibromatosis?

1 2 3 4 Not 
applicable

 40. Have you felt that you have received less attention from 
family and friends because the condition is benign?

1 2 3 4

 41. Have you had problems with your job or your 
education?

1 2 3 4 Not 
applicable

 42. Have you felt supported by your family members and/
or friends?

1 2 3 4

 43. Have you had problems driving a car? 1 2 3 4

 44. Have you lost friendships? 1 2 3 4

 45. Have you been afraid of needing a limb amputation? 1 2 3 4 Not 
applicable

 46. Have you been afraid of your desmoid fibromatosis 
coming back?

1 2 3 4 Not 
applicable

 47. Have you felt a change in sensation in the area around 
the tumour?

1 2 3 4

 48. Have you wanted to cover-up the tumour area and /or 
scar(s)?

1 2 3 4

 49. Have you felt addicted to pain medication? 1 2 3 4 Not 
applicable
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Question Description Not 
at all

A 
little

Quite 
a bit

Very 
much

 50. Have you lost your hair? 1 2 3 4

 51. Has your parental role been affected because of your 
desmoid fibromatosis?

1 2 3 4 Not 
applicable

 52. Have you felt that doctors are unfamiliar with desmoid-
type fibromatosis?

1 2 3 4

 53. Have you felt stressed around check-ups? 1 2 3 4

 54. Have you felt frustrated about the “benign” diagnosis 
with cancerous features?

1 2 3 4

 55. Have you felt stressed about the diagnosis? 1 2 3 4

 56. Did you think it took a long time to get a definite 
diagnosis?

1 2 3 4

 57. Have you felt like a cancer patient? 1 2 3 4

 58. Have you felt reassured by the benign nature of your 
disease?

1 2 3 4

 59. Do you think your prognosis (the expected improvement 
or worsening of your condition) is clear?

1 2 3 4

 60. Have you felt there is no optimal treatment for you? 1 2 3 4

 61. Have you felt your desmoid fibromatosis has changed 
your life in a negative way?

1 2 3 4

 62. Have you wanted to meet others with desmoid 
fibromatosis?

1 2 3 4

 63. Have you had doubts about the effectiveness of your 
treatments?

1 2 3 4 Not 
applicable

 64. Have you found it frustrating having to explain your 
condition to others?

1 2 3 4

 65. Have you lacked information about your desmoid 
fibromatosis and/or its treatment?

1 2 3 4

 66. Have you been satisfied with your communication with 
your professional(s)?

1 2 3 4

 67. Have you had to explain your circumstances to others? 1 2 3 4

 68. Do you feel like you have a chronic disease? 1 2 3 4

 69. Have you lacked psychological support? 1 2 3 4

 70. Have you had to take sick leave? 1 2 3 4 Not 
applicable

 71. Have your career ambitions changed because of the 
diagnosis?

1 2 3 4 Not 
applicable

 72. Have you experienced a lack of continuity (seeing the 
same doctors / specialised nurse) in the care for your 
desmoid fibromatosis?

1 2 3 4

 73. Have you had problems receiving enough information 
about your desmoid fibromatosis and its treatment?

1 2 3 4

 74. Have you been bothered by long travel to the hospital? 1 2 3 4
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Question Description Not 
at all

A 
little

Quite 
a bit

Very 
much

 75. Have you worried about passing the condition to your 
children?

1 2 3 4 Not 
applicable

 76. Have you had a problem receiving treatments in a 
cancer hospital?

1 2 3 4

 77. Have you worried about not being able to continue 
working or studying?

1 2 3 4 Not 
applicable

 78. Has the colour of your hair changed? 1 2 3 4 Not 
applicable

 79. Have you felt that you are standing still in life? 1 2 3 4

 80. Have you felt less feminine/masculine? 1 2 3 4

 81. Have you received different contradictory 
recommendations about treatment options?

1 2 3 4

 82. Have you had to change jobs as a result of your 
condition?

1 2 3 4 Not 
applicable

 83. Have you felt you were wasting the time of cancer 
specialists?

1 2 3 4

 84. Have you worried about your ability to have children? 1 2 3 4 Not 
applicable

 85. Were you frightened by the referral to the cancer 
hospital?

1 2 3 4

 86. Have you lacked online support (forum and/or chat 
group)?

1 2 3 4

 87. Has there been mutual trust between you and your 
professional(s)?

1 2 3 4

 88. Have you felt embarrassed using mobility aids (e.g. 
wheelchair, scooter, electric bike)?

1 2 3 4 Not 
applicable

 89. Have you had a rash as a result of the treatment? 1 2 3 4

 90. Have you worried about your treatment? 1 2 3 4

 91. Have you worried about a decrease in muscle strength 
after treatment?

1 2 3 4

 92. Have you received enough information about the 
possible treatment side effects?

1 2 3 4

 93. Have you been worried about tumour growth during 
pregnancy?

1 2 3 4 Not 
applicable

 94. Were you passed from one hospital to another before 
the final desmoid fibromatosis diagnosis?

1 2 3 4

 95. Have you worried about being treated unfairly because 
of your desmoid fibromatosis (i.e. at work, by insurance 
companies)?

1 2 3 4

 96. Have you worried about being able to access 
treatments in the future?

1 2 3 4 Not 
applicable
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Scales of the DTF-QoL

Scale Question number

W1 Emotional and psychological consequences 1, 3, 4, 6, 13, 14, 15, 16

W2 Physical consequences 5, 7, 9, 10, 11

W3 Pain and discomfort 2, 8, 12

1 Concerns about condition 18, 20, 21, 22, 26, 53, 55, 90

2 Job and education 41, 70, 71, 77, 82

3 Doctor-patient relationship, communication and 
information

65, 66, 72, 73, 87, 92

4 Effect of DTF on relationships 23, 29, 30, 31, 32, 35, 38, 40, 42, 64, 67, 79, 
95

5 Physical limitations and consequences 24, 33, 34, 36, 37, 43, 44, 88

6 Diagnostic and treatment trajectory of DTF 52, 56, 74, 76, 81, 85, 94

7 Parents and fertility 39, 51, 75, 84, 93

8 Body image and sensation 25, 47, 48, 80

9 Supportive care 62, 69, 86

10 Concerns around treatment and its consequences 45, 49, 63, 91

11 Unpredictable course and nature of DTF 19, 27, 28, 46, 54, 57, 58, 59, 60, 68, 96

Single items

Decreased libido 17

Hair loss 50

DTF changed life in negative way 61

Hair colour 78

Wasting time of cancer specialists 83

Rash treatment 89

Abbreviations: DTF, desmoid-type fibromatosis
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SIMPLE SUMMARY

Desmoid-type fibromatosis (DTF) is an uncommon, non-metastasising soft tissue tumour. 
Patients can experience a wide variety of disease-specific issues related to the unpredictable 
clinical course and aggressiveness of DTF, negatively impacting their health-related quality of 
life (HRQoL). Little is known about which DTF patients are particularly affected by an impaired 
HRQoL. In the current study, HRQoL was evaluated among different groups of DTF patients, 
using the EORTC QLQ-C30 and the DTF-QoL, a DTF-specific HRQoL questionnaire. Age, sex, 
presence of comorbidities, and type of treatment were found to be most strongly associated 
with DTF-specific HRQoL outcomes. In general, socio-demographic factors had the great-
est impact on generic HRQoL, whereas the influence of clinical factors was mainly seen on 
the DTF-QoL, underlining the importance of a disease-specific questionnaire. Knowledge of 
the differences in DTF-specific HRQoL between subgroups can be used to individualize the 
HRQoL-measurement strategy for research and clinical practice.

ABSTRACT

Background
Desmoid-type fibromatosis (DTF) is a rare, soft tissue tumour. These tumours do not me-
tastasise, but their local aggressive tumour growth and unpredictable behaviour can have a 
significant impact on health-related quality of life (HRQoL). Little is known about which DTF 
patients are particularly affected by an impaired HRQoL. The objectives of this study were 
to assess HRQoL among different groups of DTF patients and to investigate which socio-
demographic and clinical characteristics were associated with DTF-specific HRQoL.

Methods
A cross-sectional study was conducted among DTF patients from the United Kingdom and 
the Netherlands. HRQoL was assessed using the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), accompanied 
by the DTF-QoL to assess DTF-specific HRQoL. The scores were compared amongst sub-
groups, based on the socio-demographic and clinical characteristics of DTF patients. Multiple 
linear regression analyses with a backward elimination were conducted to identify the factors 
associated with DTF-specific HRQoL.
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Results
A total of 235 DTF patients completed the questionnaires. Female patients, patients with more 
than two comorbidities, or patients who received treatment other than only active surveillance 
(AS) or surgery scored significantly worse on the subscales of both the EORTC QLQ-C30 and 
DTF-QoL. Patients that were ≥ 40 years scored significantly worse on the physical functioning 
scale of the EORTC QLQ-C30, while younger patients (18–39 years) scored significantly worse 
on several DTF-QoL subscales. Differences in the DTF-QoL subscales were found for tumour 
location, time since diagnosis and the presence of recurrent disease. Furthermore, treatments 
other than AS or surgery only, female sex, younger age and the presence of comorbidities 
were most frequently associated with worse scores on the DTF-QoL subscales.

Conclusion
This study showed that (DTF-specific) HRQoL differs between groups of DTF patients. 
Awareness of these HRQoL differences could help to provide better, personalised care that is 
tailored to the needs of a specific subgroup.



186 Chapter 9

INTRODUCTION

Desmoid-type fibromatosis (DTF) is a rare, intermediate-grade, soft tissue tumour 1. The esti-
mated incidence in the population is 5–6 patients per million people per year. It usually affects 
young adult patients and tumours can be located in nearly any part of the body, most com-
monly, in the extremities and abdominal wall 2-4. DTF does not metastasise, but it can display 
locally aggressive tumour growth, causing significant morbidity 1. The biological behaviour 
of DTF is unpredictable and variable, and includes phases of progressive growth or growth 
stabilisation and spontaneous regression in 28% of tumours 5-7. Regardless of the tumour’s 
behaviour or size, patients may experience a variety of symptoms, from no symptoms at all to 
extreme pain or functional limitations.

The most recent global consensus guideline recommends active surveillance (AS) as a 
frontline approach for asymptomatic and mildly symptomatic patients, independent of the 
tumour’s location or size 8. After initial AS, the majority of DTF patients do not need active 
treatment, minimising overtreatment and potential treatment-related morbidity 7, 9. In the case 
of radiological or clinically significant progression or increasing symptoms, active treatment, 
including systemic therapies, surgical resection and local therapies, such as radiotherapy, 
can be considered 8. With high local recurrence rates for DTF at anatomic sites other than the 
abdominal wall and treatment-related toxicities, these interventions do not guarantee tumour 
reduction or clinical benefit 3,8,10,11. For a substantial proportion of patients, DTF is a chronic 
condition and the primary goal in treating DTF patients is to maintain an acceptable health-
related quality of life (HRQoL) 10, 11.

HRQoL is a multidimensional concept that includes the patient’s perception of the impact of 
their disease and treatment on their physical, psychological, and social functioning 12. There 
are a limited number of studies focusing on HRQoL in DTF patients. These studies have 
shown that the diagnosis of DTF, its treatment, or both can have a significant impact on 
different domains of their HRQoL. From qualitative interview studies, it is known that DTF 
patients experience a variety of disease-specific issues associated with the rarity of DTF, the 
unpredictable clinical course and the variable treatment efficacies. Additionally, DTF patients 
report pain and physical symptoms caused by the tumour itself, or as a side effect of treat-
ment 13, 15, 16 . These DTF-specific HRQoL issues are not captured by generic or cancer-generic 
HRQoL questionnaires, such as the European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), which are predominantly 
used in DTF studies and in clinical care 13. Therefore, a DTF-specific HRQoL questionnaire, 
the DTF-QoL, was recently developed by our group, which can be used to evaluate the 
prevalence of HRQoL issues in DTF patients 14, 15. Furthermore, the small number of previ-
ous studies focused on the population of DTF patients as a whole because of small sample 
sizes. Consequently, little is known about the differences between subgroups of DTF patients, 
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for example, about the differences in HRQoL between patients receiving different types of 
treatment or with tumours in different anatomic locations. The objectives of this study are to 
evaluate the HRQoL in different groups of DTF patients using the DTF-QoL and the EORTC 
QLQ-C30, and to investigate which socio-demographic and clinical characteristics are as-
sociated with DTF-specific HRQoL. The results of this study will provide important insights 
into the problems and needs of specific groups of DTF patients, which will help to identify 
patients at risk of a poor HRQoL and to better provide personalised care.

MATERIALS AND METHODS

Study sample and data collection
The sample included DTF patients from the United Kingdom (UK) and the Netherlands (NL), 
who participated in the QUALIFIED study (The evaluation of health-related quality of life 
issues experienced by patients with desmoid-type fibromatosis, registered at clinicaltrials.
gov: NCT04289077) 14. The QUALIFIED study is an international, multicentre, cross-sectional, 
observational study among adult (≥18 years) patients with sporadic DTF who were treated in 
one of the participating centres (one centre in the UK, three centres in the NL). After obtaining 
their informed consent, the patients completed a set of questionnaires, including the EORTC 
QLQ-C30 and DTF-QoL. Questionnaire data were collected via the PROFILES management 
system—an established international registry for the collection of cancer patient-reported 
outcomes 16. Ethical and institutional approval was obtained in each participating centre in the 
UK and the NL. Further details of the protocol are described elsewhere 14.

Study measures

Socio-demographic and Clinical Characteristics
Socio-demographic and clinical data were extracted from the questionnaire (patient-reported) 
and from the patient medical records. The questionnaire included single items on age, sex, 
race, marital status, family composition, educational level, employment status, tumour location, 
details regarding the diagnosis, received treatments and tumour recurrence. Comorbidities 
were assessed using an adapted self-administered comorbidity questionnaire (SCQ) 17, which 
included one question about the presence of comorbidities in the previous twelve months. 
Additional medical data were obtained from the electronic patient records to ensure correct 
and detailed reporting 14. To compare the HRQoL between the different types of treatment, 
DTF patients were assigned to one of the following three treatment groups: “only AS”, “only 
surgery” and “other treatment”. Receiving treatment with non-steroidal anti-inflammatory 
drugs (NSAIDs) or other analgesics was not considered an active treatment 8. The other treat-
ment group included patients who received systemic therapy (i.e., chemotherapy, hormonal 
therapy, targeted medical therapy), local therapy (i.e., radiotherapy, isolated limb perfusion, 
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high-intensity-focused ultrasound, cryoablation) or a combination of any form of active treat-
ments. In addition, patients who received “only systemic therapy”, “only local therapy” or 
“combination of active treatments” were assessed as separate groups.

Questionnaires
The EORTC QLQ-C30 was used to measure HRQoL 13. This 30-item HRQoL questionnaire 
consists of five functional scales, a global quality of life scale, three symptom scales and a 
number of single items that assess common symptoms and the perceived financial impact of 
the disease. The timeframe of the questions is during the past week. Each item is scored on 
a Likert scale ranging from 1, “not at all” to 4, “very much”, with the exception of the global 
QoL scale, which is scored on a seven-point response scale ranging from 1, “very poor” to 7 
“excellent”. Scores of all scales and single items are linearly transformed to a score between 
0 and 100, according to the guidelines of the EORTC quality of life group 18. A higher score on 
the functional scales and global quality of life means better functioning and HRQoL, whereas 
a higher score on the symptom scales means a higher symptom burden.

The DTF-specific HRQoL was measured by the DTF-QoL 15. The DTF-QoL was developed 
according to the guidelines of the EORTC Quality of Life Group to supplement the EORTC 
QLQ-C30 and to assess the disease-specific issues that DTF patients experience 15, 19. The 
questionnaire consists of 96 items, which are divided into 3 symptom scales, 11 disease 
impact scales, and 6 single items. The timeframe of the symptom scales is the past week; 
the disease impact scales and single items have a timeframe of since diagnosis, except for 
the question on sexual interest, which has a timeframe of four weeks. Items are scored on a 
Likert scale, with a range of 1, “not at all” to 4 “very much”, with an additional “not applicable” 
option for certain questions. Scores of the DTF-QoL scales are calculated according to the 
EORTC QLQ-C30 scoring manual for symptom scales/items 18. First, a raw score is obtained 
by estimating the average of the items that contribute to a scale. After a linear transformation 
of the raw scores of all scales and single items, scores range from 0 to 100. A higher score 
indicates a higher level of symptoms or problems.

Statistical analyses
Patient characteristics were summarised using descriptive statistics. Continuous variables 
were presented as a mean and standard deviation (SD) or median and interquartile range 
(IQR) where skewed. The categorical variables were described as numbers and percentages. 
The differences in mean scores of the DTF-QoL and EORTC QLQ-C30 subscales between the 
subgroups of DTF patients were analysed using the Mann–Whitney U test in the case of two 
groups. In the case of more than two groups, an analysis of variance (ANOVA) with post hoc 
Bonferroni analysis was used. The clinically relevant differences in DTF-QoL scores between 
the treatment groups were determined with Norman’s “rule of thumb”, using the value of 0.5 SD 
as the default value for a clinically relevant difference 20. A series of multiple linear regression 
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analyses were conducted to investigate the association between clinical (comorbidity, time 
since diagnosis, treatment received, recurrence and tumour location) and socio-demographic 
characteristics (age, sex, relationship status, education level and current employment status) 
and the DTF-QoL scores. The categorical variables education level, comorbidity, treatment 
received and tumour anatomic location, had >2 categories and were transformed into dummy 
variables, with, respectively, low, none, only AS and abdominal wall as the reference groups. 
A manual backward elimination method was applied to determine the inclusion of variables 
in the final model, whereby, only those variables with a p < 0.05 were retained 21. If any of the 
dummy variables had a p-value of < 0.05, the entire categorical variable was retained. If one of 
the dummy variables had the largest p-value and none of the dummy variables had a p-value 
of < 0.05, the entire categorical variable was eliminated. Given the large number of subscales, 
we decided not to give an extensive description in the text of the differences in scale scores 
and between which groups these differences were observed, but to refer to the tables as 
much as possible instead. All analyses were performed using SPSS software, version 25.0 
(SPSS Inc., Chicago IL, USA) and the figures were generated with GraphPad Prism, version 
5.0 (GraphPad Software, La Jolla; CA). For all analyses, p-values of < 0.05 were considered 
statistically significant.

RESULTS

Patient characteristics
Two hundred and thirty-five DTF patients completed the DTF-QoL and EORTC QLQ-C30 
questionnaires (response rate 46%). No statistically significant differences in sex, age at 
the time of diagnosis, and age at the time of the questionnaire were observed between the 
responders and non-responders. The socio-demographic and clinical characteristics of the 
study sample are described in Table 1. Most patients were female (n = 173, 73.6%) with a 
median age of 39.3 years (IQR 31.4–50.6) at the time of diagnosis. The median time since 
diagnosis for all patients was 4.7 years (IQR 2.3–7.8). The most common tumour locations 
were the abdominal wall (n = 58, 24.7%) and trunk (n = 54, 23.0%). Eighty-seven patients 
(37.0%) were treated with AS only and 64 patients (27.2%) with surgery only. The other active 
treatment types are specified in Table S1. Sixteen patients (6.8%) were undergoing active 
treatment at the time they completed the questionnaire. Back pain (n = 46, 19.6%), depres-
sion/anxiety (n = 41, 17.4%), joint condition (n = 26, 11.1%) and high blood pressure (n = 26, 
11.1%) were the most common self-reported comorbidities.
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Table 1. Desmoid-type fibromatosis patient characteristics (N=235)
n (%)

Nationality

 United Kingdom 79 (33.6)

 The Netherlands 156 (66.4)

Sex

 Male 62 (26.4)

 Female 173 (73.6)

Age at time of diagnosis (in years) – Mean (SD) 41.7 (14.4)

Age at time of questionnaire (in years) – Mean (SD) 47.2 (14.0)

Time since diagnosis (in years) – Mean (SD) 5.7 (4.5)

Tumour localization

 Head/neck 13 (5.5)

 Upper extremity/shoulder 29 (12.3)

 Trunk1 54 (23.0)

 Abdominal wall 58 (24.7)

 Intra-abdominal 39 (16.6)

 Hip/pelvis/gluteal region 20 (8.5)

 Lower extremity 22 (9.4)

Recurrent disease after surgery (n=98, 41.7%)

 Yes 41 (41.8)

 No 57 (58.2)

Treatment received2

 Only active surveillance 87 (37.0)

 Only surgery 64 (27.2)

 Only systemic therapy 32 (13.6)

 Only local therapy 8 (3.4)

 Combination of active treatments 44 (18.7)

Comorbidity (self-report)

 None 90 (38.3)

 1 74 (31.5)

 ≥2 71 (30.2)

Relationship status

 Partnered 181 (77.0)

 Not partnered 53 (22.6)

 Missing 1 (0.4)

Education level

 Low (primary/secondary) 36 (15.3)

 Medium (vocation/college/diploma) 126 (53.6)

 High (university/post-graduate) 73 (31.1)

Current employment status

 Working 155 (66.0)

 Not working 80 (34.0)

1. Including thoracic wall, breast and back.
2. Active surveillance, surgery, systemic therapy or local therapy only: including patients who received analgesics; Systemic 
therapy include: chemotherapy, hormonal therapy and targeted medical therapy (tyrosine kinase and gamma-secretase inhibi-
tors); Local therapy include: radiotherapy, isolated limb perfusion, high-intensity focused ultrasound, cryoablation; Combination 
of active treatments: including patients who received different combinations of surgery, systemic therapy or local therapy.
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Comparison of DTF-specific HRQoL between different groups of DTF patients
The mean HRQoL scores for the total sample and all subgroups of DTF patients on the 
DTF-QoL subscales are presented in Table 2. Several differences were found for socio-de-
mographic factors. Younger patients (18–39 years) experienced significantly more problems 
in six subscales, with the largest difference in the subscale parenting and fertility, previously 
described as the “parents and fertility” subscale. Female patients had significantly higher 
scores, indicating more problems, on four subscales. Unemployed patients experienced more 
problems in three subscales, with the highest score on the impact scale related to job and 
education.

Significant differences in the subscales of the DTF-QoL were also seen for clinical factors 
(Table 2). Having multiple comorbidities resulted in significantly worse scores on eight sub-
scales. A longer time since diagnosis (≥5 years) resulted in significantly higher scores on eight 
subscales. Patients with recurrent disease experienced more problems in six subscales. Com-
pared to tumours in some other anatomic locations, patients with tumours in the upper and 
lower extremities, hip/pelvis/gluteal region, and head and neck, scored significantly worse on 
several subscales. The lower extremity and hip/pelvis/gluteal group experienced significantly 
more symptoms that were related to physical consequences. Patients with tumours in the 
upper extremities or hip/pelvis/gluteal region scored higher on pain and discomfort. Tumours 
in the head and neck region resulted in more problems with employment and education.

With the exception of the subscales doctor-patient relationship and supportive care, and the 
single item wasting the time of cancer specialists, significant differences between the three 
treatment groups were seen for all DTF-QoL subscales and single items, with the other treat-
ment group scoring higher than the group of patients who received AS or surgery only (Tables 
2 and S2). Figure 1 presents the mean DTF-QoL scores per treatment type and the clinically 
relevant differences between the treatment groups, considering systemic therapy and local 
therapy as separate groups.



192 Chapter 9

Ta
bl

e 
2.

 M
ea

n 
DT

F-
Q

oL
 s

co
re

s 
(±

SD
) i

n 
re

la
tio

n 
to

 s
oc

io
-d

em
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s
DT

F-
Q

oL

Sy
m

pt
om

 s
ca

le
s+

Im
pa

ct
 s

ca
le

s+

W
1

Em
ot

io
na

l
W

2
Ph

ys
ic

al
W

3
Pa

in
1

Co
nc

er
ns

 
co

nd
iti

on

2
Jo

b 
& 

ed
uc

at
io

n

3
Do

ct
or

-
pa

tie
nt

4
Re

la
tio

n-
sh

ip
s

5
Ph

ys
ic

al
co

ns
eq

ue
n-

ce
s

6
Di

ag
no

st
ic

7
Pa

re
nt

in
g

8
Bo

dy
 im

ag
e

9
Su

pp
or

t
10

Tr
ea

tm
en

t 
co

nc
er

ns

11
Be

ha
vio

ur
 

DT
F

St
ud

y 
po

pu
la

tio
n

15
.3

 (1
8.

7)
11

.6
 (1

6.
5)

19
.6

 (2
5.

6)
41

.3
 (2

4.
1)

29
.2

 (3
1.

6)
26

.7
 (1

9.
7)

24
.8

 (2
1.

8)
18

.7
 (1

8.
9)

28
.1

 (1
9.

1)
21

.1
 (2

3.
1)

29
.0

 (2
5.

9)
36

.0
 (1

4.
1)

22
.1

 (2
1.

4)
38

.8
 (2

2.
4)

Ag
e 

(y
ea

rs
)

18
-3

9
16

.1
 (1

9.
8)

10
.9

 (1
6.

4)
22

.0
 (2

8.
5)

44
.6

 (2
4.

4)
31

.8
 (3

1.
9)

27
.8

 (2
0.

7)
28

.3
 (2

2.
4)

20
.8

 (1
9.

6)
29

.6
 (2

0.
0)

28
.2

 (2
5.

4)
33

.2
 (2

6.
8)

36
.3

 (1
4.

6)
25

.9
 (2

3.
2)

42
.5

 (2
3.

9)

≥4
0

14
.6

 (1
7.

5)
12

.2
 (1

6.
7)

17
.1

 (2
2.

1)
38

.0
 (2

3.
5)

25
.6

 (3
0.

9)
25

.7
 (1

8.
6)

21
.3

 (2
0.

7)
16

.7
 (1

8.
1)

26
.5

 (1
8.

2)
8.

6 
(1

0.
1)

24
.8

 (2
4.

5)
35

.7
 (1

3.
7)

18
.2

 (1
8.

8)
35

.0
 (2

0.
3)

P-
va

lu
e

0.
90

5
0.

15
9

0.
34

4
0.

02
4

0.
08

8
0.

51
8

0.
00

4
0.

12
4

0.
22

9
<0

.0
01

0.
00

7
0.

94
3

0.
01

9
0.

03
2

Se
x M

al
e

12
.4

 (1
5.

2)
7.

5 
(1

1.
5)

15
.1

 (2
2.

6)
39

.3
 (2

4.
3)

25
.4

 (2
8.

9)
22

.8
 (1

6.
3)

20
.5

 (2
1.

5)
14

.0
 (1

5.
1)

25
.3

 (1
8.

1)
8.

7 
(1

3.
3)

21
.5

 (1
9.

7)
34

.5
 (1

3.
2)

22
.4

 (1
9.

1)
37

.9
 (2

1.
9)

Fe
m

al
e

16
.4

 (1
9.

7)
13

.1
 (1

7.
8)

21
.2

 (2
6.

4)
42

.0
 (2

4.
1)

30
.7

 (3
2.

5)
28

.1
 (2

0.
6)

26
.4

 (2
1.

8)
20

.5
 (1

9.
9)

29
.0

 (1
9.

4)
25

.6
 (2

4.
3)

31
.7

 (2
7.

4)
36

.5
 (1

4.
4)

21
.9

 (2
2.

2)
39

.2
 (2

2.
7)

P-
va

lu
e

0.
26

4
0.

05
5

0.
09

7
0.

44
3

0.
47

6
0.

09
9

0.
01

3
0.

04
4

0.
15

8
<0

.0
01

0.
01

7
0.

27
1

0.
50

2
0.

71
9

Re
la

tio
ns

hi
p 

st
at

us

Pa
rtn

er
ed

14
.0

 (1
8.

3)
10

.6
 (1

5.
4)

19
.2

 (2
4.

9)
41

.0
 (2

4.
5)

27
.2

 (3
0.

6)
26

.8
 (1

9.
6)

23
.2

 (2
1.

1)
17

.0
 (1

8.
0)

28
.0

 (1
9.

3)
22

.1
 (2

3.
4)

26
.7

 (2
4.

9)
35

.9
 (1

4.
4)

21
.5

 (2
1.

5)
38

.7
 (2

2.
6)

No
t p

ar
tn

er
ed

20
.0

 (1
9.

2)
15

.2
 (1

9.
6)

21
.0

 (2
8.

0)
42

.0
 (2

3.
2)

36
.5

 (3
4.

8)
26

.8
 (2

0.
1)

30
.2

 (2
3.

9)
24

.5
 (2

1.
3)

27
.7

 (1
8.

4)
15

.2
 (2

0.
6)

37
.6

 (2
7.

8)
36

.1
 (1

3.
2)

23
.7

 (2
1.

3)
39

.4
 (2

2.
4)

P-
va

lu
e

0.
01

7
0.

12
2

0.
77

9
0.

75
5

0.
09

5
0.

91
4

0.
05

0
0.

02
0

0.
99

9
0.

18
5

0.
00

5
0.

55
1

0.
43

0
0.

83
7

Ed
uc

at
io

n 
le

ve
l

Lo
w

16
.1

 (1
7.

1)
14

.3
 (2

1.
0)

18
.5

 (2
3.

8)
34

.8
 (2

2.
5)

21
.1

 (2
8.

4)
25

.7
 (2

0.
8)

21
.2

 (1
9.

2)
16

.1
 (1

7.
6)

23
.5

 (1
6.

8)
15

.3
 (2

2.
7)

28
.8

 (2
5.

2)
33

.3
 (1

3.
5)

16
.9

 (1
6.

4)
36

.4
 (2

1.
9)

M
ed

iu
m

16
.0

 (1
9.

6)
11

.4
 (1

5.
7)

19
.5

 (2
5.

5)
43

.3
 (2

3.
7)

35
.2

 (3
3.

3)
27

.1
 (1

8.
8)

25
.2

 (2
1.

6)
20

.8
 (1

9.
3)

29
.5

 (1
9.

7)
19

.5
 (2

2.
1)

27
.8

 (2
5.

2)
35

.1
 (1

2.
4)

21
.7

 (2
0.

2)
39

.3
 (2

2.
3)

Hi
gh

13
.8

 (1
7.

9)
10

.7
 (1

5.
5)

20
.1

 (2
6.

8)
41

.0
 (2

5.
3)

21
.7

 (2
7.

7)
26

.6
 (2

0.
8)

25
.8

 (2
3.

5)
16

.5
 (1

8.
8)

27
.9

 (1
9.

1)
25

.0
 (2

4.
6)

31
.3

 (2
7.

7)
38

.8
 (1

6.
7)

25
.2

 (2
5.

2)
39

.3
 (2

3.
1)

P-
va

lu
e#

0.
71

2
0.

55
4

0.
95

6
0.

18
1

0.
01

1a
0.

92
8

0.
54

8
0.

21
2

0.
25

9
0.

36
9

0.
65

7
0.

09
7

0.
19

2
0.

78
1

Em
pl

oy
m

en
t s

ta
tu

s

W
or

kin
g

13
.6

 (1
7.

4)
9.

5 
(1

5.
1)

18
.4

 (2
4.

8)
41

.5
 (2

4.
1)

22
.9

 (2
5.

9)
26

.7
 (2

0.
2)

23
.4

 (1
9.

9)
16

.3
 (1

6.
9)

28
.5

 (1
9.

1)
20

.2
 (2

3.
7)

28
.0

 (2
4.

9)
36

.0
 (1

4.
9)

19
.8

 (1
9.

9)
37

.6
 (2

1.
7)

No
t w

or
kin

g
18

.6
 (2

0.
5)

15
.6

 (1
8.

4)
21

.9
 (2

7.
0)

40
.7

 (2
4.

2)
50

.5
 (3

9.
4)

26
.8

 (1
8.

8)
27

.6
 (2

5.
0)

23
.5

 (2
1.

7)
27

.1
 (1

9.
3)

24
.3

 (2
0.

8)
31

.0
 (2

7.
9)

36
.0

 (1
4.

9)
26

.5
 (2

3.
6)

41
.3

 (2
3.

9)

P-
va

lu
e

0.
05

3
0.

00
2

0.
30

7
0.

75
2

<0
.0

01
0.

87
6

0.
48

8
0.

01
7

0.
59

7
0.

21
0

0.
52

9
0.

33
1

0.
06

3
0.

29
8



Unraveling DTF-specific health-related quality of life 193

9

Ta
bl

e 
2.

 M
ea

n 
DT

F-
Q

oL
 s

co
re

s 
(±

SD
) i

n 
re

la
tio

n 
to

 s
oc

io
-d

em
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s 
(c

on
tin

ue
d) DT

F-
Q

oL

Sy
m

pt
om

 s
ca

le
s+

Im
pa

ct
 s

ca
le

s+

W
1

Em
ot

io
na

l
W

2
Ph

ys
ic

al
W

3
Pa

in
1

Co
nc

er
ns

 
co

nd
iti

on

2
Jo

b 
& 

ed
uc

at
io

n

3
Do

ct
or

-
pa

tie
nt

4
Re

la
tio

n-
sh

ip
s

5
Ph

ys
ic

al
co

ns
eq

ue
n-

ce
s

6
Di

ag
no

st
ic

7
Pa

re
nt

in
g

8
Bo

dy
 im

ag
e

9
Su

pp
or

t
10

Tr
ea

tm
en

t 
co

nc
er

ns

11
Be

ha
vi

ou
r 

DT
F

Co
m

or
bi

di
ty

No
ne

11
.3

 (1
5.

8)
8.

9 
(1

4.
7)

16
.2

 (2
3.

7)
37

.3
 (2

2.
0)

24
.9

 (2
9.

4)
23

.3
 (2

1.
4)

18
.6

 (1
8.

7)
14

.7
 (1

7.
3)

27
.4

 (2
1.

4)
17

.7
 (2

1.
1)

24
.7

 (2
3.

2)
33

.5
 (1

3.
1)

19
.8

 (1
9.

7)
34

.0
 (2

0.
7)

1
16

.9
 (1

9.
6)

9.
9 

(1
4.

6)
17

.8
 (2

6.
4)

41
.5

 (2
5.

0)
26

.1
 (3

0.
4)

26
.2

 (1
6.

8)
26

.5
 (2

1.
6)

17
.5

 (1
7.

3)
26

.1
 (1

7.
7)

21
.5

 (2
5.

1)
29

.4
 (2

7.
6)

36
.5

 (1
2.

1)
19

.7
 (2

1.
7)

37
.5

 (2
2.

3)

≥2
18

.7
 (2

0.
2)

16
.8

 (1
9.

3)
25

.6
 (2

6.
3)

46
.1

 (2
5.

2)
38

.8
 (3

4.
3)

31
.6

 (1
9.

4)
31

.0
 (2

3.
9)

25
.1

 (2
0.

9)
30

.9
 (1

7.
4)

26
.4

 (2
4.

7)
34

.1
 (2

6.
9)

38
.7

 (1
6.

7)
27

.6
 (2

2.
6)

46
.3

 (2
3.

0)

P-
va

lu
e#

0.
02

8b
0.

00
5b,

c
0.

05
0

0.
07

4
0.

02
6b

0.
02

7b
0.

00
1b

0.
00

2b,
c

0.
29

5
0.

27
1

0.
07

4
0.

06
7

0.
04

8*
0.

00
2b

Ti
m

e 
sin

ce
 d

ia
gn

os
is

<5
 y

ea
rs

14
.2

 (1
7.

2)
9.

5 
(1

4.
3)

20
.5

 (2
6.

3)
38

.8
 (2

4.
3)

25
.8

 (3
0.

5)
24

.1
 (1

9.
0)

22
.2

 (2
1.

2)
16

.7
 (1

7.
1)

27
.9

 (1
8.

2)
14

.4
 (1

8.
2)

24
.4

 (2
3.

6)
33

.6
 (1

3.
1)

18
.7

 (1
8.

5)
37

.1
 (2

3.
2)

≥5
 y

ea
rs

16
.6

 (2
0.

2)
14

.2
 (1

8.
6)

18
.3

 (2
4.

7)
44

.3
 (2

3.
6)

33
.1

 (3
2.

4)
30

.0
 (2

0.
1)

28
.1

 (2
2.

3)
21

.2
 (2

0.
8)

28
.3

 (2
0.

2)
26

.1
 (2

5.
1)

34
.7

 (2
7.

6)
38

.9
 (1

4.
8)

25
.8

 (2
3.

7)
40

.9
 (2

1.
4)

P-
va

lu
e

0.
67

0
0.

04
1

0.
48

8
0.

05
7

0.
04

0
0.

01
6

0.
02

1
0.

16
3

0.
89

2
0.

01
3

0.
00

3
0.

00
2

0.
04

3
0.

10
2

Tr
ea

tm
en

t 
re

ce
ive

d1

O
nl

y 
ac

tiv
e 

su
rv

ei
lla

nc
e

9.
1 

(1
4.

0)
6.

5 
(1

0.
9)

13
.9

 (2
1.

4)
31

.1
 (1

8.
1)

10
.3

 (1
6.

8)
25

.7
 (1

6.
7)

15
.7

 (1
5.

7)
8.

8 
(1

1.
6)

23
.5

 (1
5.

4)
17

.4
 (2

3.
0)

15
.6

 (1
5.

6)
34

.0
 (1

1.
3)

10
.3

 (1
4.

5)
29

.2
 (1

8.
6)

O
nl

y 
su

rg
er

y
12

.9
 (1

6.
7)

11
.1

 (1
8.

5)
15

.0
 (2

2.
8)

37
.2

 (2
5.

3)
28

.5
 (2

8.
4)

29
.0

 (2
6.

3)
22

.9
 (1

9.
8)

18
.6

 (1
8.

1)
27

.0
 (2

0.
7)

12
.0

 (1
9.

4)
28

.3
 (2

4.
5)

39
.1

 (1
4.

5)
22

.2
 (1

9.
9)

34
.7

 (2
1.

3)

O
th

er
 tr

ea
tm

en
t

23
.5

 (2
1.

4)
17

.2
 (1

8.
0)

28
.8

 (2
8.

9)
55

.0
 (2

2.
5)

49
.2

 (3
3.

4)
26

.1
 (1

6.
4)

35
.8

 (2
4.

1)
29

.3
 (2

0.
2)

33
.6

 (2
0.

2)
32

.6
 (2

1.
8)

43
.4

 (2
8.

1)
35

.7
 (1

6.
1)

32
.8

 (2
2.

3)
51

.9
 (2

0.
8)

P-
va

lu
e#

<0
.0

01
d,

e
<0

.0
01

d
<0

.0
01

d,
e

<0
.0

01
d,

e
<0

.0
01

d,
e,

f
0.

56
3

<0
.0

01
d,

e
<0

.0
01

d,
e,

f
0.

00
2d

<0
.0

01
d,

e
<0

.0
01

d,
e,

f
0.

08
1

<0
.0

01
d,

e,
f

<0
.0

01
d,

e

Re
cu

rre
nt

 d
ise

as
e

Ye
s

18
.7

 (2
0.

2)
16

.7
 (2

0.
6)

20
.9

 (2
5.

5)
52

.7
 (2

2.
9)

44
.0

 (3
2.

7)
27

.6
 (1

8.
2)

29
.3

 (2
3.

2)
26

.0
 (2

0.
9)

29
.7

 (2
1.

4)
28

.7
 (2

6.
4)

39
.1

 (2
8.

1)
36

.3
 (1

6.
1)

34
.1

 (2
1.

4)
49

.3
 (2

1.
7)

No
14

.6
 (1

8.
3)

10
.5

 (1
5.

3)
19

.3
 (2

5.
6)

38
.8

 (2
3.

7)
25

.9
 (3

0.
5)

26
.6

 (2
0.

0)
23

.9
 (2

1.
4)

17
.2

 (1
8.

2)
27

.7
 (1

8.
7)

19
.5

 (2
2.

2)
26

.9
 (2

5.
0)

35
.9

 (1
3.

7)
19

.3
 (2

0.
5)

36
.6

 (2
2.

0)

P-
va

lu
e

0.
11

4
0.

06
8

0.
64

5
0.

00
1

0.
00

1
0.

62
3

0.
09

8
0.

00
5

0.
67

1
0.

09
1

0.
00

6
0.

67
1

<0
.0

01
0.

00
1

Re
cu

rre
nt

 d
ise

as
e 

af
te

r s
ur

ge
ry

 (n
=9

8)

Ye
s

18
.7

 (2
0.

2)
16

.7
 (2

0.
6)

20
.9

 (2
5.

5)
52

.7
 (2

2.
9)

44
.0

 (3
2.

7)
27

.6
 (1

8.
2)

29
.3

 (2
3.

2)
26

.0
 (2

0.
9)

29
.7

 (2
1.

4)
28

.7
 (2

6.
4)

39
.1

 (2
8.

1)
36

.3
 (1

6.
1)

34
.1

 (2
1.

4)
49

.3
 (2

1.
7)

No
11

.9
 (1

5.
8)

9.
6 

(1
4.

8)
13

.4
 (2

1.
3)

35
.6

 (2
4.

8)
32

.1
 (2

9.
5)

29
.8

 (2
6.

4)
23

.2
 (2

0.
2)

19
.5

 (1
7.

7)
28

.7
 (2

0.
7)

12
.6

 (1
5.

7)
32

.0
 (2

7.
6)

39
.7

 (1
5.

2)
18

.4
 (1

8.
1)

32
.9

 (1
9.

0)

P-
va

lu
e

0.
04

0
0.

06
3

0.
16

2
0.

00
1

0.
07

8
0.

97
1

0.
15

0
0.

13
2

0.
82

0
0.

01
8

0.
19

0
0.

36
2

<0
.0

01
<0

.0
01



194 Chapter 9

Ta
bl

e 
2.

 M
ea

n 
DT

F-
Q

oL
 s

co
re

s 
(±

SD
) i

n 
re

la
tio

n 
to

 s
oc

io
-d

em
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s 
(c

on
tin

ue
d) DT

F-
Q

oL

Sy
m

pt
om

 s
ca

le
s+

Im
pa

ct
 s

ca
le

s+

W
1

Em
ot

io
na

l
W

2
Ph

ys
ic

al
W

3
Pa

in
1

Co
nc

er
ns

 
co

nd
iti

on

2
Jo

b 
& 

ed
uc

at
io

n

3
Do

ct
or

-
pa

tie
nt

4
Re

la
tio

n-
sh

ip
s

5
Ph

ys
ic

al
co

ns
eq

ue
n-

ce
s

6
Di

ag
no

st
ic

7
Pa

re
nt

in
g

8
Bo

dy
 im

ag
e

9
Su

pp
or

t
10

Tr
ea

tm
en

t 
co

nc
er

ns

11
Be

ha
vi

ou
r 

DT
F

Tu
m

ou
r l

oc
at

io
n

Ab
do

m
in

al
 w

al
l

14
.4

 (1
7.

2)
8.

8 
(1

7.
4)

15
.2

 (2
4.

1)
35

.0
 (2

3.
8)

19
.9

 (2
8.

0)
27

.2
 (2

0.
2)

24
.2

 (2
3.

5)
16

.2
 (2

0.
9)

27
.3

 (1
9.

3)
18

.2
 (2

0.
9)

25
.0

 (2
6.

1)
35

.2
 (1

2.
0)

17
.1

 (2
0.

8)
34

.0
 (2

3.
6)

In
tra

-a
bd

om
in

al
11

.8
 (1

9.
0)

8.
0 

(1
6.

0)
8.

0 
(1

6.
5)

41
.7

 (2
6.

1)
28

.0
 (2

6.
5)

24
.2

 (1
8.

4)
20

.7
 (1

9.
6)

16
.6

 (1
6.

0)
23

.7
 (1

6.
9)

13
.5

 (1
8.

7)
16

.5
 (1

8.
8)

37
.9

 (1
1.

9)
15

.4
 (1

6.
4)

34
.5

 (2
2.

9)

Up
pe

r 
ex

tre
m

ity
19

.1
 (1

7.
6)

9.
9 

(1
0.

9)
31

.4
 (2

5.
0)

42
.7

 (2
3.

1)
29

.5
 (3

2.
6)

25
.1

 (1
3.

3)
26

.0
 (2

3.
1)

16
.8

 (1
8.

3)
28

.7
 (2

0.
0)

16
.1

 (1
4.

4)
34

.4
 (2

4.
5)

37
.5

 (1
7.

2)
33

.8
 (2

3.
0)

43
.3

 (2
2.

0)

Lo
w

er
 

ex
tre

m
ity

17
.8

 (2
0.

8)
25

.8
 (2

1.
3)

21
.2

 (2
2.

7)
42

.0
 (2

1.
1)

43
.5

 (3
7.

0)
24

.0
 (1

8.
5)

30
.0

 (1
8.

8)
29

.3
 (2

1.
6)

31
.8

 (1
7.

2)
31

.2
 (3

0.
4)

40
.3

 (2
5.

6)
40

.2
 (1

1.
4)

37
.8

 (2
3.

6)
45

.7
 (2

0.
9)

He
ad

/n
ec

k
18

.9
 (2

3.
8)

11
.3

 (1
4.

8)
22

.2
 (3

6.
3)

46
.2

 (2
5.

5)
60

.0
 (3

2.
5)

26
.9

 (2
1.

7)
27

.6
 (2

4.
8)

25
.0

 (2
0.

0)
31

.9
 (2

3.
9)

35
.6

 (3
6.

7)
37

.8
 (3

2.
9)

29
.1

 (1
0.

7)
20

.4
 (1

6.
5)

42
.7

 (2
1.

7)

Tr
un

k
13

.8
 (1

7.
7)

8.
8 

(1
1.

4)
17

.7
 (2

2.
2)

40
.1

 (2
3.

4)
21

.4
 (2

9.
3)

28
.5

 (2
2.

7)
23

.1
 (2

0.
8)

15
.0

 (1
5.

3)
29

.6
 (2

0.
6)

22
.3

 (2
8.

5)
29

.6
 (2

6.
7)

35
.4

 (1
7.

1)
17

.9
 (1

8.
7)

38
.1

 (2
1.

0)

Hi
p/

pe
lvi

s/
gl

ut
ea

l r
eg

io
n

18
.3

 (2
0.

6)
21

.3
 (1

8.
4)

38
.9

 (3
3.

3)
55

.8
 (2

3.
1)

40
.4

 (2
9.

7)
30

.8
 (2

1.
2)

30
.2

 (2
3.

5)
27

.2
 (1

9.
7)

26
.9

 (1
6.

9)
35

.4
 (2

1.
2)

37
.5

 (2
3.

8)
33

.9
 (1

4.
2)

25
.6

 (2
2.

2)
47

.1
 (2

2.
2)

P-
va

lu
e#

0.
61

3
<0

.0
01

g,
h,

i,j
,k

,l
<0

.0
01

h,
j,m

,n
0.

06
2

0.
00

1o,
p

0.
86

2
0.

60
7

0.
01

2*
0.

68
7

0.
15

3
0.

00
3i

0.
34

1
<0

.0
01

g,
i,l

,m
,q

,r
0.

10
9

DT
F-

Q
oL

 s
ca

le
s:

 W
1:

 e
m

ot
io

na
l a

nd
 p

sy
ch

ol
og

ic
al

 c
on

se
qu

en
ce

s;
 W

2:
 p

hy
si

ca
l c

on
-

se
qu

en
ce

s;
 W

3:
 p

ai
n 

an
d 

di
sc

om
fo

rt
1:

 c
on

ce
rn

s 
ab

ou
t c

on
di

tio
n,

 2
: j

ob
 a

nd
 e

du
ca

tio
n;

 3
: d

oc
to

r-p
at

ie
nt

 re
la

tio
ns

hi
p,

 c
om

-
m

un
ic

at
io

n 
an

d 
in

fo
rm

at
io

n;
 4

: e
ffe

ct
 o

f d
es

m
oi

d-
ty

pe
 fi

br
om

at
os

is
 (D

TF
) o

n 
re

la
tio

n-
sh

ip
s;

 5
: p

hy
si

ca
l li

m
ita

tio
ns

 a
nd

 c
on

se
qu

en
ce

s;
 6

: d
ia

gn
os

tic
 a

nd
 tr

ea
tm

en
t t

ra
je

ct
or

y 
of

 D
TF

; 7
: p

ar
en

tin
g 

an
d 

fe
rti

lit
y;

 8
: b

od
y 

im
ag

e 
an

d 
se

ns
at

io
ns

; 9
: s

up
po

rti
ve

 c
ar

e;
 

10
: c

on
ce

rn
s 

ar
ou

nd
 tr

ea
tm

en
t a

nd
 it

s 
co

ns
eq

ue
nc

es
: 1

1:
 u

np
re

di
ct

ab
le

 c
ou

rs
e 

an
d 

na
tu

re
 o

f D
TF

.
Ab

br
ev

ia
tio

ns
: c

on
se

q:
 c

on
se

qu
en

ce
s

+  H
ig

he
r s

co
re

s 
in

di
ca

te
 a

 h
ig

he
r l

ev
el

 o
f s

ym
pt

om
at

ol
og

y 
/ p

ro
bl

em
s.

1  A
ct

iv
e 

su
rv

ei
lla

nc
e 

on
ly

 a
nd

 s
ur

ge
ry

 o
nl

y:
 in

cl
ud

in
g 

pa
tie

nt
s 

w
ho

 re
ce

iv
ed

 a
na

lg
es

ic
s;

 
O

th
er

 t
re

at
m

en
t 

in
cl

ud
in

g 
pa

tie
nt

s 
w

ho
 r

ec
ei

ve
d 

on
ly

 s
ys

te
m

ic
 t

he
ra

py
 (i

.e
. c

he
m

o-
th

er
ap

y, 
ho

rm
on

al
 th

er
ap

y, 
ta

rg
et

ed
 m

ed
ic

al
 th

er
ap

y)
 o

r l
oc

al
 th

er
ap

y 
(i.

e.
 ra

di
ot

he
ra

py
, 

is
ol

at
ed

 li
m

b 
pe

rfu
si

on
, h

ig
h-

in
te

ns
ity

 fo
cu

se
d 

ul
tra

so
un

d,
 c

ry
oa

bl
at

io
n)

 o
r a

 c
om

bi
na

-
tio

n 
of

 a
ny

 fo
rm

 o
f a

ct
iv

e 
tre

at
m

en
ts

.
#  P

-v
al

ue
 o

f A
N

O
VA

 fo
r d

iff
er

en
ce

s 
be

tw
ee

n 
th

e 
su

bg
ro

up
s

Bo
ld

 v
al

ue
s 

in
di

ca
te

 s
ig

ni
fic

an
t v

ar
ia

bl
es

 (P
 <

0.
05

)
*  N

o 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t d
iff

er
en

ce
s 

in
 B

on
fe

rro
ni

 p
os

t h
oc

 a
na

ly
si

s
a,

 b
, c

, d
, e

, f
, g

, h
, i

, j
, k

, l
, m

, o
, p

, q
, r

 Sh
ow

s 
w

hi
ch

 g
ro

up
s 

ar
e 

si
gn

ifi
ca

nt
ly

 d
iff

er
en

t a
cc

or
di

ng
 to

 th
e 

Bo
nf

er
ro

ni
 p

os
t h

oc
 a

na
ly

si
s 

(P
<0

.0
5)

:
− 

M
ed

iu
m

 e
du

ca
tio

n 
le

ve
l v

er
su

s:
 a 

hi
gh

− 
≥2

 c
om

or
bi

di
tie

s 
ve

rs
us

: b 
no

ne
, c  1

− 
O

th
er

 tr
ea

tm
en

t v
er

su
s:

 d 
su

rv
ei

lla
nc

e 
on

ly,
 e 

su
rg

er
y 

on
ly

− 
Su

rv
ei

lla
nc

e 
on

ly
 v

er
su

s:
 f su

rg
er

y 
on

ly
- 

Ab
do

m
in

al
 w

al
l v

er
su

s:
 g  lo

w
er

 e
xt

re
m

ity
, h  h

ip
/p

el
vi

s/
gl

ut
ea

l r
eg

io
n,

 o  h
ea

d 
an

d 
ne

ck
, q  u

pp
er

 e
xt

re
m

ity
- 

In
tra

-a
bd

om
in

al
 v

er
su

s:
 i  lo

w
er

 e
xt

re
m

ity
, j  h

ip
/p

el
vi

s 
gl

ut
ea

l r
eg

io
n,

 m
 u

pp
er

 e
x-

tre
m

ity
- 

Lo
w

er
 e

xt
re

m
ity

 v
er

su
s:

 k  u
pp

er
 e

xt
re

m
ity

- 
Tr

un
k 

ve
rs

us
: l  lo

w
er

 e
xt

re
m

ity
, n  h

ip
/p

el
vi

s/
gl

ut
ea

l r
eg

io
n,

 p  h
ea

d 
an

d 
ne

ck
, r up

pe
r 

ex
tre

m
ity



Unraveling DTF-specific health-related quality of life 195

9

Figure 1. Mean DTF-QoL scores per treatment type.
Differences in mean scores of DTF-QoL scales between treatment groups. Higher scores indicate a higher level 
of symptomatology/problems. Scale 3 (doctor-patient relationship, communication and information) and 9 (sup-
portive care) are not shown because no significant differences were found between the treatment groups for 
these scales. Active surveillance, surgery, systemic therapy or local therapy only: including patients who received 
analgesics. Systemic therapy includes: chemotherapy, hormonal therapy and targeted medical therapy (tyrosine 
kinase and gamma-secretase inhibitors). Local therapy includes: radiotherapy, isolated limb perfusion, high-inten-
sity-focused ultrasound, cryoablation. Combination of active treatments: including patients who received different 
combinations of surgery, systemic therapy or local therapy. a,b,c,d,e Corresponds to whether the score of the respec-
tive treatment group is clinically relevant different (difference ≥ 0.5 SD) compared to: a only active surveillance, b 
only surgery, c only systemic therapy, d only local therapy, e combination of active treatments. Abbreviations: AS, 
only active surveillance; Surg, only surgery; Sys, only systemic therapy; Comb, combination of active treatments.

Comparison of HRQoL between different groups of DTF patients
The mean HRQoL scores for the EORTC QLQ-C30 are presented in Table 3 for the total 
sample and all the subgroups of DTF patients. Patients that were ≥ 40 years scored sig-
nificantly lower on physical functioning and had significantly more problems with dyspnoea 
and sleep. Female patients had significantly worse scores on six subscales. Unemployed 
patients scored significantly lower on all functioning scales and on global health and had 
higher scores on the single items fatigue, dyspnoea, sleep and financial difficulties. Having 
multiple comorbidities resulted in lower scores on all subscales. No differences were seen 
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in the time since diagnosis. There were significant differences between the three treatment 
groups in physical, role, emotional and social functioning, in global health and in fatigue, 
pain, sleep, diarrhoea and financial difficulties symptom items and scales. For most of these 
scales and symptoms, patients who received other treatments experienced more problems or 
symptoms than those patients receiving AS or surgery only. The presence of recurrent disease 
resulted in significantly worse scores in two subscales. Patients with tumours located in the 
hip/pelvis/gluteal/ region and the lower and upper extremities scored significantly higher on 
the pain items.

Factors associated with DTF-specific HRQoL
Multiple linear regression analyses with backward elimination were conducted to identify the 
socio-demographic and clinical characteristics associated with DTF-specific HRQoL (Table 4). 
An older age (≥40 years) was negatively associated with physical symptoms, while a younger 
age (18–39 years) was negatively associated with the impact of DTF on concerns about 
condition, relationships, parenting and fertility, body image concerns about treatment and its 
consequences, and the unpredictable disease course. Female sex was associated with more 
physical symptoms and problems related to job and education, physical limitations, parenting 
and fertility, and body image. Having one or more comorbidities was negatively associated 
with all the subscales, except for job and education, diagnostic and treatment trajectory, and 
parenting and fertility. Time since diagnosis was associated with only two scales, with fewer 
years since diagnosis being negatively associated with pain and discomfort, and a longer 
diagnosis with problems related to supportive care. Treatment other than AS or surgery only 
was associated with more problems on all DTF-QoL subscales, except for doctor-patient 
relationship and supportive care.

DISCUSSION

This international, cross-sectional study evaluating HRQoL in DTF patients, showed that both 
generic and disease-specific HRQoL differ between subgroups based on socio-demographic 
and clinical characteristics of DTF patients. In multivariate analyses, younger age, female sex, 
presence of comorbidities, and treatment other than AS or surgery only, were most strongly 
associated with worse DTF-specific HRQoL outcomes.

The type of treatment a patient received was found to be one of the most important fac-
tors associated with both the generic and DTF-specific HRQoL. The group of patients who 
received systemic therapy or a combination of active treatments scored significantly worse 
than patients who received AS or surgery alone, with the differences in the HRQoL scores 
being clinically relevant. These results may be explained by the fact that patients who require 
systematic therapy or multiple treatments are those with more complicated DTF tumours, with 
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a more aggressive disease course and/or in whom an eventual resection would be mutilating. 
The greater impact of these types of treatment may therefore be partly caused by a higher 
tumour burden. The variable response to systemic and local therapies in DTF may exacerbate 
the differences between those who need active treatment and those who do not. The treat-
ment itself, or its side effects, could also affect HRQoL. For example, DTF patients undergoing 
systemic therapy reported comparable hair and skin problems to soft tissue sarcoma patients 
who received chemotherapy, which can have a negative impact on the patient’s self-image 22. 
In addition, a failure of (multiple) treatments can lead to uncertainties about the disease and 
treatment efficacy 11, 23, 24. In general, HRQoL outcomes of patients who received AS or sur-
gery only were comparable. Compared to AS alone, surgery was negatively associated with 
concerns about treatment and subscales with items related to the physical consequences of 
a surgical resection, such as body image and sensations, and physical limitations in daily life 
or work. It has been reported that AS is associated with increased anxiety and uncertainties 
25. In the current study, patients receiving only AS did not experience greater negative physical 
or psychological effects than patients undergoing active treatment. Our results clearly dem-
onstrate that the type of treatment DTF patients received, which is related to the complexity 
of the tumour, can have a severe impact on their HRQoL. The potential risks and benefits of 
treatments should therefore be considered carefully, and patients should be informed about 
the possible side effects associated with treatments. Since this was a cross-sectional study, 
it did not assess the magnitude of the impact of treatment on patients’ HRQoL over time. In 
future (longitudinal) studies, and clinical follow-up, the HRQoL outcome measures should be 
included alongside the objective outcome measures to evaluate treatment efficacy and also 
to facilitate shared decision making, e.g., between AS and surgery.

Differences in the time since diagnosis were only found for several subscales of the DTF-
QoL and not the EORTC QLQ-C30, with significantly worse scores for patients who were ≥5 
years after diagnosis. These differences were particularly seen on the impact scales, possibly 
reflecting the chronic character of DTF, since these items cover a timeframe since diagnosis. 
Another possible explanation may be that active treatments were more common in the past, 
and that these worse HRQoL scores are a result of these active treatments. This could explain 
why time since diagnosis affected only two scales after adjusting for the treatment type. A 
longer time since diagnosis was associated with higher scores on the supportive care sub-
scale, indicating that these patients experienced more lack of support in the past. Therefore, 
these results suggest that recognition and awareness of HRQoL issues, using the DTF-QoL, 
is important, even long after the time of diagnosis.

Differences between tumour locations were mainly seen on the subscales of the DTF-QoL 
and not of the EORTC QLQ-C30, except for the pain items. These results are in line with 
a study of sarcoma patients by van Eck et al., who assessed HRQoL between different 
sarcoma locations using the EORTC QLQ-C30 and additional treatment-specific items from 
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the EORTC Item Library 22. They found no significant differences in the HRQoL domains of 
the EORTC QLQ-C30 between different tumour locations, however, they did find treatment-
specific HRQoL issues that differed per sarcoma location, underlining the importance of 
using a disease-specific HRQoL-measurement strategy. In our study, worse scores on the 
DTF-specific questionnaire were observed for DTF patients with tumours in the upper and 
lower extremities and hip/pelvis/gluteal region on the subscales about physical limitations, 
pain and concerns around treatment and its consequences. These subscales, consisting of 
site-specific items, such as “Have you had any trouble walking?” or “Have you been afraid of 
needing a limb amputation?” are, therefore, particularly useful for these specific tumour sites.

The presence of comorbidities generally has a negative impact on HRQoL 26, 27. DTF patients 
with two or more comorbidities reported significantly worse scores on all scales and items 
of the EORTC QLQ-C30, which is in agreement with the previous studies conducted among 
patients with different types of cancer 28, 29. In addition, the results of our study indicate that 
the presence of comorbidities significantly affects DTF-specific HRQoL as well. Given the 
cross-sectional study design, it is unclear whether the self-reported comorbidities were 
present before a DTF diagnosis or if they developed thereafter. Moreover, comorbidities may 
interfere with treatment effects 27, 28. It is important to be aware of the impact of comorbidities 
on HRQoL, not only to assess a true treatment efficacy, but also to provide the necessary 
support in clinical care.

The socio-demographic factors sex, age, relationship status, education level and employment 
status are known to be associated with generic HRQoL. 30-33 The results of this study indicate 
that the female sex is not only associated with worse generic HRQoL scores, but also with 
DTF-specific HRQoL. It is generally assumed that HRQoL decreases with increasing age 31, 34. 
However, our results show that, while a higher age was negatively associated with physical 
symptoms, patients aged between 18 and 39 years scored significantly worse on several of 
the DTF-QoL impact scales. Younger DTF patients reported similar concerns to adolescent 
and young adult (AYA) cancer patients, e.g., concerns about their ability to have children 
35, 36. The greater impact of DTF on younger patients can be explained by the fact that these 
patients define their identity in this period of their lives, face important life choices and often 
have high expectations of themselves at work and in their social lives 36. A study by Drabbe et 
al. also found that AYA-sarcoma patients (aged 18–39 years) had significantly lower scores on 
the emotional, cognitive and social functioning scales of the EORTC QLQ-C30 compared to 
older patients 34. Interestingly, in our study, a significant difference was only seen on the physi-
cal functioning scale of the EORTC QLQ-C30, with older patients scoring worse. This shows 
that by only using a generic questionnaire, the impact of DTF on younger patients could be 
missed, emphasising the importance of AYA-specific and disease-specific questionnaires 37. It 
is noteworthy that, in general, socio-demographic factors had the greatest impact on generic 
HRQoL, whereas the influence of clinical factors was mainly seen on the DTF-QoL, indicating 
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that the DTF-QoL provides relevant additional information about the HRQoL of these specific 
subgroups.

To the best of our knowledge, this is the first study exploring the heterogeneity in both the 
generic and disease-specific HRQoL in DTF patients. The strengths of this study are the large 
study population and the use of generic and disease-specific HRQoL questionnaires. Given 
the limited data available on HRQoL for DTF patients and the heterogeneous characteristics of 
DTF, the subgroup analyses are a valuable contribution to providing further insight into which 
patients are at risk of a poor HRQoL. Furthermore, knowledge of the differences between 
subgroups of DTF patients can be used to develop an individualised measurement strategy 
by not using all items of the DTF-QoL, but only the specific scales in which problems can be 
expected for that particular subgroup. For example, the parenting and fertility impact scale of 
the DTF-QoL could be used for patients aged 18–39 years and the physical consequences 
symptom scale could be used for patients with DTF located in the lower extremities or hip/
pelvis/gluteal region.

The present study also has some limitations. First, there may be selection bias, as it is unknown 
whether DTF patients did not respond or participate, due to either the absence of symptoms 
or poor health 38. The non-responder analysis did not reveal any differences, however, clinical 
characteristics were unavailable for these patients. Secondly, as there is no accurate national 
registration system in both countries, it is not possible to say with certainty which DTF pa-
tients attended the participating centres. It is assumed that at least the more complex patients 
were treated in the participating centres, as these were tertiary referral centres. However, it is 
unknown how many more complex cases have remained in the peripheral hospitals, which 
may also have led to selection bias. Thirdly, although we were able to analyse the clinically 
relevant subgroups of DTF patients, differences may also exist within these groups. Due to 
small numbers, we did not assess these differences in HRQoL scores. The future use of the 
DTF-QoL in large international cohorts will provide more data to investigate these differences 
within subgroups. Fourthly, the cross-sectional study design limits the possibility of drawing 
conclusions about causal associations. In addition, tumour behaviour was not included in 
our analyses. Since some DTF patients were discharged at the time of the questionnaire, 
the information regarding their current disease status was unavailable. Furthermore, tumour 
behaviour can vary during follow-up due to the unpredictable biological behaviour, making 
it difficult to classify patients into one particular group and to draw any conclusions about 
the association between the tumour’s behaviour and HRQoL. A longitudinal assessment of 
HRQoL data will help to determine the impact of socio-demographic and clinical factors on 
HRQoL over time.
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CONCLUSIONS

DTF can result in a wide variety of disease-specific issues and the impact of DTF on HRQoL 
differs between subgroups. The use of the DTF-QoL, alongside generic HRQoL instruments, 
is essential to gain insight into the patient’s specific problems and needs. Together, these 
insights will help clinicians to provide better and more personalised care to patients with DTF.
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Table S1 Specification of active treatment types (n=148)

n (%)*

Surgery 98 (66.2)

Systemic therapy Total 60 (40.5)

Chemotherapy a 37 (25.0)

Hormonal therapy b 28 (18.9)

Targeted medical therapy c 15 (10.1)

Local therapy Total 43 (29.1)

Radiotherapy 34 (23.0)

Isolated limb perfusion 5 (3.4)

High-intensity focused ultrasound 2 (1.4)

Cryoablation 6 (4.1)

* Percentage of the total number of patients with desmoid-type fibromatosis who received an active treatment. 
Patients could have received multiple types of active treatments
a n=23 vinorelbine, n=4 vinblastine/methotrexate, n=14 doxorubicin, n=1 VAC (vincristine, actomycin-D, cyclo-
phosphamide)
b Hormonal therapy includes: tamoxifen
c Targeted medical therapy include: tyrosine kinase
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Table S2. Mean DTF-QoL single item scores (±SD) in relation to socio-demographic and clinical 
characteristics

DTF-QoL single items +

Decreased 
libido

Hair loss DTF 
changed life
in negative 

way

Hair colour 
change

Wasting 
time of
cancer 

specialists

Rash 
treatment

Age (years)

 18-39 23.1 (31.4) 11.7 (25.6) 39.3 (34.4) 6.3 (19.8) 14.2 (26.0) 14.0 (28.4)

 ≥40 28.1 (36.3) 10.2 (23.3) 27.7 (31.2) 7.4 (18.8) 9.0 (19.3) 10.1 (25.0)

 P-value 0.442 0.703 0.007 0.364 0.136 0.174

Sex

 Male 16.4 (29.6) 5.4 (18.3) 30.6 (31.5) 8.8 (24.8) 4.3 (11.3) 12.9 (26.6)

 Female 28.9 (34.7) 12.9 (26.1) 34.5 (33.9) 6.1 (16.8) 14.3 (25.5) 11.7 (26.9)

 P-value 0.011 0.016 0.499 0.857 0.006 0.527

Relationship status

 Partnered 25.9 (33.9) 11.4 (25.1) 32.2 (32.0) 7.0 (19.4) 11.0 (21.7) 10.6 (25.6)

 Not partnered 23.8 (33.9) 8.8 (21.8) 37.7 (37.6) 6.4 (19.2) 13.8 (27.3) 16.4 (30.4)

 P-value 0.714 0.512 0.469 0.815 0.730 0.122

Education level

 Low 24.0 (35.4) 4.6 (14.1) 25.9 (28.9) 6.7 (22.1) 12.0 (22.8) 6.5 (15.6)

 Medium 26.8 (32.8) 12.4 (26.6) 36.5 (35.4) 7.1 (19.7) 8.5 (18.8) 12.1 (27.3)

 High 23.8 (35.0) 11.4 (24.4) 32.0 (31.1) 6.3 (17.4) 16.9 (28.4) 14.6 (29.9)

 P-value# 0.826 0.236 0.218 0.958 0.044a 0.330

Employment status

 Working 23.1 (31.4) 8.6 (21.1) 31.8 (31.2) 4.8 (16.1) 12.7 (24.1) 11.7 (26.8)

 Not working 30.7 (38.5) 15.4 (29.5) 36.7 (37.0) 11.5 (24.6) 9.6 (20.7) 12.7 (26.8)

 P-value 0.299 0.133 0.516 0.021 0.328 0.662

Comorbidity

 None 16.5 (30.1) 7.4 (22.2) 31.1 (31.9) 5.1 (17.5) 12.6 (23.7) 12.2 (26.7)

 1 25.8 (35.0) 12.6 (25.1) 32.0 (33.8) 4.6 (16.5) 8.6 (19.2) 6.9 (21.6)

 ≥2 37.9 (33.9) 13.6 (26.2) 38.0 (34.4) 11.5 (23.5) 13.6 (25.6) 16.9 (30.8)

 P-value# 0.001b 0.215 0.382 0.078 0.368 0.084

Time since diagnosis

 <5 years 25.9 (34.4) 10.3 (25.6) 32.8 (32.8) 4.4 (14.4) 11.1 (21.8) 8.9 (24.6)

 ≥5 years 24.9 (33.2) 11.6 (23.0) 34.3 (33.9) 9.5 (23.4) 12.3 (24.5) 15.7 (28.8)

 P-value 0.928 0.229 0.787 0.068 0.875 0.008

Treatments received1

 Only surveillance 21.6 (30.0) 6.9 (19.8) 21.8 (26.3) 2.6 (10.5) 9.6 (19.6) 0.8 (5.1)
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Table S2. Mean DTF-QoL single item scores (±SD) in relation to socio-demographic and clinical char-
acteristics (continued)

DTF-QoL single items +

Decreased 
libido

Hair loss DTF 
changed life
in negative 

way

Hair colour 
change

Wasting 
time of
cancer 

specialists

Rash 
treatment

 Only surgery 18.6 (29.9) 5.2 (14.8) 25.5 (30.1) 5.6 (16.8) 12.0 (24.0) 6.9 (19.1)

 Other 35.2 (38.6) 19.4 (31.6) 51.6 (34.5) 11.7 (25.5) 13.5 (25.4) 27.4 (36.3)

 P-value# 0.009c,d <0.001c,d <0.001c,d 0.011c 0.535 <0.001c,d

Recurrent disease

 Yes 23.1 (30.7) 8.1 (19.4) 46.3 (32.3) 7.9 (25.0) 13.0 (26.7) 23.6 (36.7)

 No 26.0 (34.5) 11.5 (25.4) 30.8 (32.9) 6.6 (17.8) 11.3 (22.2) 9.5 (23.5)

 P-value 0.734 0.529 0.003 0.618 0.991 0.005

Recurrent disease after 
surgery (n=98)

 Yes 23.1 (30.7) 8.1 (19.4) 46.3 (32.4) 7.9 (25.0) 13.0 (26.7) 23.6 (36.7)

 No 20.9 (32.6) 8.8 (23.2) 26.3 (33.2) 6.1 (17.6) 10.5 (22.9) 8.3 (23.1)

 P-value 0.625 0.897 0.002 0.689 0.685 0.010

Tumour location

 Abdominal wall 24.7 (35.0) 8.6 (20.3) 27.0 (34.5) 3.3 (10.1) 12.6 (22.4) 4.2 (14.3)

 Intra-abdominal 17.2 (32.9) 14.5 (32.3) 29.9 (32.3) 10.8 (22.8) 5.1 (14.4) 11.1 (24.6)

 Upper extremity 33.3 (39.5) 4.6 (14.7) 34.5 (28.8) 14.3 (30.7) 12.6 (16.5) 20.7 (36.1)

 Lower extremity 20.0 (27.4) 10.6 (21.5) 48.5 (35.2) 13.3 (27.4) 10.6 (21.5) 25.8 (35.5)

 Head/neck 26.7 (37.8) 38.5 (42.7) 38.5 (42.7) 5.6 (13.0) 5.1 (12.5) 7.7 (20.0)

 Trunk 27.1 (32.0) 7.4 (16.7) 30.2 (29.2) 1.4 (9.5) 15.4 (30.2) 11.1 (27.5)

 Hip/pelvis/gluteal region 29.6 (32.1) 11.7 (24.8) 46.7 (34.9) 5.6 (17.1) 15.0 (29.6) 13.3 (27.4)

 P-value# 0.656 0.001e,f,g,hi.j 0.083 0.032* 0.396 0.026k

+ Higher scores indicate a higher level of symptomatology / problems.
1 Active surveillance only and surgery only: including patients who received analgesics; Other treatment including 
patients who received only systemic therapy (i.e. chemotherapy, hormonal therapy, targeted medical therapy) or 
targeted therapy (i.e. radiotherapy, isolated limb perfusion, high-intensity focused ultrasound, cryoablation) or a 
combination of any form of active treatments.
Bold values indicate significant variables (P <0.05)
# P-value of ANOVA for differences between the subgroups
* No statistically significant differences in Bonferroni post hoc analysis
a, b, c, d, e, f, g, h, i, j, k Shows which groups are significantly different according to the Bonferroni post hoc analysis 
(P<0.05):
− Medium education level versus: a high
− ≥2 comorbidities versus: b none
− Other treatment versus: c surveillance only, d surgery only
− Head and neck versus: e abdominal wall, f intra-abdominal, g upper extremity, h lower extremity, i trunk, j hip/

pelvis/gluteal region
− Abdominal wall versus: k lower extremity
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ABSTRACT

Background
Desmoid-type fibromatosis (DTF) has a highly variable clinical course with varying intensity 
of symptoms. The objectives of this study were to identify subgroups of DTF patients based 
on physical symptom burden and to compare symptom burden subgroups on health-related 
quality of life (HRQoL) and healthcare use (univariate and multivariate).

Methods
DTF patients from the United Kingdom and the Netherlands received cross-sectional ques-
tionnaires on HRQoL (EORTC QLQ-C30), DTF-specific HRQoL (DTF-QoL), and healthcare 
utilisation. Latent class cluster analysis was performed to identify subgroups based on 
patients’ symptom burden using EORTC QLQ-C30 and DTF-QoL physical symptom items. 
Multivariate linear and logistic regression analyses were conducted to examine associations 
of symptom burden with HRQoL and healthcare utilisation, respectively.

Results
Among 235 DTF patients, four symptom burden clusters were identified, with low symptom 
burden (24%), intermediate symptom burden-low pain (20%), intermediate symptom burden-
high pain (25%), and high symptom burden (31%). DTF patients with high symptom burden 
had clinically relevant lower HRQoL scores compared to patients with low and intermediate 
symptom burden (p<0.001) and reported more general and DTF-related visits to their gen-
eral practitioner compared to the low symptom burden cluster (p<0.01). In the multivariate 
analyses, symptom burden was independently associated with both HRQoL and healthcare 
utilisation.

Conclusions
This study identified four distinct subgroups of DTF patients based on their level of symptom 
burden, with a considerable number of patients being highly symptomatic. Knowledge of 
the level of symptom burden DTF patients experience can help to identify patients at risk of 
poorer outcomes and tailor supportive care to the individual needs of DTF patients.
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INTRODUCTION

Desmoid-type fibromatosis (DTF) is a rare, intermediate-grade soft tissue tumour, which 
does not metastasise but can display locally aggressive tumour growth1. It usually affects 
young adults and can arise in any part of the body, most commonly the abdominal wall and 
extremities2-4. DTF has an unpredictable clinical and biological behaviour, with phases of 
disease progression, stabilization, or spontaneous tumour regression without any treatment 
5-7. The unpredictable character makes DTF challenging to treat. Active surveillance (AS) is 
currently recommended as first line treatment, while active treatment, including systemic 
therapies, surgical resection, and local therapies, may be considered in case of progressive 
and symptomatic disease 8.

DTF patients may experience psychological distress and pain or other physical complaints 
caused by the tumour itself, treatment complications or toxicity 9-11. Symptom presentation 
among DTF patients however is highly variable, ranging from no symptoms at all to extreme 
pain and functional limitations, regardless of tumour behaviour or size 7. To better understand 
which patients experience low or high symptom burden, studies in cancer patients have used 
cluster analyses to identify subgroups with the same degree of symptom burden 12-14. In these 
studies, patients with higher symptom burden reported worse health-related quality of life 
(HRQoL) outcomes. Moreover, patients with higher symptom burden tend to make more use 
of healthcare services 15-17. In DTF, the extent of symptom burden patients experience and its 
impact on HRQoL and healthcare use has not yet been studied. Since DTF patients constitute 
a heterogeneous population with different tumour locations, treatment strategies and health-
care needs, identification of subgroups of DTF patients with similar symptom burden may 
help to identify patients at risk of poor outcomes and to provide care that meets the patients’ 
individual needs.

Therefore, the aims of this study were: (1) to identify subgroups of DTF patients based on 
symptom burden using a cluster analysis; (2) to compare symptom burden subgroups on 
HRQoL and healthcare use (univariate and multivariate).

METHODS

Study sample and data collection
The sample included DTF patients from the United Kingdom (UK) and the Netherlands (NL) 
who participated in the QUALIFIED study (The evaluation of health-related quality of life 
issues experienced by patients with desmoid-type fibromatosis; registered at clinicaltrials.
gov: NCT04289077) 18. The QUALIFIED study is an international, multicentre, cross-sectional, 
observational study among adult patients (≥18 years) with sporadic DTF who were treated in 
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one of the participating centres (UK: one centre; NL: three centres). After obtaining informed 
consent, patients completed a set of questionnaires including the European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), a 
DTF-specific HRQoL questionnaire (DTF-QoL) and questions related to health care utilisation. 
Questionnaire data were collected via the PROFILES management system; an established 
international registry for collection of cancer patient reported outcomes19. Data collection was 
conducted between August 2020 and February 2021. Ethical and institutional approval was 
obtained in each participating centre in the UK and the NL. Further details of the protocol have 
been published previously 18.

Study measures

Socio-demographic and clinical characteristics
Socio-demographic and clinical data were extracted from the patient-reported questionnaire 
and from the electronic patient records (EPR). Comorbidities were assessed using an adapted 
self-administered comorbidity questionnaire (SCQ), 20 which included one question about the 
presence of comorbidities in the previous twelve months. Additional medical data were ob-
tained from the EPR to ensure correct and detailed reporting 18. For the analyses, DTF patients 
were assigned to one of the following treatment groups: ‘only AS’, ‘only surgery’ and ‘other 
treatment’. Treatment with non-steroidal anti-inflammatory drugs (NSAIDs) or other analgesics 
was not considered as active treatment 8. The ‘other treatment’ group included patients who 
received systemic therapy (i.e. chemotherapy, hormonal therapy, targeted medical therapy), 
local therapy (i.e. radiotherapy, isolated limb perfusion, high-intensity focused ultrasound, 
cryoablation) or a combination of any form of active treatments.

Health-Related Quality of Life
The EORTC QLQ-C30 was used to measure HRQoL 21. This 30-item HRQoL questionnaire 
consists of five functional scales, a global quality of life (QoL) scale, three symptom scales 
and several single items assessing common symptoms and perceived financial impact of 
the disease. The timeframe of the questions is the last week. Each item is scored on a Likert 
scale ranging from 1, ‘not at all’ to 4, ‘very much’, except for the global QoL scale, which is 
scored on a seven-point response scale ranging from 1, ‘very poor’ to 7 ‘excellent’. Scores of 
all scales and single items are linearly transformed to a score between 0 and 100 22. A higher 
score on the functional scales and global QoL means better functioning and HRQoL, whereas 
a higher score on the symptom scales means higher symptom burden.

DTF-specific HRQoL was measured by the DTF-QoL 23. The DTF-QoL was developed accord-
ing to the guidelines of the EORTC Quality of Life Group to supplement the EORTC QLQ-C30 
and to assess the DTF-specific issues patients experience 23, 24. The questionnaire consists 
of 96 items divided into three symptom scales, eleven disease impact scales and six single 
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items. The timeframe of the symptom scales is ‘the past week’; disease impact scales and 
single items have a timeframe ‘since diagnosis’, except for the question on sexual interest, 
which has a timeframe of four weeks. Items are scored on a Likert scale with a range of 1, ‘not 
at all’ to 4 ‘very much’, with an additional ‘not applicable’ option for certain questions. Scores 
of the DTF-QoL scales are calculated according to the EORTC QLQ-C30 scoring manual for 
symptom scales/items 22. After linear transformation of all scales and single items, scores 
range from 0 to 100. A higher score indicates a higher level of symptoms or problems.

Healthcare use
In the current study, five items were used to assess healthcare utilisation: (1) How many times 
have you visited your general practitioner (GP) in the last twelve months? (2) How many times 
have you seen your GP to discuss your DTF or its effects over the last twelve months? (3) 
How many times have you visited a specialist for DTF over the last twelve months? These 
questions could be answered by filling in the number of visits or ‘not applicable’ (item 2 
and 3) and were asked in a similar way as by Statistics Netherlands (http://statline.cbs.nl/
Statsweb/). The last two questions were: (4) Are you comfortable with the follow-up schedule 
with your DTF-specialist? This question could be answered by ‘Yes’, ‘No, I would like to have 
more appointments’, ‘No, I would like to have fewer appointments’, ‘No, I don’t want any ap-
pointments’ or ‘Not applicable’; (5) Have you received any care or support from the following 
people (during or after treatment)? To answer this question, patients could either choose ‘No’ 
or ‘Yes’ and then choose multiple additional care services from a list: nurse specialist, peer 
support from other DTF patients, pain specialist (anaesthetist), psychologist, physiotherapist, 
company doctor, social worker, dietician, art therapist, sex therapist, pastor, occupational 
therapist, homeopathic doctor/alternative medicine practitioner or other.

Statistical analysis
Latent class cluster analysis (LCCA) was conducted to identify clusters of DTF patients based 
on physical symptom burden, hereafter described as symptom burden. Latent class model-
ling aims to classify similar objects, with respect to a set of variables, into mutually exclusive 
groups through a data-driven and patient-centred approach 25. Variables used to define 
symptom burden clusters were scores of physical symptom items derived from the EORTC 
QLQ-C30 (nausea, dyspnoea, insomnia, appetite loss, constipation, diarrhoea, fatigue, pain) 
and the DTF-QoL (unable to lean on tumour site, swelling leg/ankles, stiffness in limbs), 
dichotomized into ‘no symptoms’ (‘not at all’ i.e. value ‘1’) versus ‘presence of symptoms’ 
(‘a little’, ‘quite a bit’, ‘very much’ i.e. values ≥ 2) 26. Goodness-of-fit statistics were used 
to determine the optimal number of clusters in combination with expert opinion. A detailed 
description of the LCCA and symptom item selection is presented in the Supplementary 
Methods. Socio-demographic and clinical characteristics of the identified symptom burden 
clusters were described using descriptive statistics and compared between clusters with χ2-
tests for categorical and analysis of variance (ANOVA) for continuous variables.
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Because healthcare use was not normally distributed, the three variables describing the 
number of visits were dichotomized using median split into: visits to GP, 0-1 vs. ≥2; visit to 
GP related to DTF, 0 vs. ≥1; visits to DTF-specialist, 0 vs. ≥1. Differences in mean scores 
of the EORTC QLQ-C30 functioning scales and mean number of visits to the GP and DTF-
specialist between symptom clusters were analysed using ANOVA with post hoc Bonferroni 
analysis. Clinically relevant differences in mean HRQoL scores were determined according to 
the guidelines of the EORTC Quality of Life Group and divided into small, medium, and large 
clinical differences 27.

Multivariate linear regression analyses were conducted to investigate the associations be-
tween symptom burden and HRQoL. Multivariate logistic regression analyses were conducted 
to evaluate the relationship between healthcare use as the dependent variable and symptom 
burden as the independent variable. Other variables included in the multivariate linear and 
logistic regression analyses were selected a priori: age, sex, relationship status, education 
level, current employment status, comorbidities, time since diagnosis, received treatment, 
recurrence and tumour location. LCCA was performed using Latent GOLD 5.2.0 (Statistical 
Innovations, Belmont, MA, USA). Further analyses were performed using IBM SPSS Statistics 
28.0 (SPSS Inc., Chicago, IL, USA). For all analyses, p-values of <0.05 were considered 
statistically significant.

RESULTS

Patient characteristics
Two hundred and thirty-five DTF patients completed the EORTC QLQ-C30, DTF-QoL and 
healthcare utilisation questionnaire (response rate 46%) and were included in the cluster 
analysis. Socio-demographic and clinical characteristics of the total study population are 
shown in Table 1 and described in detail previously 28.

In the LCCA, the four-cluster model was found to have the best model fit based on the more 
liberal goodness-of-fit statistics (Akaike’s Information Criterion (AIC), Modified AIC; Table S1). 
Although the three-cluster model had the best model fit based on the more conservative 
model statistics (Bayesian Information Criterion, Consistent AIC ), the four-cluster model was 
found to best describe the variation of symptom burden in DTF patients based on expert 
opinion, as it identified two distinct subgroups of patients with intermediate levels of physical 
symptoms but different levels of pain scores.

Insomnia, unable to lean on tumour site, fatigue, and pain were the most frequently reported 
symptoms for all DTF patients. The four clusters consisted of DTF patients with (1) low symp-
tom burden (n=57; 24%), (2) intermediate symptom burden–low pain, i.e. low scores on the 
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symptoms ‘pain’ and ‘unable to lean on tumour site’, (n=46; 2 0%), (3) intermediate symptom 
burden–high pain, i.e. high scores on ‘pain’ and ‘unable to lean on tumour site’ (n=59; 2 5%), 
and (4) high symptom burden (n=73;  31%; Figure 1).

Sex distribution (p=0.036), number of comorbidities (p<0.001), tumour localization (p<0.001) 
and received treatments (p=0.005) diff ered signifi cantly between symptom clusters. The 
number of DTF patients who were female, had multiple comorbidities and tumours located in 
the extremities and hip/pelvis/gluteal region was higher in the high symptom burden cluster. 
The number of patients who received only AS was comparable between the symptom burden 
clusters.

Figure 1. EORTC-QLQ-C30 and DTF-QoL symptom scores per symptom burden cluster using a 
0-100 scale with higher scores indicating more complaints.
EORTC QLQ-C30 items: (nausea, dyspnoea, insomnia, appetite loss, constipation, diarrhoea, fatigue, pain); DTF-
QoL items (unable to lean on tumour site, swelling leg/ankles, stiff ness in limbs) Abbreviations: DTF, desmoid-type 
fi bromatosis

HRQoL and symptom burden
DTF patients experiencing low symptom burden reported the highest scores on global QoL 
and all functioning scales (Figure 2; Table S2). Patients with high symptom burden scored 
signifi cantly lower on all domains compared to patients with low and intermediate symptom 
burden. Diff erences between scores on global QoL and physical, role, cognitive and social 
functioning of patients in the low and high symptom burden clusters were of large clinical 
relevance (Table S2). 27
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Figure 2. Mean health-related quality of life (HRQoL) scores of the EORTC QLQ-C30 global QoL and 
functional scales by symptom burden cluster with higher scores indicating better HRQoL.
** p < 0.01 of ANOVA for differences between clusters. a,b,c,d,e Shows which groups are significantly different ac-
cording to the Bonferroni post hoc analysis (p <0.05): Low symptom cluster versus: a intermediate–low pain, b 
intermediate–high pain, c high; High symptom cluster versus: d intermediate–low pain, e intermediate–high pain.
Abbreviations: HRQoL, health-related quality of life; GH, global health status; PF, physical functioning; RF, role 
functioning; CF, cognitive functioning; EF, emotional functioning; SF, social functioning.

In the multivariate regression analyses, high symptom burden was independently associated 
with poorer HRQoL on all domains (Table 2). Intermediate symptom burden, both low and high 
pain clusters, was negatively associated with global QoL, physical and emotional functioning. 
Intermediate symptom burden-low pain was negatively associated with cognitive functioning 
and intermediate symptom burden–high pain with role functioning. As for the other socio-
demographic and clinical variables, being employed was associated with better scores on 
all functioning scales. Having ≥ 2 comorbidities was only associated with worse global QoL. 
Longer time since diagnosis was associated with better global QoL, role, cognitive and social 
functioning. Treatment other than only AS and surgery was associated with worse global QoL, 
role, emotional and social functioning.

Healthcare use and symptom burden
DTF patients who experienced high symptom burden reported significantly more general and 
DTF-related visits to the GP than patients who experienced low or intermediate symptom 
burden –high pain (Figure 3). No significant differences in the number of DTF-specialist visits 
were found between the four symptom burden clusters. Whether patients felt comfortable 
with their follow-up schedule with their DTF-specialist was significantly different between 
the symptom burden clusters (p=0.048), with patients in the high symptom burden cluster 
more often preferring more appointments with their DTF-specialist (Table S3). DTF patients in 
the intermediate symptom burden–high pain and high symptom burden clusters were more 
frequently receiving additional care, mostly from a physiotherapist or psychologist (Table S4).
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Table 2. Standardized betas of multivariate linear regression analyses evaluating the associations 
between symptom burden and HRQoL, adjusted for socio-demographic and clinical characteristics

EORTC QLQ-C30 Functioning scales+

Global 
QoL

Physical 
functioning

Role 
functioning

Cognitive 
functioning

Emotional 
functioning

Social 
functioning

Symptom burden

 Cluster 1 (Low) Ref Ref Ref Ref Ref Ref

 Cluster 2 (Intermediate – low pain) -0.21** -0.15* -0.11 -0.26** -0.41** -0.12

 Cluster 3 (Intermediate – high pain) -0.16* -0.15* -0.22** -0.14 -0.25** -0.13

 Cluster 4 (High) -0.46** -0.60** -0.56** -0.50** -0.61** -0.49**

Age 0.07 -0.06 0.11 -0.02 0.15* 0.11

Sex 0.03 0.15** 0.09 -0.01 0.03 0.04

Relationship status 0.07 0.10 0.11* 0.07 0.09 0.10

Education level

 Low Ref Ref Ref Ref Ref Ref

 Medium -0.03 -0.04 -0.07 -0.03 -0.08 -0.13

 High 0.18* 0.04 0.08 0.03 0.004 0.04

Employment status 0.05 0.16** 0.16** 0.13* 0.13* 0.13*

Comorbidity

 None Ref Ref Ref Ref Ref Ref

 1 -0.11 0.05 0.07 -0.05 -0.03 0.02

 ≥2 -0.24** -0.07 0.02 -0.08 -0.03 -0.09

Time since diagnosis 0.17** 0.09 0.25** 0.14* 0.10 0.16**

Treatment received1

 Only active surveillance Ref Ref Ref Ref Ref Ref

 Only surgery -0.04 -0.07 -0.002 -0.07 -0.07 -0.01

 Other treatment -0.19** -0.09 -0.23** -0.10 -0.24** -0.23**

Recurrence 0.07 -0.03 -0.03 -0.05 0.001 -0.06

Tumour location

 Abdominal wall Ref Ref Ref Ref Ref Ref

 Intra-abdominal 0.09 0.11 0.12 0.21** 0.21** 0.05

 Upper extremity 0.05 0.07 0.09 0.05 0.05 -0.01

 Lower extremity 0.01 -0.02 0.03 0.04 0.08 -0.01

 Head/neck 0.11 0.01 -0.04 0.09 0.02 0.07

 Trunk 0.09 0.06 0.14* 0.15* 0.07 0.07

 Hip/pelvis/gluteal region 0.03 -0.04 0.03 0.06 0.06 0.05

Age at time of diagnosis and time since diagnosis were continuous variables.
The categorical variables symptom burden, education level, comorbidity, treatment received and tumour anatomic 
location, had >2 categories and were transformed into dummy variables, with, respectively, low symptom burden, 
low, none, only AS and abdominal wall as the reference groups. Other categorical variables were: sex: female vs. 
male; relationship status: not partnered vs. partnered; current employment status: not working vs. working; recur-
rent disease after surgery: not recurrent vs. recurrent.
* p < 0.05; ** p < 0.01. +Higher score indicates better functioning. 1Active surveillance only and surgery only: 
including patients who received analgesics. Other treatment, including patients who received only systemic ther-
apy (i.e., chemotherapy, hormonal therapy, targeted medical therapy) or local therapy (i.e., radiotherapy, isolated 
limb perfusion, high-intensity-focused ultrasound, cryoablation) or a combination of any form of active treatments.
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Figure 3. Mean number of visits of DTF patients to the general practitioner in general (GP), in rela-
tion to their DTF (GP DTF), and specialist for DTF (specialist) by symptom burden cluster.
** p < 0.01 of ANOVA for differences between clusters. a,b,c Shows which groups are significantly different accord-
ing to the Bonferroni post hoc analysis (p <0.05): Low symptom cluster versus: a intermediate – low pain; High 
symptom cluster versus: b low, c intermediate – high pain.
Abbreviations: no, number; GP, general practitioner; DTF, desmoid-type fibromatosis

Multivariate logistic regression analyses showed that DTF patients visiting their GP ≥2 were 
more likely to experience high symptom burden and to report ≥1 comorbidities than patients 
who reported 0-1 visit to their GP (Table 3). DTF patients who visited their GP ≥1 for their 
DTF were more likely to be female, to have high symptom burden and to have a recent di-
agnosis than patients who did not visit their GP to discuss their DTF. Patients visiting their 
DTF-specialist ≥1 were more likely to have a recent diagnosis, to receive treatments other 
than only AS or surgery and to have recurrent disease. No association was seen between 
symptom burden and the number of visits to a DTF-specialist.

DISCUSSION

This study demonstrated that symptom burden varied widely between DTF patients, with a 
considerable number of patients being highly symptomatic. Four subgroups of DTF patients 
were identified based on their symptom burden: those with low symptom burden, those with 
intermediate symptom burden and low pain, those with intermediate symptom burden and 
high pain, and those with high symptom burden. High symptom burden was associated with 
poor functioning and higher health care use.

Pain, unable to lean on tumour site, fatigue, and insomnia were the most prevalent symptoms 
in our study population. These physical symptoms are consistent with those observed in pre-
vious studies in DTF patients and highlight the functional burden DTF patients can experience 
9-11, 29, 30. Interventions targeting physical symptoms could improve HRQoL of DTF patients, 
but this requires a careful look at different subgroups with the same degree of symptom 
burden to know what to intervene on. To the best of our knowledge, this is the first study that 
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Table 3. Multivariate logistic regression analyses evaluating associations between symptom burden 
and healthcare use, adjusted for socio-demographic and clinical characteristics (Odds ratio and 
95% Confidence Interval)

General practitioner visits past 12 months DTF-specialist visits 
past 12 months

≥2 general visits ≥1 DTF-related visit ≥1 DTF-related visit

Symptom burden

 Cluster 1 (Low) Ref Ref Ref

 Cluster 2 (Intermediate – low pain) 2.44 (0.94-6.31) 1.38 (0.25-7.52) 1.10 (0.41-3.01)

 Cluster 3 (Intermediate – high pain) 0.90 (0.39-2.11) 2.85 (0.71-11.48) 0.87 (0.33-2.34)

 Cluster 4 (High) 2.71 (1.08-6.76) 10.35 (2.32-46.16) 1.39 (0.48-4.06)

Age 1.00 (0.97-1.03) 0.97 (0.94-1.00) 1.00 (0.97-1.03)

Sex 0.67 (0.31-1.42) 5.46 (1.92-15.51) 0.98 (0.42-2.27)

Relationship status 1.14 (0.54-2.39) 0.81 (0.28-2.32) 0.87 (0.35-2.14)

Education level

 Low Ref Ref Ref

 Medium 1.21 (0.47-3.10) 1.07 (0.27-4.25) 0.75 (0.25-2.26)

 High 0.96 (0.33-2.82) 2.65 (0.59-11.86) 1.01 (0.29-3.48)

Employment status 0.95 (0.45-2.02) 1.16 (0.44-3.03) 0.54 (0.22-1.30)

Comorbidity

 None Ref Ref Ref

 1 3.23 (1.56-6.68) 0.72 (0.24-2.15) 0.78 (0.34-1.78)

 ≥2 5.06 (2.15-11.92) 2.31 (0.76-7.01) 1.36 (0.49-3.76)

Time since diagnosis 0.98 (0.91-1.06) 0.85 (0.76-0.95) 0.77 (0.69-0.86)

Treatment received1

 Only active surveillance Ref Ref Ref

 Only surgery 1.06 (0.45-2.49) 0.83 (0.24-2.88) 0.60 (0.25-1.44)

 Other treatment 1.15 (0.50-2.64) 1.44 (0.48-4.37) 3.28 (1.14-9.46)

Recurrence 1.54 (0.60-3.96) 2.59 (0.81-8.28) 10.76 (2.60-44.47)

Tumour location

 Abdominal wall Ref Ref Ref

 Intra-abdominal 0.41 (0.15-1.16) 0.68 (0.15-3.22) 0.51 (0.18-1.50)

 Upper extremity 1.85 (0.56-6.10) 0.33 (0.07-1.62) 4.36 (0.88-21.52)

 Lower extremity 0.36 (0.10-1.29) 0.37 (0.08-1.82) 1.33 (0.32-5.47)

 Head/neck 0.40 (0.09-1.71) 0.96 (0.14-6.63) 0.65 (0.12-3.47)

 Trunk 0.57 (0.24-1.40) 0.36 (0.09-1.38) 0.95 (0.37-2.44)

 Hip/pelvis/gluteal region 2.23 (0.60-8.39) 1.31 (0.29-5.89) 9.38 (1.01-87.74)

Age at time of diagnosis and time since diagnosis were continuous variables.
The categorical variables symptom burden, education level, comorbidity, treatment received and tumour anatomic loca-
tion, had >2 categories with, respectively, low symptom burden, low, none, only AS and abdominal wall as the reference 
groups. Other categorical variables were: sex: female vs. male; relationship status: not partnered vs. partnered; current 
employment status: not working vs. working; recurrent disease after surgery: not recurrent vs. recurrent.
Bold values indicate significant variables (p<0.05). 1Active surveillance only and surgery only: including patients who re-
ceived analgesics. Other treatment, including patients who received only systemic therapy (i.e., chemotherapy, hormonal 
therapy, targeted medical therapy) or local therapy (i.e., radiotherapy, isolated limb perfusion, high-intensity-focused 
ultrasound, cryoablation) or a combination of any form of active treatments.
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identified relatively distinct subgroups of patients based on their level of symptom burden in a 
heterogeneous population of DTF patients using LCCA.

In studies with cancer patients, the number and type of symptom clusters varied, depend-
ing on study design, type of cancer and type of symptoms used. Most studies identified at 
least an ‘all low’ and ‘all high’ symptom subgroup, with worse HRQoL outcomes for patients 
with high symptom burden 12-14, 31, 32. Consistent with these results, our study also identified 
subgroups of DTF patients with low or high scores on all symptoms. Additionally, two distinct 
subgroups of patients with both intermediate symptom burden but with either more promi-
nent symptoms due to distress or physical symptoms were identified. Differences in HRQoL 
outcomes between these four symptom clusters emphasize the need to distinguish these 
subgroups to provide DTF patients with appropriate supportive care. DTF patients with high 
symptom burden reported remarkably low HRQoL scores compared to patients with low and 
intermediate symptom burden, independent of other socio-demographic and clinical variables 
and with differences of large clinical relevance between patients in the low and high symptom 
clusters. Intermediate symptom burden also resulted in lower HRQoL scores. Differences 
between the two intermediate clusters were seen in role and cognitive functioning. Patients 
with intermediate symptom burden-low pain appear to have more difficulty concentrating 
and remembering, possibly due to experiencing more fatigue and insomnia. This pattern of 
symptoms may be the result of distress due to DTF itself, or due to the use of opioids. These 
medications may result in patients reporting less pain but experiencing other symptoms, thus 
falling into the intermediate symptom burden-low pain cluster. On the contrary, DTF patients 
with high pain scores seem to be more restricted in daily activities, possibly due to functional 
limitations caused by pain from the DTF tumour. This supports the methodological decision 
to distinguish between these two intermediate clusters as their symptoms lead to different 
problems requiring different supportive care.

Previous studies have shown that cancer survivors reported more health care use than the 
general population and that the number of visits is influenced by several factors, such as 
illness perception, number of follow-up visits, and physical and psychological complaints 
33-35. Our study is one of the first to evaluate health care use by DTF patients. No differences 
in healthcare use were found between patients from the UK and NL. High symptom burden 
was independently associated with general and DTF-related visits of DTF patients to their GP. 
Moreover, patients with high symptom burden reported more frequent use of additional care 
services, mainly a nurse specialist, physiotherapist, psychologist or pain specialist. In line with 
previous studies in cancer survivors, the presence of comorbidities was related to general 
visits to the GP by DTF patients 33, 36. Female DTF patients were more likely to visit their GP 
to discuss their DTF. Possible explanations mentioned in previous studies for why women are 
more likely to use health services include differences in health perception and social roles 37-39. 
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Further research should be conducted to understand the more frequent use of health care in 
female DTF patients.

DTF patients with intermediate symptom burden-low pain reported more visits to their GP 
compared to patients with intermediate symptom burden-high pain . This may be due to the 
higher number of patients with comorbidities in the intermediate symptom burden-low pain 
cluster. This is supported by our multivariate analysis in which intermediate symptom burden-
low pain was not associated with the number of GP visits, but the presence of comorbidities 
was. Another explanation might be that DTF patients with intermediate symptom burden-low 
pain experienced more general complaints of fatigue, constipation and diarrhoea, which, 
unlike the symptoms related to pain and unable to lean on tumour site, are less likely to be 
attributed to their DTF by patients. Finally, a higher percentage of patients with intermedi-
ate symptom burden-high pain reported the use of additional care services, for example a 
physiotherapist, which may also have reduced their visits to the GP.

Symptom burden was not associated with the number of visits to a DTF-specialist. This may 
suggest that the threshold for patients to visit a medical specialist is too high. DTF patients 
with high symptom burden did report more DTF-related visits to their GP and indicated that 
they would like to have more appointments with their DTF-specialist. However, one could 
question whether more visits to a DTF-specialist would reduce symptom burden, or whether 
DTF-specialists should instead refer patients more often to additional care services. Treat-
ments other than AS or surgery only, recurrent disease and a shorter time since diagnosis 
were associated with more visits to a DTF-specialist. This may be because other treatments, 
such as systemic therapy, require more frequent appointments with DTF-specialists. Recurrent 
disease may require additional treatment, or may result in more concerns about their disease, 
resulting in more appointments. DTF patients with shorter time since diagnosis visited their 
DTF-specialist more frequently, reflecting follow-up care according to international guidelines 
and an increase in understanding of this unusual condition in due course 8. Given the small 
number of patients in some subgroups, resulting in large confidence intervals, the findings 
on the associations between health care use and socio-demographic and clinical variables 
should be replicated in future longitudinal studies with larger numbers.

A limitation of this study was that other factors that may influence physical symptom reporting, 
HRQoL and healthcare utilisation, such as illness perception, depression and anxiety, were 
not included15, 34, 40, 41. Despite the inclusion of patients from two countries, the type of health 
care system was not included because previous studies have found that patients from the UK 
experience higher symptom burden which could have led to biased results11, 42. There may be 
selection bias, as it is unknown whether DTF patients did not respond or participate, due to 
either the absence of symptoms or poor health 43. The non-responder analysis did not reveal 
any differences, however, clinical characteristics were unavailable for these patients 28. Type 
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of pain and type of pain medication were not included in this study, although these may affect 
the level of physical symptom burden. In addition, healthcare utilisation was based on self-
report which may have suffered from recall bias. Finally, the EORTC-QLQ-C30 and DTF-QoL 
collect information on both symptoms and HRQoL, which may lead to common method bias. 
Common method bias can occur when both the independent and dependent variables are 
collected using the same method, potentially resulting in false correlations44. Other limitations 
of the QUALIFIED study, including the cross-sectional study design, have been described in 
detail previously 28. Despite these limitations, strengths could also be identified. The study 
included a large study population of DTF patients and both generic and disease-specific 
questionnaires were used. Furthermore, this is the first study identifying symptom burden 
clusters in DTF using LCCA and describing health care use of DTF patients from the UK and 
NL.

Clinical implications
Our results highlight the need to recognize highly symptomatic DTF patients in clinical prac-
tice. It is important to be aware that our study population included a relatively high percentage 
of patients who underwent surgical resection and a low percentage of patients who received 
targeted medical therapy (i.e. tyrosine kinase and gamma-secretase inhibitors). Our results 
should therefore be interpreted in the changing landscape of treatment options for DTF. 45-47 
DTF patients in the intermediate symptom burden-high pain and high symptom burden clus-
ter, who were more often female and had tumours located in the extremities and hip/pelvic/
gluteal region, may need more frequent follow-up visits to their medical specialist, more ap-
propriate supportive care, for example by a pain specialist, or seem to be the good candidates 
for gamma secretase inhibitors. 45-47 On the contrary, patients in the low symptom burden 
cluster, in whom the tumours were more frequently located in the abdominal wall, may need 
less frequent follow-up visits. The number of patients who received only AS was relatively 
similar between tumour locations (data not shown). DTF patients in the low symptom burden 
cluster relatively often received only AS. However, a significant proportion of patients in the 
intermediate symptom burden-high pain and high symptom burden cluster also received 
only AS. Therefore, it is important to monitor pain in patients who are under AS to provide 
adequate pain management to keep symptom burden as low as possible. DTF patients who 
remain highly symptomatic may need to change to active treatment. Even though patients 
in the more symptomatic clusters made more frequent use of primary care and additional 
support, this care is not yet sufficiently tailored to the needs of the patients because they 
remain highly symptomatic with poorer HRQoL. Symptom monitoring during routine clinical 
care using patient-reported outcomes (PROs) have been shown to alert clinicians to intensify 
symptom management and to improve symptom control, resulting in better HRQoL and fewer 
hospital admissions in cancer patients. 48 Future research could assess the use of electronic 
self-report of symptoms using generic and DTF-specific PROs in DTF patients, which could 
provide valuable information on symptom burden, leading to appropriate supportive care.
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CONCLUSION

Four relatively distinct subgroups of DTF patients were identified based on their level of 
symptom burden. A higher symptom burden negatively affects HRQoL outcomes and results 
in increased healthcare use. A better understanding of which DTF patients experience low or 
high symptom burden can help to identify patients at risk of poorer outcomes and to tailor 
active treatment and supportive care to the individual needs of DTF patients.
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SUPPLEMENTARY METHODS

Statistical analysis
Latent class cluster analysis was conducted to identify clusters of desmoid-type fibromatosis 
(DTF) patients based on physical symptom burden, hereafter described as symptom burden. 
Latent class modeling aims to classify similar objects, with respect to a set of variables, into 
mutually exclusive groups through a data-driven and patient-centered approach 1. Variables 
used to define symptom clusters in this study were dichotomous scores of physical symptom 
items derived from the European Organization for Research and Treatment of Cancer Quality 
of Life Questionnaire Core 30 (EORTC QLQ-C30) and the DTF-specific Health-Related Quality 
of Life questionnaire (DTF-QoL). The EORTC QLQ-C30 symptom scales ‘pain’ and ‘fatigue’ 
were incorporated as scale scores to prevent correlation between the scores of the single 
items. Physical items from the impact scales of the DTF-QoL were not included due to the 
different time frames. Additionally, symptom items reported by <10% of the study population 
were not included in the cluster analysis. Eight symptoms derived from the EORTC QLQ-C30 
(nausea, dyspnea, insomnia, appetite loss, constipation, diarrhea, fatigue, pain) and three 
symptoms from the DTF-QoL (unable to lean on tumor site, swelling leg/ankles, stiffness in 
limbs) were used to define the symptom burden clusters. Because symptom scores were not 
normally distributed, all symptom scores were dichotomized into ‘no symptoms’ (‘not at all’ 
i.e. value ‘1’) versus ‘presence of symptoms’ (‘a little’, ‘quite a bit’, ‘very much’ i.e. values ≥2) 2. 
Goodness-of-fit statistics (lowest values of: Log-likelihood [LL] of Bayes Information Criterion 
[BIC], LL of Akaike’s Information Criterion [AIC], LL of Consistent Akaike’s Information Crite-
rion [CAIC]) were used to determine the optimal number of clusters in combination with expert 
opinion. Bivariate residuals were assessed to check if the local independency assumption 
was met (values <3). When bivariate residuals remain high with increasing number of classes 
in the model, the local independency assumption was relaxed 1. Latent class cluster analysis 
was performed using Latent GOLD 5.2.0 (Statistical Innovations, Belmont, MA, USA).

REFERENCES

 1. Vermunt JK, Magidson J. Latent GOLD 4.0 User’s Guide. Belmont, Massachusetts: Statistical 
Innovations Inc; 2005.

 2. Weidema ME, Husson O, van der Graaf WTA, et al. Health-related quality of life and symptom 
burden of epithelioid hemangioendothelioma patients: a global patient-driven Facebook study in a 
very rare malignancy. Acta Oncol 2020; 59(8):975-982.
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Supplementary Table S2. Differences in mean scores of the EORTC QLQ-C30 global health and 
functional scales by symptom burden cluster

Mean (SD)

Cluster 1
(Low)
n = 57
(24%)

Cluster 2
(Intermediate

– low pain)
n = 46
(20%)

Cluster 3
(Intermediate
– high pain)

n = 59
(25%)

Cluster 4
(High)
n = 73
(31%) p-value

Global QoL 89.2 (11.9) 76.8 (20.3) 79.9 (14.9) 63.0 (19.6) <0.001a*,b#,c†,d*,e†

Physical functioning 98.4 (4.2) 91.2 (13.2) 90.6 (10.6) 69.6 (22.1) <0.001b#,c†,d*,e*

Role functioning 98.5 (6.5) 93.5 (16.3) 82.5 (26.0) 61.9 (30.4) <0.001b#,c†,d†,e*

Cognitive functioning 97.4 (8.8) 84.4 (18.4) 89.5 (16.9) 71.2 (25.0) <0.001a*,c†,d*,e†

Emotional functioning 97.1 (7.0) 76.8 (18.8) 81.6 (18.4) 65.2 (22.1) <0.001a,b,c,d,e

Social functioning 99.1 (4.9) 89.5 (19.0) 88.1 (20.8) 64.8 (32.0) <0.001c†,d†,e†

a 1 (Low) vs 2 (Intermediate – low pain)
b 1 (Low) vs 3 (Intermediate – high pain)
c 1 (Low) vs 4 (High)
d 2 (Intermediate – low pain) vs 4 (High)
e 3 (Intermediate – high pain) vs 4 (High)
# Small clinical difference, * Medium clinical difference, † Large clinical difference
Abbreviations: EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire Core 30; SD, standard deviation; QoL, quality of life.

Supplementary Table S3. Distribution of answers to the question whether patients were comfort-
able with their follow-up schedule to their desmoid-type fibromatosis specialist by symptom burden 
cluster (n [%])

Cluster 1
(Low)
n = 57

(24%)

Cluster 2
(Intermediate

– low pain)
n = 46
(20%)

Cluster 3
(Intermediate
– high pain)

n = 59
(25%)

Cluster 4
(High)

n = 73
(31%)

Not applicable 13 (23) 6 (13) 5 (8) 3 (4)

No, I don’t want any appointments 0 (0) 0 (0) 1 (2) 1 (1)

No, I would like to have more 
appointments

3 (5) 3 (7) 6 (10) 12 (17)

Yes 41 (72) 37 (90) 47 (80) 57 (78)

Zero patients selected the answer option ‘No, I would like to have fewer appointments’
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Supplementary Table S4. Type of healthcare use of desmoid-type fibromatosis patients by symp-
tom burden cluster (n [%])

Cluster 1

(Low)
n = 57
(24%)

Cluster 2
(Intermediate

– low pain)
n = 46
(20%)

Cluster 3
(Intermediate
– high pain)

n = 59
(25%)

Cluster 4

(High)
n = 73
(31%)

Sarcoma nurse specialist 15 (26) 13 (28) 9 (15) 23 (32)

Physiotherapist 7 (12) 7 (15) 19 (32) 23 (32)

Psychologist 2 (4) 3 (7) 11 (19) 16 (22)

Pain specialist (anaesthetist) 2 (4) 4 (9) 6 (10) 13 (18)

Peer support other DTF patients 3 (5) 3 (7) 10 (17) 11 (15)

Company doctor 4 (7) 4 (9) 6 (10) 3 (4)

Social worker 0 (0) 2 (4) 2 (3) 3 (4)

Dietician 0 (0) 2 (4) 1 (2) 6 (8)

Occupational therapist 0 (0) 0 (0) 2 (3) 9 (12)

Homeopathic doctor / alternative 
medicine practitioner

1 (2) 2 (4) 2 (3) 6 (8)

Pastor 0 (0) 0 (0) 0 (0) 1 (1)

Othera 6 (10) 8 (17) 4 (7) 12 (16)

Bold values indicate the five most frequent additional care services of that particular cluster.
a Including medical specialist, family/friends, lymph oedema nurse, stoma nurse, private clinic, osteopath, sport 
masseuse, guru, shop manager.
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The knowledge about the epidemiology, genetics and biology of desmoid-type fibromatosis 
(DTF) has greatly increased over the past decades and has taught us that DTF is a disease 
with many faces 1. These different faces of DTF require different management strategies. The 
aim of this thesis was to develop a personalised care approach for DTF patients. To do so, 
we first need to better understand the natural course of DTF and identify predictive factors 
for tumour behaviour and treatment outcomes. This knowledge will help to determine the 
appropriate management strategy upfront. Moreover, to ultimately provide care that meets the 
patients’ individual needs, the impact of DTF on health-related quality of life (HRQoL) needs 
to be considered.

ACTIVE SURVEILLANCE AND THE NATURAL COURSE OF DTF

To date, knowledge about the unpredictable tumour behaviour of DTF has been based on 
the results of retrospective studies on active surveillance (AS) and the placebo arm of the 
sorafenib trial 2. Although these studies have given us more insight into the natural behaviour 
of DTF, it remained difficult to draw a single conclusion about which patients are suitable for 
the AS approach and to identify predictive factors for tumour behaviour due to the inclusion 
of selected patients, variable treatment regimens, heterogeneous patient cohorts and different 
outcome measures of these often small sample-sized studies (Chapter 2).

The first prospective studies evaluating the AS approach as initial management of DTF, in-
cluding the Dutch GRAFITI Trial, demonstrated that the majority of DTF patients eventually 
developed stable or regressive disease and about two-thirds of the DTF patients undergoing 
AS did not need an active treatment (Chapter 3&4), providing the first prospective evidence 
for AS as the frontline approach in DTF. For most patients who discontinued AS, it was a 
combination of tumour growth and an increase in symptoms that necessitated the initiation 
of an active treatment (AT). However, 32% of patients who needed AT experienced pain and 
physical symptoms caused by the tumour itself, without demonstrating radiological tumour 
progression (Chapter 3). Moreover, in other diseases than DTF, it has been reported that an AS 
approach can lead to increased stress and anxiety as a result of leaving a tumour untreated 3. 
Therefore, to assess the true efficacy of the AS approach in DTF, we also evaluated HRQoL 
during AS and demonstrated that HRQoL scores of DTF patients who continued AS were 
relatively stable during the GRAFITI trial (Chapter 6). Based on the results of these prospective 
studies, we can thus state that an initial AS approach minimizes overtreatment and avoids 
potential treatment-related morbidity, without a significant impairment of HRQoL.

Thirty percent of DTF patients, however, still need AT after an initial AS approach. A better 
understanding of DTF tumour behaviour can help understand which patients do and do not 
benefit from the AS approach. In the combined analysis of the Dutch and Italian prospec-
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tive studies (Chapter 4), the cumulative incidence of tumour progression according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) 4 at three years was 42%, with the vast 
majority of progression occurring in the first one to two years after diagnosis. Interestingly, 
it was seen that spontaneous regression also occurred after initial tumour progression in the 
majority of progressive patients who were able to continue AS. RECIST regression was seen 
as first event in 31% of patients. We then analysed whether we could identify clinicopathologi-
cal factors associated with tumour progression and failure of an AS approach. In addition, the 
association with tumour regression was investigated for the first time, as knowledge about 
whether a DTF tumour is ultimately more or less likely to regress spontaneously is valuable 
information when considering whether to continue AS or switch to AT. In the existing literature, 
tumour localization, age at diagnosis, CTNNB1 mutation status and tumour size are most 
frequently mentioned as potential clinicopathological factors associated with recurrence, tu-
mour progression or change in treatment strategy in DTF patients 5-13. However, the conflicting 
results on the prognostic value of these factors highlight the need for a prospective evaluation 
(Chapter 2). The results of the prospective studies showed that larger tumour size at time of 
diagnosis, tumour localization in the head/neck or extremities, and presence of a S45F or 
‘other’ CTNNB1 mutation, were associated with a higher need for AT after initial AS (Chapter 
4). Interestingly, the factors associated with the need for AT were also associated with a lower 
incidence of RECIST regression, or at least a trend towards a lower probability was seen. 
The similarity of these factors can possibly be explained by the fact that DTF patients with 
a tumour mass that does not change or even grows have persistent cosmetic or functional 
complaints, and subsequently need an AT for this.

Differences in clinical behaviour between CTNNB1 subtypes have been previously demon-
strated. Several studies suggest that S45F-mutated tumours have a more aggressive char-
acter given their higher risk of recurrence compared to the T41 or wild-type (WT) mutational 
subtypes and an increased resistance to systemic therapies12, 14-18. Consistent with these 
studies, we found that failure of the AS approach was more likely in DTF patients harbouring 
the S45F mutation. However, this more aggressive behaviour does not seem to be due to 
progression, as both our studies and the French prospective study19, found no association 
between CTNNB1 mutation and RECIST progression. In contrast, a difference in incidence 
of spontaneous regression between CTNNB1 mutation subtypes was observed for the first 
time, with a lower incidence of tumour regression for patients with S45F mutations. Thus, 
the extent to which a DTF tumour is able to spontaneously regress could be an indicator of 
the aggressiveness of a DTF tumour and could possibly explain the more aggressive nature 
and worse treatment outcomes for patients harbouring an S45F or ‘other’ CTNNB1 muta-
tion. The differences in clinical outcomes between the CTNNB1 mutations are an important 
issue for future research as the underlying mechanisms for the aforementioned differences 
remain unclear. No differences in expression of Wnt target genes or DNA-methylation patterns 
between the different mutation types have been found 20, 21. Next to tumour related factors, 
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the patients’ immune-environment might play a role, as a previous study by Colombo et al. 
found that S45F-mutated DTF tumours have less expression of anti-inflammatory genes than 
T41-mutated tumours 22.

The majority of clinical studies in DTF, as well as the studies in this thesis, use RECIST to 
evaluate treatment success 4. However, RECIST may not be the most useful tool to evaluate 
natural behaviour and treatment response in DTF. These criteria assume spherical-shaped 
tumours and a uniform decrease in size, whereas DTF can display variable shapes with infiltra-
tive growth 23-25. Subsequently, tumour size in DTF remains an ambiguous variable which 
is prone to interobserver variability. Furthermore, the distinction between regression due to 
response to an AT or the natural course of DTF remains difficult. Other possibilities to observe 
the treatment response and natural growth of DTF should be explored in future studies. For 
example, tumour volume or magnetic resonance imaging (MRI) T2 signal intensity, may be 
better parameters to evaluate progression or radiological response in DTF 2, 7, 25. Radiomics 
and pathomics are emerging techniques that link large amounts of quantitative features from 
imaging data and digital images of pathology samples, respectively, to clinical outcomes 26, 27. 
A radiomics model to distinguish DTF from other soft tissue sarcomas has previously been 
developed 28. We believe that the use of radiomics and pathomics might also be promising 
approaches to predict treatment response or clinical behaviour in DTF patients receiving AS 
and deserve further investigation.

HEALTH-RELATED QUALITY OF LIFE IN DTF

With AS as the frontline approach, DTF has become a chronic condition for a significant 
proportion of patients and the main goal of treatment is to maintain an acceptable HRQoL. 
Measuring the impact of DTF on HRQoL can be challenging due to the rare character and 
variable clinical presentation of the disease. The most recent consensus guideline therefore 
emphasised the need for a DTF-specific HRQoL tool 29. The DTF-QoL is the first DTF-specific 
questionnaire developed according to the guidelines of the EORTC Quality of Life Group to 
measure disease-specific and treatment-related HRQoL issues relevant to DTF patients that 
are not adequately covered by the European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) 30.

Pre-testing of the DTF-QoL led to the selection of 96 questions, conceptualised into three 
symptom subscales (timeframe: during the past week), eleven disease-impact subscales 
(timeframe: since diagnosis) and six single items, together forming the final DTF-QoL (Chapter 
8). In the QUALIFIED study, the use of both the DTF-QoL and EORTC QLQ-C30 made it pos-
sible to capture the whole spectrum of DTF-specific issues and to assess symptom burden 
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in a study population large enough to compare different subgroups of DTF patients, providing 
important insights into the problems and needs of specific groups of DTF patients.

The results of the QUALIFIED study showed that DTF patients who were younger, female, had 
multiple comorbidities, had a tumour in the extremities or who received treatment other than 
AS or surgery only were more likely to have an impaired HRQoL and higher symptom burden 
(Chapter 9&10). The type of treatment a patient received was found to be one of the most 
important factors associated with both the generic and DTF-specific HRQoL. The group of pa-
tients who received systemic therapy or a combination of active treatments had significantly 
worse HRQoL scores and were more often highly symptomatic than patients who received AS 
or surgery alone (Chapter 9&10). Patients who require systemic therapy or multiple treatments 
are those with more complicated DTF tumours, with a more aggressive disease course and/or 
in whom an eventual resection would be mutilating. The greater impact of these types of treat-
ment may therefore be partly caused by a higher tumour burden. The treatment itself, or its 
side effects, could also affect HRQoL. But even when we adjusted for the degree of symptom 
burden, patients with treatment other than AS or surgery alone scored worse on global quality 
of life and role, emotional and social functioning, also highlighting the psychological impact 
of these treatments. As mentioned, AS can be associated with increased anxiety and uncer-
tainties 3. In the QUALIFIED study, patients who received only AS also reported problems 
related to concerns about their condition, the unpredictable clinical course of DTF, and the 
emotional and psychological consequences of DTF. Since this was a cross-sectional study, 
it did not assess the magnitude of the impact of treatment on patients’ HRQoL over time. In 
the GRAFITI trial, HRQoL was assessed by the EORTC QLQ-C30 during follow-up (Chapter 
6). Emotional functioning, which includes items related to worries, stress and mood, did seem 
to be impaired at the time the decision for an AS approach was made and patients were 
included in the GRAFITI trial, but improved during follow-up for DTF patients who continued 
AS. Studies on HRQoL of patients with low-risk prostate cancer on AS found that anxiety and 
uncertainty play a particular role at the moment of treatment choice and lead patients to either 
not choose or stop an AS approach quickly, which could also explain the improvement after 
the start of AS and subsequent stabilisation of emotional functioning in DTF patients in the 
GRAFITI trial 31, 32. HRQoL scores of the other EORTC QLQ-C30 scales were relatively stable 
during follow-up and comparable with the Dutch general population norms 33. Only physical 
and role functioning of DTF patients who were on AS were slightly worse, which is in line with 
a previous study. 34. Reduced physical functioning may be explained by functional limitations 
or pain caused by the DTF tumour, as the pain scores of patients in the AS group were slightly 
increased. Reduced physical functioning and pain may subsequently be one of the reasons 
for reduced role functioning, as patients may experience more discomfort in their daily activi-
ties. However, most differences in mean HRQoL scores between DTF patients who continued 
AS and the general population were small. Compared to patients who continued AS, DTF 
patients who needed an AT demonstrated deterioration in HRQoL scores on all functioning 
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scales. These results clearly show that the type of treatment can have severe impact on 
HRQoL of DTF patients and that the potential risks and benefits of treatments should therefore 
be carefully considered and discussed with patients. Furthermore, in clinical follow-up and 
in future (longitudinal) studies HRQoL outcome measures are useful alongside the objective 
outcome measures to evaluate treatment efficacy and to facilitate shared decision making.

Differences in HRQoL and symptom burden between tumour locations were also found. DTF 
patients with tumours in the upper and lower extremities and hip/pelvis/gluteal region were 
more likely to have high symptom burden and scored significantly worse on subscales of the 
DTF-QoL related to physical consequences, pain, and concerns around treatment compared 
to other tumour locations. In contrast, patients with tumours in the abdominal wall were more 
likely to have low symptom burden. These results may also be an explanation for the associa-
tion found between tumour location and risk of failure of AS, with a higher risk for extremity 
location and a lower risk for the abdominal wall (Chapter 4).

It is generally assumed that HRQoL decreases with increasing age 35, 36. However, results of 
the QUALIFIED study showed that, while older patients (≥40 years) only scored worse on the 
physical functioning scale of the EORTC QLQ-C30, patients aged between 18 and 39 years 
scored significantly worse on several of the DTF-QoL impact scales. Younger DTF patients 
reported similar concerns to adolescent and young adult (AYA) cancer patients, e.g., concerns 
about their ability to have children, an may therefore also benefit from AYA care programs 
37-39. The greater impact of DTF on younger patients can be explained by the fact that these 
patients define their identity in this period of their lives, face important life choices and often 
have high expectations of themselves at work and in their social lives 38. Notably, differences 
between age and tumour locations were mainly seen on the subscales of the DTF-QoL and 
not the EORTC QLQ-C30, underlining the importance of using a AYA-specific and disease-
specific HRQoL-measurement strategy 40.

Although all items of the DTF-QoL were considered to be of clinical relevance during the de-
velopment process34, 41, 42, it is important to carefully consider the balance between accurate 
HRQoL assessment and patient response burden, as the relatively large number of items of 
the entire DTF-QoL may be exhausting to DTF-patients and can lower response rates 43. The 
results of the subgroup analyses can be used to develop an individualised measurement 
strategy by not using all items of the DTF-QoL, but only the specific scales in which problems 
can be expected for that particular subgroup or even the individual patient. For example, 
during follow-up of patients who are under AS, the pain and discomfort symptom scale of the 
DTF-QoL, combined with the pain, fatigue and insomnia items of the EORTC QLQ-C30, could 
help identify which patients may need a change in treatment strategy or additional supportive 
care, e.g. pain management. The concerns about condition, unpredictable course and nature 
of DTF, and emotional and psychological consequences subscales of the DTF-QoL could 
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be used during follow-up to evaluate the psychosocial impact of an AS approach and could 
provide insight into which patients require additional psychological support during AS. In ad-
dition, for patient receiving treatment other than only AS, the treatment concerns subscale can 
be added. Examples of optional scales that can be included are: the physical consequences 
subscale for patients with tumours in the upper and lower extremities and hip/pelvis/gluteal 
region, the parenting and fertility and body image subscale for female patients aged 18-39 
years, or the job & education scale for patients with head/neck tumours. Furthermore, the use 
of different time frames offers the possibility of using a specific selection of subscales for a 
specific type of research; the symptom scales with a relatively short time frame (past week) 
are appropriate for assessing a patient’s experience during a clinical trial, while the disease 
impact scales can potentially be used during longitudinal follow-up. Computer adaptive test-
ing (CAT) could be another method to select relevant and irrelevant issues for DTF. CAT is a 
computer-based interactive method in which a computer program evaluates which item to 
ask next based on the patient’s previous responses, creating an individualized instrument. 
Advantages of CAT compared to the original questionnaires are a higher efficiency, accuracy 
and flexibility 44, 45. Given the large number of items of the DTF-QoL, which together form 
an extensive item library, it might be worthwhile to explore the possibilities of applying CAT 
techniques. CAT techniques will help to evaluate HRQoL more precisely with fewer items, 
which will personalise the DTF HRQoL scores even more.

An accurate assessment of HRQoL with both DTF-specific and generic HRQoL instruments 
could help healthcare providers to recognize HRQoL issues earlier, which is of great impor-
tance as a significant proportion of DTF patients is highly symptomatic (Chapter 10). Symptom 
monitoring during routine clinical care using patient-reported outcomes measures (PROMs) 
has been shown to alert clinicians to intensify symptom management and to improve symp-
tom control, resulting in better HRQoL and fewer hospital admissions in cancer patients 46. 
Future research could assess the use of electronic patient-reported outcomes (ePROs) using 
generic and DTF-specific PROs in DTF patients. Patients can complete ePRO questionnaires 
in clinic or from home. Their symptom data can be scored automatically and both patients and 
healthcare providers can receive immediate real-time feedback, which can provide valuable 
information for decision making. For example, graphs displaying ePROs or score alerts can 
inform healthcare providers of patients’ needs and support patients to raise issues with their 
treating physician or receive educational material tailored to their needs 47, 48. However, before 
PROs can adequately be used in routine clinical care, there are some factors that need to be 
addressed. To understand whether an individual patient’s score requires clinical attention at 
a given time, future studies should establish cut-off values that determine which DTF-QoL 
scores indicate a problem and which do not. In addition, cut-off values for a clinically relevant 
change in DTF-QoL subscale scores should be established, requiring a longitudinal study. A 
limited number of studies have already established cut-off values for the EORTC QLQ-C30, 
although it needs to be determined whether the same values apply to DTF patients 49, 50.
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Next to the DTF-QoL, the ‘Gounder/DTRF Desmoid Symptom/Impact Scale’ (GODDESS), is 
currently available as DTF-specific HRQoL instrument 51. Both questionnaires have enhanced 
our possibilities to assess DTF-specific HRQoL, but the development method and measure-
ment conditions differ. The DTF-QoL can be used in conjunction with the cancer-generic 
EORTC QLQ-C30 questionnaire, for better comparison with cancer patient populations po-
tentially receiving similar treatments and with normative populations. The time frames of the 
DTF-QoL (one week for symptom items; since diagnosis for impact items) are longer than 
those of the GODDESS tool (24 hours for symptom items; one week for impact items) to 
ensure that important symptom-related information can be captured at less frequent time 
points. However, both the DTF-QoL and GODDESS are used in clinical studies. Since these 
DTF-specific HRQoL tools differ in length, number and type of response options, time frames 
and scoring method, a comparison of the scores obtained is complicated. Therefore, in future 
studies, it may be useful to establish the relationship of the scores obtained with the DTF-QoL 
and GODDESS using scale alignment procedures (i.e. ‘linking’) 52.This would enable scores 
from one questionnaire to be converted the other questionnaire, allowing comparison of GOD-
DESS and DTF-QoL scores in research and clinical care.

TOWARDS A PERSONALISED APPROACH

Predictive factors for the need for AT after initial AS and the probability of RECIST regression, 
as well as subgroups at risk of an impaired HRQoL were identified in the studies presented 
in this thesis. Together, this information can be used to personalise follow-up schedules and 
ultimately anticipate the need for AT and supportive care. A recommendation for the manage-
ment strategy for a newly diagnosed DTF patient is outlined below, first making some general 
remarks for all patients, followed by some specific recommendations for subgroups of DTF 
patients.

AS should be the frontline approach for all DTF patients, so that insight can be gained into 
the behaviour of the tumour and care can be better tailored to its aggressiveness 53. Dur-
ing the treatment decision-making process, it is important to make patients understand the 
natural behaviour of DTF and why AS is the frontline approach, as an AS approach may seem 
obvious to physicians but highly unreasonable to patients. Anxiety and uncertainty play a 
particular role at the time of treatment decision-making and lead patients to either not choose 
or stop an AS approach quickly, which emphasises the importance of clear counselling 31, 32. 
At time of diagnosis, CTNNB1 mutation status, tumour size and tumour location can be used 
to screen patients at lower or higher risk of failure of AS, the ‘favourable’ and ‘unfavourable’ 
subgroups, respectively. In addition, HRQoL questionnaires (EORTC QLQ-C30 and DTF-QoL) 
are administered to be able to monitor HRQoL scores during follow up, and, if necessary, to 
already provide relevant supportive care. MRI is the preferred imaging modality, although ul-
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trasound (US) may also be appropriate for abdominal wall tumours 24, 29. Progression includes 
any increase in tumour size; regression any decrease in tumour size. Symptom monitoring 
includes the assessment of presence of symptoms or symptomatic progression based on 
history and responses to HRQoL questionnaires.

DTF patients should be monitored for at least one year, as this is when progression or failure 
of AS is most likely (Chapter 3&4). Follow-up including imaging is continued for all patients 
as long as they demonstrate radiological progression. The occurrence of tumour progression 
is less likely after a patient demonstrates a decrease in tumour size at consecutive imaging 
examinations. Therefore, when regression is observed, the follow-up schedule can be more 
relaxed and symptom monitoring may be considered or, depending on time since diagnosis, 
the treating physician and patient may make a shared decision to follow-up only on indication. 
Follow-up may be discontinued when complete regression is radiologically demonstrated.

In Figure 1, we have depicted our management strategy recommendations separately for 
the favourable and unfavourable group. DTF patients in the favourable group require AT less 
frequently and have a relatively high probability of developing RECIST regression, so these 
patients need less frequent follow-up. After an initial MRI, symptom monitoring and radio-
logical evaluation can be scheduled after 6 months. If these patients do not show tumour 
progression, only symptom monitoring can be considered during the first year. If a DTF tumour 
continues to grow since the start of follow-up, follow-up should be continued to evaluate 
whether the tumour eventually stabilizes or if there is an indication for AT due to increase in 
symptoms or a high risk of morbidity.

DTF patients in the unfavourable group require a more careful surveillance, especially in the 
first year after diagnosis. Radiological evaluation should be scheduled every 3 months after 
an initial MRI, in line with the current international guidelines 29. Since these patients have a 
relatively low chance of RECIST regression, in patients with high symptom burden or a higher 
risk of potential morbidity, earlier initiation of treatment in case of persistent progression may 
be considered, as the tumour will still be smaller and AT may lead to less morbidity. In patients 
with ongoing progression but a lower risk of potential morbidity or limited symptoms, AS 
may be continued at follow-up intervals of 3 months. When time since diagnosis increases, 
frequent follow-up can be reduced. In case of stable or regressive disease, symptom monitor-
ing may be considered.
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Management strategy Desmoid-type Fibromatosis
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Figure 1. Management strategy of newly diagnosed desmoid-type fibromatosis patients.
Symptom control: assessment of symptoms based on history and HRQoL questionnaires (DTF-QoL + EORTC 
QLQ-C30)
*: in case of symptomatic progression or signs of tumour growth, more frequent follow-up or MRI may be per-
formed at the discretion of the treating physician
Abbreviations: MRI, magnetic resonance imaging; PD, progressive disease; SD, stable disease; PR, partial regres-
sion; CR: complete regression; FU, follow-up; AT, active treatment.

These implications cannot be extrapolated to all DTF patients, as patients with intra-abdominal 
tumours and familial adenomatous polyposis (FAP) related DTF were excluded in the prospec-
tive studies. In addition, these implications must be interpreted with caution for pregnant 
patients, since the limited data available in our prospective studies. However, recent studies 
suggest that pregnancy does not influence DTF outcomes and AS should also be the frontline 
strategy in patients with pregnancy-associated DTF 54, 55.
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Further research might explore possibilities for web-based symptom monitoring instead of 
routine surveillance in DTF. A previous RCT compared web-mediated follow-up with routine 
surveillance in lung cancer, demonstrating an improvement in overall survival for patients with 
web-based symptom monitoring 56, 57. In this trial, clinical follow-up in both arms included 
standard oncology visits every 3 months. Since DTF has a low mortality rate and the aim 
of treatment is not to eradicate the tumour but to maintain quality of life, a study in DTF pa-
tients might even consider not providing standard outpatient appointments for patients with 
web-based symptom monitoring. The web-based symptom monitoring only group should 
be compared with group of DTF patients in whom routine surveillance is performed accord-
ing to current guidelines 29. Assessment of outcomes should consider the HRQoL scores of 
these groups and whether patients who ultimately need AT are identified in a timely manner, 
to minimize potential morbidity. The ultimate goal will be to identify DTF patients in whom 
no regular surveillance but only web-based monitoring is possible, with patients initiating 
an outpatient clinic visit in case of progressive symptoms. It can be hypothesized that this 
patient-initiated strategy results in improvement of patient empowerment and a reduction in 
unnecessary outpatient clinic visits, potentially leading to a lower burden on both patients and 
healthcare providers and ultimately a more cost-effective follow-up 58, 59.

ACTIVE TREATMENTS IN DTF

An initial AS approach does not affect the efficacy of subsequent active treatments (Chapter 
4) 29, 60. An important remaining question in the management strategy of DTF is when and how 
to treat. In most patients, a decision towards AT will be considered in case of radiological 
tumour progression. Since spontaneous regression is possible even after initial progression, 
tumour progression alone is not sufficient to switch to AT. In case of symptomatic progression, 
with or without radiological progression, adequate pain management or additional supportive 
care should be the first step. This may prevent the need to switch to more aggressive anti-
tumour treatments. The probability of failure of AS and tumour regression should be taken 
into account when considering starting AT during follow-up. In patients whose probability 
of tumour regression or success of AS is known to be relatively high, a longer period can be 
waited in case of symptoms; in patients with a reduced probability, on the contrary, AT can 
be started earlier in case of symptoms and/or progression, especially in light of the chang-
ing landscape of treatment options. New options for local therapy, such as cryoablation and 
Magnetic Resonance imaging-guided High Intensity Focused Ultrasound (MR-HIFU), have 
emerged as promising minimally invasive treatment modalities for DTF patients. The use of 
these minimally invasive treatments early on may prevent the need for other, more invasive 
treatments. Cryoablation is based on repeated cycles of freezing/passive thawing of a tumour, 
leading to cell death 61. Following encouraging results from the first experience with percu-
taneous cryoablation for local control in desmoid tumours 62, 63, the first prospective trial with 
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cryoablation in DTF patients showed that cryoablation was safe, feasible and effective for 
symptom improvement 61. MR-HIFU is a promising non-invasive technique that uses focused 
ultrasound waves to thermally ablate tumours, while minimizing side effects to surrounding 
healthy tissues 64. Previous retrospective studies suggest that MR-HIFU can be used to pro-
vide durable tumour control and pain reduction in DTF patients with minimal side effects 65-70. 
In light of these encouraging data, a prospective study, the MAGNIFIED trial has been initiated 
in the University Medical Centre Utrecht (Netherlands Trial Register NL9679), to confirm safety 
and to assess the efficacy of MR-HIFU in DTF. The MAGNIFIED trial will use a unique and in-
novative outcome measure to evaluate treatment efficacy, namely the ‘personalised response 
assessment’. Treatment success will not be determined by tumour response, but by looking 
at what would be a relevant improvement for the patient, as patient satisfaction should be pri-
oritised in the treatment strategy of DTF, rather than reduction tumour volume or size. Finally, 
the promising results of the studies on gamma-secretase inhibitors could potentially lead to 
the first registration of a drug to treat DTF patients 71, 72. The availability of these new minimally 
invasive local strategies and new drugs with a high activity and good safety profile may affect 
the duration of the initial AS period for DTF patients in the ‘unfavourable’ group. However, 
the optimal use of AT has yet to be determined. Further research should be conducted to 
identify possibly predictive factors for response to AT. For example, some studies suggested 
that there may be a difference in response to sorafenib between CTNNB1 mutation types17, 73, 
while no differences in antitumour effects were seen in our study (Chapter 5). Knowledge of 
the mutation status and other potential predictive factors such as tumour size and location, 
and the clinical response of DTF patients who received sorafenib, nirogacestat, cryoablation 
or MR-HIFU in the clinical trials may help us to better select DTF patients who will benefit 
from AT.

FINAL REMARK

With the identification of DTF patients at risk of poor HRQoL and treatment outcomes, the 
results of this thesis provide important implications for clinical practise and contribute to a 
personalised treatment strategy for DTF patients. It is important to note that, despite the new 
insights, DTF remains a disease where ‘one size does not fit all’ applies to the management 
strategy. Tailoring treatment to the individual patient requires multidisciplinary and centralised 
care in specialised centres, where healthcare providers are familiar with the natural behaviour 
of DTF, there is experience with different treatment modalities and clinical trials are available. 
Moreover, international collaborations such as the international Virtual Tumor Board (spon-
sored by the American patient association the Desmoid Tumor Research Foundation) and 
the Desmoid Tumor Working Group are of great importance to generate consensus on the 
management strategy and optimize clinical care for patients with this rare disease 29, 74.
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This thesis consists of two parts. Part I focuses on two treatment modalities in desmoid-type 
fibromatosis (DTF) and evaluates the results of an active surveillance (AS) approach and the 
antitumour effects of sorafenib. Part II addresses health-related quality of life (HRQoL) in DTF 
and provides insights into DTF-specific HRQoL issues patients experience. The results of this 
thesis will help to better provide a personalised care approach for DTF patients.

PART I: TREATMENT

In Chapter 2 we performed a systematic literature search to systematically evaluate the re-
sults of retrospective studies describing the AS approach. A total of 25 articles were included 
describing a total of 3527 patients of which 1480 (42%) received AS. The majority of patients 
were females and had a primary tumour. About 20% of patients had progressive disease, 
59% had stable disease and 19% of patients had a partial response. Twenty-nine percent of 
patients needed to shift to an active form of treatment, most commonly systemic treatment 
and surgery. The reported median follow-up time ranged between 8 and 73 months, and 
the reported median time to shift from AS to active treatment or progression ranged from 
6.3 to 19.7 months. This systematic literature review underlines the ongoing trend of the AS 
approach and indicates that a minority of patients need shift to an active form of treatment.

Chapter 3 describes the results of the GRAFITI trial, a multicentre prospective cohort study in 
which adult patients with non-intra-abdominal DTF were followed during an initial AS approach 
for 3 years. The aim of the GRAFITI trial was to assess the efficacy of AS and evaluate tumour 
behaviour according to the Response Evaluation Criteria in Solid Tumors (RECIST) in DTF 
patients. A total of 105 patients started with AS. At 3 years, cumulative incidence of the start 
of active treatment (AT) was 30% (95% confidence interval [CI] 21-39) and progression-free 
survival (PFS) was 58% (95% CI 49-69). Median time to start AT and PFS were not reached 
at a median follow-up of 33.7 months. During AS, 32% of patients had stable disease, 28% 
regressed and 40% demonstrated initial progression. Larger tumour size (≥5 cm; hazard ratio 
(HR) =2.38 [95% CI 1.15-4.90] ) and S45F mutation (HR=6.24 [95% CI 1.92-20.30]) were 
associated with the start of AT. The GRAFITI trial showed that after AS, only a minority of DTF 
patients require AT, minimizing overtreatment and potential morbidity, and that the majority of 
DTF patients eventually will develop stable or regressive disease.

In Chapter 4, a combined analysis of the results of the Italian and Dutch prospective studies 
was performed to strengthen the level of evidence of the results of the individual prospective 
studies and to further identify prognostic factors for failure of AS and tumour behaviour. One 
hundred ninety-eight patients were included in the combined analyses. The median follow-
up was 49 months (interquartile range [IQR] 37-60). Three-year treatment-free survival (TFS) 
and crude cumulative incidences (CCI) of RECIST progression, regression (any entity) post-
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RECIST progression, and RECIST regression (as first event) were 67% (60-74%), 42% (95% 
CI 35-49), 35% (95% CI 26-48), and 24% (95% CI 19-31), respectively. Larger initial tumour 
size (P=0.027), S45F and ‘other’ CTNNB1 mutations (P=0.009), and extremity and head/neck 
tumour location (P=0.107) were associated with worse TFS at multivariable analysis; younger 
age (P=0.021) with a higher incidence of RECIST progression. It was concluded from this 
study that CTNNB1 mutation status, tumour location and tumour size should be included in 
the treatment algorithm of DTF to tailor treatment strategy and follow-up schedules to the 
individual patient.

In Chapter 5 we investigated the molecular effects of sorafenib exposure on DTF and stromal 
cells, with an emphasis on cell death mechanisms. DTF primary cell cultures, with known 
CTNNB1 status, and primary stromal cell cultures, derived from DTF tissue, were exposed 
to clinically relevant concentrations of sorafenib in the presence or absence of inhibitors of 
ferroptosis, apoptosis and autophagy. Exposure to sorafenib caused a significant, concentra-
tion- and time-dependent decrease in cell viability in all primary DTF and stromal cell cultures. 
Inhibitors of ferroptosis and apoptosis protected against sorafenib-mediated cytotoxicity 
implicating that both cell death mechanisms are activated. Annexin V/PI stainings and lipid 
peroxidation analyses confirmed induction of apoptosis and ferroptosis, respectively. Au-
tophagy inhibition enhanced the cytotoxic effect of sorafenib and led to a stronger induction 
of apoptosis and ferroptosis. In conclusion, this study identified ferroptosis and apoptosis 
as mechanisms for the sorafenib induced cell death in DTF cells as well as stromal cells. 
Furthermore, autophagy inhibition enhanced the cytotoxic effects of sorafenib. Knowledge 
of the mechanisms by which sorafenib affects DTF at a cellular level may help to optimize its 
clinical efficacy and mitigate toxic effects.

PART II: HEALTH-RELATED QUALITY OF LIFE

Chapter 6 presents the HRQoL outcomes of the GRAFITI trial (Chapter 3). HRQoL was 
assessed by the European Organisation for Research and Treatment of Cancer Quality-of-
Life Questionnaire-Core 30 instrument (EORTC QLQ-C30) at baseline, 6, 12 and 24-month 
follow-up. A multivariable linear mixed-effects model with random intercept was conducted 
to assess trends of HRQoL scores over time and to explore the effect of treatment strategy 
on HRQoL. All 105 patients enrolled in the GRAFITI trial were eligible for the HRQoL analyses. 
DTF patients who continued AS demonstrated relatively stable HRQoL scores during follow-
up. HRQoL scores of patients who started AT worsened compared to patients who continued 
AS, although no significant changes in HRQoL score over time were found in the mixed-model 
analyses. Overall, DTF patients who started AT scored significantly worse on pain (β=10.08, 
p=0.039) compared to patients who continued AS. The results of this study showed that initial 
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AS approach does not impair HRQoL of DTF patients who continue AS over time, therefore 
providing further support for AS as the frontline approach in DTF patients.

Chapter 7 describes the protocol of the QUALIFIED study (The evaluation of health-related 
quality of life issues experienced by patients with desmoid-type fibromatosis [NCT04289077]), 
an international, multicentre, cross-sectional, observational cohort study. Patients ≥ 18 years 
with sporadic DTF from the Netherlands and the United Kingdom were invited to complete a 
set of questionnaires specifically composed for this patient group. Questionnaires were com-
pleted using PROFILES (Patient Reported Outcomes Following Initial treatment and Long-
term Evaluation of Survivorship), a system to electronically capture questionnaire responses. 
The QUALIFIED study aimed to (1) pre-test the previously developed DTF-specific HRQoL 
tool (the DTF-QoL); (2) evaluate prevalence of HRQoL issues in adult DTF patients; and (3) 
identify subgroups at risk of impaired HRQoL.

In Chapter 8, the 102-item provisional DTF-specific HRQoL questionnaire, the DTF-QoL, was 
pre-tested in DTF patients included in the QUALIFIED study to test the psychometric proper-
ties. Construct validity and reliability were determined based on factor analysis, multi-trait 
scaling analysis, Cronbach’s alpha, and correlations with the EORTC QLQ-C30 scales. Pre-
testing of the questionnaire led to the selection of 96 items, conceptualised into 3 symptom 
scales, 11 disease-impact scales and 6 single items, together forming the final DTF-QoL. 
Scaling assumptions were fully or moderately met for 10 out of 14 scales. Cronbach’s alpha 
ranged from 0.551–0.908. Most scales of the DTF-QoL were weakly or moderately correlated 
with the EORTC QLQ-C30. The DTF-QoL is the first DTF-specific questionnaire developed 
using the EORTC guidelines for developing a questionnaire and can be a useful HRQoL instru-
ment in future (longitudinal) clinical studies and clinical care.

In Chapter 9, we evaluated HRQoL among different groups of DTF patients included in the 
QUALIFIED study and investigated which socio-demographic and clinical characteristics 
were associated with DTF-specific HRQoL. HRQoL was assessed using the EORTC QLQ-
C30 and DTF-QoL and multiple linear regression analyses with a backward elimination were 
conducted to identify the factors associated with DTF-specific HRQoL. A total of 235 DTF 
patients completed the questionnaires. Female patients, patients with more than two comor-
bidities, or patients who received treatment other than only AS or surgery scored significantly 
worse on the subscales of both the EORTC QLQ-C30 and DTF-QoL. Patients aged ≥ 40 years 
scored significantly worse on the physical functioning scale of the EORTC QLQ-C30, while 
younger patients (18–39 years) scored significantly worse on several DTF-QoL subscales. 
Differences in the DTF-QoL subscales were found for tumour location, time since diagnosis 
and the presence of recurrent disease. Furthermore, treatments other than AS or surgery only, 
female sex, younger age and the presence of comorbidities were most frequently associated 
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with worse scores on the DTF-QoL subscales. Awareness of these HRQoL differences could 
help to provide better, personalised care that is tailored to the needs of a specific subgroup.

Chapter 10 describes the results of a latent class cluster analysis to identify subgroups of 
DTF patients based on physical symptom burden and compares these symptom burden 
subgroups on HRQoL and healthcare use. Among 235 DTF patients included in the QUALI-
FIED study, 4 symptom burden clusters were identified, with low symptom burden (24%), 
intermediate symptom burden-low pain (20%), intermediate symptom burden-high pain 
(25%), and high symptom burden (31%). The number of DTF patients who were female, had 
multiple comorbidities and tumours located in the extremities and hip/pelvis/gluteal region 
was higher in the high symptom burden cluster. DTF patients with high symptom burden 
had clinically relevant lower HRQoL scores compared to patients with low and intermedi-
ate symptom burden (P<0.001) and reported more general and DTF-related visits to their 
general practitioner compared to the low symptom burden cluster (P<0.01). In the multivariate 
analyses, symptom burden was independently associated with both HRQoL and healthcare 
utilisation. These differences in HRQoL outcomes and healthcare use between the four symp-
tom clusters emphasise the need to distinguish these subgroups to provide DTF patients with 
appropriate supportive care.
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Dit proefschrift bestaat uit twee delen. Deel I richt zich op twee behandelingsmodaliteiten 
bij desmoïd-type fibromatose (DTF) en evalueert de resultaten van een active 
surveillance (AS) beleid en de antitumor effecten van sorafenib. Deel II behandelt de 
gezondheidsgerelateerde kwaliteit van leven (HRQoL) bij DTF en geeft inzicht in DTF-
specifieke HRQoL-problemen die patiënten ervaren. De resultaten van dit proefschrift zullen 
bijdragen aan een betere gepersonaliseerde zorgaanpak voor DTF-patiënten.

DEEL I: BEHANDELING

In hoofdstuk 2 hebben we een systematisch literatuuronderzoek uitgevoerd om de resultaten 
van retrospectieve studies waarin een AS-beleid werd beschreven systematisch te evalueren. 
In totaal werden 25 artikelen geïncludeerd die in totaal 3527 patiënten beschreven, waarvan 
1480 (42%) AS kregen. De meeste patiënten waren vrouwen en hadden een primaire tumor. 
Ongeveer 20% van de patiënten had progressieve ziekte, 59% had stabiele ziekte en 19% 
van de patiënten had gedeeltelijke regressie van de tumor. Negenentwintig procent van de 
patiënten moest overgaan op een actieve vorm van behandeling, meestal een systemische 
behandeling of chirurgische resectie. De mediane follow-up tijd varieerde van 8 tot 73 maan-
den, en de mediane tijd tot initiatie van een actieve behandeling of progressie varieerde van 
6.3 tot 19.7 maanden. Deze systematische literatuurstudie belicht de aanhoudende trend van 
een AS-beleid en geeft aan dat een minderheid van de patiënten moet switchen naar een 
actieve vorm van behandeling.

Hoofdstuk 3 beschrijft de resultaten van de GRAFITI studie, een multicenter prospectieve 
cohortstudie waarin volwassen patiënten met niet-intra-abdominale DTF gedurende 3 jaar 
werden gevolgd gedurende een initieel AS-beleid. Het doel van de GRAFITI studie was om de 
effectiviteit van een AS beleid te beoordelen en het tumorgedrag volgens de Response Evalu-
ation Criteria in Solid Tumors (RECIST) bij DTF-patiënten te evalueren. In totaal startten 105 
patiënten met AS. Na 3 jaar was de cumulatieve incidentie van de start van actieve behandel-
ing (AT) 30% (95% betrouwbaarheidsinterval [CI] 21-39) en de progressievrije overleving (PFS) 
58% (95% CI 49-69). De mediane tijd tot start van AT en de PFS werden niet bereikt bij een 
mediane follow-up van 33.7 maanden. Tijdens AS had 32% van de patiënten stabiele ziekte, 
28% regressie en 40% vertoonde initiële progressie. Grotere tumoren (≥5 cm; hazard ratio 
(HR) =2.38 [95% CI 1.15-4.90] ) en S45F-mutatie (HR=6.24 [95% CI 1.92-20.30]) waren geas-
socieerd met de start van AT. De GRAFITI studie toonde aan dat na AS slechts een minderheid 
van de DTF-patiënten AT nodig heeft, waardoor overbehandeling en mogelijke morbiditeit tot 
een minimum worden beperkt en dat de meerderheid van de DTF-patiënten zal uiteindelijk 
een stabiele of regressieve ziekte ontwikkelen.
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In hoofdstuk 4 werd een gecombineerde analyse van de resultaten van de Italiaanse en 
Nederlandse prospectieve studies uitgevoerd om het bewijsniveau van de resultaten van de 
afzonderlijke prospectieve studies te versterken en de prognostische factoren voor het falen 
van AS en tumorgedrag verder te identificeren. In de gecombineerde analyses werden 198 
patiënten geïncludeerd. De mediane follow-up was 49 maanden (interkwartielafstand [IQR] 
37-60). Drie jaar behandelingsvrije overleving (TFS) en ruwe cumulatieve incidenties (CCI) 
van RECIST-progressie, regressie (elke vorm) na RECIST-progressie, en RECIST-regressie 
(als eerste event) waren respectievelijk 67% (60-74%), 42% (95% CI 35-49), 35% (95% CI 
26-48), en 24% (95% CI 19-31). Grotere initiële tumorgrootte (P=0.027), S45F en ‘andere’ 
CTNNB1 mutaties (P=0.009), en extremiteit- en hoofd/hals-tumorlocatie (P=0.107) waren in 
de multivariabele analyse geassocieerd met een slechtere TFS. Jongere leeftijd (P=0.021) 
was geassocieerd met een hogere incidentie van RECIST-progressie. Uit deze studie werd 
geconcludeerd dat CTNNB1 mutatiestatus, tumorlocatie en tumorgrootte moeten worden 
opgenomen in het behandelingsalgoritme van DTF om de behandelingsstrategie en het 
follow-up schema af te stemmen op de individuele patiënt.

In hoofdstuk 5 onderzochten we de moleculaire effecten van blootstelling aan sorafenib 
op DTF- en stromale cellen, met de nadruk op celdoodmechanismen. Primaire celculturen 
van DTF, met bekende CTNNB1 status, en primaire stromale celculturen, afkomstig van 
DTF-weefsel, werden blootgesteld aan klinisch relevante concentraties sorafenib in aan-
wezigheid of afwezigheid van ferroptose-, apoptose- en autofagieremmers. Blootstelling aan 
sorafenib veroorzaakte een significante, concentratie- en tijdsafhankelijke afname van de 
levensvatbaarheid van de cellen in alle primaire DTF- en stromale celculturen. Ferroptose- en 
apoptoseremmers beschermden tegen sorafenib-gemedieerde cytotoxiciteit, wat impliceert 
dat beide celdoodmechanismen worden geactiveerd. Annexin V/PI-kleuringen en lipide 
peroxidatie-analyses bevestigden de inductie van respectievelijk apoptose en ferroptose. 
Autofagieremming versterkte het cytotoxische effect van sorafenib en leidde tot een sterkere 
inductie van apoptose en ferroptose. Concluderend, identificeerde deze studie ferroptose en 
apoptose als mechanismen voor de door sorafenib geïnduceerde celdood in DTF-cellen en 
stromale cellen. Bovendien versterkte remming van autofagie de cytotoxische effecten van 
sorafenib. Kennis van de mechanismen waarmee sorafenib DTF op cellulair niveau beïnv-
loedt, kan helpen de klinische werkzaamheid ervan te optimaliseren en de toxische effecten 
te verminderen.

DEEL II: GEZONDHEIDSGERELATEERDE KWALITEIT VAN LEVEN

Hoofdstuk 6 presenteert de HRQoL uitkomsten van de GRAFITI studie (hoofdstuk 3). HRQoL 
werd geëvalueerd aan de hand van de European Organisation for Research and Treatment 
of Cancer Quality-of-Life Questionnaire-Core 30 (EORTC QLQ-C30) bij baseline, 6, 12 en 
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24 maanden follow-up. Een multivariabel lineair mixed-effects model met random intercept 
werd gebruikt om de trend van HRQoL scores over de tijd te beoordelen en het effect van de 
behandelingsstrategie op HRQoL te bestuderen. Alle 105 patiënten die waren geïncludeerd 
in de GRAFITI studie kwamen in aanmerking voor de HRQoL analyses. DTF-patiënten die 
AS continueerden lieten relatief stabiele HRQoL scores zien gedurende de follow-up. HRQoL 
scores van patiënten die startten met AT verslechterden in vergelijking met patiënten die AS 
continueerden, hoewel in de mixed-model analyses geen significante veranderingen in HRQoL 
scores over de tijd werden gevonden. Over het geheel genomen scoorden DTF-patiënten die 
startten met AT significant slechter op pijn (β=10.08, P=0.039) in vergelijking met patiënten 
die AS continueerden. De resultaten van deze studie toonden aan dat een initieel AS-beleid 
geen vermindering van de HRQoL veroorzaakt van DTF-patiënten die AS continueerden, wat 
verdere ondersteuning biedt voor AS als eerstelijnsbenadering bij DTF-patiënten.

Hoofdstuk 7 beschrijft het protocol van de QUALIFIED studie (The evaluation of health-related 
quality of life issues experienced by patients with desmoid-type fibromatosis [NCT04289077]), 
een internationale, multicenter, cross-sectionele, observationele cohortstudie. Patiënten ≥ 18 
jaar met sporadische DTF uit Nederland en het Verenigd Koninkrijk werden uitgenodigd om 
een set vragenlijsten in te vullen die speciaal voor deze patiëntengroep werd samengesteld. 
De vragenlijsten werden ingevuld met behulp van PROFILES (Patient Reported Outcomes 
Following Initial treatment and Long-term Evaluation of Survivorship), een systeem dat ele-
ktronisch vragenlijsten kan verzamelen. De QUALIFIED-studie had tot doel (1) het pretesten 
van het eerder ontwikkelde DTF-specifieke HRQoL instrument (de DTF-QoL); (2) het evalueren 
van de prevalentie van HRQoL problemen bij volwassen DTF-patiënten; en (3) het identificeren 
van subgroepen met risico op een verminderde HRQoL.

In hoofdstuk 8 werd de uit 102-items bestaande voorlopige DTF-specifieke HRQoL-vragenli-
jst, de DTF-QoL, gepretest bij DTF-patiënten die waren geïncludeerd in de QUALIFIED studie 
om de psychometrische eigenschappen te testen. De constructvaliditeit en betrouwbaarheid 
werden bepaald op basis van factoranalyse, multi-trait scaling analyse, Cronbach’s alfa, en 
correlaties met de EORTC QLQ-C30 schalen. Pretesten van de vragenlijst leidde tot de selec-
tie van 96 items, ingedeeld in 3 symptoomschalen, 11 ziekte-impactschalen en 6 single items, 
die samen de definitieve DTF-QoL vormen. Voor 10 van de 14 schalen werd volledig of gemid-
deld voldaan aan de schaalaannames. Cronbach’s alfa varieerde van 0.551-0.908. De meeste 
schalen van de DTF-QoL waren zwak of gemiddeld gecorreleerd met de EORTC QLQ-C30. 
De DTF-QoL is de eerste DTF-specifieke vragenlijst die is ontwikkeld volgens de EORTC-
richtlijnen voor het ontwikkelen van een vragenlijst en kan een nuttig HRQoL-instrument zijn 
in toekomstige (longitudinale) klinische studies en de klinische praktijk.

In hoofdstuk 9 hebben we de HRQoL geëvalueerd onder verschillende groepen DTF-patiënten 
die waren geïncludeerd in de QUALIFIED studie en onderzocht welke socio-demografische en 
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klinische kenmerken geassocieerd waren met DTF-specifieke HRQoL. HRQoL werd geëval-
ueerd aan de hand van de EORTC QLQ-C30 en DTF-QoL en er werden multipele lineaire 
regressieanalyses met een backward eliminatie uitgevoerd om de factoren te identificeren die 
samenhangen met DTF-specifieke HRQoL. In totaal vulden 235 DTF-patiënten de vragenli-
jsten in. Vrouwelijke patiënten, patiënten met meer dan twee comorbiditeiten, of patiënten die 
een andere behandeling kregen dan alleen AS of chirurgie scoorden significant slechter op 
subschalen van zowel de EORTC QLQ-C30 als DTF-QoL. Patiënten ≥ 40 jaar scoorden signifi-
cant slechter op de schaal voor fysiek functioneren van de EORTC QLQ-C30, terwijl jongere 
patiënten (18-39 jaar) significant slechter scoorden op verschillende DTF-QoL subschalen. 
Verschillen in de DTF-QoL subschalen werden gevonden voor tumorlocatie, tijd sinds de 
diagnose en de aanwezigheid van recidiverende ziekte. Verder waren andere behandelingen 
dan AS of alleen chirurgie, vrouwelijk geslacht, jongere leeftijd en de aanwezigheid van 
comorbiditeiten het vaakst geassocieerd met slechtere scores op de DTF-QoL subschalen. 
Kennis van deze HRQoL-verschillen zou kunnen helpen om betere, gepersonaliseerde zorg te 
verlenen die is afgestemd op de behoeften van een specifieke subgroep.

Hoofdstuk 10 beschrijft de resultaten van een latente klasse clusteranalyse om subgroepen 
van DTF-patiënten te identificeren op basis van fysieke symptoomlast en vergelijkt HRQoL en 
zorggebruik van deze subgroepen. Onder de 235 DTF-patiënten die waren geïncludeerd in de 
QUALIFIED studie werden 4 symptoomlast clusters geïdentificeerd, met lage symptoomlast 
(24%), gemiddelde symptoomlast-weinig pijn (20%), gemiddelde symptoomlast-veel pijn 
(25%), en hoge symptoomlast (31%). Het aantal vrouwelijke DTF-patiënten, patiënten met 
meerdere comorbiditeiten, en patiënten met tumoren in de extremiteiten en heup/bekken/
gluteale regio was hoger in het cluster met hoge symptoomlast. DTF patiënten met hoge 
symptoomlast hadden klinisch relevante lagere HRQoL scores vergeleken met patiënten 
met lage en gemiddelde symptoomlast (P<0.001) en rapporteerden meer algemene en 
DTF-gerelateerde bezoeken aan hun huisarts vergeleken met het lage symptoomlast cluster 
(P<0.01). In de multivariabele analyses was symptoomlast onafhankelijk geassocieerd met 
zowel HRQoL als zorggebruik. Deze verschillen in HRQoL uitkomsten en zorggebruik tussen 
de vier symptoomclusters benadrukken de noodzaak om deze subgroepen te onderscheiden 
om DTF-patiënten passende ondersteunende zorg te bieden.
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