
 

 

Introduction 
 
Sarcomas are a group of tumors derived from 
bone, muscle and other connective tissues. Pa-
tients with these tumors have highly variable 
characteristics and clinical outcomes. The 
pathobiological basis of their behavior is their 
complexity which is probably a result of a sub-
stantial variety of genetic abnormalities. These 
consist of broad categories of tumor specific 
translocations which contribute to tumor diag-
nostic criteria, and sarcoma subtypes that have 
severe abnormalities in genetic and chromoso-
mal instability [1]. Sarcomas in almost all body 
locations present unique challenges for diagno-
sis and management. These challenges have 
presented opportunities for evaluation and vali-
dation of new imaging techniques. Positron 
Emission Tomography (PET) with fluorodeoxyglu-
cose (18F-FDG) has been evaluated for use in 
sarcoma imaging over the years, but more re-
cently this imaging procedure has been investi-
gated in treatment response evaluation [2]. 
 
Sarcoma pathology, treatment, and imaging 
 
A review of cancer treatment response for sar-
coma as with other cancers begins with consid-
eration of the pathological basis of the tumor 
process. Sarcomas are complex pathobiological 

processes that may exhibit a wide range of 
blood flow, cell proliferation rate, cell viability, 
inflammation, pH, oxygenation. Because of 
these processes, treatment response can differ 
significantly from a standard treatment combi-
nation or from treatments with different mecha-
nisms of action. The ability of 18F-FDG PET to 
identify treatment response is an important goal 
for the sarcoma patient population. These tu-
mors often do not change size in response to 
neoadjuvant chemotherapy because they can 
be made up of tissue elements that do not 
change in tumor response. The tissues that un-
dergo very slow changes in size reduction are 
those most often composed of bone, cartilage, 
scar and myxoid material. Consequently, the 
RECIST criteria for treatment response does not 
apply well to this group [3,4]. 18F-FDG shows an 
advantage in response determination, as de-
scribed by Evelevitch [5]. In this work, a 60% 
decrease in tumor 18F-FDG uptake compared to 
baseline had a sensitivity of 100% and a speci-
ficity of 71% for histologic response, whereas 
RECIST criteria for response applied to the 
same group showed a sensitivity of 25% and a 
specificity of 100%. In sarcoma clinical practice, 
tumor treatment response requirements must 
provide information on the nature and timing of 
this process [6]. Patients with large intermedi-
ate and high grade tumors receive neoadjuvant 
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chemo- and possibly radio- therapy. If a clinical, 
imaging and histopathological response is ob-
served, then similar adjuvant treatment will be 
continued. However, if responses are not ob-
served, then second line or experimental thera-
pies will be considered because the patient is 
highly likely to be at even higher risk for metas-
tases and shortened survival. Since clinical and, 
often histopathological response evaluations 
can be somewhat subjective, imaging tumor 
response quantitatively can provide clinically 
relevant objective information for treatment 
planning for a sarcoma patient. For sarcoma 
patients where treatment choices are limited 
and often highly toxic, newer therapies that are 
directed at specific molecular targets may be 
cytostatic, and result in tumor growth arrest 
which can be observed effectively with 18F-FDG 
PET. These changes may indicate effective ther-
apy for a patient, as opposed to direct cell killing 
mechanisms and tumor shrinkage, and may 
indicate improved patient outcome [7]. 

Tumor cellular necrosis fraction is considered 
the hallmark of treatment response to chemo-
therapy in sarcomas. However, histopathologic 
over-interpretation of tumor cellular necrosis in 
a tumor specimen may result in cases where 
necrosis was present as a distinguishing feature 
of the primary tumor. Figure 1 shows an exam-
ple of a primary sarcoma where significant ne-
crosis is present prior to therapy. For this rea-
son, reliable treatment response imaging in 
sarcoma requires a baseline pre-treatment scan 
for comparison. Necrosis can take the form of 
coagulative necrosis, or hemorrhagic necrosis 
when response results in resolution of this proc-
ess. Scarring is a common treatment response 
and is also common in radiation treatment. 
Compared to necrosis, this treatment response 
is metabolically active and can cause significant 
18F-FDG uptake. In cases where granulation 
tissue formation precedes scarring, the inflam-
matory cells present may also elevate the ap-
parent tumor bed tissue metabolism. Activated 

Figure 1.  FDG PET/CT images of a patient with a 
large left proximal thigh high grade sarcoma. The 
tumor was largely necrotic at presentation with a 
thin rim of viable tissue. A. Coronal images; B. Axial 
images; C. Sagittal images. 
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white cells can show as much as a ten fold dif-
ference in 18F-FDG uptake, complicating image 
interpretation.  
 
So far imaging studies in sarcoma response 
imaging with 18F-FDG have not addressed the 
confounding effects of levels of inflammation on 
scan interpretation. Prospective studies with 
histopathologic correlation could address this 
issue. An important part of treatment response 
interpretation in sarcoma is identifying the treat-
ment agent mechanism, tumor sub-type, and 
timing of the scan observation in relation to the 
course and type of treatment. Early after ther-
apy, observations may reveal very different find-
ings from those obtained after the biological 
mechanisms involved in treatment response 
have reached a more static state. In particular, 
radiation responses to tumor and surrounding 
tissues may have very different timescales in 
relation to the end of the final therapy response. 
In fact, early detection of treatment response 
that indicates improved patient outcome for 
newer therapies is an area of active research 
[7]. The ability of 18F-FDG PET to identify treat-
ment response is an important goal for the sar-
coma patient population. 

Sarcoma 18F-FDG PET response imaging 
 
We advocate the use of the PET tumor SUV to 
measure sarcoma uptake and treatment re-
sponse monitoring, as do other groups [8, 9]. If 
the 18F-FDG PET study is performed in a stan-
dard consistent manner, the SUV is a robust 
value for comparison of one imaging study to 
another in the same patient at a later time, as 
well as patients in different groups. The opti-
mum parameters for 18F-FDG imaging in cancer 
were recently described in a report of an NCI 
consensus committee, where standard tech-
niques for the use of 18F-FDG as a biomarker for 
cancer treatment is presented [10]. Use of 18F-
FDG PET as a biomarker or surrogate endpoint 
for patient outcome is the basis for clinical re-
search studies that aim to determine the sensi-
tivity and specificity of the method for following 
response to treatment, and assessing normal 
tissue damage as a result of treatment. In sar-
coma, where so few effective treatment strate-
gies exist, but there is a great potential for new 
therapy strategies, 18F-FDG PET can be a power-
ful tool for non-invasive treatment effectiveness 
evaluation [11-13]. Table 1 summarizes studies 
reporting 18F-FDG PET in sarcoma imaging.  

Table 1. Listings of selected literature references on 18F-FDG PET response for sarcomas 
Tumor/Reference Date Result Response Detected 
Gastrointestinal Stromal 
Tumors 

      

Stroobants S 2003 92% at 1 year GIST 
Identifies progression free survival 

Antoch G 2004 90% at 1 month 
100% at 3 and 6 months 

GIST 
Tumor response detection 

Gayed I 2004 Scans at 2 months from treat-
ment 

GIST 
Therapy response prediction 

Jager PL 2004 Sens 93% GIST 
Response prediction 

Holdsworth CH 2007 Reduction in SUV of 40% GIST 
Predict survival 

Sarcomas       
Schulte M 1999 Reduction in FDG uptake Bone sarcomas 

Tumor necrosis correlation 
Hawkins DS 2002 Reduction in SUV Bone sarcomas 

Histologic response correlation 
Schuetze SM 2005 Reduction in tumor SUV Soft tissue sarcomas 

Survival prediction 
Evilevitch V. 2006 Reduction in tumor SUV Sarcomas 

Correlation with tumor necrosis 
Abbreviations: Sens = Sensitivity; GIST = Gastrointestinal Stromal Tumors 
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As Table 1 shows, a number of investigations 
have demonstrated utility of 18F-FDG PET in vari-
ous aspects of sarcoma treatment response 
imaging. However, as with other tumor FDG im-
aging, there are limitations to its application. 
Small tumors (<3 cm) and tumors that have 
only mild elevations in FDG uptake may be diffi-
cult to visualize and distinguish from surround-
ing tissues. Some of these tumor types would 
be low grade lyposarcomas and chondrosarco-
mas, as well as those containing large propor-
tions of myxoid elements. 
 
Gastro-intestinal stromal tumors 
 
The most dramatic example of use of 18F-FDG 
PET for a biomarker for treatment response as-
sessment is in gastrointestinal stromal tumors 
(GIST) treated with Gleevec. GIST are 18F-FDG 
avid and can yield impressive PET images. Goer-
res et al. found that median survival of patients 
who demonstrated an 18F-FDG PET response 
was 100% at 2 years compared to a group with 
residual tumor uptake after treatment. The 
study also demonstrated ability to separate pa-
tients by time to tumor progression based on 
18F-FDG tumor uptake levels [14]. Early re-
sponse to Gleevec in the GIST population de-
tected by 18F-FDG PET has also been shown. As 
much as a 65% decrease in tumor 18F-FDG up-
take was demonstrated at the end of one week 
of effective therapy, and as high as a 95% re-

sponse detected by one month after treatment 
initiation has been found by other groups. Re-
sponse detection using CT criteria was less ac-
curate, including no significant CT responses 
noted in 18F-FDG responsive patients [15-21]. 
These investigators recommend 18F-FDG PET 
imaging for GIST patients at baseline to observe 
for maximum tumor activity levels, and for accu-
rate staging. Repeat imaging is suggested in the 
first month after therapy initiation to observe for 
response and to predict treatment effect. An-
other image may be helpful if treatment resis-
tance is suspected, and a new baseline tumor 
uptake and location for treatment observation 
needs to be established. 18F-FDG imaging for 
GIST treatment response evaluation has been 
incorporated into the guidelines for GIST man-
agement determined by an international con-
sensus conference [22]. 
 
Soft tissue sarcomas 
 
Treatment response in other sarcomas using 
18F-FDG PET has also been demonstrated in a 
number of studies. Soft tissue sarcomas repre-
sent the majority of sarcomas that occur in 
adults. Treatment response imaging for this 
group of patients is emerging [23-27]. In an 
early study, in an extremity soft tissue sarcoma 
group treated with adriamycin based neoadju-
vant chemotherapy, Schuetze et al. showed that 
separating patients by their 18F-FDG response 

Figure 2.  FDG PET/CT images of a patient with a neurofibrosarcoma in the right neck base. Several image levels 
show the tumor location and extent. A. Baseline images. B. Images acquired following neoadjuvant chemo and radia-
tion therapy. The tumor is nearly in complete response evidenced by lack of FDG uptake. 
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(>40%) showed a significant difference 
(p=0.02) in survival for each of the groups [28]. 
Patients in the 18F-FDG PET non-response group 
had a 90% risk of disease recurrence at 4 years 
compared to 18F-FDG responders, defined as 
>4% decrease in 18F-FDG from baseline. This 
data, and that of others has provided an argu-
ment for the effectiveness and survival increase 
in soft tissue sarcoma patients treated with 
neoadjuvant chemotherapy prior to tumor resec-
tion. Figure 2 shows an example of a patient 
with neurofibrosarcoma in the base of the neck 
who had a treatment response documented by 
18F-FDG PET. This imaging technique can be 
used to identify patients with tumor resistance 
during the course of therapy, who might benefit 
from treatment intensification, or early resec-
tion. 
 
Ewing’s sarcomas 
 
A similar finding has been shown in the Ewing’s 
sarcoma population reported by Hawkins et al. 
[29]. Patients whose tumors increased SUV ra-
tios between the baseline and pre-resection 
(after neoadjuvant chemotherapy) scans had 
significantly improved survival. In this patient 
group, in the future, good responders may be 
identified for less toxic treatment protocols. 
Studies in imaging osteosarcoma for treatment 
response have also been conducted. Early stud-
ies by Schulte et al. showed that changes in 
tumor 18F-FDG uptake correlated with tumor 
necrosis levels in patients treated with neoadju-
vant chemotherapy. Implications for limb sal-
vage surgery were described, as such complex 
tumor resection procedures might not be con-
sidered in non- responders [30]. Others have 
recently shown similar results for 18F-FDG imag-
ing in osteosarcoma [31, 32]. 
 
Pediatric sarcomas 
 
Pediatric sarcomas are usually bony tumors, but 
have been considered in several studies, as the 
treatment for pediatric patients differs some-
what compared to protocols for adults. Similar 
to their findings in the Ewings sarcomas in this 
mixed group of osteosarcoma and Ewings sar-
coma patients, Hawkins et al. found that the 
ratios in 18F-FDG uptake between baseline and 
post neoadjuvant therapy completion correlated 
with histiologic response [33]. Noting a need for 
prospective imaging studies to be conducted in 
the pediatric sarcoma populations, both Fran-

zius and McCarville published data on small 
pediatric sarcoma subgroups to demonstrate 
the clinical utility of 18F-FDG imaging [34, 35]. 
The latter group included a rhabdymyosarcoma 
sub-group, a tumor subtype where most pa-
tients are treated under cooperative group ther-
apy protocols. Correlation of longer survival with 
18F-FDG changes in response to therapy in a 
small retrospective study in patients with rhab-
domyosarcoma was also noted, but under-
scored the difficulty of performing prospective 
studies in pediatric tumor groups, where pa-
tients with these serious tumors are seen infre-
quently [36]. 
 
Summary 
 
18F-FDG imaging in treatment response can 
make a significant contribution to sarcoma pa-
tient care in identifying clinically relevant re-
sponses, or lack thereof, and in providing pre-
dictive information for patient outcome. Al-
though fortunately, the sarcomas are a less fre-
quent form of malignancy in the population, it 
affects the entire human age span and in aggre-
gate they constitute a large number of affected 
individuals. Currently, treatment for the more 
aggressive high grade tumors, and locally recur-
rent lower grade tumors still often results in less 
than optimum patient outcomes. Future clinical 
trials for newer treatment combinations for sar-
coma patients will be benefited with the incor-
poration of 18F-FDG PET imaging treatment re-
sponse information as a part of their treatment 
strategies as they have for patient with other 
cancer types. For the individual patient, 18F-FDG 
PET can provide critical information of treat-
ment response, and further treatment planning. 
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