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Malignant or Aggressive Primary Musculoskeletal Tumor-Staging And Surveillance

 
Variant: 1   Malignant or aggressive primary musculoskeletal tumor. Initial staging. 
Evaluation for pulmonary metastasis.

Procedure Appropriateness Category Relative Radiation Level

CT chest without IV contrast Usually Appropriate ☢☢☢

FDG-PET/CT whole body May Be Appropriate ☢☢☢☢

Radiography chest Usually Not Appropriate ☢

CT chest with IV contrast Usually Not Appropriate ☢☢☢

CT chest without and with IV contrast Usually Not Appropriate ☢☢☢

FDG-PET/MRI whole body Usually Not Appropriate ☢☢☢

 
Variant: 2   Malignant or aggressive primary musculoskeletal tumor. Initial staging. 
Evaluation for extrapulmonary metastasis.

Procedure Appropriateness Category Relative Radiation Level

FDG-PET/CT whole body Usually Appropriate ☢☢☢☢

MRI whole body without IV contrast May Be Appropriate (Disagreement) O

Bone scan whole body May Be Appropriate ☢☢☢

Bone scan whole body with SPECT or SPECT/CT area of interest May Be Appropriate ☢☢☢

FDG-PET/MRI whole body May Be Appropriate ☢☢☢

Fluoride PET/CT whole body May Be Appropriate (Disagreement) ☢☢☢☢

US area of interest Usually Not Appropriate O

Radiography area of interest Usually Not Appropriate Varies

MRI whole body without and with IV contrast Usually Not Appropriate O

CT area of interest with IV contrast Usually Not Appropriate Varies

CT area of interest without and with IV contrast Usually Not Appropriate Varies

CT area of interest without IV contrast Usually Not Appropriate Varies

 
Variant: 3   Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.

Procedure Appropriateness Category Relative Radiation Level

CT chest without IV contrast Usually Appropriate ☢☢☢

FDG-PET/CT whole body May Be Appropriate ☢☢☢☢

Radiography chest Usually Not Appropriate ☢

CT chest with IV contrast Usually Not Appropriate ☢☢☢

CT chest without and with IV contrast Usually Not Appropriate ☢☢☢

FDG-PET/MRI whole body Usually Not Appropriate ☢☢☢

 
Variant: 4   Malignant or aggressive primary bone tumor. Surveillance for local recurrence.

Procedure Appropriateness Category Relative Radiation Level

Radiography area of interest Usually Appropriate Varies

MRI area of interest without and with IV contrast Usually Appropriate O
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MRI area of interest without IV contrast Usually Appropriate O

FDG-PET/CT whole body May Be Appropriate ☢☢☢☢

CT area of interest with IV contrast May Be Appropriate Varies

US area of interest Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢

Bone scan whole body with SPECT or SPECT/CT area of interest Usually Not Appropriate ☢☢☢

FDG-PET/MRI whole body Usually Not Appropriate ☢☢☢

Fluoride PET/CT whole body Usually Not Appropriate ☢☢☢☢

CT area of interest without and with IV contrast Usually Not Appropriate Varies

CT area of interest without IV contrast Usually Not Appropriate Varies

 
Variant: 5   Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.

Procedure Appropriateness Category Relative Radiation Level

MRI area of interest without and with IV contrast Usually Appropriate O

MRI area of interest without IV contrast Usually Appropriate O

US area of interest May Be Appropriate (Disagreement) O

FDG-PET/MRI whole body May Be Appropriate ☢☢☢

FDG-PET/CT whole body May Be Appropriate ☢☢☢☢

CT area of interest with IV contrast May Be Appropriate Varies

Radiography area of interest Usually Not Appropriate Varies

CT area of interest without and with IV contrast Usually Not Appropriate Varies

CT area of interest without IV contrast Usually Not Appropriate Varies
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Summary of Literature Review
 
Introduction/Background
The terms "bone tumor” and "soft tissue tumor” have broad definitions. Many of these tumors do 
not conform to a binary benign or malignant assignment. The World Health Organization (WHO) 
classifies bone and soft tissue tumors into benign, intermediate locally aggressive, intermediate 
locally aggressive rarely metastasizing, and malignant categories [1]. For this reason, this document 
pertains to both malignant tumors and those intermediate or "aggressive” tumors of bone and soft 
tissue origin. Malignant and aggressive primary bone and soft tissue tumors of musculoskeletal 
origin are rare. In 2020, soft tissue tumors represented 0.7% and bone/joint tumors 0.2% of all new 
cancer cases in the United States [2,3]. The WHO recognizes more than 50 histologic subtypes of 
soft tissue tumors and over 30 subtypes of bone tumors. Many publications addressing staging 
and surveillance of these tumors are statistically underpowered given the rarity of bone and soft 



tissue tumors. Additionally, much of the literature is historic and outcomes have changed with 
more recent therapeutic and imaging advances. Most of these tumors are referred to and treated 
at tertiary medical centers, where the available medical evidence is supplemented by clinical 
experience and expert opinion to formulate a treatment plan. The authors have attempted to 
consolidate this diverse group of tumors as much as possible to simplify the application of these 
recommendations. Variation in applying these recommendations is expected and encouraged on 
an individual basis with particular attention to tumor histology and grading. 
 
This document is specific to malignant or aggressive primary tumors of bone or soft tissue origin. 
This document specifically does not pertain to 1) metastatic disease to bone or soft tissues, 2) 
primary tumors of spine or neuroaxis origin, 3) primary tumors of head or neck origin, 4) 
intraabdominal or retroperitoneal tumors, 5) primary tumors of skin origin, and 6) plasma cell or 
other hematologic disorders that involve bone (ie, multiple myeloma). The variants in this 
document assume a diagnosis of a primary malignant or aggressive bone or soft tissue tumor has 
already been established. This document does not address the evaluation of chemotherapy or 
radiation therapy effectiveness or issues of cost-effectiveness and radiation dose.

 
Special Imaging Considerations
Hardware reconstruction is often needed following limb-sparing surgery for the management of 
bone tumors and occasionally for soft tissue tumors. This hardware creates artifact and limits 
evaluation of the adjacent structures with traditional CT, PET/CT, and MRI sequences and 
techniques. Although metal artifact can negatively impact CT, PET/CT, and/or MRI image quality, 
this document assumes metal artifact can be minimized with current metal artifact reduction 
protocols. There may still be instances where metal artifact cannot be sufficiently suppressed, and 
CT, PET/CT, and/or MRI become of limited benefit. In these cases, deviations from the variant 
recommendations may be necessary and should be informed by the clinical experience and 
expertise of the treatment team.

 
Discussion of Procedures by Variant
Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.
Approximately 20% of patients with primary extremity sarcomas will have or develop distant 
metastatic disease. Pulmonary metastases account for approximately 75% of all sarcoma 
metastases, with variations of incidence depending on tumor histology and grade [4,5]. Metastatic 
disease decreases survival, with pulmonary metastases as the primary cause of death in patients 
with osteosarcoma [6,7]. Metastasectomy improves survival, and thermal ablation and radiation 
therapy are emerging as promising alternative treatment options [8-10]. Therefore, evaluation for 
pulmonary metastases is an essential part of primary musculoskeletal tumor initial staging.

Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.  
A. CT chest with IV contrast
There is no relevant literature regarding the specific use of CT chest with intravenous (IV) contrast in the 
evaluation of pulmonary metastasis from malignant or aggressive primary musculoskeletal tumors. 
However, IV contrast may lead to equivocal assessment of mineralization, which can be a useful 
morphologic feature to distinguish benign versus malignant pulmonary nodules. Therefore, CT chest with 



IV contrast is not generally useful as the sole imaging technique, and there is felt to be little additional 
benefit in the CT assessment of pulmonary nodules without and with IV contrast compared with CT chest 
without IV contrast in this setting.

Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.  
B. CT chest without and with IV contrast
There is no relevant literature regarding the specific use of CT chest without and with IV contrast in the 
evaluation of pulmonary metastasis from malignant or aggressive primary musculoskeletal tumors. 
However, IV contrast may lead to equivocal assessment of mineralization, which can be a useful 
morphologic feature to distinguish benign versus malignant pulmonary nodules. Therefore, CT chest with 
IV contrast is not generally useful as the sole imaging technique, and there is felt to be little additional 
benefit in the CT assessment of pulmonary nodules without and with IV contrast compared with CT chest 
without IV contrast in this setting.

Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.  
C. CT chest without IV contrast
CT chest is the most sensitive imaging modality for identifying pulmonary nodules compared with 
radiography, fluorine-18-2-fluoro-2-deoxy-D-glucose (FDG)-PET/CT, or FDG-PET/MRI. However, 
studies have shown that even CT underestimates the number of pulmonary metastases compared 
with lung palpation during thoracotomy. Specific to osteosarcoma pulmonary metastases, CT 
missed approximately 10% of palpable lung lesions, of which nearly half were confirmed 
metastases in a series of 118 patients with osteosarcoma [9]. A smaller series of 28 patients with 
osteosarcoma also showed that CT missed 26% of viable metastases compared with palpation [11]. 
However, as CT technology improves and slice thickness decreases, more and smaller pulmonary 
nodules can be identified resulting in the dilemma of increased false-positive rates. A study of 283 
lung nodules in patients with osteosarcoma found a statistically significant cutoff of 6 mm to 
differentiate benign and malignant pulmonary nodules (specificity 89.8%) [9]. A study of 311 
subcentimeter pulmonary nodules in 195 patients with soft tissue sarcoma found combining 
morphologic criteria, in addition to size criteria, helped differentiate benign and malignant 
pulmonary nodules, with round solid nodules >5 mm more likely to be malignant (76% P = .002) 
and complex ground-glass nodules <5 mm more likely to be benign (84%, P < .0001) [12]. Given 
the survival benefit of treating pulmonary metastases, if pulmonary nodules are identified on any 
other modality in patients with primary musculoskeletal sarcoma, CT chest is then often indicated 
for biopsy and/or pretreatment planning.

Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.  
D. FDG-PET/CT whole body
A meta-analysis of FDG-PET/CT for the staging of patients with osteosarcoma demonstrated 81% 
combined sensitivity and 94% specificity for detection of lung metastases [6]. The superiority of 
PET when combined with CT has been established [13]. Comparison studies between PET imaging 
alone versus CT acquired during FDG-PET/CT have been reported, although the CT acquired for 
attenuation correction and anatomic registration is not regarded as equivalent to dedicated 
diagnostic CT chest imaging [13]. Roberge et al [14] compared FDG-PET/CT with conventional 
imaging in a cohort of 109 patients during staging of extremity and body wall soft tissue sarcomas. 
In this cohort, 16 of the 109 patients had lung metastases, 10 of which were only identified on CT 



chest. Only 1 of the 16 patients with lung metastases was identified with FDG-PET/CT imaging but 
not CT chest. The authors concluded that FDG-PET/CT added little benefit over CT chest alone in 
evaluating for pulmonary metastasis [14]. 
 
A study comparing staging and follow-up imaging studies in 41 children with primary bone 
sarcomas showed greater sensitivity of CT chest (93%) versus FDG-PET/CT (80%) in detecting 
pulmonary metastases (although specificity was higher with FDG-PET/CT at 96% compared with 
87% for CT chest). Of the false-negative FDG-PET/CT results in that study, half were pulmonary 
nodules <10 mm [15]. Evaluation of subcentimeter pulmonary nodules is a known limitation of 
FDG-PET/CT because of the inherent resolution constraints of PET/CT technology and respiratory 
motion artifact. However, a study of 63 lung nodules in 18 pediatric patients with bone sarcoma 
did demonstrate the value of using an FDG-PET standardized uptake value (SUV) cutoff in 
evaluating small pulmonary nodules; using an SUVmax >1 cutoff value and a nodule diameter 
cutoff of 6 mm can differentiate benign and malignant nodules with an accuracy of 92.1% 
compared with an accuracy of 88.9% with FDG-PET/CT visual analysis alone [16].

Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.  
E. FDG-PET/MRI whole body
Literature specific to sarcoma staging with FDG-PET/MRI is scarce. A single study by Platzek et al 
[17] in 2017 evaluated FDG-PET/MRI in sarcoma staging in 29 patients and compared results with 
conventional CT or MRI studies. Eight of the 29 patients had lung metastases, which were 
identified on both the FDG-PET/MRI and conventional imaging. However, the small sample size 
precludes application of this data to larger populations. The inherent decreased spatial resolution 
of MRI compared to CT raises doubts about the ability to identify small pulmonary metastases with 
FDG-PET/MRI as accurately as CT. MRI of the lungs relies heavily on the ability to minimize 
respiratory motion.

Variant 1: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for pulmonary metastasis.  
F. Radiography chest
There is no relevant literature to support the use of chest radiography in the evaluation of 
pulmonary metastases in the initial staging of malignant or aggressive primary musculoskeletal 
tumors.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.
The body regions covered in this clinical scenario are ankle, chest, shoulder, elbow, femur, foot, 
forearm, hand, humerus, knee, pelvis, tibia/fibula, and wrist. 
 
Extrapulmonary metastases are less common than pulmonary metastases in patients with primary 
extremity sarcomas [5]. Rates and locations for extrapulmonary metastases vary depending on 
tumor histology and grade; specifically, myxoid liposarcoma and alveolar rhabdomyosarcoma 
commonly present with extrapulmonary metastases [18-20]. Metastatic disease portends a poorer 
prognosis, and in cases of Ewing sarcoma, osseous metastasis rather than pulmonary metastasis is 
associated with decreased survival [21,22]. The identification of metastatic disease increases tumor 
stage and changes management. Surveillance for extrapulmonary metastases is usually not 
supported in asymptomatic patients with malignant or aggressive musculoskeletal tumors. When 



recurrence has been established, evaluation or "restaging” for extrapulmonary metastases is 
essentially the same as the initial staging discussed in this variant.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
A. Bone scan whole body
Although historically Tc-99m bone scan has been used to detect bone metastasis, more recent 
studies have shown Tc-99m bone scan is inferior to FDG-PET/CT in the detection of bone 
metastases in general oncologic populations [23]. This conclusion has also been supported in 
patients with bone sarcoma. A study of 206 patients with stage IV osteosarcoma who underwent 
both Tc-99m bone scan and FDG-PET/CT calculated a 95% sensitivity and 98% accuracy for FDG-
PET/CT versus 76% and 96%, respectively, for Tc-99m bone scan [24]. A smaller study of 64 
pediatric patients with bone sarcoma also showed greater accuracy of FDG-PET/CT (84%) versus 
Tc-99m bone scan (70%) in detecting bone metastases during initial staging [22]. Other studies 
have suggested that this FDG-PET/CT superiority may be specific only to osteolytic metastases but 
not osteoblastic metastases [25-27]. The ability to detect extraosseous metastases that are usually 
occult on Tc-99m bone scan is an additional benefit of FDG-PET/CT [28]. 
 
Similarly, studies have demonstrated MRI whole body is superior to Tc-99m bone scan in detecting 
bone metastases in general populations. A study specific to patients with Ewing sarcoma of bone 
that had both MRI whole body and Tc-99m bone scan showed not only more bone metastases 
were identified with MRI, but 4 of the 71 patients had bone metastases only detected on MRI 
which changed the tumor stage for these patients [29].

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
B. Bone scan whole body with SPECT or SPECT/CT area of interest
The addition of single-photon emission computed tomography (SPECT) and SPECT/CT to Tc-99m 
bone scans can increase diagnostic confidence. A study of 2,954 Tc-99m bone scans in a general 
oncologic population increased diagnostic confidence by 75% and reduced equivocal findings by 
27% [30]. However, there is no relevant literature to support the specific use of SPECT or SPECT/CT 
with bone scans in the initial staging for extrapulmonary metastasis of malignant or aggressive 
musculoskeletal tumors.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
C. CT area of interest with IV contrast
CT can be used to evaluate an area of interest identified clinically or from another imaging 
modality. There is no relevant literature to support the use of localized CT at an area of interest in 
the initial staging for extrapulmonary metastasis of malignant or aggressive musculoskeletal 
tumors; rather, a systemic approach to initial staging is recommended.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
D. CT area of interest without and with IV contrast
CT can be used to evaluate an area of interest identified clinically or from another imaging 
modality. There is no relevant literature to support the use of localized CT at an area of interest in 
the initial staging for extrapulmonary metastasis of malignant or aggressive musculoskeletal 
tumors; rather, a systemic approach to initial staging is recommended.



Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
E. CT area of interest without IV contrast
CT can be used to evaluate an area of interest identified clinically or from another imaging 
modality. There is no relevant literature to support the use of localized CT at an area of interest in 
the initial staging for extrapulmonary metastasis of malignant or aggressive musculoskeletal 
tumors; rather, a systemic approach to initial staging is recommended.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
F. FDG-PET/CT whole body
A meta-analysis of FDG-PET/CT for the staging of patients with osteosarcoma demonstrated an 
overall sensitivity of 93% and a specificity of 97% for detection of bone metastases [6]. Coverage of 
a whole body FDG-PET/CT varies and usually extends either from skull base to thighs or skull 
vertex to feet. A study of FDG-PET/CT in patients with sarcoma and melanoma showed inclusion of 
the entire lower extremities does not add additional benefit in identifying metastases [31]. 
 
FDG-PET/CT is considered superior to Tc-99m bone scan in the detection of osseous metastases. 
Literature has concluded this in both general oncologic and bone sarcoma populations [30]. FDG-
PET/CT is also superior to CT imaging in this regard. Quartuccio et al [22] studied 64 pediatric 
patients with bone sarcoma and found greater accuracy of FDG-PET/CT (85% accuracy) versus CT 
(44% accuracy) in detecting bone metastases during initial staging of patients with Ewing sarcoma. 
There are mixed conclusions when comparing FDG-PET/CT versus MRI whole body in detecting 
osseous metastases in general oncology populations [32-34]. In a small study of 20 patients with 
Ewing sarcoma comparing FDG-PET/CT with MRI whole body, a single patient had a false-positive 
bone finding on FDG-PET/CT. Overall, 39% more bone lesions in this study were identified with 
MRI whole body versus FDG-PET/CT [35]. In the Quartuccio et al [22] study of 64 pediatric patients 
with bone sarcoma, when FDG-PET/CT was compared with MRI for the detection of bone 
metastases, accuracy was similar (85% versus 89%). MRI better discriminates bone metastases from 
hematopoietic marrow, both of which can have increased metabolic activity on PET imaging. An 
advantage of PET over MRI is the ability to quantify tumor metabolic activity, which can serve as a 
prognostic indicator [15]. 
 
FDG-PET/CT can also be useful to detect nonskeletal metastases, more frequently in the lung, but 
also lymph nodes and other organs. FDG-PET/CT can detect a greater number of nodal metastases 
in soft tissue sarcoma versus conventional imaging alone [36,37]. The incidence of nodal 
metastases is dependent on tumor histology.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
G. FDG-PET/MRI whole body
Literature specific to sarcoma staging with FDG-PET/MRI is scarce. A study of 29 patients with 
sarcoma who underwent FDG-PET/MRI and conventional imaging (CT chest/abdomen and/or local 
MRI) showed no significant difference in accuracy for detecting metastases with sensitivities and 
specificities of 97.8% and 100% for FDG-PET/MRI compared with 94.4% and 100% for conventional 
imaging. Of the 10 patients in this study with metastases, 6 had extrapulmonary metastases [17]. 
Another study of 98 bone lesions in a general oncologic population undergoing simultaneous 
FDG-PET/CT and FDG-PET/MRI showed these modalities to be equivalent for the detection and 



characterization of bone lesions [38]. Although FDG-PET/MRI whole body scans may prove to be 
useful in this setting, additional evidence is needed to compare its utility with existing modalities.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
H. Fluoride PET/CT whole body
Fluoride PET/CT can increase diagnostic confidence when detecting bone metastases in general 
oncologic populations when compared with planar Tc-99m bone scans [39]. There is no relevant 
literature to specifically support the use of fluoride PET/CT in the initial staging for extrapulmonary 
metastasis of malignant or aggressive musculoskeletal tumors. Specifically, extraosseous 
extrapulmonary metastases will usually be occult on fluoride PET/CT whole body scans.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
I. MRI whole body without and with IV contrast
There is no relevant literature to support the use of MRI whole body without and with IV contrast in the 
initial staging for extrapulmonary metastasis of malignant or aggressive musculoskeletal tumors. However, 
the addition of IV contrast can be helpful for assessing soft tissue masses and therefore could be beneficial 
in this setting.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
J. MRI whole body without IV contrast
The ability of MRI to characterize soft tissue and bone marrow make it ideal for identifying 
extrapulmonary metastases. MRI is particularly useful in identifying and accurately characterizing 
bone marrow abnormalities as metastases versus nonmalignant processes. Hematopoietic marrow, 
or red marrow, is a frequently encountered nonmalignant marrow abnormality that can be 
mistaken for a metastasis on other modalities, particularly on PET imaging, when there is relatively 
increased metabolic activity. Hematopoietic marrow is abundant in the pediatric and young adult 
populations making it problematic for the staging of bone sarcomas in these populations. Multiple 
medications and other systemic illnesses can activate hematopoietic marrow in the adult 
population. 
 
Specific to myxoid liposarcoma, a sarcoma subtype known to metastasize preferentially to 
extrapulmonary locations, multiple studies have found MRI to be more accurate than FDG-PET, 
FDG-PET/CT, CT, radiography, and bone scintigraphy imaging to detect extrapulmonary 
metastases [40-44]. 
 
A small study in patients with Ewing sarcoma showed more bone lesions were more accurately 
identified on MRI whole body when compared with FDG-PET/CT [35]. There are mixed conclusions 
when comparing FDG-PET/CT versus MRI whole body in detecting osseous metastases in general 
oncology populations [32-34]. 
 
MRI whole body is more sensitive than Tc-99m bone scan for detecting osseous metastasis in a 
variety of tumors known to metastasize to bone. Sensitivity was also higher specifically in patients 
with Ewing sarcoma [29].

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  



K. Radiography area of interest
Radiographs could be used to evaluate an area of interest identified clinically or from another 
imaging modality. There is no relevant literature to support the use of radiography at an area of 
interest in the initial staging for extrapulmonary metastasis of malignant or aggressive 
musculoskeletal tumors.

Variant 2: Malignant or aggressive primary musculoskeletal tumor. Initial staging. Evaluation 
for extrapulmonary metastasis.  
L. US area of interest
There is no relevant literature to support the use of ultrasound (US) area of interest in the initial 
staging for extrapulmonary metastasis of malignant or aggressive musculoskeletal tumors. US 
could be used to evaluate an area of interest identified clinically or from another imaging modality. 
US is more useful to evaluate superficial soft tissue masses as opposed to bone lesions, which are 
usually occult if there is no cortical breakthrough.

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.
Pulmonary metastases account for the majority of distant metastatic disease in patients with 
primary extremity sarcoma as a whole. Risk of pulmonary metastasis varies with tumor histology 
and grade. Although patients with high-grade soft tissue sarcomas develop lung metastasis at a 
rate of ~60%, those with low-grade sarcomas have lung metastasis rates <10% [45,46]. Therefore, 
guidance regarding modality for lung screening often differ between low-risk and high-risk 
patients. There is also debate concerning the frequency of lung surveillance. Given most 
pulmonary metastases will occur within 2 years of primary resection [47], many experts support 
more frequent surveillance initially in the first few years after diagnosis. Surveillance regimens 
usually de-escalate to annual follow-up after 5 years postresection [48-52]. Although these 
dynamic protocols are often used, a prospective randomized trial of 500 patients with resected 
extremity sarcomas and no baseline metastatic disease found no difference in overall survival or 
recurrence-free survival between groups whether surveilled at 3 month or 6-month consistent 
intervals [53,54]. Pulmonary metastases are associated with a worse prognosis [45], and treatment 
of these pulmonary metastases can improve survival [8,10]. Identification of pulmonary metastases 
is an essential part of primary musculoskeletal tumor screening. There is little to no variation in the 
ability of a certain modality to detect pulmonary metastasis whether performed at initial staging 
(see Variant 1), surveillance, or restaging in the setting of recurrence.

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.  
A. CT chest with IV contrast
There is no relevant literature regarding the specific use of CT chest with IV contrast in the evaluation of 
pulmonary metastasis from malignant or aggressive primary musculoskeletal tumors. However, IV contrast 
may lead to equivocal assessment of mineralization, which can be a useful morphologic feature to 
distinguish benign versus malignant pulmonary nodules. Therefore, CT chest with IV contrast is not 
generally useful as the sole imaging technique, and there is felt to be little additional benefit in the CT 
assessment of pulmonary nodules without and with IV contrast compared to CT chest without IV contrast 
in this setting.

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.  
B. CT chest without and with IV contrast



There is no relevant literature regarding the specific use of CT chest without and with IV contrast in the 
evaluation of pulmonary metastasis from malignant or aggressive primary musculoskeletal tumors. 
However, IV contrast may lead to equivocal assessment of mineralization which can be a useful 
morphologic feature to distinguish benign versus malignant pulmonary nodules. Therefore, CT chest with 
IV contrast is not generally useful as the sole imaging technique, and there is felt to be little additional 
benefit in the CT assessment of pulmonary nodules without and with IV contrast compared to CT chest 
without IV contrast in this setting.

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.  
C. CT chest without IV contrast
CT chest is the most sensitive imaging modality for the detection of pulmonary metastases. CT 
imaging for lung metastases has been criticized by some as being too sensitive. Several studies 
have attempted to find size and morphologic criteria to help discriminate between malignant and 
benign pulmonary nodules [9,12]. Rissing et al [55] showed that those only with pulmonary lesions 
<5 mm were associated with equivalent survival to those with normal scans. Often when a 
pulmonary metastasis is identified on a different imaging modality, CT is then required for biopsy 
or treatment planning. 
 
Guidance varies regarding whether to use CT chest versus chest radiography as surveillance for 
lung metastases in patients with sarcoma. Much of the debate also takes cost-analysis and 
radiation exposure into consideration. A retrospective study by Cho et al [56] of 176 patients with 
stage II or stage III high-grade extremity sarcomas calculated similar 5-year survival rates whether 
surveilled with chest radiography or CT chest. However, when stratifying survival rates by stage, 
they found a survival benefit for stage III patients when monitored with CT chest likely related to 
the increased rates of lung metastasis with high-grade sarcoma. Other studies have differing 
conclusions. A large multicenter retrospective study by Gamboa et al [45] comparing lung 
surveillance in 909 patients with extremity, truncal, or retroperitoneal high-grade soft tissue 
sarcomas found the 5-year survival rate was noninferior for patients followed with chest 
radiography versus CT chest (71% versus 60%). This study also found there was no difference in the 
rate or type of intervention for these lung metastases when detected. Selection bias was a 
limitation of both of these retrospective studies because the rationale of which modality used to 
screen was not known or reported. Additionally, the Gamboa et al [45] study included 151 patients 
with retroperitoneal sarcoma, which has a high rate of local recurrence; this group was 
overrepresented in the CT imaging group, which had the worse survival rate. A prospective 
randomized trial of 500 patients with resected extremity bone and soft tissue sarcomas without 
baseline metastases showed noninferiority of chest radiography compared with CT chest with 
similar overall survival (56% versus 53% respectively) and recurrence-free survival (59% versus 54% 
respectively) when used for lung surveillance [53,54].

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.  
D. FDG-PET/CT whole body
Although FDG-PET/CT is not as sensitive for detecting pulmonary metastases as CT chest imaging, 
it has been shown to be more specific and therefore may be useful as a problem-solving tool when 
an indeterminate pulmonary nodule is detected on diagnostic chest CT. A study comparing staging 
and follow-up imaging studies in 41 children with primary bone sarcomas showed greater 
sensitivity of CT chest (93%) versus FDG-PET/CT (80%) in detecting pulmonary metastases 



(although specificity was higher with FDG-PET/CT at 96% compared with 87% for CT chest). Of the 
false-negative FDG-PET/CT results in that study, half were pulmonary nodules <10 mm [15]. 
Evaluation of subcentimeter pulmonary nodules is a known limitation of FDG-PET/CT because of 
the inherent resolution constraints of PET/CT technology and respiratory motion artifact. However, 
a study of 63 lung nodules in 18 pediatric patients with bone sarcoma did demonstrate the benefit 
of using an FDG-PET SUV cutoff in evaluating small pulmonary nodules; using an SUVmax >1 
cutoff value and a nodule diameter cutoff of 6 mm can differentiate benign and malignant nodules 
with an accuracy of 92.1% compared with an accuracy of 88.9% with FDG-PET/CT visual analysis 
alone [16].

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.  
E. FDG-PET/MRI whole body
There is no relevant literature to support the use of FDG-PET/MRI in the evaluation of pulmonary 
metastases during surveillance of malignant or aggressive primary musculoskeletal tumors. The 
inherent decreased spatial resolution of MRI compared with CT raises doubts about the ability to 
identify small pulmonary metastases with FDG-PET/MRI as accurately as CT. MRI of the lungs relies 
heavily on the ability to minimize respiratory motion.

Variant 3: Malignant or aggressive primary musculoskeletal tumor with no suspected or 
known recurrence. Surveillance for pulmonary metastasis.  
F. Radiography chest
Chest radiography is less sensitive than CT chest imaging for the detection of pulmonary nodules. 
Whooley et al [57] found that 83% of asymptomatic metastases were detected radiographically 
with a positive predictive value of 92% and a negative predictive value of 97%. However, the 
detection of more and smaller pulmonary metastases with CT versus radiography has definitely not 
improved survival rates. Although radiography is less sensitive for detection of lung metastases, 
how that correlates with clinically significant metastases is less certain.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.
The body regions covered in this clinical scenario are ankle, chest, elbow, shoulder, femur, foot, 
forearm, hand, humerus, knee, pelvis, tibia/fibula, and wrist. 
 
Local recurrence rates following primary resection of a malignant or aggressive bone tumor vary 
and depend on tumor grade and histology. Local recurrence rates of bone sarcomas are reported 
to be approximately 10% to 15% in patients with osteosarcoma and Ewing sarcoma [58-61]. 
Prognosis is poor for locally recurrent malignant or aggressive bone tumors, with postrecurrence 
5-year survival rates reported approximately 15% to 30% in patients with osteosarcoma and 5% in 
patients with Ewing sarcoma [60,62]. Factors associated with poorer prognosis in patients with 
osteosarcoma were size of local recurrence (>5 cm) and presence of distant metastasis [60]. 
 
Recommendations for local recurrence surveillance imaging vary amongst expert guidelines, 
although all acknowledge the benefit of clinical evaluation. Locally recurrent bone tumors can 
often present as a soft tissue mass, and in a study of osteosarcoma local recurrences, the majority 
(approximately 75%) were soft tissue masses rather than bone lesions [60]. Some guidelines 
recommend clinical examination to be performed solely, whereas others recommend in 
combination with imaging [49,51,52,63]. Time to recurrence also varies with tumor histology. Most 
osteosarcoma local recurrences have been shown to occur within 5 years of resection. However, 



late recurrence of both osteosarcoma and Ewing sarcoma have been reported [60,61]. In a study of 
locally recurrent osteosarcoma, survival rates decreased from 30% at 5 years to 13% at 10 years, 
suggesting long-term follow-up beyond 5 years is beneficial. Tumor histology, grade, and clinical 
scenario remain paramount when deciding how to surveil for local recurrence.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
A. Bone scan whole body
Historically, bone scans have been used for the surveillance of local recurrence. Increased bone 
uptake at the primary resection site is nonspecific and can occur for many reasons, including stress 
changes from adjacent hardware, fractures, and possibly recurrence. With advances in MRI, CT, and 
PET imaging, the use of bone scan for local recurrence surveillance has decreased. Studies have 
shown superiority of FDG-PET/CT and MRI versus bone scan for assessment of bone metastases 
(see Variant 2). Although historically, Tc-99m bone scan has been used to detect bone metastasis, 
more recent studies have shown Tc-99m bone scan is inferior to FDG-PET/CT in the detection of 
bone metastases in general oncologic populations [23]. A smaller study of 64 pediatric patients 
with bone sarcoma also showed greater accuracy of FDG-PET/CT (84%) versus Tc-99m bone scan 
(70%) in detecting bone metastases during initial staging [22]. There is no relevant literature to 
support the use of bone scan whole body for surveillance of local recurrence of malignant or 
aggressive primary bone tumors.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
B. Bone scan whole body with SPECT or SPECT/CT area of interest
There is no relevant literature to support the use of bone scan whole body with SPECT or SPECT/CT 
area of interest for surveillance of local recurrence of malignant or aggressive primary bone 
tumors.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
C. CT area of interest with IV contrast
CT can be useful for surveillance of local recurrence when MRI is unable to be obtained. CT 
imaging can also be of benefit if metal artifact on MRI cannot be resolved, although it should be 
noted, CT is also susceptible to artifact from metal hardware. Although IV contrast does not 
provide added benefit for evaluation of bone, given many bone sarcoma recurrences present as 
soft tissue masses, IV contrast can be useful to increase the conspicuity of enhancing soft tissue 
tumors.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
D. CT area of interest without and with IV contrast
CT can be useful for surveillance of local recurrence when MRI is unable to be obtained. CT 
imaging can also be of benefit if metal artifact on MRI cannot be resolved, although it should be 
noted, CT is also susceptible to artifact from metal hardware. Although IV contrast does not 
provide added benefit for evaluation of bone, given many bone sarcoma recurrences present as 
soft tissue masses, IV contrast can be useful to increase the conspicuity of enhancing soft tissue 
tumors. However, given increased radiation dose without clinical benefit, CT without and with IV 
contrast is usually not recommended over CT with IV contrast alone.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
E. CT area of interest without IV contrast
CT can be useful for surveillance of local recurrence when MRI is unable to be obtained. CT 
imaging can also be of benefit if metal artifact on MRI cannot be resolved, although it should be 



noted, CT is also susceptible to artifact from metal hardware. Although IV contrast does not 
provide added benefit for evaluation of bone, given many bone sarcoma recurrences present as 
soft tissue masses, IV contrast can be useful to increase the conspicuity of enhancing soft tissue 
tumors and is usually recommended in this setting.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
F. FDG-PET/CT whole body
FDG-PET/CT has the added benefit of not only thin-slice CT imaging but also the ability to detect 
metabolically active disease. FDG-PET/CT is highly accurate in detecting recurrent soft tissue and 
bone sarcomas, and may be useful as a problem-solving tool when other imaging of the area of 
interest is equivocal. In a retrospective single-institution study of 53 patients with skeletal Ewing 
sarcoma, FDG-PET/CT was found to have a sensitivity of 95% and a specificity of 87% in detecting 
recurrence as a whole with local recurrence accounting for 90% of those recurrences. Accuracy 
further increased when there was clinical suspicion of local recurrence (84% increased to 94%) [64]. 
The degree of metabolic activity as quantified by SUVmax has also shown utility for predicting 
prognosis, with 1 study of patients with chondrosarcoma identifying a SUVmax cutoff of 6.15 to 
predict significant differences in survival (P < .001) [65]. A study of postoperative patients with 
extremity osteosarcoma with endoprosthetic reconstruction reported that an SUVmax >4.6 plus 
ΔSUV >75% after surgery can reliably distinguish recurrence from posttreatment activity that can 
linger for 3 years following resection [66].

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
G. FDG-PET/MRI whole body
There is no relevant literature to support the use of FDG-PET/MRI whole body as surveillance of 
local recurrence of malignant or aggressive primary bone tumors.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
H. Fluoride PET/CT whole body
There is no relevant literature to support the use of fluoride PET/CT whole body as surveillance of 
local recurrence of malignant or aggressive primary bone tumors.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
I. MRI area of interest without and with IV contrast
MRI of the primary tumor resection site has further asserted its usefulness for surveillance of local 
recurrence with improvements in metal artifact reduction. Given the preference for limb-sparing 
surgeries, many bone tumor resections require the implantation of hardware which creates local 
artifact that can obscure the adjacent tissues. Few studies comparing the use of MRI for local 
recurrence of bone tumors compared with other modalities have been published in recent years 
likely given its widespread adoption clinically. MRI is often requested before surgery and radiation 
when local recurrence is established. 
 
Given many local recurrences are soft tissue masses, the use of IV contrast remains beneficial to 
help characterize masses as malignant or benign and can also increase reader confidence [67,68].

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
J. MRI area of interest without IV contrast
MRI of the primary tumor resection site has further asserted its usefulness for surveillance of local 
recurrence with improvements in metal artifact reduction. Given the preference for limb-sparing 
surgeries, many bone tumor resections require the implantation of hardware, which creates local 



artifact that can obscure the adjacent tissues. Few studies comparing the use of MRI for local 
recurrence of bone tumors compared with other modalities have been published in recent years 
likely given its widespread adoption clinically. MRI is often requested before surgery and radiation 
when local recurrence is established. 
 
Given many local recurrences are soft tissue masses, the use of IV contrast remains beneficial to 
help characterize masses as malignant or benign and can also increase reader confidence. 
However, the inherent contrast resolution of MRI, even in the absence of IV contrast, makes this a 
useful modality to assess for local recurrence of malignant or aggressive primary bone tumors 
[67,68].

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
K. Radiography area of interest
Not only is radiography useful to evaluate for bone tumor recurrence, but it is also an invaluable 
adjunct to MRI interpretation. When hardware is present, even with modern metal-artifact 
reduction techniques, radiography can visualize the bone-metal or bone-cement interface, which 
can be critical to evaluate for tumor recurrence. Radiographs are recommended for the surveillance 
of local recurrence of malignant or aggressive primary bone tumors.

Variant 4: Malignant or aggressive primary bone tumor. Surveillance for local recurrence.  
L. US area of interest
US is not useful for evaluating bone lesions when there is no extraosseous tumor extension. 
However, US may be beneficial if a mass is identified clinically. There is no relevant literature to 
support the use of US as surveillance for asymptomatic local recurrence of malignant or aggressive 
primary bone tumors.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.
The body regions covered in this clinical scenario are abdomen, ankle, chest, elbow, shoulder, 
thigh, foot, forearm, hand, arm, knee, pelvis, leg, and wrist. 
 
Local recurrence rates of soft tissue sarcomas have been reported to occur at rates of 5% to 25% in 
larger historic studies [69-72]. Although rates of local recurrence following primary resection 
depend on tumor histology and grade, several other factors have been identified that increase risk. 
Tumor location is associated with local recurrence, with those tumors located deep to fascia or in 
the upper extremities/trunk as more likely to recur [73]. Positive or close resection margins have 
also been associated with increased likelihood of local recurrence [70,73,74]. Local recurrence is 
associated with metastatic disease and increased mortality [70], and if the recurrence can be 
treated before developing metastatic disease there is a survival benefit [73]. Size of the recurrence 
has also been linked with not only survival [75] but also morbidity, because larger tumors often 
require more extensive surgery [48]. Therefore, surveillance for local recurrence is important to 
reduce both mortality and morbidity. 
 
There remains some controversy not only on how to surveil resected soft tissue sarcomas but also 
if imaging surveillance is even necessary. The primary dispute against the need for imaging 
surveillance is the argument that recurrences are usually clinically detectable [54,76]. The literature 
also has some conflicting evidence on this topic. For example, a prospective study of 500 patients 
with sarcoma found 90% of local recurrences were clinically detected [54]. Conversely, a large 



recent study of 325 patients with soft tissue sarcomas found a rate of 60% of the local recurrences 
were not detected clinically [77]. Expert guidelines vary on recommendations for local recurrence 
imaging, although all acknowledge the benefit of clinical evaluation; some guidelines recommend 
clinical examination to be performed solely, whereas others recommend in combination with 
imaging [49,51,52,63]. Clinical evaluation of deep soft tissue local recurrence remains a limitation 
of this approach. Most local recurrences of soft tissue sarcomas occur within 5 years of primary 
resection [78]. Therefore, those guidelines that recommend imaging usually advocate for more 
aggressive imaging in the first 5 years that taper off to annual imaging. Tumor

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
A. CT area of interest with IV contrast
CT remains useful for surveillance of local recurrence when MRI is unable to be obtained. CT 
imaging can also be of benefit if metal artifact on MRI cannot be resolved, although it should be 
noted CT is also susceptible to artifact from metal hardware. When evaluating the soft tissues, 
postcontrast imaging is recommended to increase the conspicuity of enhancing tumors and, if so, 
areas of necrosis that can help with biopsy planning and to serve as a baseline for future therapy 
response assessment.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
B. CT area of interest without and with IV contrast
CT remains useful for surveillance of local recurrence when MRI is unable to be obtained. CT 
imaging can also be of benefit if metal artifact on MRI cannot be resolved, although it should be 
noted CT is also susceptible to artifact from metal hardware. When evaluating the soft tissues, 
postcontrast imaging is recommended to increase the conspicuity of enhancing tumors and, if so, 
areas of necrosis that can help with biopsy planning and to serve as a baseline for future therapy 
response assessment. However, CT without and with IV contrast is usually not recommended over 
CT with IV contrast alone.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
C. CT area of interest without IV contrast
CT remains useful for surveillance of local recurrence when MRI is unable to be obtained. CT 
imaging can also be of benefit if metal artifact on MRI cannot be resolved, although it should be 
noted CT is also susceptible to artifact from metal hardware. When evaluating the soft tissues, 
postcontrast imaging is recommended to increase the conspicuity of enhancing tumors and, if so, 
areas of necrosis that can help with biopsy planning and to serve as a baseline for future therapy 
response assessment.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
D. FDG-PET/CT whole body
FDG-PET/CT has the added benefit of not only thin-slice CT imaging but also the ability to detect 
metabolically active disease. FDG-PET/CT is highly accurate in detecting recurrent soft tissue and 
bone sarcomas, and may be useful as a problem-solving tool when other imaging of the area of 
interest is equivocal. A retrospective single-institution study of 43 patients with bone or soft tissue 
sarcomas found better sensitivity and specificity of FDG-PET/CT follow-up versus contrast-



enhanced CT imaging (94% and 92% versus 78% and 67%, respectively) [79]. A retrospective 
single-institution study of 152 patients with soft tissue sarcomas comparing whole body FDG-
PET/CT with MRI at the primary treatment site did not detect a significant difference in 
performance for detecting local recurrence (MRI sensitivity of 90% and specificity of 98%, 
compared with FDG-PET/CT sensitivity of 95% and specificity of 96%) [80].

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
E. FDG-PET/MRI whole body
A retrospective single-institution study of 41 patients with resected soft tissue sarcomas and with 
clinically suspicious recurrence underwent FDG-PET/MRI, either whole body if a truncal primary or 
localized to the primary tumor site if an extremity sarcoma. The MRI portion and then FDG-
PET/MRI portions were interpreted independently. With the addition of FDG-PET imaging to the 
MRI, sensitivity increased from 82% to 96%, although specificity mildly decreased from 85% to 
79%. Diagnostic confidence increased for the readers [81]. FDG-PET/MRI whole body may be 
useful as a problem-solving tool when other imaging of the area of interest is equivocal.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
F. MRI area of interest without and with IV contrast
MRI used as surveillance of the primary soft tissue tumor site is the mainstay for evaluating local 
recurrence. Few studies regarding the diagnostic utility of MRI for local recurrence of soft tissue 
sarcomas have been published in recent years, likely given its widespread adoption clinically. MRI 
is useful not only for asymptomatic surveillance but also if a clinical area of concern at the 
resection site develops. MRI is often requested before surgery and radiation when local recurrence 
is established. A retrospective single-institution study by Park et al [77] of 325 patients with 
extremity sarcoma with a local recurrence rate of 11% found MRI detected 60% of those patients 
with recurrence not identified clinically or with US. Those with MRI detected local recurrence 
trended towards better survival, but this did not reach statistical significance. 
 
MRI has been criticized as having many false-positive results, leading to unnecessary procedures 
and emotional distress [82]. A retrospective single-institution study of 11 local recurrences in 124 
patients with soft tissue sarcoma found MRI had a positive predictive value of only 42% with 11 
false-positive examinations in this cohort and advocated for clinical surveillance only [83]. 
However, the Park et al [77] larger single-institution studies found a positive predictive value of 
93%. 
 
Postcontrast imaging has been shown to add benefit in evaluation of soft tissue tumors to 
differentiate benign versus malignant lesions [68]. A more recent retrospective study assessing the 
added value of postcontrast MRI showed contrast improved reader confidence even for 
experienced readers and improved accuracy of a more inexperienced reader from 65% to 72% [67].

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
G. MRI area of interest without IV contrast
MRI used as surveillance of the primary soft tissue tumor site is the mainstay for evaluating local 
recurrence. Few studies regarding the diagnostic utility of MRI for local recurrence of soft tissue sarcomas 
have been published in recent years, likely given its widespread adoption clinically. MRI is useful not only 



for asymptomatic surveillance but also if a clinical area of concern at the resection site develops. MRI is 
often requested before surgery and radiation when local recurrence is established. A retrospective single-
institution study by Park et al [77] of 325 patients with extremity sarcoma with a local recurrence rate of 
11% found MRI detected 60% of those patients with recurrence not identified clinically or with US. Those 
with MRI detected local recurrence trended towards better survival but this did not reach statistical 
significance. 
 
MRI has been criticized as having many false-positive results leading to unnecessary procedures and 
emotional distress [82]. A retrospective single-institution study of 11 local recurrences in 124 patients with 
soft tissue sarcoma found MRI had a positive predictive value of only 42% with 11 false-positive 
examinations in this cohort and advocated for clinical surveillance only [83]. However, the Park et al [77] 
larger single-institution studies found a positive predictive value of 93%. 
 
Postcontrast imaging has been shown to add benefit in evaluation of soft tissue tumors to differentiate 
benign versus malignant lesions [68]. A more recent retrospective study assessing the added value of 
postcontrast MRI showed contrast improved reader confidence even for experienced readers and 
improved accuracy of a more inexperienced reader from 65% to 72% [67]. However, MRI without IV 
contrast is still highly sensitive in detecting local recurrence of soft tissue tumor because of an inherent 
soft tissue contrast of MRI and therefore is still of benefit.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
H. Radiography area of interest
In rare instances of a primary soft tissue tumor that produces osseous or chondroid matrix, there 
may be limited benefit of radiography area of interest for detecting local recurrence, but in general 
this modality is usually not helpful for most patients. There is no relevant literature to support the 
use of radiography alone as surveillance for local recurrence of malignant or aggressive primary 
soft tissue tumors.

Variant 5: Malignant or aggressive primary soft tissue tumor. Surveillance for local 
recurrence.  
I. US area of interest
Local recurrence of a soft tissue tumor can be detected with US. Note that most studies comparing 
US with MRI are outdated because both US and MRI technology have advanced significantly. A 
more recent retrospective single-center study of 68 patients with extremity soft tissue sarcomas 
(28% recurrence rate) followed with US and MRI found a sensitivity of 88% and specificity of 94% 
in the detection of local recurrences with US, with a negative predictive value of 96%; both US 
false-negative lesions were identified with MRI in this study [84].

 
Summary of Highlights

Variant 1: CT chest without IV contrast is usually appropriate for the initial staging of 
malignant or aggressive primary musculoskeletal tumors in the evaluation of pulmonary 
metastases.

•

Variant 2: FDG-PET/CT whole body is usually appropriate for the initial staging of malignant 
or aggressive primary musculoskeletal tumors in the evaluation of extrapulmonary 
metastases. Although the panel did not agree on recommending MRI whole body without IV 

•



contrast or fluoride PET/CT whole body, because there is insufficient medical literature to 
conclude whether these patients would benefit from the procedure, its use may be 
appropriate.
Variant 3: CT chest without IV contrast is usually appropriate for surveillance of pulmonary 
metastasis in patients with malignant or aggressive primary musculoskeletal tumors with no 
suspected or known recurrence.

•

Variant 4: Radiography area of interest, combined with MRI area of interest without and with 
IV contrast or MRI area of interest without IV contrast are usually appropriate for surveillance 
of local recurrence in patients with malignant or aggressive primary bone tumors. These 
procedures are complementary, and both are indicated in this patient population.

•

Variant 5: MRI area of interest without and with IV contrast or MRI area of interest without IV 
contrast is usually appropriate for surveillance of local recurrence in patients with malignant 
or aggressive primary soft tissue tumors. These procedures are equivalent alternatives (ie, 
only one procedure will be ordered to provide the clinical information to effectively manage 
the patient’s care). Although the panel did not agree on recommending US area of interest as 
there are limited data comparing its utility relative to other established imaging modalities 
such as MRI, its use may be appropriate.

•

 
Supporting Documents
The evidence table, literature search, and appendix for this topic are available at 
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the 
final rating round tabulations for each recommendation. 
 
For additional information on the Appropriateness Criteria methodology and other supporting 
documents, please go to the ACR website at https://www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.
 
Appropriateness Category Names and Definitions

Appropriateness 
Category Name

Appropriateness 
Rating Appropriateness Category Definition

Usually Appropriate 7, 8, or 9
The imaging procedure or treatment is indicated in 
the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

May Be Appropriate 4, 5, or 6

The imaging procedure or treatment may be 
indicated in the specified clinical scenarios as an 
alternative to imaging procedures or treatments with 
a more favorable risk-benefit ratio, or the risk-benefit 
ratio for patients is equivocal.

May Be Appropriate 
(Disagreement) 5

The individual ratings are too dispersed from the 
panel median. The different label provides 
transparency regarding the panel’s recommendation. 
“May be appropriate” is the rating category and a 
rating of 5 is assigned.
The imaging procedure or treatment is unlikely to be 
indicated in the specified clinical scenarios, or the Usually Not Appropriate 1, 2, or 3

https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria


risk-benefit ratio for patients is likely to be 
unfavorable.

 
Relative Radiation Level Information
Potential adverse health effects associated with radiation exposure are an important factor to consider 
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures 
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been 
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose 
quantity that is used to estimate population total radiation risk associated with an imaging procedure. 
Patients in the pediatric age group are at inherently higher risk from exposure, because of both organ 
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation 
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as 
compared with those specified for adults (see Table below). Additional information regarding radiation 
dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation 
Dose Assessment Introduction document.
Relative Radiation Level Designations

Relative Radiation Level* Adult Effective Dose Estimate 
Range

Pediatric Effective Dose 
Estimate Range

O 0 mSv  0 mSv
☢ <0.1 mSv <0.03 mSv

☢☢ 0.1-1 mSv 0.03-0.3 mSv
☢☢☢ 1-10 mSv 0.3-3 mSv

☢☢☢☢ 10-30 mSv 3-10 mSv
☢☢☢☢☢ 30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in 
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing 
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as “Varies.”
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Disclaimer

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for 
determining appropriate imaging examinations for diagnosis and treatment of specified medical 
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring 
physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and 
severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or 
treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked. 
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of 
this condition are not considered in this document. The availability of equipment or personnel may 
influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as 
investigational by the FDA have not been considered in developing these criteria; however, study of new 
equipment and applications should be encouraged. The ultimate decision regarding the appropriateness 
of any specific radiologic examination or treatment must be made by the referring physician and 
radiologist in light of all the circumstances presented in an individual examination.
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