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Abstract
Objective Radiotherapy is an important component of soft tissue sarcoma management. Radiation osteitis is a common 
radiographic finding identified in the setting of radiotherapy on magnetic resonance imaging (MRI). This study aims to iden-
tify the incidence of radiation osteitis in patients who received radiotherapy for soft tissue sarcoma and if a further workup, 
including a biopsy, was performed for concerning MRI findings.
Materials and Methods Medical records of patients with soft tissue sarcoma who received radiotherapy from 2008 to 2020 
were retrospectively reviewed. Patients with at least one MRI of the sarcoma site following radiotherapy and information 
regarding radiotherapy treatments were included. MRIs of these patients were reviewed for the presence of radiation osteitis 
by two musculoskeletal radiologists. The clinical course of these patients including biopsy for concerning MRI findings, 
local recurrence, and metastasis was recorded.
Results Thirty soft tissue sarcoma patients who received radiation for soft tissue sarcoma were included. Radiation osteitis 
was present in 18 patients. The time to osteitis present on MRI following radiotherapy completion was a median of 4.5 
months. Biopsy for concerning MRI findings was performed in eight patients, five for local recurrence, and three for regional 
osseous metastasis. Three patients had confirmed osseous metastases.
Conclusion Although radiation osteitis is often a benign imaging finding, it can be difficult to discern these lesions from 
potentially malignant sites of disease. We recommend multidisciplinary management of soft tissue sarcoma at sarcoma cent-
ers to appropriately identify benign from malignant lesions and decide the necessity of a biopsy.
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Introduction

Soft tissue sarcomas (STS) encompass a rare and het-
erogeneous group of malignant tumors that account for 
roughly 1% of all adult malignancies [1, 2]. In 2019, an 
estimated 12,750 patients were diagnosed with STS in 
the USA [3]. STS can involve the head and neck, trunk, 
and retroperitoneum, but the majority of cases arise in 

the extremities [2, 4, 5]. Multidisciplinary management 
of STS is crucial given the rarity and complexity of the 
disease, and primary treatment modalities include sur-
gery, radiation, and at times, chemotherapy [1, 2]. Radio-
therapy is often used in addition to surgical management 
to prevent local recurrence and is well established in STS 
care [2, 6].

Although radiotherapy is commonly utilized in STS treat-
ment, it is not without complications. Common adverse 
outcomes following radiotherapy include delayed wound 
healing, fibrosis, edema, nerve damage, and bony changes 
[6–9]. These bony changes include radiation osteitis (RO), 
which is the result of the damage to osteoblasts and vascu-
lar insult from radiotherapy and is often identified by mag-
netic resonance imaging (MRI) [7, 10–12]. On MRI, RO is 
typically described as areas of variable signal intensity on 
T1-weighted imaging and hyperintensity on T2 [13, 14]. The 
incidence of RO following radiotherapy for STS is highly 
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variable with previous studies reporting cases ranging from 
5 to 40% at different intervals following radiotherapy [11, 
15, 16]. Although RO is a benign imaging finding, it can be 
concerning for tumor recurrence, metastasis of the primary 
tumor to the bone, or radiation-induced sarcoma [7, 9, 15].

For the oncology team, RO on surveillance imaging can be 
a clinically complex scenario. As RO includes a broad spec-
trum of imaging findings on MRI, it can be difficult to discern 
which lesions are truly benign and which may have malig-
nant potential. A biopsy is required to determine if the lesion 
is malignant; however, biopsies are invasive and predispose 
patients to infection or damage to vasculature. Furthermore, 
each sarcoma center may have different thresholds for biopsy 
based on imaging findings. One study reported on 12 patients 
who received pelvic radiotherapy, and five of these patients 
received biopsies for radiation-induced changes; however, all 
biopsies were negative for metastasis [17].

The purpose of this study is to identify the incidence of 
RO in patients who received radiotherapy for STS and if 
further management including a biopsy was performed con-
cerning MRI findings at our institution. The study also aims 
to document the clinical course of these patients including 
local recurrence and metastasis.

Materials and methods

Patient cohort

Following Institutional Review Board approval, our insti-
tutional sarcoma database was retrospectively reviewed to 
identify all patients with biopsy-proven, soft tissue sarcoma 
from 2008 to 2020. As this was a retrospective review, 
informed consent was not required. Our initial search 
included 100 patients; however, due to a number of these 
patients receiving imaging at outside centers, we were 
unable to review MRIs for 70 patients. Inclusion criteria 
were those who received radiotherapy for soft tissue sar-
coma and had at least one MRI examination of the sarcoma 
site following radiotherapy. Patients with no accessible MRI 
examination of the sarcoma site following radiotherapy and 
no information regarding radiotherapy treatments were 
excluded. The records of 30 patients were then reviewed 
retrospectively.

Basic patient, tumor, and treatment variables were col-
lected, including age, sex, primary tumor location, tumor 
type, tumor grade, chemotherapy, and radiotherapy treat-
ment. For tumor grade, intermediate- and high-grade tumors 
were grouped together as high-grade, while low-grade tumors 
remained in a low-grade group. Information regarding radio-
therapy including completion date of radiotherapy to primary 
tumor location, modality of radiotherapy, and amount of 
radiotherapy in gray (Gy) to sarcoma site were recorded. The 

patient’s clinical course including biopsy for concerning find-
ings present on surveillance imaging and date of local recur-
rence were recorded.

Imaging

Every T1, T2-FS, or STIR sequence in all available imaging 
planes was analyzed for each MR in the cohort. The bone mar-
row was evaluated utilizing T1 non-fat saturated sequences 
and T2-fat saturated sequences. Short tau inversion recovery 
(STIR) sequences were used as a substitute for T2-FS given its 
significant overlap with T2-FS signal characteristics. A total of 
158 MRI examinations were reviewed by our senior authors, 
who specialize in musculoskeletal tumor imaging. J.M. is a 
fellowship-trained musculoskeletal radiologist who has been 
in practice for over 15 years, and S.S is a current musculo-
skeletal radiology fellow. A median of 5 MRIs (IQR 2–8) 
were reviewed in this study per patient. The median interval 
from completion of radiotherapy to the first follow-up MRI 
reviewed was 1 month (IQR 0.89–4.5 months). The median 
interval from completion of radiotherapy to the last follow-up 
MRI reviewed was 22.5 months (IQR 14–44 months).

Image analysis

RO was defined on MRI as focal or diffuse hyperintense 
T2-FS/STIR bone marrow signal alteration within the radia-
tion field (Fig. 1). The signal alteration could be normal or 
hypointense on T1-weighted sequences (Fig. 2). Post contrast 
bone marrow appearance was not considered, as some MRIs 
were performed without contrast. Osteitis present on imaging 
was confirmed by our senior authors, and the date of initial 
osteitis present on imaging was recorded. Time to osteitis pre-
sent on MRI was reported as months and calculated as the 
difference between the date of osteitis present on MRI and the 
date of radiotherapy completion.

Statistical analysis

Categorical variables were described using frequencies and 
percentages and compared using the χ2 test. Continuous data 
were reported as median with interquartile range (IQR) and 
compared using the Mann-Whitney U test. All statistical 
analysis was performed using SPSS statistical software (ver-
sion 26.0 IBM, Armonk, NY, USA). A p value < 0.05 was 
considered significant.

Results

Demographics and clinical characteristics of this popula-
tion are illustrated in Table 1. This cohort consisted of 
fifteen (50%) males and fifteen females with a median age 
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of 66.5. The most frequent subtype of STS in this cohort 
was undifferentiated pleomorphic sarcoma (UPS) (86.6%). 
Seventeen (56.7%) patients received chemotherapy during 
their sarcoma management. The modality of radiotherapy 
is also recorded in Table 1. The most common radio-
therapy modality in this cohort was intensity-modulated 

radiation therapy (IMRT) followed by volumetric modu-
lated arc therapy (VMAT) (13.3%) and three-dimensional 
conformal radiotherapy (3DCRT) (13.3%). Patients 
received a median of 50 Gy (range 44 Gy to 66 Gy) at their 
sarcoma site. Median Gy was 50 Gy in RO patients and 
50 Gy in patients without MRI evidence of RO (Table 2). 

Fig. 1  a Coronal STIR image of the proximal ulna. There is a new, 
focal T2 hyperintense bone marrow signal alteration with ill-defined 
edges compared to pre-treatment marrow. b Sagittal STIR image of 
the proximal ulna further demonstrates the focal hyperintense bone 
marrow signal alteration with ill-defined and convex edges. c Coronal 

T1 image of the proximal ulna demonstrates a corresponding focal 
marrow signal alteration which is slightly less intense compared to 
the background marrow but remains brighter than the adjacent skel-
etal muscle

Fig. 2  a Axial T1 MRI image of 
the pelvis. There is a new, focal 
T1 hypointense signal abnor-
mality in the right iliac bone 
compared to pre-treatment mar-
row. b Axial T2 fat suppressed 
MRI image of the pelvis. Corre-
sponding T2 hyperintense bone 
marrow signal in the anterior 
right iliac bone. This lesion 
was indeterminate for osseous 
metastasis versus radiation oste-
itis by imaging. c Axial T1 and 
d axial T2 images of the pelvis 
18 months later demonstrating a 
persistent, but improved signal 
abnormality on both T2- and 
T1-weighted sequences in the 
right iliac bone. Although this 
lesion was not biopsied, metas-
tasis is extremely unlikely given 
the improvement in the signal 
alteration
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We found no significant difference between radiotherapy 
modalities between patients with RO compared to those 
without RO (p = 0.537) (Table 2).

Radiation osteitis was present on MRIs for 18 (60%) 
patients (Figs. 3 and 4). The time to RO present on MRI was 
4.5 months (IQR 1.50–11.60 months). Of these 18 patients, 
three (16.7%) had a biopsy for potential osseous malignancy. 
An additional five had soft tissue biopsies to rule out soft 
tissue recurrence (Table 2 and Table 3). Although four of 
the 18 patients with osteitis present on imaging following 
radiotherapy had MRI findings concerning osseous metas-
tasis, only three patients received biopsies of these lesions. 
One of those biopsies was for a patient who was diagnosed 
with UPS of the gluteal/iliac crest, received 50 Gy through 
VMAT radiotherapy, and developed MRI findings concern-
ing RO on MRI 4 months following radiotherapy comple-
tion. Three months later, the patient developed T2 hyperin-
tense lesions in the right femoral neck which were biopsied 
and returned as negative for potential osseous metastasis. 
Another patient was diagnosed with UPS of the left thigh, 
received 50 Gy through IMRT, and developed MRI find-
ings concerning RO in the left femur, 7 months later. Nine 
months after initial osteitis on MRI, a T2 bright signal in 
the mid diaphysis of the left medial femur and a T2 hyper-
intense T1 hypointense lesion in the left intertrochanteric 
proximal femur presented on MRI (Fig. 5). Both lesions 
were biopsied, and only the diaphyseal lesion was positive 
for metastatic sarcoma. The third patient was diagnosed with 
Ewing’s like sarcoma of the right sacrum, received 55.8 Gy 
through proton radiotherapy, and developed MRI findings 
concerning RO on MRI, 31 months later. Four months after 
initial osteitis on MRI, the patient developed a T2 hyperin-
tense T1 hypointense lesion in the right ilium confirmed as 
a metastatic lesion on positron emission tomography-com-
puted tomography scan (PET-CT), but unfortunately, the 

Table 1  Demographics

IQR, interquartile range; Gy, gray

Age median (range) 66.5 (16–77)
Sex
 Male 15 (50%)
 Female 15 (50%)
Primary tumor type
 Undifferentiated pleomorphic sarcoma 26 (86.6%)
 Myxofibrosarcoma 2 (6.7%)
 Ewing’s like sarcoma 2 (6.7%)
Tumor Grade
 Low grade 1 (3.3%)
 High grade 29 (96.7%)
Tumor location
 Proximal lower extremity 11 (36.7%)
 Distal lower extremity 8 (26.7%)
 Proximal upper extremity 3 (10%)
 Distal upper extremity 2 (6.7%)
 Pelvis/gluteus 3 (10%)
 Head and neck 2 (6.7%)
 Flank 1 (3.3%)
Modality of radiotherapy
 Intensity-modulated radiation therapy (IMRT) 9 (30%)
 Volumetric modulated arc therapy (VMAT) 4 (13.3%)
 Three-dimensional conformal radiotherapy 

(3DCRT)
4 (13.3%)

 External beam radiation therapy (EBRT) 3 (10%)
 Proton 1 (3.4%)
 Unknown 9 (30%)
Total Gy to sarcoma site (median, IQR) 50 Gy (50–60 Gy)
Chemotherapy for sarcoma 17 (56.7%)
Local recurrence 6 (20%)
Metastatic disease 14 (46.7%)

Table 2  Comparison of patients 
with and without radiation 
osteitis present on MRI

MRI, magnetic resonance imaging; IQR, interquartile range; UPS, undifferentiated pleomorphic sarcoma; 
IMRT, intensity-modulated radiation therapy; 3DCRT , three-dimensional conformal radiotherapy; VMAT, 
volumetric modulated arc therapy; EBRT, external beam radiation therapy; Gy, gray

Radiation osteitis present on MRI No radiation osteitis on MRI
Total 18 12

Tumor type 16 UPS
1 myxofibrosarcoma
1 Ewing’s like sarcoma

10 UPS
1 myxofibrosarcoma
1 Ewing’s like sarcoma

p = 0.685

Chemotherapy received 10 7 p = 0.880
Radiotherapy modality 7 IMRT

3 3DCRT 
2 VMAT
1 EBRT
1 proton therapy
4 unknown

2 IMRT
1 3DCRT 
2 VMAT
2 EBRT
5 unknown

p = 0.537

Total Gy received 50 Gy (IQR 47–58.7) 50 Gy (IQR 50–63) p = 0.231
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patient shortly expired after the discovery of this lesion. The 
fourth patient was diagnosed with UPS of the right thigh, 
received 50 Gy through IMRT, and developed MRI findings 

concerning RO within 1 month of radiotherapy completion. 
Four months later, the patient developed a lesion in the 
proximal left femur and left iliac bone. The left iliac bone 

Fig. 3  a Coronal STIR image of the left femur following radiation 
to the left thigh. Patchy non-focal hyperintense bone marrow sig-
nal alteration in the mid to distal diaphysis with ill-defined borders 
most suggestive of radiation osteitis. b Sagittal STIR image of the 
left femur following radiation to the left thigh which further demon-

strates the lack of focality to the bone marrow signal alteration and is 
new compared to pre-treatment marrow. c Coronal T1 image of the 
distal femur in the same patient demonstrates a corresponding signal 
alteration that is lower than the background marrow signal, but still 
brighter than the adjacent skeletal muscle

Fig. 4  a Sagittal STIR image of 
the left tibial diaphysis. Diffuse 
hyperintense bone marrow sig-
nal alteration in the distal tibial 
diaphysis is most compatible 
with radiation osteitis and is 
new compared to pre-treatment 
marrow. Additional diffuse 
hyperintense STIR signal is 
seen in the leg musculature also 
compatible with post treatment 
changes. b Sagittal T1 image 
demonstrates diffuse patchy 
signal alteration. The signal 
intensity is normal or lower than 
the background marrow, but 
still brighter than the adjacent 
skeletal muscle. Overall, the 
signal characteristics are more 
suggestive of RO
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was biopsied and was negative for metastatic disease. The 
proximal left femur lesion was not biopsied per the patient’s 
request; however, metastatic disease was confirmed on PET-
CT in the left femur and distant osseous metastases includ-
ing the left humerus, sternum, right scapula, and vertebral 
lesions. Unfortunately, the patient shortly expired after the 
discovery of these lesions.

In our cohort, six patients (20%) experienced a local 
recurrence of their STS, and fourteen patients (46.7%) devel-
oped metastatic disease. Five patients who experienced a 
local recurrence of their STS received biopsies for MRI 
findings concerning sarcoma recurrence. All five patients 
incidentally also had RO present on MRI. Two patients 
had distal lower extremity UPS that both locally recurred 
at 10 months following radiotherapy, while the other three 
patients had proximal lower extremity UPS that locally 
recurred at 13, 16, and 47 months. The sixth patient experi-
enced a pathologic fracture 27 months following their sur-
gical resection for UPS in their proximal lower extremity 
which was diagnosed at the time as recurrence. Excluding 
the patients with osseous metastases, eleven other patients 
developed metastatic disease. The other patient in our cohort 

with Ewing’s like sarcoma of the proximal upper extremity 
had metastatic disease to their lung at initial presentation. 
Nine other patients with UPS developed metastatic disease 
to the lung while one patient with UPS developed metastatic 
disease to adjacent lymph nodes.

Discussion

Soft tissue sarcomas (STS) are rare, malignant tumors that 
encompass several histologic subtypes and account for 1% 
of adult malignancies [1, 2]. Treatment of these tumors 
includes a multidisciplinary approach involving radiation 
therapy which is utilized to prevent local recurrence [2, 6]. 
Although radiation therapy is instrumental in STS man-
agement, potential complications from radiation include 
impaired wound healing, fibrosis, nerve damage, and skel-
etal changes such as RO [6–9]. RO is often an incidental 
imaging finding; however, certain characteristics of RO on 
imaging can overlap with findings of osseous metastasis or 
radiation-induced sarcoma creating a diagnostic dilemma. 
In our cohort, the signal characteristics on MRI were not 
a reliable predictor of osseous metastasis vs RO. RO and 
osseous metastases both demonstrated hyperintense signals 
on T2 or STIR-weighted sequences. The T1-weighted signal 
intensity was variable for RO in our cohort. Some patients 
with RO demonstrated iso to hyperintense T1 bone marrow 
signal, while others demonstrated a hypointense T1 signal. 
For example, one patient’s imaging demonstrated a low 
signal on T1 in the iliac bone. This lesion remained stable 
over subsequent MRIs and demonstrated signal improve-
ment making metastasis extremely unlikely. In contrast, 
another patient had a biopsy-proven osseous metastasis in 

Table 3  Osteitis present on MRI and biopsy for MRI findings

IQR, interquartile range

Osteitis present on MRI 18
Time to osteitis 4.5 months (IQR 

1.50–11.60 
months)

Biopsy performed based on MRI findings
 Potential soft tissue recurrence 5
 Potential osseous metastases 3

Fig. 5  a Coronal T2 fat-suppressed MRI demonstrating metastatic 
sarcoma in mid diaphysis (white arrow) and proximal femur (orange 
arrow). b Sagittal T1 MRI demonstrating ovoid hypointense lesion 

within the mid femoral diaphysis. c Coronal T1 MRI demonstrating 
ovoid focal T1 hypointense lesion in the intertrochanteric region of 
the proximal femur
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the femoral diaphysis which also showed a low T1 signal. 
Although biopsies can readily distinguish RO from malig-
nancy, biopsies are invasive and may predispose the patient 
to other complications. In this study, we sought to evaluate 
the incidence of RO following radiotherapy for STS, and 
the additional workup osteitis may present to the sarcoma 
management team.

Microscopic changes to the bone have been documented 
at doses as low as 3 Gy with increasing cellular damage at 
12 Gy [18]. Damage to osteoblasts and the bone remodeling 
system creates the characteristic appearance of RO on imag-
ing: mottled areas of bone with osteopenia and focal areas 
of increased bone density [7, 9]. The extent of structural 
and cellular damage is dependent upon radiotherapy-related 
factors including the modality, total dose, duration, and frac-
tionation [9]. The true incidence of radiation osteitis has 
been quite variable in the literature [10, 11, 13, 14, 16, 19]. 
Ugurluer et al. [13] reported a 4.1% incidence of radiation 
osteitis in 122 gynecological, colorectal, and bladder can-
cer patients receiving 45 to 60 Gy through EBRT. Meixel 
et al. [10] reported an 83.3% incidence of radiation osteitis 
in 410 gynecological and anal cancer patients receiving a 
median of 45 Gy through IMRT or 3DCRT. In patients with 
STS, Hwang et al. [11] reported MRI signal changes in the 
bone marrow of 87% of patients who received radiotherapy 
and chemotherapy compared to 45% of patients who only 
received radiotherapy. All patients in this cohort received 
external beam radiation therapy (EBRT) with a mean dose 
of 58 Gy. Carvajal et al. [19] reported a 14.2% incidence of 
radiation osteitis in 21 extremity STS patients. All patients 
with RO in this cohort received EBRT and mean 55 Gy 
of radiation. Rohde et  al. [16] reported an 11.5% inci-
dence of radiation osteitis in 26 hand STS patients who 
received either mean 60.7 Gy through EBRT or mean 53.2 
Gy through brachytherapy. In our cohort, the incidence of 
radiation osteitis was 60%. The differences in RO incidence 
may be a result of the differences in radiotherapy modality 
between our cohort and the other STS studies. Given the 
variability in the literature regarding radiation osteitis in STS 
patients, studies with larger STS cohorts are necessary to 
evaluate the true incidence of radiation osteitis.

Several studies have also reported variability with RO 
presentation on imaging following radiotherapy comple-
tion. Ugurluer et al. [13] reported pelvic bone changes on 
MRI at a median of 25 months following radiotherapy for 
gynecological, colorectal, and bladder cancer; however, this 
was not specific to radiation osteitis and included insuffi-
ciency fractures as well as avascular necrosis. Meixel et al. 
[10] reported a median latency of 4 months from comple-
tion of radiotherapy for gynecological and anal cancer to 
the first onset of radiation-induced changes on MRI such 
as radiation osteitis and osteoradionecrosis. Yoshioka et al. 
[14] reported a mean of 3.8 years from completion of 50 

Gy of radiotherapy to radiation osteitis on MRI; however, 
this cohort was limited to seven patients with gynecologi-
cal malignancy. In STS patients, Hwang et al. [11] reported 
bone marrow changes at a median of 9.5 months follow-
ing radiotherapy. In our cohort, we report a median of 4.5 
months from the completion of radiotherapy to MRI evi-
dence of RO. The different time points in each study in 
which MRIs were performed for each patient may account 
for this discrepancy in the median onset of bone marrow 
changes following radiotherapy.

Skeletal metastasis from STS is dependent on the his-
tologic subtype of the primary sarcoma, and under 10% of 
all STS, patients may develop skeletal metastasis in their 
clinical course [20–22]. Yoshikawa et al. [22] reported an 
8.1% incidence of skeletal metastasis in 64 UPS patients 
with roughly one-third of these skeletal metastases occur-
ring in regional bone 4 to 66 months after initial presen-
tation. Unfortunately, this study did not report if patients 
received radiotherapy. In a cohort of 43 STS patients who 
received radiation, Hwang et al. [11] reported no cases of 
bone metastasis in the region of STS in 70 STS patients at 
a median follow up of 24.4 months. In our cohort, 10% of 
patients developed skeletal metastases which are consist-
ent with the literature [20, 21]. Two patients with UPS and 
one patient with Ewing’s like sarcoma developed skeletal 
metastasis to the regional bone between 4 months and 35 
months following radiotherapy. Of these three patients, we 
appreciated MRI findings potentially consistent with RO; 
however, only two patients were biopsied for concerning 
MRI findings which confirmed metastatic disease. On the 
other hand, another UPS patient had received a biopsy for 
potential bony metastasis, and this returned as negative. If 
MRI signal characteristics are equivocal, PET-CT may be 
a reasonable alternative to detect osseous metastases [23, 
24]. However, obtaining PET-CT scans may be difficult for 
patients, and at our institution, we typically proceed with a 
biopsy to investigate the lesion. Given the difficulty in dis-
cerning RO from bony metastasis on MRI, we continue to 
encourage multidisciplinary management of STS at sarcoma 
centers to appropriately delineate benign from malignant 
lesions as well as decide when a biopsy is necessary to dif-
ferentiate the lesion.

This study has several limitations. This was a retrospec-
tive study and is subject to the biases inherent in retrospec-
tive analysis. Additionally, the selection bias present in this 
cohort may limit the generalizability of its findings as several 
eligible patients had to be excluded due to a lack of surveil-
lance MRI in our imaging system of the sarcoma site follow-
ing radiotherapy. Another limitation is the minimal infor-
mation regarding radiotherapy modality for nine patients 
and for the total Gy received in three patients. Furthermore, 
six patients only had one post radiotherapy MRI available 
for review. The timing of follow-up MRIs was variable for 
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some patients affecting the analysis of the time course for the 
development of radiation osteitis. The lack of heterogene-
ity in the STS histologic subtype may also be a limitation. 
Limited follow up was another issue as some patients passed 
away within 6 months of radiotherapy completion.

In summary, this study is the first to document the incidence 
and clinical impact of RO in patients with STS. Although RO 
is often a benign imaging finding, it exists on a spectrum on 
MRI which can make it difficult to discern which lesions may 
represent metastatic disease. In our study, three of 18 patients 
with imaging findings concerning RO present were eventu-
ally diagnosed with metastasis to the bone. Although regional 
metastasis to the bone from STS is rare, the incidence seen in 
this cohort is likely attributed to the selection bias from this 
high-grade, high-risk cohort. We believe multidisciplinary 
care of STS is crucial to evaluate concerning imaging findings. 
Future multi-institutional studies should evaluate the need for 
biopsy based on characteristic findings on MRI in this setting.

Availability of data The data that support the findings of 
this study are available from the corresponding author upon 
reasonable request.
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