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Abstract
Objectives To propose a follow-up strategy for desmoid-type fibromatosis (DF) based on tumor growth behavior and the signal
on T2-weighted MRI.
Methods We retrospectively reviewed 296 MRI studies of 34 patients with histologically proven DF. In each study, tumor
volume and T2 signal relatively normal striated muscle were assessed. Volume variation and monthly growth rates were analyzed
to determine lesion growth behavior (progressing versus stable/regressing lesions). Growth behavior was correlated with T2
signal, tumor location, β-catenin status, treatment strategy, and follow-up duration. Interobserver variability of volume measure-
ments and interobserver measurement variation ratio were assessed.
Results There were 25 women and 9 men with a mean age of 39.9 ± 19 (4–73) years. Mean follow-up time in the patients
included was 55 ± 41 (12–148) months. In progressing lesions, the mean average monthly growth ratio was 10.9 ± 9.2 (1.1–42.5)
%. Interobserver variability of volume measurements was excellent (ICC = 0.96). Mean interobserver measurement variation
ratio was 20.4 ± 23.6%. The only factor correlated with tumor growth behavior was T2 signal ratio (p < 0.0001). Seventeen out of
34 (50%) patients presented a signal change over the threshold of 1 during follow-up. There were five occurrences of secondary
growth after a period of stability with a mean delay until growth of 38.2 ± 44.2 (17–116) months.
Conclusion DF growth rate was quantitatively assessed. A threshold for volume variation detection was established. DF growth
behavior was significantly related to T2 signal. An evidence-based follow-up strategy is proposed.
Key Points
• In progressing desmoid fibromatosis, the mean average monthly growth ratio was 10.9 ± 9.2%.
• Lesions with muscle/tumor T2 signal ratios lower than 1 tended to be stable or regress over time.
• Given the interobserver measurement variability and MRI in-plane spatial resolution, a variation higher than 42.6% in tumor
volume is required to confirm punctual progression.

Keywords Aggressive fibromatosis . Follow-up studies . Magnetic resonance imaging . Evidence-based practice . Interobserver
variability

Abbreviations
AMGR Average monthly growth rate
CI Confidence intervals
DF Desmoid-type fibromatosis
ETL Echo train length
FOV Field-of-view
ICC Intraclass correlation coefficients
MRI Magnetic resonance imaging
NEX Number of excitations
TE Echo time
TR Repetition time
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Introduction

Desmoid-type fibromatosis (DF) is a rare (2–4 case per mil-
lion per year) soft tissue tumor arising from the connective
tissue of the muscle, aponeurosis, or overlying fascia [1].
DFs do not metastasize, but these tumors have unpredictable
behavior and can be locally aggressive, with an average recur-
rence rate of 24 to 77% [2, 3]. There are considerable contro-
versies about prognostic factors for DF and currently, a wait-
and-see strategy is recommended as the first line of manage-
ment in asymptomatic DF with progression-free survival rate
up to 50% [4]. The different systemic medical treatments
available for DF (anti-inflammatory drugs, hormonal
therapy, tyrosine kinase inhibitors, isolated limb perfusion)
[5, 6] are reported to have variable response rates ranging from
17 to 100% [7]. Percutaneous ablation treatments such as
Cryoablation are reported to be an effective alternative treat-
ment for local control of small and moderately sized extra-
abdominal desmoid tumors [8]. Magnetic resonance imaging
(MRI) plays a cardinal role in DF follow-up, and since tumor
size remains the most important criterion for the evaluation of
treatment efficacy, the imaging follow-up strategy may influ-
ence patient management. Several groups have issued formal
guidelines for DFmanagement, including the British Sarcoma
Group, the National Comprehensive Cancer Network, and the
European Society for Medical Oncology [9, 10]. These guide-
lines, although helpful, are diverse and not evidence-based,
leading to variable management of DF patients [11].
Previous reports have also indicated that DF growth behavior
can be associated with multiple factors such as signal intensi-
ty, contrast enhancement, and adjuvant therapy [12–14]. We
hypothesize that these factors should be considered in a DF-
specific imaging follow-up strategy.

The aim of this study is to propose a follow-up strategy for
DF based on the analysis of tumor growth behavior and the
signal on T2-weighted MRI. Other factors that might influ-
ence tumor growth (β-catenin status, location, treatment strat-
egy, and follow-up duration) were also evaluated. This infor-
mation may help to standardize DF image follow-up with a
potentially positive impact on patient management.

Materials and methods

Population

From January 2000 to January 2018, the MRI studies of 48
patients with histologically proven DF were retrospectively
evaluated. These patients had been identified by performing
a search in our institution’s hospital information system
(Xplore, EDL® version 6.2.933) using the keyword “desmoid
fibromatosis” and derived terms. Fourteen patients were ex-
cluded: two for which there were less than three follow-up

studies available, follow-up being shorter than 12 months for
seven patients, and five with complete surgical resection with-
out recurrence.

In our institution, retrospective studies with fully
anonymized patient data did not require ethics committee ap-
proval (IRB waived).

Imaging protocol

MR imaging was performed at 1.5-T (Signa Advantage, Signa
H23, Signa HDxt) or 3.0-T MR750 (GE Healthcare) using
dedicated coils. The acquisition protocol included at least
two fast spin-echo T2 fat-saturated sequences in two different
orthogonal planes. Acquisition protocols were adapted to the
patient anatomy and tumor location: repetition time (TR) 3500
−10,000 ms; echo time (TE) 48–77 ms; number of excitations
(NEX) 1–4; bandwidth 13–42 kHz; echo train length (ETL)
10–23; field-of-view (FOV) 200–440 mm; slice thickness
3.5–5 mm; gap 0.5–3 mm; and matrix 224 × 256–416 × 352.
In-plane voxel size varied from 0.27 to 3.36 mm3. T1-
weighted with and without contrast enhancement was also
part of the imaging protocol.

In our institution, in accordance with the National
Comprehensive Cancer Network guidelines for soft tissues sar-
coma, the follow-up strategy for DF was MRI every 6 months
for the patients with stable or regressing DF up to 3 years and
then, if lesion size remained stable, yearly follow-up. Patients
with progressing DF were imaged every 3 months until pro-
gression stopped or surgical treatment was implemented [9].

Image analysis

One radiologist in trainingwith 1 year of clinical experience in
musculoskeletal MRI reviewed the images from all studies
performed in the patients included. A second reader with
4 years of clinical experience with musculoskeletal MRI in-
dependently reviewed the first and the last MRI studies of
each patient included (68 studies) allowing interobserver re-
producibility assessment. Images were evaluated on a picture
archiving and communication system workstation (Synapse
4.1, FUJIFILM Medical systems). T2-weighted fat-saturated
images in two orthogonal planes were browsed to select the
images showing the tumor’s greatest diameters. The readers
then measured in millimeters the greatest tumor diameters in
three orthogonal planes. Peritumoral edema was not included
in the measurements. Tumor volume was calculated using the
following equation (volume of an ellipse):

∼volume ¼ π=6� D1 � D2 � D3

where D1, D2, and D3 are the maximal orthogonal diameters
of a given lesion. This calculation method has been shown to
correlate closely with true volumetric calculations based on
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slice-by-slice tumor segmentation [15]. Time versus tumor
volume graphs were constructed. The average monthly
growth rate (AMGR) of each previously defined tumor behav-
ior period was calculated as follows:

AMGR ¼ n

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

final value

initial value

r

−1

 !

� 100

where n is the number of months between the initial and final
volumes. Based on these parameters, a third radiologist with
12 years of experience with musculoskeletal imaging deter-
mined the tumor growth behavior.

Tumor T2 signal intensity was objectively assessed using
the modified Choi technique similar to that described by
Stacchioti et al [16]: First, the image showing the largest tu-
mor diameter on T2-weighted were selected. Then, the largest
circular region-of-interest possible was drawn within the tu-
mor. A second region-of-interest was drawn on the adjacent,
normally appearing striated muscle. Finally, the ratio between
tumor and muscle mean signal intensity was calculated and
used for inter-patient comparisons.

Statistical analysis

Statistical analysis was performed with the R Development
Core Team software (version 3.0.12013). AMGR and month-
ly volume variation were calculated based on the first and the
last imaging study of each behavior period evaluated.
Quantitative data are presented as mean ± standard deviation
(range). Confidence intervals (CIs) are also presented in pa-
rentheses. Intraclass correlation coefficients (ICC) were calcu-
lated to assess the interobserver variability of volume mea-
surements and T2 ratios. ICC values of 0–0.20 were consid-
ered to represent slight; 0.21–0.40, fair; 0.41–0.60, moderate;
0.61–0.80, substantial; and 0.81–1, excellent agreement. A
generalized linear mixed model fit by maximum likelihood
(Laplace approximation to the deviance) was used to evaluate
the influence of multiple variables (T2 ratios, β-catenin mu-
tation, treatment, follow-up duration, and lesion location) on
tumor behavior (progression versus stability/regression) and
on AMGR. During the process for generalized linear mixed
model estimation, the (marginal) likelihood is maximized
through Laplace approximation, which corresponds to an
adaptive Gaussian quadrature with only one quadrature point.
The threshold for statistical significance was set to p < 0.05.

Results

Study population

Among the 34 subjects included, there were 25 females and
nine males with a mean age of 39.9 (4–73) years. The mean

follow-up time in the patients included was 55 ± 41 (12–148)
months yielding a total of 296 MRI studies (mean per patient
8.7 ± 5.3 (3–22) studies). Twenty lesions were located in the
extremities (12 in lower the extremity and eight in the upper
extremity), and 14 lesions were located in the body (seven in
the head and neck, four in the abdomen, and three in the chest
wall). Among the 34 patients included, 22 were positive forβ-
cateninmutation, and 9 were negative. For one patient, despite
an immunohistochemical analysis consistent with DF, β-
catenin mutation assessment was not performed. Two patients
had a history of familial adenomatous polyposis and Gardner
syndrome. Nineteen patients received adjuvant therapy
(tamoxifen, methotrexate, or radiotherapy), and a wait-and-
see strategy was adopted for 15 patients (Table 1). The mean
initial lesion volume was 157.1 ± 291.6 (0.20–1570).

The mean lesion T2 signal ratio in all follow-up studies
evaluated was 1.5 ± 1.1 (0.127–7.5). The interobserver vari-
ability for T2 ratios was considered excellent (ICC = 0.84
[95% CI = 0.76; 0.90]).

Table 1 Patient demographics

Characteristic Overall Percentage (%)

Numbers of patients 34

Gender

Male 9 26

Female 25 74

Age (years)

Mean 39.9

< 30 11 32

> 30 23 68

Tumor site

Body 14 41

Upper extremity 12 35

Lower extremity 8 24

Treatment

Adjuvant therapy

Surgery + chemotherapy 9 26

Chemotherapy 10 30

No adjuvant therapy

Recurrence + wait-and-see 6 18

Wait-and-see 9 26

Beta-catenin mutation status

Positive 22 66

Negative 9 26

Mutation 2 5

Unknown 1 3

Follow-up (months)

Mean 55

< 36 14 40

> 36 20 60
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The mean AMGR was 10.1 ± 9.2 (1.1–42.5) % in
progressing lesions, 0.0 ± 0.5 (− 0.7–0.8) %, in stable lesions,
and − 6.1 ± 4.5 (− 15.7 to − 1.1) % in regressing lesions. DF
behavior (progression, stability, and regression) was signifi-
cantly related to the lesion T2 ratio (p = 0.000001). When
AMGR versus T2 ratio graph was considered, higher
AMGR values were found in lesions with T2 ratios greater
than 1 (Fig. 1); thus, this was considered to be the threshold
for T2 signal variations. The duration of patient follow-up, β-
catenin mutation status, treatment status, and tumor topogra-
phy (body and upper extremity versus lower extremity) did
not significantly influence DF growth behavior (p > 0.05).
None of these factors directly influenced AMGR.
Information on tumor growth rate and volume with respect
to lesion T2 signal, location, mutation status, and treatment
strategy in the study population is presented in Table 2.

Criteria for DF behavior assessment

The interobserver variability of volume measurements was
considered excellent (ICC = 0.96 [95% CI = 0.93; 0.97]. The
mean lesion volume variation ratio between the two readers
was 20.4 ± 23.6% (95% CI = 15.9%; 24.9%). The upper limit
of the 95% CI (24.9%) was considered the interobserver var-
iation threshold. The lowest in-plane spatial resolution used
(3.36 mm2 pixel size) would only allow identification of vol-
ume variations higher than 17.7%. As both interobserver mea-
surement variability and spatial resolution affect the detect-
ability of volume variation, in light of these results, the min-
imal identifiable volume variation was considered to be
42.6%. Punctual volume variations inferior to this threshold
were not considered significant.

In accordance with these results, DF growth behavior was
classified as follows:

& Tumor progression: defined by a volume increase in at
least two consecutive control studies or a volume increase
higher than 42.6% compared with that in the previous
study. Additionally, the AMGR of the corresponding pe-
riod had to be higher than 1%.

& Tumor regression: defined by a volume decrease in at least
two consecutive control studies or a volume decrease
higher than 42.6% compared with that in the previous
study. Additionally, the AMGR of the corresponding pe-
riod had to be lower than − 1%.

& Tumor stability: defined by follow-up periods with an
AMGR between − 1 and 1%.

In one patient, punctual changes in tumor volume over
42.6% were not considered to represent progression because
the tumor was small in size (< 10 cm3) and with very irregular
contours explaining the high variation in volume measure-
ments. After image review and the analysis of time versus
volume graphs by reader 3, this lesion was considered stable.

Changes in T2 signal relative to muscle were frequent in
the patients studied and 17 out of 34 (50%) patients presented
a signal change over the threshold of 1(e.g., T2 signal went
from less than that of the muscle or greater than that of muscle
or vice-versa) during follow-up (Fig. 2). Moreover, in 13 out
of 17 patients (76.5%), this signal change was associated with
a behavioral change (progression versus regression/stability).

There were 29 follow-up periods in which more than two
follow-up studies performed in stable or regressing DF. The
mean follow-up time in these periods was 40 ± 33.1 (7–116)
months. There were five occurrences (17.2%) of tumor
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Fig. 1 AMGR versus mean T2 values in the 61 behavior periods studied. Note higher AMGR can be found in association with T2 ratios higher than 1
(red line)
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progression after two or more controls indicating tumor
stability/regression with a mean secondary progression delay
of 38.2 ± 44.2 (7–116) months. In four out of five occurrences,
T2 ratios were higher than 1 at the time of tumor growth. In
two of the patients with a secondary progression, a change in
treatment preceded the behavior change. The other three pa-
tients resumed progression without any change in therapy
(one was on tamoxifen and the other two on a wait-and-see
strategy). The other 24 (85.7%) remained stable or regressed
until the end of the available follow-up.

Follow-up interval determination

Among the DF evaluated, there were 27 periods of tumor
progression, eight periods of tumor stability, and 26 periods
of tumor regression adding up to 61 follow-up periods. When
lesions presented a T2 ratio < 1 (17 follow-up periods), the
upper limit of the 95% CI of the AMGR was − 0.2%,

indicating that these lesions tend to be stable over time. In
lesions with T2 ratios ≥ 1 (44 follow-up periods), the upper
limit of the 95% CI of AMGR was 6.7%. Thus, given the
threshold for volume variation identification, a follow-up in-
terval of 6.3 months (42.6%/6.7%) would be needed to detect
this growth.

Figure 3 shows an example of the relationship between the
signal and DF growth behavior.

Based on these findings, a follow-up algorithm can be pro-
posed (Fig. 4). This algorithm considers the fact that T2 signal
ratios were significantly associated with DF growth behavior
and the AMGR of DF with lower and higher T2 ratios.
Moreover, follow-up intervals were determined taking into ac-
count from one side the DFAMGR and on the other the influ-
ence both of spatial resolution and interobserver measurement
variability on volume estimates (e.g., the least amount of time
necessary for growth identification considering lesion AMGR
and the volume variation detection capabilities of MRI).

Table 2 AMGR and volume variation in the subgroups evaluated

Number of
follow-up
periods

Progression** Stability** Regression** AMGR
mean

AMGR
SD

Vol.
variation
mean

Vol.
variation
SD

p value

T2 ratio < 1 17 3 5 9 − 1.77 3.29 − 25.8 93.2 < 0.00001
T2 ratio ≥ 1 44 24 3 17 3.32 11.53 2.84 372.4

Adjuvant therapy* 33 13 4 16 0.97 8.9 − 40.9 386.7 0.16
Wait-and-see

strategy
28 14 4 10 3 11.57 37 213.7

Negative β-catenin 18 7 5 6 2.12 7.41 0.6 84.1 0.86
Positive β-catenin 35 16 3 16 1.71 11.6 − 16.5 414.4

Upper extremity 13 6 2 5 2.27 9.94 68.7 327.8 > 0.15
Lower extremity 19 8 4 7 1.2 5.12 − 2.16 109.8

Body 21 9 2 10 2.17 13.96 − 67.5 463.9

SD, standard deviation

*Tamoxifen, methotrexate, or radiotherapy

**Number of follow-up periods

Fig. 2 A 24-year-old female with
a DF to the posterolateral com-
partment of the left knee. a, b
Axial T2-weighted fat-saturated
MR images 51 months apart,
showing the variation of DF
(arrows) T2 signal. In this case,
the reduction of the lesion signal
was accompanied by a reduction
in lesion size
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Discussion

The distinction between indolent and aggressive forms of DF
may have important consequences for patient management
[4]. The presented results, in accordance with prior reports,
show a correlation between T2 signal and DF growth behavior
(p < 0.0001) and the quantitative analysis of T2 ratios allowed
identification of two groups of DF.When T2 ratio was inferior
to that of adjacent muscle (ratio < 1), there was a general
tendency for stability or regression (mean AMGR, 1.8 ±
3.3%), whereas a clear progression tendency was seen with
T2 signal higher than that of adjacent muscle (ratio ≥ 1) (mean
AMGR, 3.3 ± 11.5%). T2 signal changes overtime were fre-
quently seen (48.6%) and were often associated with growth
behavior changes (76.5%). The relationship between T2W
signal on MRI and DF behavior is controversial, and
Castellazi et al did not find any correlation between T2 signal
and DF growth behavior in 27 patients [13]. In a later study,
GondimTeixeira et al demonstrated that in stable or regressing
DF, T2 signal was lower compared with progressing DF in
which low T2 signal intensity was rare [12]. These findings
were corroborated by Cassidy et al that analyzed the percent-
age of T2 hyperintense tumor volume in 37 patients and its

impact on progression-free survival. These authors demon-
strated that when more than 90% of tumor volume was hyper-
intense, tumor progression was frequent [17]. In light of these
results, the T2 signal should be considered in the follow-up
strategy of DF and may influence patient management.

Interobserver measurement variability (an important
factor in DF, which frequently presents irregular and in-
filtrative contours) and MRI in-plane spatial resolution
could explain volume variations up to 42.6% [18, 19].
This variation may seem high, but since lesion volume
was considered, this threshold is actually more sensitive
for tumor progression than RECIST criteria, as a greater
diameter increase of 20% would lead to a volume varia-
tion of 72.8% (if growth was assumed to be similar in all
planes of space) [20, 21]. These findings are in accor-
dance with previous studies that support the use of vol-
ume assessment (3D orthogonal measurement or direct
volume assessment) for the follow-up of tumors of differ-
ent histological types such as lung cancer, rhabdomyosar-
coma, and angiomyolipomas [18, 22, 23].

The presented follow-up algorithm uses an optimized
follow-up delay based on tumor growth rate for lesions with
high T2 ratios, which represent 72% of the follow-up periods

Fig. 3 a, bAn 18-year-old female
with a DF to the posterior com-
partment of the left knee (white
stars). a Axial T2-weighted fat-
saturated MR image showing a
DF with a T2 ratio < 1. b T2-
weighted fat-saturated axial MR
image of the same patient,
80 months later, showing stable
lesion volume and signal. c, d A
62-year-old male with a DF to the
medial part of the left knee (white
arrows). c Coronal T2-weighted
fat-saturated MR image showing
a DF with a T2 ratio > 1. d
Coronal T2-weighted fat-saturat-
ed MR image of the same patient
17 months later showing an in-
crease in lesion volume and signal
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studied. The available data were insufficient to determine the
optimal follow-up delay for lesions with low T2 ratios, which
tend to remain stable. Tumor secondary progression was rel-
atively infrequent (17%) and occurred with a widely variable
delay (from 7 to 116 months). Thus, in accordance with pre-
vious guidelines, an empirical 12-month delay was proposed
for patients with low T2 ratios or high T2 ratios stable for two
or more controls [10]. Compared with the current guidelines
of the European consensus for DF and low-grade soft tissue
sarcoma, this follow-up algorithm requires relatively fewer
and more sparse control studies, which could increase cost-
effectiveness [9, 10, 24]. Additionally, an additional factor
affecting tumor behavior was included (T2 signal), which
could potentially allow earlier detection of tumor growth.

Several limitations of this study need to be acknowledged.
The number of patients included was relatively small, which
precluded the evaluation of tumor growth in smaller sub-
groups (particularly the secondary progression subgroup)
and probably limited the statistical significance volume vari-
ations. Clinical findings such as pain and the proximity to
noble anatomical structures were not evaluated in this study.
The evaluated variables (e.g., T2 signal, β-catenin, follow-up
time, therapy, and location) did not directly influence tumor
AMGR. This could be related to the small number of follow-
up periods available for analysis and a large number of possi-
ble variables affecting tumor growth. In order to facilitate the
applicability of this technique in clinical practice, signal inten-
sity was evaluated only in the slice depicting the larger tumor
diameter. As DF can have a heterogenous signal distribution,
this method may be less representative of global tumor signal
intensity than a volumetric approach. Larger, prospective
multicentric studies are necessary to overcome these difficul-
ties and to confirm the effectiveness of the proposed algo-
rithm. The formula used for volume assessment was that of
an ellipsoid, which in some cases, is ill-suited for DF, which
can present with irregular contours and a multinodular appear-
ance. The use of deep learning and artificial intelligence could

assist tumor segmentation and improve the interobserver mea-
surement variation ratio [25]. Tumor T2 signal characteristics
such as distribution and heterogeneity were not evaluated in
this study. Further studies, potentially using a texture analysis
approach, are required to assess this matter.

In conclusion, the volume AMGR of progressing, sta-
ble, and regressing DF on MRI was presented. T2 signal
ratio frequently varied over time and was significantly
associated with DF growth behavior. Secondary tumor
progression was relatively infrequent with a wide varia-
tion in the delay to secondary progression. Given the in-
terobserver measurement variability and MRI in-plane
spatial resolution, a variation higher than 42.6% in tumor
volume was required to confirm punctual progression.
Based on these findings, an evidence-based follow-up
strategy for DF is proposed.
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Methodology
• retrospective
• observational
• performed at one institution
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