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 Review

Imaging primary musculoskeletal tumors: 
role of 18F-FDG-PET/CT

18F-2-deoxy-2-fluoro-glucose-PET/CT 
imaging of primary soft-tissue tumors

 � General considerations
Soft-tissue sarcomas (STS) are extremely rare 
tumors, accounting for 0.7% of adult malignan-
cies and approximately 7% of childhood can-
cers [1]. STS can occur at any site of the body; 
45% of all STS are found in the extremities, 
especially the lower limb, and approximately 
20% are found intra-abdominally [2]. STS can 
derive from fatty tissue (lipoma/liposarcoma), 
muscles (myoma/leiomyosarcoma, rhabdomyo-
sarcoma [RMS]), connective tissue (fibroma/
fibrosarcoma), blood vessels (angioma, hem-
angioma, angiosarcoma) and neurogenic tis-
sue (schwannoma, malignant peripheral nerve 
sheath tumor, malignant schwannoma). STS 
are challenging because of the different behav-
ior spanning from relatively benign entities of 
low-grade tumors to very aggressive forms of 
high-grade tumors. Low-grade STS are gener-
ally treated with complete initial resection. In 
high-grade STS, wide resection is often accom-
panied by neoadjuvant and/or adjuvant chemo 
and/or radiation therapy. 

Ultrasound is often used to establish the diag-
nosis of a STS and to guide a necessary biopsy. 
MRI is the most important method to show 
the origin of a tumor and the anatomic relation 

to important structures such as nerves, vessels 
and muscle compartments prior to resection. 
18F-2-deoxy-2-fluoro-glucose (FDG)-PET/CT 
plays an increasingly important role in biopsy 
guidance, noninvasive grading, therapy response 
assessment and restaging. All of these clinically 
important aspects cannot be completely assessed 
by morphologic imaging. 

Although FDG-PET/CT is increasingly used 
in patients with STS its definite role within the 
clinical routine is still not clearly defined. The 
rarity of these tumors hampers prospective stud-
ies with large patient groups. Thus, the current 
literature is based on the experience of some cen-
ters with investigated populations mainly around 
30–60 patients and the data of systematic reviews 
and meta-analyses [3].

 � Differentiation between benign  
& malignant soft-tissue tumors  
with FDG-PET/CT
Several studies have investigated the perfor-
mance of FDG-PET/CT regarding the dif-
ferentiation of benign and malignant primary 
STS [4–8]. Generally, benign STS show no or a 
low FDG uptake and malignant STS moderate 
to high FDG accumulation. Standard uptake 
values (SUV), a quantitative measure of FDG 
uptake, range between 0.7 and 1.35 in benign 
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STS and between 3.2 and 6.9 in malignant 
STS. Pooled data summarizing 127 STS from 
different studies showed a significant differ-
ence regarding this discrimination with FDG-
PET (p = 0.006). Aoki et al. measured SUVs 
of different benign and malignant STS and 
showed that there are benign lesions with rela-
tively high maximum SUVs such as desmoids, 
schwannoma or giant cell tumor of the tendon 
sheeth with SUVs of up to 7. Additionally, 
inflammatory lesions such as sarcoidosis or 
rheumatoid nodules may mimic malignancy 
by showing significant FDG uptake [4,9]. On 
the other hand, low-grade malignant STS 
can have very low FDG uptake, for example 
liposarcoma. In conclusion, there is an overlap 
between FDG uptake of benign and malignant 
soft-tissue lesions. A reliable SUV

max
 cutoff 

value is difficult to define but most authors 
recommend a SUV

max
 of 2.0 as the most reli-

able threshold. Other authors calculated cutoff 
SUV

max
 values with receiver operating charac-

teristic curves recommending a cutoff of 3.8 as 
the best discriminator between benign lesions 
and  malignancies [10,11].

Another meta-analysis included 15 studies 
with 441 soft-tissue lesions (227 malignant, 
214 benign). For diagnosis of malignant versus 
benign lesions, typical pairs of sensitivity and 
specificity estimated from the summary receiver 
operating characteristic curves were 92 and 73%, 
respectively, for qualitative visualization; 87 and 
79%, respectively, for a cutoff SUV of 2.0; 70 
and 87%, respectively, for SUV of 3.0 [12].

FDG-PET/CT has the potential to discrimi-
nate between benign and malignant soft-tissue 
lesions. It is clearly recommended that additional 
clinical and imaging information such as ultra-
sound and MRI are used to distinguish between 
benign and malignant STS. Furthermore, it is 
important to point out that PET cannot replace 
biopsy and that histopathologic confirmation in 
unclear cases is crucial.

 � Detection of STS with FDG-PET/CT
FDG-PET/CT was shown to be very sensitive in 
the detection of STS. In a meta-analysis summa-
rizing 341 patients (168 with STS, 173 without 
STS), the pooled sensitivity was 0.88 (0.83–
80.93), the specificity was 0.86 (0.81–80.91) and 
the  accuracy was 0.87 (0.83–80.90) [3].

In another large meta-analysis mentioned pre-
viously, 18F-FDG was positive in all intermedi-
ate/high-grade tumors (95% CI: 97.3–100%), 
74.4% (95% CI: 58.6–85.9%) of low-grade 
tumors and 39.3% (95% CI: 29.1–50.3%) of 

benign lesions (including 11 of 12 inflamma-
tory lesions) [12]. A recently published study with 
160 STS confirmed these high detection rates 
(93.7%) [13].

 � Grading of STS with FDG-PET/CT
Histologic grading is an important factor in 
the evaluation of STS. Preoperative imaging 
assessment of the histologic grading is a chal-
lenging issue. Several studies showed a positive 
correlation between FDG uptake (SUV

max
) and 

histopathological sarcoma grade [6,7]. The mean 
SUV of low-grade STS ranged between 1.6 and 
2.6, while high-grade STS has generally higher 
values (8.0–9.4) [14,15]. Several studies showed 
that the differentiation of benign and low-grade 
lesions cannot be made with FDG-PET. In an 
earlier review from 2003, a significant differ-
ence between the detection of low-grade and 
high-grade STS using FDG-PET was shown 
in a very limited patient population of 30 cases 
(p = 104) [12]. Folpe et al. demonstrated a cor-
relation between PET SUV and histopathologic 
grade in 89 STS. Furthermore, an association 
between FDG uptake and cellularity, mitotic 
activity and P53 overexpression was demon-
strated in this publication [16]. In the subgroup 
of fatty soft-tissue tumors, Schwarzbach et al. 
showed that FDG uptake in liposarcomas cor-
relates with histological subtype and tumor 
grade [8]. Other authors found that dynamic 
FDG-PET imaging was better able to grade 
STS, especially for discriminating between 
grade 1 and grade 3 tumors [5]. FDG-PET/CT 
is able to visualize necrotic parts in soft-tissue 
tumors, which is a reliable indication of a high-
grade tumor. As shown in other tumor entities, 
the amount of FDG uptake in a STS provides 
important prognostic information, such as pre-
dicting overall survival, recurrence-free survival 
and local tumor control [17].

Malignant transformation of benign to malig-
nant STS is very rare. Several reports indicate 
that FDG-PET/CT is a promising tool for the 
detection of malignant transformation of STS. 
In particular, patients with neurofibromatosis 
are at high risk for developing malignant periph-
eral nerve sheath tumors (MPNSTs). Warbey 
et al. evaluated 69 patients with neurofibromato-
sis type 1 with 85 lesions, including ten atypical 
neurofibromas and 21 MPNSTs. FDG-PET was 
very sensitive (97%) and specific (87%) in the 
detection of MPNSTs [18]. Cardona et al. con-
firmed that MPNSTs have significantly higher 
FDG uptake in their evaluation of 25 neurogenic 
STS [19].
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 � Biopsy guidance of STS with  
FDG-PET/CT
The management of STS requires biopsy prior 
to surgical resection. STS are often very het-
erogeneous tumors and biopsies from surgi-
cally convenient localizations may not lead to 
a representative histology. If the most malig-
nant area can be identified more accurately, 
then this area could be targeted for biopsy. 
The most aggressive tumor component may be 
reflected by the highest FDG uptake. On his-
tologic examination these areas have increased 
cellularity, mitotic rate and specific markers of 
tumor aggressiveness. Hain et al. showed that 
FDG-PET can be used to appropriately direct 
biopsy in STS [20].

 � Staging of STS with FDG-PET/CT
Accurate staging of STS is crucial for ther-
apy planning and prognostic stratification. 
Metastases of STS can occur in all parts of the 
body but typically occur in the lung, soft tis-
sue and lymph nodes (Figure 1). Studies exam-
ining the performance of FDG-PET/CT in 
the detection of lymph node metastases are 
very limited. Lymph node metastases are often 
seen in RMS, and Völker et al. found lymph 
node metastases in six patients with RMS and 
reported a PET sensitivity of 93%, which was 
clearly superior to conventional imaging (36% 
sensitivity) [21]. Tateishi et al. confirmed these 
results. They reported lymph node involvement 
in 15 of 35 patients with RMS and PET showed 
the correct N stage in 97% of patients compared 
with 31% with conventional imaging [22]. Klem 
et al. reported a limited region-based sensitivity 
(77%) and a high specificity (95%) for FDG-
PET in nodal staging of 24 RMS patients [23]. As 
in other tumors, a FDG-PET does not eliminate 
the need for lymph-node sampling in STS.

Currently, the detection of pulmonary metas-
tases in STS is based on CT. Several studies have 
clearly shown that FDG-PET alone is not sensi-
tive enough for the detection of lung metasta-
ses because PET alone often fails to show FDG 
uptake in lung metastases smaller than 6 mm. 
Respiratory gating is a promising new technique 
used in PET imaging to overcome this limitation 
but the implementation of respiratory gating 
into routine PET protocols is time consuming. 
In a study by Iagaru et al., PET alone detected 
pulmonary metastases with a sensitivity of 68% 
and a specificity of 98% compared with a sen-
sitivity and specificity of 95 and 92%, respec-
tively, with CT [24]. Völker et al. confirmed 
the insufficient sensitivity of PET alone in the 

detection of pulmonary metastases (25%) [21]. 
This limitation of PET can easily be overcome 
by including thin-slice full inspiration diagnos-
tic CT in the PET/CT protocol. This protocol 
combines the metabolic information of PET 
with the high sensitivity of CT and might be 
the best imaging combination for the detection 
of pulmonary metastases. With this combined 
protocol, an additional lung CT examination 

Figure 1. A 65-year-old patient with high-grade soft-tissues sarcoma in the 
left lower leg. Multiple soft-tissue metastases are seen in the left leg. Additional 
multiple lung metastases are visible.
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on a standalone CT scanner becomes superflu-
ous. By using this combined approach, PET/CT 
was shown to be more accurate (93%) in deter-
mining the M stage of sarcomas in more recent 
studies [25]. In our experience PET/CT is also 
very efficient in the diagnosis of the extension of 
soft-tissue metastases in STS, as shown in Figure 1.

In general, PET/CT seems to be superior com-
pared with conventional imaging in  determining 
the M stage of STS. 

 � Therapy response assessment of STS 
with FDG-PET/CT
At present, many STS patients, especially those 
with large intermediate- and high-grade tumors, 
are treated with neoadjuvant chemotherapy or 
radiotherapy prior to resection. Accurate non-
invasive assessment of therapy response would be 
of great value in STS to guide therapeutic deci-
sions and to avoid ineffective chemo- or radiation 
therapy. It has been shown that RECIST criteria 
for solid tumors are not accurate enough for sar-
coma treatment response assessment [26–28]. Often 
the size of STS does not decrease with cytotoxic 
therapy because many of these tumors contain 
structural elements preventing tumor shrink-
age. Several studies have shown that metabolic 
imaging with FDG-PET/CT is superior to 
morphologic imaging such as MRI or CT in 
therapy response assessment in STS. Evilevitch 
et al. investigated 42 patients with biopsy-proven 
resectable high-grade STS before and after neo-
adjuvant chemotherapy and found that quanti-
tative FDG-PET is significantly more accurate 
than size-based criteria at assessing histopatho-
logic response, which is usually defined as 95% 
or more tumor necrosis. Using a 60% decrease 
of SUV as a threshold, the sensitivity for PET 
was 100% and the specificity was 71% [29]. Benz 
et al. found similar results in 20 patients with 
high-grade STS. They compared different PET 
measurements with CT volume before and after 
neoadjuvant chemotherapy. They found tumor 
response was well predicted by changes in SUV 
mean and maximum (area under the ROC: 1.0; 
0.98), followed by total lesion glycolysis [TLG]) 
mean (AUC 0.77) and TLG

max
 (AUC 0.74). By 

contrast, changes in CT
vol

 did not allow predic-
tion of treatment response (AUC = 0.48) [30]. In 
another study the same group evaluated the inter-
observer variability of PET parameters for therapy 
response assessment in high-grade STS and found 
that SUV

max
 provides the most robust measure-

ment [31]. Benz et al. proposed a SUV
max

 reduc-
tion of 35% at early follow-up (after one cycle 
neoadjuant chemotherapy) as a sensitive (100%) 

predictor of histopathologic tumor response 
[32]. Kasper et al. recently confirmed the value 
of FDG-PET in early response assessment after 
one cycle of neoadjuvant chemotherapy in STS 
[33,34]. There is no general agreement how metablic 
response should be defined, but most authors use 
a reduction of SUV

max
 of more than 40–60% as 

response criteria. There is a clear need to mod-
ernize the response criteria for clinical trials in 
sarcoma treatment [35]. In a recently published 
article, Wahl et al. proposes the replacement of 
RECIST criteria based on morphologic imaging 
alone by PERCIST criteria, which combines met-
abolic parameters such as decrease of SUV and 
morphologic parameters (e.g., tumor size reduc-
tion) [36]. There are pitfalls in the interpretation of 
FDG-PET images after neoadjuvant treatment of 
STS: a peripheral rim of FDG uptake is often seen 
after neoadjuvant treatment of STS, even when 
complete histopathological response was achieved. 
The rim uptake seems to correspond to an inflam-
matory pseudocapsule around the former tumor. 
This can lead to false-positive PET results by as 
the rim uptake is interpreted as tumor persistence. 

 � Surveillance of STS patients  
with FDG-PET/CT
It is often difficult to detect a local recurrence 
of STS owing to alterations of the normal anat-
omy by previous interventions such as surgery 
or radiotherapy. The limited number of stud-
ies regarding this topic show a high sensitivity 
of PET for the detection of local recurrence in 
high-grade STS [37]. Schwarzbach reported a 
sensitivity of 88% and specificity of 92% for 
FDG-PET in the detection of local STS recur-
rence [38]. Kole et al. confirmed this result by 
showing a high sensitivity of 93% for the detec-
tion of a local recurrence [39]. In both studies the 
missed recurrences were low-grade liposarcomas. 
Of course, detection of recurrences of low-grade 
tumors such as low-grade liposarcoma cannot be 
expected from FDG-PET. Despite the potential 
use of FDG-PET/CT in the detection of STS 
recurrence, the implementation of FDG-PET 
into the follow-up strategy of STS patients is not 
yet well defined (Figure 2). 

PET/CT imaging of primary  
bone tumors

 � General considerations
Bone sarcomas (BS) are rare and account 
for approximately 0.2% of adult cancers and 
approximately 5% of childhood malignancies 
[40]. Typically, children more commonly present 
with osteosarcomas and Ewing sarcomas, while 
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adults often present with osteosarcomas and 
chondrosarcomas. Owing to new limb salvage 
surgical procedures, excellent functional results 
have been achieved in the last few years [41]. The 
majority of musculoskeletal tumors arise in the 
extremities. The lower limbs are more often 
affected than the upper limbs. Males are gen-
erally more often affected than females. Some 
lesions may be detected incidentally on imaging 
studies. Generally, younger patients have over-
all better outcomes than adults with bone and 
 cartilage tumors.

At the initial staging, 15–20% of patients 
with osteosarcoma also present with pulmonary 
metastases; 10–15% of patients with sarcomas 
also develop a local recurrence and 35–45% a 
distant recurrence, even after adequate therapy. 
Detection of local recurrence is challenging for 
imaging because of the severely altered anatomy 
due to previous interventions such as surgery and 
radiation therapy.

 � Differentiation between benign  
& malignant bone tumors with PET/CT
The differentiation of benign and malignant 
intraosseous lesions can often be accomplished 
by conventional x-rays alone. CT can provide 
important additional information regarding 
the osseous extention, periostal reactions and 

cortical destruction of a tumor. MRI is very 
useful for the detection of bone marrow abnor-
malities and soft-tissue tumor parts. However, 
despite the use of these imaging modalities, the 
appearance of some lesions is nonspecific.

As with soft-tissue tumors, several studies 
report a good correlation between FDG uptake 
and the nature of bone tumors (BTs). Aoki et al. 
investigated 52 bone lesions and found a sig-
nificant difference in SUV

max
 between benign 

and malignant lesions [42]. Strobel et al. showed 
that correct interpretation of the CT part of 
the PET/CT study significantly improves the 
performance of FDG-PET/CT in the differen-
tiation of benign and malignant primary bone 
lesions compared with PET alone in a collec-
tion of 17 benign and 33 malignant lesions 
[43]. Median SUV

max
 was 3.5 for benign lesions 

(range: 1.6–8.0) and 5.7 (range: 0.8–41.7) for 
malignant lesions. In all studies there was an 
overlap in FDG activity between benign and 
malignant BTs. In particular, fibrous dysplasia 
(Figure 3), giant cell tumors and osteomyelitis can 
show markedly increased FDG uptake and can 
lead to misinterpretations of PET studies [44,45]. 
FDG-PET is usually performed 1 h after intra-
venous FDG injection. Several studies showed 
that delayed PET or dual time point PET might 
help in differentiating benign from malignant 

Figure 2. A 17-year-old boy with an angiomatoid fibrous histiocytoma of the left femur. 
(A) MRI image of the tumor. (B) PET image at baseline with 18F-2-deoxy-2-fluoro-glucose active 
primary tumor with popliteal lymph node metastases (arrowheads). Singular inguinal lymph node 
metastasis (arrow). The tumor was resected but 15 months later PET (C) demonstrated a local 
recurrence (arrowheads) with progressive popliteal, inguinal and iliac lymph node metastases (arrow).
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lesions [46,47]. Whether this approach is transfer-
able to a busy clinical routine schedule like in 
our and many other PET centers is questionable.

Transformation of benign bone lesions into 
malignant disease is rare but has been described, 
for example in fibrous dysplasia, osteochon-
droma and Paget’s disease. Although the data 
are mainly based on case reports, FDG-PET/
CT seems to be a promising tool to diagnose 
malignant transformation by showing areas of 
markedly increased uptake corresponding to the 
transformed higher grade tumor parts [48].

 � Grading of BTs with FDG-PET/CT
As in STS, correct grading of BS is crucial for 
therapeutic decision-making. Several studies 
since 1988 have reported a higher FDG uptake 

in high-grade tumors compared with low-grade 
tumors (Figure 4) [49,50]. Folpe et al. showed a 
correlation of PET SUV with the histopatho-
logic grade in 89 BS and STS and concluded 
that PET may help to ensure accurate grading 
and prognostication in sarcoma by guiding 
the biopsy to the most biologically significant 
region. Additionally, a correlation was found 
between FDG uptake and other important 
parameters such as tumor cellularity, Ki-67 
labeling, mitotic activity and overexpression 
of p53 [16]. The prognostic value of baseline 
FDG uptake in BS was demonstrated by Eary 
et al. In their study baseline SUV

max
 was an 

independent and significant predictor of overall 
survival in 209 patients with different types of 
sarcomas [51]. 

14.77 mm

Figure 3. A 44-year-old patient with polyostotic fibrous dysplasia with markedly increased 
18F-2-deoxy-2-fluoro-glucose uptake. Biopsy showed no malignant transformation.
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The use of PET in different types of sarco-
mas was evaluated. A study of 31 patients with 
chondrosarcoma showed that PET has prog-
nostic impact by showing significantly higher 
SUVs in patients with metastases and recurrent 
disease [52].

It has been shown that BS can be very hetero-
geneous with areas of high and low FDG activ-
ity. This information is not provided by morpho-
logic imaging and might be very important in 
avoiding false-negative tumor biopsies. Despite 
these promising results in noninvasive grading, 
PET cannot replace biopsy before treatment 
decisions are made.

 � Staging of BTs with FDG-PET/CT
Bone sarcomas tend to spread hematogeneously 
and the lungs are at greatest risk for distant 
metastases. Like in STS, sensitive evaluation 
of the lung parenchyma needs a thin-sliced 
CT. PET alone is not sensitive enough for the 

detection of small lung metastases owing to 
respiratory movements of the lungs during the 
PET acquisition [53]. Other reasons are that 
FDG-negative lung metastases can be small in 
size and have decreased FDG avidity. This is the 
reason why the PET/CT protocol should include 
a diagnostic lung CT in BS patients. 

Several studies have shown that PET/CT is 
superior to conventional imaging including CT 
regarding accurate staging of sarcomas [21,54].

Additionally, it has recently been demon-
strated that PET/CT is significantly superior 
to PET alone for the detection and localization 
of lesions in Ewing tumor patients [55]. By add-
ing information from conventional imaging to 
the PET/CT findings a correct staging could be 
achieved in 60 of 69 sarcoma patients (87%) 
with a trend to overstage the patients (12% over-
staging; 1% understaging). PET/CT combined 
with conventional imaging was correct in 97% 
of the patients regarding N stage and in 93% 

65.6 mm
58.0 mm

Figure 4. A 55-year-old patient with histologically proven low-grade chondrosarcoma of the left pelvis without  
18F-2-deoxy-2-fluoro-glucose uptake.
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regarding M stage [25,56]. It has to be emphasized 
that MRI is still the best method to show the 
local extension of the primary BT in relation to 
other important structures such as vessels and 
nerves. There is an important difference regard-
ing the performance of PET in the detection 
of osseous metastases: results of studies with 
limited patient numbers show that FDG-PET 
is superior to conventional bone scintigraphy 
regarding the detection of osseous metastases in 
Ewing sarcoma but inferior to conventional bone 
scintigraphy in the detection of bone metastases 
in osteosarcoma [57].

 � Therapy response assessment of BTs 
with FDG-PET/CT
Response to preoperative neoadjuvant chemo-
therapy is a very important prognostic factor 
in BS, especially in osteosarcoma. It has been 
shown that chemotherapy-induced tumor cell 
necrosis in the resected tumor is highly corre-
lated with survival [58]. Effective noninvasive 
therapy response assessment with imaging is of 
great importance for prognostic stratification 
and avoiding negative side effects and saving 
costs from ineffective chemotherapy. It has been 

shown in many other malignancies that bio-
chemical changes occur much earlier than mor-
phologic changes during treatment of tumors 
(Figure 5). For this reason PET is increasingly 
used for early therapy response assessment in 
many malignancies such as lymphoma, gastro-
intestinal stroma tumor, esophageal cancer and 
others [59,60]. Conventional radiographs and 
MRI are not useful in predicting histopathologi-
cal response to neoadjuvant chemotherapy in 
patients with osteosarcoma [61–63]. There are sev-
eral studies that have examined the performance 
of PET in neaoadjuvant chemotherapy assess-
ment in osteosarcoma patients, and different 
parameters for assessing responders have been 
evaluated: SUV

max
 after therapy, SUV change 

ratio, volume change ratio and metabolic vol-
ume change ratio. In a recently published study, 
Cheon et al. showed that SUV

max
 after therapy 

(AUC = 0.89; p = 0.00094), SUV change ratio 
(AUC = 0.84; p = 0.0083) and metabolic vol-
ume change ratio (AUC = 0.89; p = 0.00074) 
were reliable parameters for therapy response 
assessment in 70 patients with high-grade osteo-
sarcoma. According to their model, they found 
predictive values of 97 and 95% for good and 

1 cm

Figure 5. A 24-year-old patient with osteosarcoma of the left distal femur. Comparison of 
(A) MRI and (C) 18F-2-deoxy-2-fluoro-glucose (FDG)-PET before and (B) MRI and (d) PET after 
neoadjuvant chemotherapy show no significant morphologic difference while FDG uptake decreased 
markedly, indicating response to chemotherapy. (E) Corresponding histologic specimen is shown.
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poor responders, respectively [64]. Five other 
studies showed very promising results in a 
smaller number of patients (n = 10–27) using 
different criteria for response assessment (SUV 
change ratio between 0.4 and 0.7) with pre-
dictive values for responders between 75 and 
100% and for nonresponders between 86 and 
100% [65–69]. These studies are limited by the 
small number of patients with poor response. 
Some of the studies failed to distinguish a good 
response (>90% histologic necrosis) from an 
unfavorable one. Inflammatory changes and 
FDG uptake into fibrotic tissue might lead to 
false-positive PET results and lead to underes-
timation of therapy response. Costelloe et al. 
recently confirmed in 31 osteosarcoma patients 
that a SUV greater than 15 before and greater 
than 5 after chemotherapy, and an increase of 
TLG after chemotherapy are associated with 
poorer progression-free survival. High SUV

max
 

after chemotherapy was associated with poor 
overall survival, while a decrease in SUV

max
 was 

strongly associated with histopathologic tumor 
necrosis of more than 90% [70].

 � Surveillance of BT patients  
with FDG-PET/CT
Detection of BS recurrence is challenging owing 
to the anatomic alterations caused by prior treat-
ment. Metallic prosthesis used in limb salvage 
therapy can cause beam-hardening artifacts 
in CT and susceptibility artifacts in MRI. 
Literature regarding the performance of PET for 
the detection of BS recurrence is very limited. An 
older review considered FDG-PET to be more 
accurate than CT or MRI [71]. Many studies 
regarding recurrence have a mixed population 
of STS and BS [37,72,73]. Franzius et al., in their 
study, detected all six osteosarcoma recurrences 
with PET and reported one false-positive result. 

Figure 6. A 22-year-old patient with osteosarcoma at the metaphysis of the distal femur. 
Axial PET image and corresponding contrast-enhanced axial T

1
-weighted fat-suppressed MRI is 

shown. Software-based fusion of PET and MRI gives an interesting impression of active tumors and 
surrounding edema.



Imaging Med. (2010) 2(1)96 future science group

Review  Strobel, Fischer, Stumpe & von Schulthess

By contrast, MRI also detected all recurrences but 
showed two false positives. Other authors have 
reported better performance of MRI (sensitivity 
88%) compared with PET (sensitivity 74%) [15].

Conclusion
Proper selection of the many different available 
imaging modalities for the evaluation of malig-
nant musculoskeletal tumors is crucial for their 
successful diagnosis and treatment. MRI is the 
most important ‘second-step’ imaging tool if 
x-rays or ultrasound show suspected BS or STS. 
MRI can help to assess dignity and extension 
of the tumor and can accurately guide biopsy. 
CT and bone scintigraphy may be helpful in 
some selected cases. The role of PET/CT is not 
yet well defined but it can provide important 
information regarding biopsy guidance, stag-
ing and, especially, therapy response assess-
ment. The PET/CT imaging protocol should 
include a diagnostic thin-slice lung CT in sar-
coma patients for the detection of small lung 
metastases. FDG-PET seems to be superior to 
conventional imaging in the detection of local 
recurrence. 

Future perspective
Coregistered PET/MRI might be able to com-
bine the aforementioned advantages of MRI 
with those of PET/CT; however, this has to be 
evaluated in further prospective studies if com-
bined scanners are available (Figure 6). A logisti-
cal and time-saving advantage for the patient, 
and a reduction in radiation burden can be 
expected from PET/MRI systems. In addition, 
the development of more specific radiotracers 
is needed to improve the performance of PET 
in imaging musculoskeletal tumors. Currently, 
there is no imaging modality that can replace 
the biopsy.
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Executive summary

 � 18F-2-deoxy-2-fluoro-glucose (FDG) is the ‘working horse’ radiotracer for PET imaging of soft-tissues sarcomas and bone sarcomas.
 � In general, aggressive soft-tissue and bone lesions show a higher FDG uptake than benign lesions but there is some overlap in FDG 

activity between benign and malignant tumors.
 � PET can help guide the biopsy to the most aggressive tumor component.
 � FDG-PET/CT is superior to conventional imaging for staging of musculoskeletal tumors.
 � MRI is superior to FDG-PET/CT in showing the exact anatomic relationship between a musculoskeletal tumor and the  

surrounding structures.
 � FDG-PET/CT is superior to morphologic imaging not only for therapy monitoring, but also for the detection of tumor recurrence. 
 � PET/MRI might improve imaging of musculoskeletal tumors.
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