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Abstract. The aims of this study were to assess the po-
tential of fluorine-18 fluorodeoxyglucose positron emis-
sion tomography (FDG PET) for tumor grading in chon-
drosarcoma patients and to evaluate the role of standard-
ized uptake value (SUV) as a parameter for prediction of
patient outcome. FDG PET imaging was performed in
31 patients with chondrosarcoma prior to therapy. SUV
was calculated for each tumor and correlated to tumor
grade and size, and to patient outcome in terms of local
relapse or metastatic disease with a mean follow-up peri-
od of 48 months. Chondrosarcomas were detectable in
all patients. Tumor SUV was 3.38±1.61 for grade I
(n=15), 5.44±3.06 for grade II (n=13), and 7.10±2.61 for
grade III (n=3). Significant differences were found be-
tween patients with and without disease progression:
SUV was 6.42±2.70 (n=10) in patients developing recur-
rent or metastatic disease compared with 3.74±2.22 in
patients without relapse (P=0.015). Using a cut-off of 4
for SUV, sensitivity, specificity, and positive and nega-
tive predictive values for a relapse were 90%, 76%, 64%,
and 94%, respectively. Combining tumor grade and
SUV, these parameters improved to 90%, 95%, 90%, and
95%, respectively. Pretherapeutic tumor SUV obtained
by FDG PET imaging was a useful parameter for tumor
grading and prediction of outcome in chondrosarcoma
patients. The combination of SUV and histopathologic
tumor grade further improved prediction of outcome
substantially, allowing identification of patients at high
risk for local relapse or metastatic disease.
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Introduction

Chondrosarcomas are chondrogenic tumors of the bone
or soft tissue. Since many chondrosarcomas are, accord-
ing to the commonly applied histologic grading criteria
of Evans et al. [1], classified as low-grade tumors, Arsos
and co-workers considered them “a difficult target for ra-
dionuclide imaging” [2]. Despite several previous publi-
cations on positron emission tomography (PET) imaging
for preoperative planning, grading, and prediction of pa-
tient outcome in musculoskeletal tumors including chon-
drosarcoma [3, 4, 5, 6, 7, 8, 9], there is only one study
that has focused on fluorine-18 fluorodeoxyglucose
(FDG) PET imaging in chondrosarcoma. In this short re-
port on six chondrosarcoma patients, Aoki et al. found a
correlation of standardized uptake value (SUV) and tu-
mor grade as well as a significant difference in SUV be-
tween benign cartilage tumors and chondrosarcomas
[10]. In this group, four of the six patients suffered from
grade II tumors and SUVaverage was low, ranging from
1.3 to 3.1. One patient with a grade III tumor had an
SUV of 3.3. These low values likely reflect the low met-
abolic activity of cartilage tissue in general. Thus, even
malignant dedifferentiation in cartilage tumors seems to
result in low FDG metabolic rates compared with other
musculoskeletal tumors.

Based on this preliminary report by Aoki and co-
workers [10], the aims of our study were to retrospec-
tively assess the potential of FDG PET imaging for tu-
mor grading during the pretherapeutic clinical work-up
in a larger chondrosarcoma patient population and to
evaluate the role of SUV as a parameter for prediction of
patient outcome.
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Materials and methods

Patients. In this study, 31 patients with histologically proven
chondrosarcomas who underwent PET imaging with FDG be-
tween May 1995 and May 2002 were retrospectively evaluated.
Patients gave informed consent for the imaging study by signing
Human Subjects and Radiation Safety Committee approved forms.
They ranged in age from 23 to 85 years (median 48 years) and had
a variety of chondrosarcoma subtypes covering all tumor grades.
All patients underwent wide surgical excision of the tumor, and
the tumor specimens were checked histologically for free surgical
margins. No adjuvant or neoadjuvant chemotherapy was applied.
A summary of the patient data is given in Table 1.

PET imaging. PET imaging was performed prior to therapy in all
patients. Imaging studies were performed on an Advance Tomo-
graph (General Electric Medical Systems, Waukesha, WI) operat-
ing in a two-dimensional high-sensitivity mode, with 35 imaging
planes per axial field of view of 15 cm (plane thickness 4.25 mm)
and an in-plane resolution of 4–5 mm [11, 12]. After the patients
had been positioned in the tomograph, a 25-min attenuation scan
over the tumor site was acquired. All patients had fasted for at

least 12 h prior to intravenous injection of 370 MBq FDG. After a
45-min rest period, an emission scan of the tumor site and addi-
tional adjoining 15-cm fields of view of the greater tumor area
were acquired. Images of the tumor site were corrected for attenu-
ation, and were reconstructed into 128×128 matrices by filtered
backprojection using a Hanning filter. The resulting images had a
reconstructed resolution of 10 mm.

Data analysis. PET data were analysed by a region of interest
(ROI) approach. Circular or elliptic ROIs were placed over the tu-
mor site on transaxial images. Sagittal and coronal image recon-
struction was performed to ensure correct ROI placement. The
maximum tumor standardized uptake value (SUVmax) for each
ROI was automatically calculated by the tomograph software ac-
cording to the following expression:

where A is the maximum tissue activity within the ROI, ID is the
injected dose, and m is the patient body weight.

SUVmax was correlated to tumor grade and size as established
by a pathologic review of the final reports of surgical histopathol-
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Table 1. Patients data and chondrosarcoma characteristics

Patient Sex Age Localization Max. Grade SUVmax Recurrence
(years) diameter 

(cm)

1 Male 24 Sternum 6 I 1.3 No
2 Female 57 Ribs 10 I 1.5 No
3 Male 37 Tibia 12 I 1.7 No
4 Female 30 Humerus 7 I 2.4 No
5 Male 40 Thigh 8 I 2.6 No
6 Male 71 Humerus 11 I 3.0 No
7 Male 47 Pelvis 16 I 3.0 No
8 Female 62 Ribs 15 I 3.1 Local, 11 months
9 Male 31 Thumb 3 I 3.2 No

10 Female 33 Scapula 8 I 3.8 No
11 Male 63 Pelvis 5 I 4.0 No
12 Male 65 Scapula 6 I 4.1 No
13 Male 49 Soft tissue, pelvic 12 I 4.3 No
14 Male 42 Soft tissue, thigh 15 I 4.9 No
15 Female 48 Soft tissue, arm 10 I 7.8 No
16 Male 53 Soft tissue, arm 4 II 3.1 No
17 Female 55 Scapula 4 II 3.2 No
18 Female 23 Vertebra 4 II 3.2 No
19 Female 56 Ribs 3 II 3.3 No
20 Male 48 Pelvis 9 II 3.3 No
21 Female 45 Ribs 7 II 3.4 No
22 Male 59 Pelvis 12 II 4.4 Lungs, 21 months
23 Male 45 Pelvis 9 II 5.3 Sternum, initial
24 Male 73 Pelvis 10 II 5.5 Local, 7 months
25 Female 47 Pelvis 10 II 6.0 Local, 9 months
26 Male 47 Thigh 11 II 6.4 Lungs, initial
27 Female 45 Femur 6 II 11.4 No
28 Female 71 Pelvis 9 II 12.2 Local, 32 months
29 Female 85 Femur 6 III 4.6 Lungs + liver, initial
30 Male 55 Femur 9 III 6.9 Lungs, initial
31 Female 57 Femur 15 III 9.8 Lungs, 3 months



ogy by an experienced bone pathologist. It was also correlated to
patient outcome in terms of time to local relapse or metastasis
with a mean follow-up period of 48 months since the first PET
study (range 11–92 months); the follow-up included physical ex-
amination, X-ray, and computed tomography (CT) of the primary
tumor site and the lungs in all patients at 3- to 6-month intervals.

Statistical analysis. SUV results are given as mean ±1 SD. Sensi-
tivity, specificity, and positive and negative predictive values for
subgroups based on histologic grading, tumor diameter, and tumor
SUV were calculated. ANOVA analysis or Student’s t test for un-
paired data was used to evaluate statistical differences between
subgroups with P<0.05 considered to be statistically significant.
Kaplan-Meier relapse-free survival curves were calculated for var-
ious grouping variables and the log-rank test was applied to evalu-
ate statistical differences.

Results

Chondrosarcomas were clearly detectable by FDG PET
imaging in all patients. SUVmax was 3.38±1.61 for tumor
grade I (n=15), 5.44±3.06 for grade II (n=13), and
7.10±2.61 for grade III (n=3). ANOVA proved signifi-
cant differences between the three subgroups (P=0.023).
The differences between grades I and II were also statis-
tically significant in Student’s t test (P=0.043).

In tumors of grade I, SUVmax ranged from 1.3 to 7.8.
The three highest SUVmax were found for a multifocal
extraskeletal myxoid tumor and for two extraskeletal
myxoid chondrosarcomas while classic grade I central
medullary chondrosarcomas had a maximum SUVmax of
4.1 with a mean value of 2.8. In patients with grade I tu-
mors, recurrent disease was observed only in one subject
with an initially large tumor of the rib (15×11×8 cm). No
metastatic disease was observed in grade I patients.

SUVmax ranged from 3.1 to 12.2 in grade II tumors.
Two of 13 patients presented with metastatic disease at
the time of diagnosis, and four patients developed pro-
gression within 7–32 months. One of these patients died
of this disease 77 months after diagnosis.

In grade III tumors, SUVmax were 4.6, 6.9, and 9.8.
All patients developed recurrent and/or metastatic dis-
ease within 9 months after surgery, and two patients died
of this disease within 2 years after initial diagnosis.

In patients suffering from local relapse or metastatic
disease, we found a significant difference in SUVmax be-
tween patients with and patients without recurrences. In
patients with any kind of relapse, SUVmax was 6.42±2.70
(n=10) compared with 3.74±2.22 in patients without re-
lapse (P=0.015). Using SUVmax >4 to identify patients
with a high risk for relapse, in only one patient with a
large grade I tumor would the risk for relapse have been
underestimated. In five patients a false high risk would
have been predicted. Thus, an SUVmax ≤4 had a negative
predictive value of 94% irrespective of the histopatho-
logic tumor grade. The positive predictive value was
64%. An SUV of 4 also proved a discriminator in 

Kaplan-Meier analysis (Fig. 1), showing significant dif-
ferences between the mean relapse-free survival time of
86 months for tumors with an SUVmax ≤4 and 61 months
for tumors with an SUVmax >4 (P=0.026).

Prediction of relapse on the basis of histologic tumor
grading, with grade I predictive for a low risk and grades
II and III predictive for a high risk of tumor relapse,
yielded results in a similar range as for SUVmax (Ta-
ble 2), with a limited specificity and positive predictive
value. Kaplan-Meier analysis (Fig. 1) showed significant
differences for the mean relapse-free survival between
patients with grade I tumors (86 months) and those with
grade II or III tumors (59 months; P=0.004).

The combination of SUVmax and tumor histologic
grade improved risk assessment, as shown in Table 2.
According to these data, only patients with tumor grade
II or III and an SUVmax higher than 4 are at a high risk
for developing recurrent disease, while all the other pa-
tients are unlikely to suffer from a relapse. In this total
of 31 patients, this risk stratification method resulted in
only one false negative finding, in a patient with a large
15-cm grade I tumor, and one false positive finding, in
a patient with a grade II chondrosarcoma. According to
these results, Kaplan-Meier analysis (Fig. 1) had the
highest power to prove differences for relapse-free sur-
vival between the two subgroups, with a P value of
0.0009. The mean relapse-free survival time was 86
months for low-risk tumors and 53 months for high-risk
tumors.

Since tumor size is also known to be associated with
poor outcome, we correlated the maximum tumor diame-
ters with grade and SUVmax. No significant correlation
of tumor size with grade or SUVmax was found, although
larger diameters were predictive for tumor relapse. A
maximum tumor diameter of ≥9 cm yielded a high sensi-
tivity but low specificity and positive predictive value
for outcome (Table 2). However, maximum tumor diam-
eter was not a useful discriminator for Kaplan-Meier es-
timates (P=0.17). Combination of maximum tumor di-
ameter with tumor grade or SUVmax or both parameters
did not improve identification of patients at high risk for
relapse.
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Table 2. Statistical data for various patient subsets based on tumor
grade (grades II and III), tumor diameter (≥9 cm), SUVmax (>4) or
a combination of grade and SUVmax (grade II or III and SUVmax >4)
to predict tumor relapse

Tumor Diameter SUVmax Grade  
grade +SUVmax

Sensitivity 90% 90% 90% 90%
Specificity 67% 56% 76% 95%
PPV 56% 53% 64% 90%
NPV 93% 91% 94% 95%

PPV, Positive predictive value; NPV, negative predictive value



Discussion

Although low-grade chondrosarcomas are sometimes
difficult to detect by means of conventional scintigraphic
imaging using thallium-201, technetium-99m sestamibi,

or technetium-99m tetrofosmin, as reviewed by Arsos et
al. in 2002 [2], chondrosarcomas could be detected by
FDG PET in all our patients, including 15 grade I tu-
mors. Figure 2 presents examples of a low-grade, low-
uptake chondrosarcoma in the ribs as well as a highly
FDG-avid grade II chondrosarcoma of the femur. Al-
though our patient population covered a wide range of
all tumor grades and subtypes of chondrosarcoma,
SUVmax ranged only from 1.3 to 12.2, with a mean value
of 4.6. Only 6 of 31 patients (19%) had an SUVmax high-
er than 6. These values are relatively low compared to
the data provided for a large series of patients with vari-
ous kinds of sarcoma [4]. In that study, Eary and co-
workers [4] reported a mean SUVmax of 6 in 209 sarco-
ma patients, with a range from 1.4 to 60, and 51% of the
patients showed values higher than 6. Chondrosarcomas
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Fig. 1a–d. Kaplan-Meier re-
lapse-free survival estimates
for tumor SUV (a), tumor
grade (b), maximum tumor di-
ameter (c), and the combination
of tumor SUV and grade (d)

Fig. 2. a Coronal FDG PET image of a grade I chondrosarcoma of
the left anterior upper ribs (arrow) with an SUVmax of 1.5 in a 57-
year-old female patient. This large tumor (9.5 cm diameter)
showed an inhomogeneous, low FDG uptake with a maximum at
the upper left tumor area and only faint uptake in the central, high-
ly cartilaginous portions of the tumor. b Coronal FDG PET image
of a grade II chondrosarcoma (6 cm diameter) of the right distal
femur with a high SUVmax of 11.4 in a 45-year-old female patient.
There is reduced uptake in the central parts of the tumor suggest-
ing either necrosis or cartilage matrix with low cellularity



in general are slow-growing matrix-producing tumors
with a comparatively low mitotic activity and poor re-
sponse to chemotherapy or radiation. They are usually
low-aggressive tumors with a risk for metastases in 10%
of grade II and 70% of grade III tumors within 5 years
[1, 13]. They do, however, have high rates of local recur-
rence. The low FDG uptake in chondrosarcoma reflects
the histologic features of this tumor entity, that is low
cellularity and low mitotic rates combined with a large
amount of inactive chondroid matrix tissue, and, thus, re-
flects tumor biology.

In a subset of three patients with low-grade extraskel-
etal myxoid chondrosarcoma, high SUVmax of 4.3, 4.9,
and 7.8 were observed while no local relapse or meta-
static disease occurred within a respective follow-up
time of 19, 22, and 91 months. Whether the short follow-
up period in two of these patients is the reason for find-
ing no relapse despite the higher SUVmax, or whether ex-
traskeletal myxoid chondrosarcomas in general have
higher SUVmax values, cannot be decided on the basis of
the data available so far. There is strong evidence, how-
ever, that extraskeletal myxoid chondrosarcoma is a
unique tumor entity [14, 15]. These tumors typically
posses a t(9;22) translocation which is not seen in con-
ventional skeletal chondrosarcoma. They also have a
unique clinical course with a high rate of local recur-
rence and eventually a high rate of late death due to tu-
mor after 5 years of diagnosis. These features clearly
distinguish low-grade extraskeletal myxoid chondrosar-
comas from low-grade chondrosarcoma of the bone.
High SUVmax values in extraskeletal myxoid chondrosar-
coma therefore seem to reflect this more aggressive be-
havior in comparison to conventional grade I chondro-
sarcomas with low SUVmax and favorable outcome.

In our study, FDG uptake increased in parallel to tu-
mor grade, yielding a mean SUVmax of 3.38, 5.44, and
7.10 in the case of grade I, II, and III tumors, respective-
ly. These values are markedly higher than the results re-
ported by Aoki and co-workers [10], who calculated av-
erage SUV values of the tumor while we report maxi-
mum SUV as a measure for tumor uptake. Average SUV
is widely used as a semiquantitative measure for tumor
metabolic activity. However, we believe that tumor me-
tabolism in terms of a predictive oncologic parameter is
better characterized by maximum SUV. Current thinking
in tumor biology is that the highest measured SUV in a
tumor reflects the most metabolically active area of the
tumor. The most metabolically active areas are thought
to reflect more aggressive tumor regions. The inherent
assumption in this concept is that tumor grade and the
overall behavior of the tumor are predicted by the activi-
ty of the most aggressive region. Therefore, SUVmax
seems more appropriate for tumor characterization than
SUVaverage. But there is one more practical point in fa-
vour of SUVmax: this measure, representing the pix-
el/voxel with the highest activity, is independent of the
size and shape of the ROI for analysis as long as the

whole tumor is covered by the ROI. Thus, it is indepen-
dent of inherent errors of subjectively chosen tumor
ROIs which significantly affect the average SUV. In cal-
culating SUVaverage, the result will be higher the more
closely the ROI is centered around the highest tumor up-
take. The value will decrease with a larger ROI owing to
partial volume effects when the ROI covers areas close
to the tumor border, an ROI covering necrotic tumor tis-
sue, or an ROI covering tumor-surrounding normal tis-
sue. SUVmax values obtained by manually placed ROIs
over a tumor site therefore should be more reproducible
in general, especially in cases with different operators.

As already shown for musculoskeletal tumors [3, 5, 6,
8], there is also a good correlation of SUV and tumor
grade in chondrosarcoma. SUVmax values were signifi-
cantly lower in low-grade tumors than in tumors of grade
II or III. This is clinically important since tumor grade
and risk of local relapse or metastatic disease are closely
linked. Grade I tumors are unlikely to develop metastas-
es while tumors of grade II and grade III have a higher
risk for metastases (10% and 70% within 5 years, respec-
tively) [1, 13]. In our patient population, over a mean
follow-up period of 48 months, only one out of 15 pa-
tients with a grade I tumor, but 3 out of 13 patients with
a grade II tumor and all three patients with a grade III tu-
mor developed metastases. The local recurrence rate was
also higher in high-grade tumors: no patient with a grade
I tumor but three patients with a grade II tumor suffered
from local relapse.

Relapse is also known to occur more often in large tu-
mors of more than 10 cm [16]. This was found to be true
in our patients also. In nine of ten patients with recurrent
disease, irrespective of tumor grade or SUVmax, maxi-
mum tumor diameters were larger than 9 cm. The only
local relapse in the grade I tumor group occurred in a pa-
tient with a large tumor of the rib (15 cm, SUVmax 3.1,
see patient 8, Table 1). However, a significant correlation
of tumor size with grade or with SUVmax could not be
found.

Despite a close correlation of SUVmax and tumor
grade and despite statistically significant differences be-
tween SUVmax in grades I and II, an overlap in SUVmax
between tumor grades was observed. SUVmax ranged
from 1.3 to 7.8 in grade I, from 3.1 to 12.2 in grade II,
and from 4.6 to 9.8 in grade III. Therefore, it was not
possible to accurately grade chondrosarcomas using
FDG PET-derived SUVmax as a substitute for histopa-
thology grading assessment.

There are reports in the literature that initial, prether-
apeutic SUV can be a reliable prognostic parameter for
predicting patient outcome [17, 18, 19, 20]. Eary and
co-workers [4] found that SUVmax, determined by FDG
PET imaging in 209 patients with different types of sar-
coma, was an independent and significant predictor of
survival and disease progression. Interestingly, SUVmax
had the same prognostic power as tumor grade with re-
gard to prediction of overall survival, as shown by mul-
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tivariate analysis. In the present study, assessment of
differences in estimated Kaplan-Meier relapse-free sur-
vival curves based on tumor grading, size or SUVmax re-
vealed significant differences for tumor grade and
SUVmax as discriminators, but not for tumor diameter.
According to these findings, we observed significant
differences in SUVmax between patients with tumor pro-
gression and patients without any relapse, with mean
SUVmax values of 6.42±2.70 and 3.74±2.22, respective-
ly. Using a cut-off of 4 for SUVmax, the negative predic-
tive value in patients below this cut-off to suffer from a
relapse was 94%, independently of the histopathologic
tumor grade. SUVmax values higher than 4 correctly pre-
dicted tumor relapse with a sensitivity of 90%. A false
high risk would have been predicted in five patients, re-
sulting in a limited specificity of 76%. Four of these
five tumors were grade I chondrosarcomas, which are
known to rarely relapse or metastasize. On the other
hand, histopathologic tumor grading yielded almost the
same results, with a negative predictive value of 93%
and a sensitivity of 90%, while the specificity was only
67%. Interestingly, in six of seven false positive tumors
by means of tumor grade, SUVmax was lower than 4.
The problem of tumor grading in chondrosarcomas is
that it is mainly based on assessment of cell atypia
while the generally low mitotic activity and cellularity
are not strong risk parameters. Thus, tumor histologic
grading based on atypia of few cells within large and
matrix-rich tumors seems to be less reliable than in oth-
er tumor types. Interestingly, tumor diameter as one of
the most simple risk parameters provided similar results
for prediction of relapse as obtained by tumor grading:
diameters ≥9 cm had a sensitivity of 90% and a negative
predictive value of 91% while specificity was 56%.
However, tumor diameter was not a significant discrimi-
nator in Kaplan-Meier analysis.

In this study population, SUVmax was as useful a pa-
rameter to predict time to progression as tumor grade de-
termined by histopathology, with both parameters result-
ing in a number of false positive findings (Table 2). The
combination of tumor grade and SUVmax reduced the
number of false positive results significantly while the
combination of tumor diameter with grade or SUVmax
did not improve the results. Nine out of ten patients with
tumor grade II or III and an SUVmax higher than 4 devel-
oped recurrent disease while 20 out of 21 patients con-
sidered as at low risk (grade I irrespective of SUVmax,
and grade II or III with an SUVmax ≤ 4) have shown no
relapse so far. According to these data, only patients with
tumor grade II or III and an SUVmax higher than 4 are at
a high risk for developing progressive disease while all
other patients are unlikely to suffer from a relapse. The
mean relapse-free survival time according to this assess-
ment scheme was 86 months in low-risk tumors and 53
months in high-risk tumors, revealing the highest power
of all tested risk factors to discriminate between low-
and high-risk tumors.

When the information on pretherapeutic SUVmax was
added to tumor grade, prediction of patient outcome was
significantly improved with regard to specificity and
positive predictive value. This new risk stratification
method might be clinically useful for the management of
chondrosarcoma patients. In grade I and II tumors, onco-
logic follow-up investigations are usually performed at
6-month intervals and include CT of the lungs and of the
original tumor site, while in high-grade tumors follow-
up visits are scheduled every 3 months after surgery.
However, not only grade III tumor patients but also high-
risk patients as identified by combined histopathologic
tumor grading and SUVmax may benefit from tightened
follow-up regimens at 3-month intervals.

In summary, the results of this study show that in
chondrosarcoma patients, pretherapeutic tumor SUVmax
obtained by quantitative FDG PET imaging is a useful
parameter for tumor grading and for predicting patient
outcome in terms of local relapse or metastatic disease.
The combination of histopathologic tumor grade and
SUVmax improved prediction of outcome substantially as
compared with each of these measures as a single param-
eter.
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