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Abstract

Objectives An update of the first European Society of Musculoskeletal Radiology (ESSR) consensus on soft tissue
tumor imaging in 2015 became necessary due to technical advancements, further insights into specific entities, and
the revised WHO classification (2020) and AJCC staging system (2017). The third part of the revised guidelines covers
algorithms and techniques beyond initial imaging: (1) Imaging after neoadjuvant therapy in soft tissue sarcoma,

(2) sarcoma surveillance, and (3) special aspects, including surveillance of non-malignant entities and the role of
interventional radiology.

Materials and methods A validated Delphi method based on peer-reviewed literature was used to derive consensus
among a panel of 46 specialized musculoskeletal radiologists from 12 European countries. Statements that had
undergone interdisciplinary revision were scored online by level of agreement (0 to 10) during two iterative rounds
that could result in either ‘group consensus,’ ‘group agreement,’ or ‘lack of agreement.
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Results The three sections contain 47 statements with comments. Group consensus was reached in 91.5%, group
agreement in 6.4%, lack of agreement in 2.1%. In sarcoma, imaging immediately after neoadjuvant therapy is pivotal
for determining the therapy effects and for resection-planning; surveillance should include imaging at fixed grade-
and type-dependent intervals. In general, MRI is the method of choice for loco-regional surveillance of soft tissue
sarcomas, and chest CT to assess metastatic disease. Interventional radiology has a role, especially in oligometastatic
disease, palliative tumor control and local recurrences.

Conclusion Strategies for standardized soft tissue tumor imaging regarding therapy control, surveillance, and useful
interventional procedures are provided.

Key Points

Question An ESSR consensus update on soft tissue tumor imaging regarding surveillance became necessary due to
technical advancements, further entity-specific insights, and revised WHO- and AJCC-classifications.

Findings Imaging immediately after neoadjuvant therapy in soft tissue sarcoma is pivotal. Post-therapeutic surveillance
should include imaging at regular intervals, stratified for tumor grade and type.

Clinical relevance The updated ESSR soft tissue tumor imaging guidelines aim to provide best practice expert consensus
for standardized imaging, to support radiologists in their decision-making, and to improve examination comparability, both

in individual patients and in future studies on individualized strategies.

Keywords Practice guideline, Consensus, Soft tissue neoplasms, Sarcoma (Soft tissue), Diagnostic imaging

Introduction

The updated guidelines for imaging of soft tissue tumors
of the European Society of Musculoskeletal Radiology
(ESSR) aim to provide best practice expert consensus
recommendations for standardized imaging algorithms,
techniques and reporting in soft tissue tumors of adults.

Since the first consensus in 2015 [1], technical
advancements, further insights into specific entities, the
revised WHO classification (2020) [2] and a new version
of the American Joint Committee on Cancer (AJCC)
staging system (2017) [3] made an update necessary [4]. A
Delphi process [5], evidence based on current literature
where possible, enables consensus on complex problems
among a panel of experts [6] and has been used by several
ESSR guidelines recently [7], including primary local
imaging of soft tissue tumors [8], whole body staging in
sarcoma, and non-malignant entities requiring special
algorithms [9].

This part of the recommendations is intended to sup-
port radiologists who assess the effects of treatment and
perform imaging for surveillance of soft tissue tumors.
Choosing adequate treatment for soft tissue tumors is
complicated by the fact that sarcomas are rare and consist
of numerous histological types and subtypes. This leads to
significantly different behavior and prognosis, which is
also influenced by the location, depth, size and grade of
the tumor [10]. Response assessment is critical in tumors
undergoing neoadjuvant therapy as it provides a basis for
planning subsequent treatment. Once the initial treat-
ment is terminated, an individualized surveillance strategy
must be chosen. There has been considerable debate
about the role of imaging in soft tissue tumor follow-up,

which we also address in our article. A short section of
this paper highlights the role of interventional radiology.
Standardization of imaging is especially important for
comparability of serial examinations in the individual soft
tissue tumor patient, and this may also facilitate multi-
center studies aiming to individualize patient care.

Materials and methods

A validated Delphi method on the base of peer-reviewed
literature, as has been described elsewhere 8], was used to
derive consensus among a panel of 46 specialized tumor
subcommittee radiologists of the ESSR, from 12 European
countries. Institutional review board approval was not
required for this consensus as patients were not involved.
Statements were developed with comments based on the
current literature by search on PubMed and the Cochrane
Library and validated by two orthopedic tumor surgeons,
a specialized sarcoma pathologist, a radiation oncologist,
and a radiologist with special expertise in radiology of
chest and abdomen and second specialization in nuclear
medicine. For each statement, the panel members scored
their level of agreement by using an online questionnaire
(Google Forms®) [11]. Suggestions for adjustments were
incorporated for the consecutive questionnaire round
either as an alternative or an optimization of the state-
ment. In three personal meetings, open questions and
comments were discussed. The scores ranged from 0 to
10, with 10 being the highest grade of agreement. Mini-
mum statement scoring required a median of at least 8
and an interquartile range of less than 4. For the state-
ments which fulfilled these criteria, the level of agreement
was calculated. “Group consensus” was defined as at least



Noebauer-Huhmann et al. European Radiology

80% of voters scoring at least 8, “Group agreement” was
defined as 67-79% of voters scoring at least 8. “Lack of
agreement” was assigned if the previous conditions were
not met. After round 2 the rating was terminated.

Results

This article contains three sections, with 47 statements
overall. After round 2, group consensus was reached in
43/47 statements (91.5%), group agreement was achieved
in 3/47 statements (6.4%), and lack of agreement in 1/
47 statements (2.1%).

The sections included (1) Imaging immediately after
neoadjuvant therapy in soft tissue sarcoma, covering
imaging algorithms, parameters and reports (10 state-
ments, eight of them with group consensus, one with
group agreement and one with lack of agreement), (2) soft
tissue sarcoma surveillance (26 statements, 26/0/0,
respectively), (3) special aspects, including surveillance of
non-malignant entities, and the role of interventional
radiology (11 statements, 9/2/0, respectively). Statements
and their level of agreement are provided in Tables 1-3.

Discussion

This third part of the updated ESSR consensus guidelines
for soft tissue tumor imaging aims to provide feasible best
practice expert state-of-the-art procedures after the initial
imaging. The Delphi process was chosen as it allowed
anonymous scoring [12]; few additional face-to-face-
meetings proved useful for discussion of open questions
regarding the procedure and of statements that had not
reached consensus.

The expert panel was identical to one of the two pre-
vious guideline publications and included active repre-
sentatives and soft tissue tumor imaging specialists
recruited from the dedicated Musculoskeletal (MSK)
tumor subcommittee of the ESSR [13]. By including
specialists from twelve European countries with different
national infrastructure and approaches, these consensus
recommendations may help to provide feasible imaging
algorithms for imaging after the initial diagnosis.

In the following paragraphs, we present a selection of
the most clinically relevant statements with a short dis-
cussion (Tables 1-3; additional comments are provided
online as Supplementary material).

Section 1: Imaging immediately after neoadjuvant
therapy in soft tissue sarcoma (Table 1; for further
comments please also see additional electronic material
(Supplementary material)):

The aim of imaging following neoadjuvant therapy is
identifying viable tumor within the entire tumor mass and
identifying changes compared with the baseline imaging
studies performed before biopsy and start of neoadjuvant
therapy [14]. This is pivotal in planning resection and in
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determining the effect of neoadjuvant therapy. In addi-
tion, this may have an impact on decisions concerning
(neo) adjuvant therapy [15].

Timepoint to assess the effect of neoadjuvant therapy
Unless there is clinical suspicion of tumor progression,
imaging to assess the effect of neoadjuvant therapy should
be done after termination of neoadjuvant therapy and as
close as possible to the moment of resection.

Up to 6 weeks following termination of radiotherapy (RTx)
marked edematous and inflammatory changes adversely
affect interpretation of imaging. Whenever possible imaging
should therefore be scheduled after this period [16].

Type of imaging

As the goal of the various types of neoadjuvant therapy is
improvement of oncological outcome by reduction of
viable tumor tissue, the type of imaging required is not
dependent on the type of neoadjuvant therapy given.
Multiparametric imaging combining MRI (angiogenesis,
perfusion, permeability, cell density) and [**F]FDG-PET/
CT (glucose metabolism) can be used to detect viable
tumor and therapy-induced changes based on a combi-
nation of morphologic and functional imaging.

Section 2: Post-therapeutic surveillance imaging in
soft tissue sarcoma (Table 2; for further comments
please also see additional electronic material (Supple-
mentary material)):

Follow-up intervals general recommendations:

— Baseline follow-up no earlier than 3m post-

treatment

— In high-grade sarcoma: Year 1-3 every 3—4 months,

year 4-5 every 6 months, year 6-10 annually

— In low-grade sarcoma: Year 1-3 every 6 months,

year 4—10 annually

— In grade 1 sarcoma with initial RO resection, patient

initiated follow-up, instead of regular intervals, may
be considered after year 5 in compliant patients.

Local recurrence (LR)

In high-grade sarcomas, the local recurrence rate is higher
than in low-grade sarcomas [17-21]. Most early recur-
rences are observed in high-grade sarcomas within the
first 2 to 3 years of surveillance [17]. After combined
surgery and radiotherapy, more than 90% of first local
recurrences are observed within the first 5 years, and all
recurrences within 15 years [22]. Large (> 10 cm) sarco-
mas are associated with late (> 5 years) local recurrences,
with recommendation of long-term follow-up [23].

Influence of low tumor grade
Recurrence seems unlikely in low-grade sarcomas after RO
resection [24]. Low-grade tumors re-occur at a constant
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Table 1 Imaging immediately after neoadjuvant therapy in soft tissue sarcoma: statements

1.1 Clinical situation, aim of imaging Median, IQR (difference (interval)), Level
of agreement

- The aim of imaging following the start of neoadjuvant therapy is identifying viable tumor within the  10; 0 (10-10); 97%
entire tumor mass and identifying changes compared with the baseline imaging studies performed
before biopsy and start of neoadjuvant therapy. This is pivotal in planning resection and in determining
the effect of neoadjuvant therapy. In addition, this may have an impact on decisions concerning (neo)
adjuvant therapy.

1.2 Imaging modalities and algorithm

1.2.1 Timepoint to assess the effect of neoadjuvant therapy

- Unless there is clinical suspicion of tumor progression, imaging to assess the effect of neoadjuvant 10; 1 (9-10); 97%
therapy should be done after termination of neoadjuvant therapy and as close as possible to the
moment of resection. Especially when radiotherapy has been used, imaging should be done 4-6 weeks
after termination of radiotherapy.

1.2.2. Type of imaging

- As the goal of the various types of neoadjuvant therapy is reduction of viable tumor tissue, the type of ~ 10; 1 (9-10); 93%
imaging required is not dependent on the type of neoadjuvant therapy given. Multiparametric imaging
combining MRI? (angiogenesis, perfusion, permeability, cell density) and ["8FIFDG-PET/CT (glucose
metabolism) can be used to detect viable tumor and therapy-induced changes based on a combination
of morphologic and functional imaging.

- There is no role for radiography, Tc99m bone scan, or image-guided biopsy in monitoring the effect of ~ 10; 1 (9-10); 83%
neoadjuvant therapy.

- The analysis of functional imaging parameters is moving from the use of descriptive semantic features  9; 3 (7-10); 66%
(vascularity, cell density, glucose metabolism, hypoxia, pH) to radiomics which uses high dimensional
semantic and agnostic (quantification of voxel, intervoxel, or pattern values) data.

1.3 Imaging parameters and report

1.3.1 MRI

- The MR protocol consists of morphologic and functional components. The morphologic part of the 10; 2 (8-10); 86%
acquisition protocol is the same as the initial diagnostic MRI protocol®. The functional part, consisting of
dynamic contrast-enhanced MRI and diffusion-weighted MRI, needs to be done not only in the follow-
up protocol but also in the initial diagnostic protocol, as changes in functional parameters facilitate
response assessment.

- For MRI scans performed during and after neoadjuvant treatment, the same findings need to be 10; 2 (8-10); 86%
described in the report as at baseline®®.

- For MRI scans performed during and after neoadjuvant treatment, additionally, after neoadjuvant 10; 0 (10-10); 93%
therapy specific findings need to be mentioned regarding treatment response and re-evaluation of
resectability. Specifically this regards location and size of viable residual tumor, changes in tumor
volume and signal intensities, enhancement and diffusion characteristics.

- Machine learning approaches may become applicable for segmentation and evaluation of treatment  9; 3 (7-10); 69%
response in STS.

1.3.2 PET/CT

- FDG-PET/CT should be performed according to the latest EANM protocol version. 10; 2 (8-10); 93%

2 MRI in general provides the best soft tissue contrast and serves to exactly assess the anatomic structures
b See Table 1 and standardized checklist on MR report in
€ Noebauer-Huhmann et al [8]



Noebauer-Huhmann et al. European Radiology

Table 2 Post-therapeutic surveillance imaging in soft tissue sarcoma: statements
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2.1 Overall evidence

Median, IQR (difference (interval)),
Level of agreement

- Still, there are no evidence-based recommendations for routine follow-up in surgically treated sarcomas.

9; 2 (8-10); 87%

2.2 Timeline

2.2.1. Follow-up intervals

- We would generally advocate:
- Baseline follow-up no earlier than 3 months post-treatment®.
- In high-grade sarcoma: Year 1-3 every 3-4 months, year 4-5 every 6 months, year 6-10 annually®.
- In low-grade sarcoma: Year 1-3 every 6 months, year 4-10 annually®.

- In grade 1 sarcoma with initial RO resection®, patient-initiated follow-up, instead of regular intervals, may
be considered after year 5 in compliant patients.

2.2.2. Endpoint

- Regular follow-up should be carried out during the first 10 years after the initial diagnosis.

- Regular annual follow-up should be continued longer than 10 years in patients with well-differentiated
(retroperitoneal) liposarcomas and myxoid liposarcoma.

- In case of recurrence, the surveillance algorithm should restart.

10; 1 (9-10); 93%

10; 2 (8-10); 97%

10; 2 (8-10); 90%
10; 1 (9-10); 90%

10; 1 (9-10); 93%

2.3 Modalities

2.3.1. Role of imaging

- The inclusion of Imaging in follow-up is necessary, especially in high-grade STS.

- The ability to offer successful salvage treatment of recurrent disease supports systematic imaging
surveillance and early detection of recurrence®.

- A fixed follow-up schedule for patients with STS permits timely detection of LR and metastatic disease.

2.3.2. Imaging modalities in general

- MRl is the method of choice for local and loco-regional surveillance of soft tissue sarcomas.

- In sarcomas of the mediastinum, retroperitoneum and visceral sites, CT may be indicated instead of MRI
for local and loco-regional surveillance.

- In limb sarcomas, US represents a valuable alternative for the assessment of local recurrence if MRI is
inconclusive due to artifacts, in cases where MRI is contraindicated, or in rare cases where MRI is not
available.

- In subcutaneous low-grade lesions, and given that potential LR would be likely palpable, local surveillance
with ultrasound may be considered instead of MRI.

- For metastatic disease, chest CT should be performed (For modified strategies in special entities and
conditions please see under “Individualized strategy”).

- FDG PET/CT can be a useful problem-solving tool if another study is equivocal.

2.3.3. Imaging parameters

- Local MRI:

- The FOV should cover the whole surgical/post-therapeutic region.
- One anatomic landmark should be visible.
- Same sequence parameters as in primary diagnosis can be used, except for sites where modifications
are required to reduce artifacts from metallic hardware.
- If possible/not contraindicated, contrast agent should be used.
- Whole body MRI:
- For surveillance, the parameters of primary staging can be used.

10; 1 (9-10); 97%
0; 1 (9-10); 97%

10; 1 (9-10); 97%

10; 0 (10-10); 97%
10; 2 (8-10); 86%

10; 1 (9-10); 91%

9; 2 (8-10); 87%

10; 0 (10-10); 93%

10; 1 (9-10); 83%

10; 0 (10-10); 97%

10; 0 (10-10); 97%

10; 0 (10-10); 100%

10; 1 (9-10); 87%

10; 1 (9-10); 93%
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2.4. Individualized surveillance strategy

2.4.1. Myxoid liposarcoma (MLS)

- For the detection of metastases, WB-MRI is recommended (for local surveillance, additional dedicated

local MRI'is recommended).

- For the detection of metastases, in year 0-2, chest CTs are recommended every 3 months, followed by

chest radiographs every 6 months up to year 5 thereafter.

10; 2 (8-10); 83%

10; 2 (8-10); 100%

2.4.2. Other entities which require specific follow-up imaging strategies

- Alveolar soft part sarcoma, Angiosarcoma, epithelioid sarcoma, clear cell sarcoma, rhabdomyosarcoma,

10; 1 (9-10); 97%

leiomyosarcoma, undifferentiated pleomorphic sarcoma, retroperitoneal (well-/) de-differentiated

liposarcoma®.

2.5. Other points that should be considered in surveillance of soft tissue tumors

- Follow-up imaging should always be compared with previous images (especially those of the primary

10; 1 (9-10); 97%

tumor, the baseline post-therapeutic images, as well as the most recent previous study). The study should

ideally be performed on the same scanner, and the previous examination should be available (for

copying sequence planes and parameters) and for comparative reading.
- Reports should contain the parameters that have been described for primary imaging (see there).
- Patients should be included by adequate information and encouragement to participate in the

surveillance process®.

10; 1 (9-10); 97%
0; 1 (9-10); 100%

@ After resection or adjuvant therapy, whatever comes latest

® For modified strategies (intervals and modalities) in special entities and conditions please see under “Individualized strategy”
€ RO resection indicates a microscopically margin-negative resection, in which no gross or microscopic tumor remains in the primary tumor bed
9 For exceptions depending on sarcoma subtype, and modifying factors such as patient condition, please see below

€ Details are provided in the additional electronic material

rate throughout follow-up [17]. While late recurrence is
less frequent it may occur in low-grade STS and may
manifest with higher grade [25, 26]. However, late (> 5
years) 1st local recurrence is very rare in grade I tumors
[23]. Thus, long-term follow-up by imaging can be
regarded as unnecessary in those patients [23].

Metastatic/distant recurrence

Factors that are associated with metastatic recurrence are
high tumor grade and tumor size > 5 cm [22]. In high-grade
sarcomas, the rate of distant metastases is high in the first
two years and decreases afterward [17]. Sarcomas which are
classified as high-grade by the Fédération Nationale des
Centres de Lutte Contre le Cancer (FNCLCC) are asso-
ciated with late (>5 years) metastatic recurrences [23].
Entities for which a higher rate of metastatic recurrence has
been described are leiomyosarcoma, rhabdomyosarcoma,
synovial sarcoma, epithelioid sarcoma [22], undifferentiated
sarcoma and de-differentiated liposarcoma [27]. In retro-
peritoneal sarcomas, the entities high-grade leiomyo-
sarcoma, solitary fibrous tumor and high-grade liposarcoma
are associated with an increased cumulative incidence of
distant recurrence [28]. Low-grade sarcomas rarely metas-
tasize [17]. Repeat resections of recurrent pulmonary
metastasis show a significantly better prognosis than those
with only one resection [29].

Role of imaging

The inclusion of Imaging in follow-up is necessary, espe-
cially in high-grade STS. A fixed follow-up schedule for
patients with STS permits timely detection of LR and
metastatic disease. In a study including soft tissue sarcomas
in the extremities and trunk wall, local imaging (mainly
MRI) identified a statistically significant larger number of
local recurrences than clinical examination did [30]. This is
in accordance with a study where surveillance by MRI
detected a significant number of clinically undetectable LRs
(11% (34/325)), especially for LRs in the thigh or buttock,
small LRs or LRs without mass formation [31]. In another
study, about one-third of LRs were detected by routine
imaging only [32]. However, the study did not identify the
factors (such as patient, tumor, or therapeutic character-
istics) that could define a subgroup of patients that are
more or less likely to benefit from surveillance by imaging
[32]. A recent study by Koenig et al also found that 30% of
LRs were clinically inapparent. These clinically inapparent
LR were smaller (mean volume 7.0+1.5cm® vs.
71.9 + 15.7 cm®) than clinically detectable LR [33]. Another
study observed that 46 of 87 patients with LR of a soft
tissue sarcoma could have been diagnosed earlier with
routine cross-sectional imaging (only one of those 46 with
pelvic sarcoma) [34]. In deep sarcomas, LR are often
clinically undetectable [27]. In extremity STS post-surgery
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Table 3 Special aspects: statements
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3.1. Non-malignant entities that require imaging for therapy control

Median, IQR (difference
(interval)), Level of agreement

- Desmoid fibromatosis, lipoblastoma, inclusion body fibromatosis, calcifying aponeurotic fioroma, Gardner fibroma 10; 1 (9-10); 93%
require imaging for the control of therapy (among other entities, such as superficial fibromatosis or tenosynovial
giant cell tumor).

3.2. Surveillance algorithms for non-malignant entities

3.2.1. Desmoid type fibromatosis

- A watchful waiting approach for asymptomatic patients is recommended. 10; 1 (9-10); 93%

- MRl is preferred for surveillance. It should include T2w and contrast-enhanced sequences. 10; 1 (9-10); 87%

- A watchful waiting approach should include a first re-evaluation within 8-12 weeks. 10; 2 (8-10); 87%

- General follow-up scheme by imaging every 3 months in the first year, then every 6 months up to the fifth year, 10; 2 (8-10); 87%
and yearly thereafter in case of stable disease.

3.2.2. Surveillance in cancer predisposition syndromes

- Whole-body MR imaging and whole-body FDG PET/CT are useful in patients with cancer predisposition 10; 1 (9-10); 97%
syndromes. Whole-body MR imaging is preferable since the patients are not exposed to ionizing radiation.
For nerve sheath tumors and atypical lipomatous tumors, please see?.

3.3. Role of interventional radiology

The role of interventional radiology is expanding in different scenarios:
-In the case of oligometastatic disease, patients should be considered for local therapies. 10; 2 (8-10); 86%
-In the case of local recurrences, patients should be considered for local therapies. 10; 1 (9-10); 90%
-Percutaneous cryoablation can be considered in case of desmoid tumors and dermatofibrosarcoma protuberans. 10; 2 (8-10); 83%
-MR-guided high-intensity focused ultrasound can be considered for desmoid tumors. 9; 2 (8-10); 76%
-Interventional radiological procedures have a role in tumor control in a palliative setting. 9; 2 (8-10); 77%

@ Noebauer-Huhmann et al [9]

and RTx, 1 of 11 local recurrences in a study of 114
patients was clinically undetectable and only revealed by
MRI [35]. In another study of 124 patients, 2 of 11 local
recurrences of limb sarcoma were only seen by MRL; both
after R1 resection, while the authors also observed false
positive cases [36]. The median delay between initial sur-
gery and detection of LR was shorter when LR was iden-
tified by imaging (median: 20.1 months range 5.3-35.7)
than by clinical examination (median: 28.6 months; range
2.0-52.4) [27]. In clinically undetectable LRs, patients with
MRI-detected LR showed a (non-significant) trend toward
better survival [31].

Imaging modalities in general for local and loco-regional
surveillance

MRI is the method of choice for local and loco-regional
surveillance [31, 32, 37-39]. In sarcomas of the medias-
tinum, retroperitoneum and visceral sites, CT or PET/CT
may be indicated instead of MRI for local and loco-
regional surveillance [40—42]. In limb sarcomas, US (by an
experienced sonographer) seems to be a cost-effective

primary imaging alternative for exclusion of local recur-
rence [43], particularly in the presence of metallic hard-
ware [44]. However, especially in the early postoperative
period, close comparison with a baseline MRI is needed
[45]. In case of large metallic hardware, dual-energy CT or
CT using modern iterative reconstruction algorithms of
raw datasets, or PET/CT can be considered as alternative
or additive to MRI [31, 46]. In MRI, the use of lower field
strength and specific artifact suppression techniques can
help to reduce metal artifacts [47, 48].

Imaging modalities in general for whole-body surveillance
For pulmonary metastasis, recommended chest imaging
modalities vary from chest X-ray [49] to either chest X-ray
or chest CT [50, 51], to chest CT alone [52, 53]. Chest CT
proved to be superior in the detection of pulmonary
metastases, compared to chest X-ray [30]. While some
authors did not find survival benefit from the use of chest
CT [54], another study observed a longer median survival
after relapse if the diagnosis of metastatic relapse was
made on planned chest CT scan rather than chest X-ray
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[55]. FDG-PET/CT whole body can be a useful problem-
solving tool if another study is equivocal, particularly in
cases of suboptimal MRI because of extensive metal
artifacts or where MRI is contraindicated [56—58]. Most
soft tissue sarcomas, especially the more aggressive ones,
are metabolically active in FDG PET/CT [59]. In the latest
NCCN Guidelines, the use of CT or PET/CT in sarcomas
with propensity for lymph node metastases is recom-
mended [51, 60]. In the future, larger data set evaluations
with subsequent individualized risk assessment for sar-
coma patients are expected to lead to adapted surveillance
strategies, including refined indication for PET/CT. An
increasing availability of PET/CT scanners, the develop-
ment of novel tracers, as well as entity-based tracer avidity
cutoff values may lead to broader implementation of the
method.

Regarding imaging parameters, the FOV should cover
the whole surgical/post-therapeutic region. One anatomic
landmark should be visible. In general, the US and MRI
techniques that have been used for primary imaging can
be used, which also facilitates comparison of the exam-
inations. Color Doppler may help differentiate recurrent
tumor mass from fibrous tissue or other non-vascularized
tissue (hematoma, seroma) in the postoperative site [45],
however, the lack of Doppler signal does not exclude
recurrence [43].

In case of metallic hardware, lower MRI field strengths
are preferred, and dedicated sequences that are optimized
for minimizing susceptibility artifacts should be used
[47, 48]. Although diffusion-weighted imaging is currently
hampered by limited image quality, it facilitates the
detection of recurrent lesions and, when evaluated in
conjunction with other sequences, may increase con-
fidence in diagnosing recurrence [61]. If possible,
contrast-enhanced (CE) MRI should be used [62]. CE
MRI also increases confidence in less experienced readers
[63]. Dynamic contrast-enhanced MRI is useful in the
differentiation of recurrent soft tissue sarcoma and post-
therapeutic fibrosis [64].

Special entities
Because of the unconventional metastatic behavior of
myxoid liposarcoma (MLS), with recurrence sites that
differ from other soft tissue sarcomas (with a high pro-
portion of extrapulmonary metastases and low incidence
of pulmonary metastases), and because of its low PET-
avidity [65-67] WB-MRI has been recommended for
staging and follow-up [68-70]. A possible protocol con-
tains at least coronal and axial STIR and a coronal Tlw
sequence [69].

Section 3: Special aspects (Table 3; for further com-
ments please also see additional electronic material
(Supplementary material)):
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Interventional therapy

Besides surgery and radiotherapy [71, 72], interventional
radiological procedures have a role especially in the case
of oligometastatic disease, in palliative tumor control and
in local recurrences [73].

General considerations

In general, follow-up MRI should be compared with the
preoperative MRI (for morphology, site, and extent of
the lesion), the baseline post-therapeutic one and the
most recent one, at least [1]. This is also important as a
recent study by Koenig et al demonstrated a close
resemblance of the MRI morphology of LRs to the initial
STS, whereas the MR morphology of post-therapeutic
changes in patients with suspected LRs was different
[33]. Patients should be informed and their participation
should be sought. This is in accordance with a study,
where the vast majority felt that it was important to be
included in decision-making about their follow-up
regime [74].

Limitations

As has been described earlier [8], this consensus has
several limitations. The panelists came from European
countries only. However, while access to modalities such
as MRI and PET/CT is limited in many other parts of the
world, this must be taken into account only to a certain
extent. In even less privileged countries, only some parts
of this consensus will be applicable at the time being.
Limitations of the Delphi method have been described
earlier [8], including limited possibility for open discus-
sion. On the other hand, all critical remarks could be
considered anonymously without bias by dominant
participants. The process was also time-consuming,
which is a major disadvantage that has been described
for guidelines that contain multiple statements, such as
ours [12]. As high commitment was required for several
questionnaire rounds, we aimed to provide sufficient
time for the experts to answer. We did not address
imaging during neoadjuvant treatment. This aspect is
very complex, as it is dependent both on the very variable
entities and the choice of therapy, and would possibly
justify a separate consensus. Finally, it should be
emphasized that these guidelines reflect the current
knowledge and will require further updates in future.
Especially, the role of radiomics and artificial intelligence
is increasing very fast.

Conclusion

The updated ESSR guidelines on soft tissue tumor ima-
ging for therapy control of soft tissue tumors, as well as
soft tissue tumor surveillance, and special aspects, cov-
ering the role of interventional radiology, aim to provide
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best practice expert consensus which may support radi-
ologists in their decision-making. Standardization may
improve the comparability of serial examinations in the
individual patient and may also provide databases for
large data analysis aimed at developing individualized
strategies.
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WHO World Health Organization
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