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Abstract
Introduction Discriminating among benign chondroid tumors,
low-grade chondrosarcomas, and grade 2/3 chondrosarcomas is
frequently difficult with standard imaging modalities. We sys-
tematically reviewed the literature to determine the performance
of PET-CT in making this distinction.
Methods A systematic review was performed identifying 811
PubMed- and Embase-indexed articles containing combinations
of Bchondrosarcoma,^ Benchondroma,^ Bchondroid,^
Bcartilage^ and BPET/CT,^ BPET,^ Bpositron.^ Eight articles
including 166 lesions were included. Age, gender, tumor size,
histologic grade, and SUVmax values were extracted for individ-
ual lesions when possible and otherwise recorded as aggregated
data. Comparisons in SUVmax among benign, low-grade, and
intermediate-/high-grade chondroid neoplasms were made.
Results Individual SUVs were available for 101 lesions; 65 ad-
ditional lesionswere reported as aggregated data. Therewere 101
malignant and 65 benign tumors. Benign tumors were seenmore
frequently in females (p = 0.04, Fischer’s exact test), but malig-
nancy was not associated with age or lesion size. SUVmax was
lower for benign (1.6 ± 0.7) than malignant tumors (4.4 ± 2.5)
(p < 0.0001, t-test). SUVmax was lower for grade 0/1 (2.0 ± 0.7)
than grade 2/3 (6.0 ± 3.2) (p < 0.0001, t-test). Increasing
SUVmax correlated with higher grade chondroid tumors

(Spearman’s rank, ρ = 0.78). SUVmax ≥4.4 was 99% specific
for grade 2/3 chondrosarcoma.
Conclusions SUVmax correlates with histologic grade in
intraosseous chondroid neoplasms; very low SUVmax sup-
ports a diagnosis of benign tumor, while elevated SUVmax
is suggestive of higher grade chondrosarcoma.
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Introduction

Differentiation among chondroid neoplasms of bone con-
tinues to pose problems in diagnosis and management for both
radiologists and orthopaedic oncologists [1]. Treatment op-
tions vary depending on whether a lesion is diagnosed as an
enchondroma/osteochondroma, where asymptomatic lesions
can be followed; low-grade chondrosarcoma, where
intralesional curettage or close surveillance is advocated; or
intermediate/high-grade chondrosarcoma, where wide resec-
tion is appropriate. Clinically, chondrosarcoma is classically
associated with an increase in pain, but the presenting signs
and symptoms are often nonspecific and can frequently be
attributed to other musculoskeletal pathologies (such as rota-
tor cuff tear, osteoarthritis, etc.). Furthermore, there are over-
lapping radiologic features particularly between enchondroma
and low-grade chondrosarcoma [1], but also between low and
intermediate/high-grade chondrosarcoma and across imaging
modalities (radiography, CT, TC99m bone scintigraphy, and
MRI) [2, 3].

Because of these diagnostic difficulties, image-guided per-
cutaneous biopsy is often performed in an attempt to obtain a
definitive diagnosis. While percutaneous biopsy of chondroid
neoplasms has a reported accuracy of 86% [4], the underlying
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heterogeneity of these tumors makes them susceptible to
under-sampling [5] and inadequate initial treatment. Thus,
more accurate diagnostic techniques are needed to aid in clin-
ical decision-making and surgical planning.

One modality that may be currently under-utilized is 18F-
FDG PET-CT, which offers direct assessment of tumor meta-
bolic activity. There have been preliminary investigations into
the value of PET-CT in distinguishing low-/intermediate-
grade chondrosarcomas from benign chondroid neoplasms,
but these studies have been conducted with relatively small
sample sizes [6–8]. The purpose of our study was to system-
atically review the literature to determine whether PET-CTcan
aid in differentiating benign from malignant chondroid
tumors.

Materials and methods

IRB approval was waived for this study because data were
collected from existing publications available to the public.
The PubMed and EMBASE search engines were used to iden-
tify all relevant publications since 1995. Articles including the
following terms and Boolean operators: (Bchondrosarcoma^
OR Benchondroma^ OR Bchondroid^ OR Bcartilage^) AND
(BPET^ OR Bpositron^) were initially searched. Before com-
mencing our search, certain inclusion and exclusion criteria
were defined. Articles were considered eligible if they met the
following inclusion criteria: (1) the target population consisted
of patients with chondrogenic bone tumors; (2) PET-CT of
these tumors was described adequately; (3) at least five
chondroid bone tumors were included. Case reports, review
papers, expert opinion articles, editorials, letters to the editor,
publications on congress proceedings, and manuscripts that
contained redundantly reported data were excluded (Fig. 1).
Most of the citations were excluded after examining the title or
retrieved abstract. Additional relevant articles were identified
by reviewing these included articles and searching for both
references contained in the manuscript and publications that
subsequently cited the manuscripts. Reviewers were not
blinded to the names of authors, institutions, or journals.

Information recorded from the publications included:
patient demographics (age and gender), tumor histology
and grade, tumor size, and maximum standardized up-
take value (SUVmax). Dedifferentiated chondrosarcomas
were considered grade 2/3 tumors. Chondromyxoid fi-
bromas and chondroblastomas were excluded because of
their dissimilar histologic matrix, containing mixed
myofibroblastic (in chondromyxoid fibromas) and epi-
thelioid (in chondroblastoma) components [9–11].
When possible, individual SUVmax values were record-
ed; otherwise, means of SUVmax were recorded as ag-
gregate data. Weighted averages of SUVs were calculat-
ed so that pooled sample means and standard deviations

were available for the different tumor groups. To avoid
bias that would result from selectively eliminating cases
with missing standard deviations (SDs), these values
were imputed for the aggregate data from two articles
[7, 12]; to do this, we used histology-specific SDs de-
rived from data on individual lesions, specifically, im-
puted SDs of 0.81 for 19 benign tumors and 4.4 for 11
chondrosarcomas where the grade was unspecified.

Demographics were compared among subjects with avail-
able individual data, and differences between those with be-
nign and malignant tumors were examined using Fischer’s
exact tests and two-sample t-tests. Funnel plots and forest
plots were generated to assess for publication bias and study
heterogeneity (Comprehensive Meta-Analysis, v. 3, Biostat,
Englewood, NJ, USA). Statistical analysis was performed
using Stata 13.1 (StataCorp, College Station, TX, USA). For
all analyses, results were considered statistically significant
for p < 0.05.

Results

There were a total of 166 chondroid neoplasms identified in
eight articles that met inclusion criteria (Table 1) [6–8, 12–16].
Of all 166 tumors, there were 65 benign (osteochondroma or
enchondroma) and 101 malignant tumors: 45 low-grade
chondrosarcomas and 56 intermediate or high grade
chondrosarcomas. Of these, the individual tumor SUVmax
was available for 101 subjects, collated from 6 articles; among
these, there were 33 benign and 68 malignant lesions; gender
was reported for 96 subjects: there were 59 females and 37
males. Mean age was 46.7 (range 20–85 years). For malig-
nancy, mean age was 45.9 years, statistically no different than
the 48.3 years of those with benign tumors (p = 0.49, two-
sample t-test). Among benign lesions there was a female pre-
dominance (24 females: 7 males), whereas malignant lesions
showed a more even gender distribution (35 females: 30
males), p = 0.04 (Fischer’s exact test). There was a trend
toward larger lesions being malignant, with mean maximum
diameter of 7.0 cm (SD 3.5 cm, n = 46) vs. benign at 5.4 cm
(SD 3.9 cm, n = 17), p = 0.13 (two-sample t-test).

Forest plots (Fig. 2) were constructed according to tumor
histology (benign, low-grade, and intermediate/high-grade
chondrosarcoma) and demonstrate significant differences in
reported values of SUVmax between benign and malignant
tumors: benign chondroid lesion SUVmax averaged 1.62 (SD
0.74) vs. the all chondrosarcoma mean of 4.43 (SD 2.46)
(p < 0.0001, unpaired t-test). Moreover, benign lesions were
less FDG avid than low-grade chondrosarcomas, which
showed a mean SUVmax of 2.5 (SD 0.9) (p < 0.0001).
When grouped together, benign/low-grade chondrosarcoma
had a lower SUVmax than grade 2/3 chondrosarcoma: 2.0
(SD 0.7) vs. 6.0 (SD 3.2), respectively, p < 0.0001.
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For individual lesions (Fig. 3), SUVmax correlated with
histologic grade (Spearman ρ = 0.78; p < 0.0001), as mean
SUVmax showed incremental increases with grade going
from 2.5, to 4.7, to 7.7 for grade 1, 2, and grade 3
chondrosarcomas, respectively. When the SUVmax was
higher than 4.4, specificity for grade 2/3 chondrosarcoma
was 99%: of the 66 benign/low-grade lesions for which indi-
vidual data were available, only one grade 1 chondrosarcoma
had a SUVmax (5.8) above this value, and no benign tumors
did (highest SUVmax for a benign tumor was 2.0).
Conversely, a very low SUVmax (≤2) is very likely to be a

grade 0 chondroid tumor: 31/37 tumors with SUVmax <2.0
were benign (84% PPV). However, it should be pointed out
that 46/101 tumors had individual SUVs that fell between
these values, emphasizing the need for correlative clinical his-
tory and other imaging studies in such cases.

Discussion

Our review of the published data supports the use of PET-CTas
a useful adjunct to conventional imaging in the characterization

Fig. 1 Flow chart describing how articles were initially identified after searches in both PubMed and EMBASE, subsequently excluded, and finally
distilled to eight articles for inclusion

Table 1 Summary of articles
included for analysis Reference Author Journal Year Subject no.

[13] Brenner et al. Eur J Nucl Med Mol Imaging 2003 27

[14] Lee et al. J Bone Joint Surg Am 2004 35

[6] Feldman et al. Skeletal Radiol 2005 21

[12] Shin et al. Ann Nucl Med 2008 10

[16] Strobel et al. Eur J Nucl Med Mol Imaging 2008 6

[15] Purandare et al. Clin Nucl Med 2009 10

[7] Costelloe et al. J Cancer 2013 21

[8] Jesus-Garcia et al. Springer Plus 2016 36

See Fig. 2 for more detailed comparison of study results using forest plots for SUVmax
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of chondroid tumors of bone. Accurate imaging diagnosis is
essential in guiding management decisions about whether a
lesion can be observed, or whether biopsy is needed, and sec-
ondly, if a biopsy is performed, whether the histology and
imaging findings are concordant. Some authors have reported
complications, such as infection or post-procedural fracture, in
up to 10% of cases treated intralesionally [17]. Thus, there is a
need for identifying patients who can be safely observed rather
than operated upon. While distinguishing features of high-
grade chondrosarcoma have been reported to include bone ex-
pansion, periostitis, extraosseous soft tissue masses, and

increased longitudinal tumor diameter [1, 18], substantial diffi-
culty persists in differentiating enchondroma from grade 1
chondrosarcoma even among subspecialist musculoskeletal ra-
diologists. Recently, Crim, et al. reported accuracy of only 21%
radiographically, and 58%when incorporatingMRI, in making
this distinction [19]. Bone scintigraphy, a conventional adjunct
to anatomic imaging, shows considerable overlap between
enchondroma and low-grade chondrosarcoma [20, 21], with
35% of low-grade chondrosarcomas and 21% of
enchondromas exhibiting increased radiotracer uptake [22].
Underlying tumor heterogeneity further confounds diagnosis

Fig. 2 Forest plots show the range of SUVmax for individual studies,
grouped according to tumor histology. There was considerable
heterogeneity among studies when subgrouped in this fashion, with I2

values of 78% and 94% for the benign and low-grade tumors, respective-
ly, but no heterogeneity in the intermediate/high-grade category
(I2 = 0%). The high heterogeneity for low-grade neoplasms derives, in

part, from the small number of studies in this review, as I2 depends on
degrees of freedom (n-1). The trend for higher grade tumors showing
increased SUVmax is apparent when the plots are compared against each
other (n.b.: difference in scale for low-grade tumors vs. grade 2/3
chondrosarcoma)
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by engendering biopsy sampling error and histologic under-
grading, particularly in pelvic tumors where biopsy concor-
dance with the final resection specimen may be as low as
36% [5].

By offering a means to interrogate tumor metabolic
activity as a surrogate for biologic aggressiveness, PET-
CT holds the potential to greatly augment the radiologic
heuristics employed when confronted with chondroid le-
sions clinically. Prior retrospective reviews of PET-CT
and FDG avidity in bone tumors have included relatively
few cases of chondroid tumors, leaving questions regard-
ing its utility in this group of neoplasms largely unan-
swered [23, 24]. Larger series have suggested SUVmax
thresholds of 2.2–2.3 for distinguishing between benign/
low-grade and malignant chondroid tumors [8, 14], yield-
ing sensitivities and specificities ≥90% in their respective
series. What has not been emphasized in those studies,
however, and what we have gleaned from our meta-
analysis of multiple publications is the substantial overlap
of SUVmax values among both benign and malignant
chondroid tumors, resulting in poor specificity for when
SUVmax falls between 2 and 4.5. This range of nonspe-
cific SUVmax includes approximately 46% of lesions for
which individual SUVmax was available in this meta-
analysis.

That said, the significant overlap of histologies through a
range of lower SUVmax values should not obscure the clinical
import of more extreme SUVmax values. Values in the lower
SUVextremes could help the treating clinician/surgeon decide
whether simple surveillance is appropriate; for higher SUV
extremes, biopsy would be indicated. In fact, our meta-
analysis revealed only a single grade 1 chondrosarcoma (and
no benign lesions) with a SUVmax >4.4. For lesions with high
SUVmax but low-grade chondrosarcoma on needle biopsy,
the patient could be counseled regarding the potential for sub-
sequent histologic upgrading based on tissue received from
curettage. Thus, our findings suggest that an improved man-
agement algorithm could incorporate a strategy of active sur-
veillance when SUVmax is very low and biopsy when
SUVmax is high; as SUVmax exceeds the mid 4 to 5 range,
suspicion of grade 2/3 chondrosarcoma should rise
accordingly.

Based on our results showing that higher grade
chondrosarcoma correlates with increased SUVmax values,
PET-CT could also reduce the problem of core needle biopsy
sampling error. By identifying the region of greatest SUVmax
for percutaneous biopsy, PET-CT could reduce the rate of
false-negative biopsies. Finally, PET-CT offers the potential
to serve as an initial staging study in the setting of malignancy
and potentially as a useful adjunct in postoperative imaging
surveillance [25].

We acknowledge several limitations to this systematic lit-
erature review. While PET offers the potential to quantify
radiotracer uptake as a surrogate of tumor grade, there are
various technical factors that influence SUV calculations,
such as the injected radiotracer dose, patient weight, blood
glucose levels (higher blood glucose drives SUV lower), le-
sion size (for lesions <2–3 cm, measured SUV is less than the
true SUV), time interval between radiotracer injection and
scanning, image reconstruction algorithms, and scanner cali-
bration [26]. Although SUVmax is less affected than
SUVmean by these sources of measurement error and bias,
alternative means of volumetrically quantifying whole tumor
metabolic activity, or Btotal lesion glycolysis,^ have shown
promise in independently predicting overall survival in bone
and soft tissue sarcoma [27]. Future studies normalizing
lesional SUVmax to blood pool SUVmax could also help
mitigate these sources of variability.

One salient limitation of this systematic review was that it
was not possible to correlate PET-CT results with other imag-
ing modalities (radiography and MRI) or with clinical signs
and symptoms. A second limitation stems from variability in
histologic assessment across studies given the various institu-
tions represented. Ideally, correlative studies of histology
would be based on a uniform standard for histologic grading
or performed by a single pathologist to minimize error asso-
ciated with interobserver variability. Additionally,
chondrosarcoma subtypes (e.g., conventional, myxoid, clear

Fig. 3 Dot plot depicting 96 individual SUVmax values of chondroid
tumors collated from six articles (among 101 individual SUVmax values,
grade was unavailable for 5 chondrosarcomas, and these were excluded
from this plot). SUVmax correlates with histologic grade, with mean
SUVmax from the entire data set for benign enchondroma/
osteochondroma 1.6, grade 1 chondrosarcoma 2.5, and grade 2/3
chondrosarcoma 6.0. Grades 2 and 3 chondrosarcomas are combined
because clinically they are treated similarly. Below a SUVmax of 2 (solid
line), a chondroid tumor is highly likely to be benign; above a SUVmax
of 4.5 (dashed line), a chondroid tumor is highly likely to be an
intermediate- or high-grade chondrosarcoma. PET-CT may thus assist
in clinical decision-making and managing patient expectations when
SUVs fall beyond these threshold values. Values between 2 and 4.5 are
sufficiently non-specific as to require careful correlation among radiog-
raphy, MRI, and the patient’s clinical presentation to determine the need
for percutaneous biopsy or interval follow-up
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cell) were not reported frequently enough to enable correlative
statistics by histologic subtype. In the context of these modal-
ity and methodological dependencies, we advocate the use of
PET-CT as an adjunct that could better inform treatment deci-
sions, with radiologists working in conjunction with orthope-
dic surgeons and bone and soft tissue pathologists in deter-
mining practical institution-specific thresholds.

Conclusion

In conclusion, this systematic review shows that PET-
CT could serve as a useful adjunct in the assessment of
chondroid tumors, as SUVmax correlates with histologic
grade. While there is considerable overlap of SUVmax
values among benign and malignant chondroid neo-
plasms, particularly in the SUVmax range of 2–4.5,
more extreme values provide useful information regard-
ing underlying biologic aggressiveness that can help
guide management.
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