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Abstract

Objective: Chondrosarcoma is the second most common primary bone sarcoma; however, unlike other tumors,
the biopsy cannot easily make a definite diagnosis or predict the histological grade. This meta-analysis was
performed to evaluate the utility of '®F-FDG PET and PET/CT to differentiate chondrosarcoma from benign
cartilaginous lesions and to predict the histopathological grade of chondrosarcoma.

Material and methods: A comprehensive search was performed in three electronic databases including Medline/
PubMed, the Cochrane Library and Embase to retrieve diagnostic studies evaluating the role of '®F-FDG PET or PET/
CT for appraising the status of chondrosarcoma. Reference lists of related articles were also scrutinized manually.
Useful data were extracted to calculate the pooled sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR), the summary receiver operating characteristic curve (sROC), and
the area under the curve (AUC) of '8F-FDG PET or PET/CT in diagnosing chondrosarcoma, and pooled weighted
mean differences (WMD) of maximum standardized uptake value (SUVmax) between different entities of
cartilaginous neoplasms by using Stata 19.0.

Results: A total of twelve studies provided sufficient data for the quantitative analysis. For the diagnosis of
chondrosarcoma, the pooled sensitivity, specificity, and DOR of 8F-FDG PET were 0.84 (95% confidence interval [Cl]
046 to 0.97), 0.82 (95% Cl 0.55 to 0.94), and 24.244 (95% Cl 1.985 to 96.148), respectively while those of 18F.FDG
PET/CT were 0.94 (95% Cl 0.86 to 0.97), 0.89 (95% Cl 0.82 to 0.93), and 112.999 (95% Cl 41.341 to 308.866),
respectively. The pooled WMD of SUVmax were — 0.89 (95% Cl —1.67 to —0.10) between benign cartilaginous
lesions and grade 1 (G1) chondrosarcoma, —1.94 (95% Cl —2.76 to —1.12) between G1 and grade 2 (G2)
chondrosarcoma, and — 2.37 (95% Cl —5.79 to 1.05) between G2 and grade 3 (G3) chondrosarcoma.

Conclusions: In a word, '®F-FDG PET/CT revealed excellent accuracy in the diagnosis of chondrosarcoma and
might assist in clinical decision-making. Meanwhile, although SUVmax alone showed restricted ability to
differentiate benign cartilaginous lesions and G1 chondrosarcoma, as well as between G2 and G3 chondrosarcoma,
it can identify intermediate/high-grade chondrosarcoma from low-grade ones.

Level of evidence: Level | evidence, a summary of meta-analysis
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Introduction
Chondrosarcoma is the second most common primary
malignant bone sarcoma characterized by the production
of atypical cartilage matrix and invasive growth inside the
pre-existing cortical and medullary bone tissue [1]. This
malignant disorder could be further subcategorized to low-
grade (G1), intermediate-grade (G2), high-grade (G3), and
dedifferentiated chondrosarcoma, which manifest diverse
histological features and clinical behaviors [2]. G1 chon-
drosarcoma has little risk of metastasis and excellent prog-
nosis [3] while an unfavorable outcome is generally
associated with G2 and G3 chondrosarcoma, revealing 5-
year cumulative survival rates being 63-92% and 39-77%,
respectively [3]. Dedifferentiated chondrosarcoma exhibits
a biphasic differentiated nature (the conventional chondro-
sarcoma and the high-grade, non-cartilage-producing sar-
coma) of tumor cells, predisposing patients with the worst
prognosis [4]. The widely-accepted regimen for managing
benign cartilaginous neoplasms (e.g, enchondroma and
exostosis) is the follow-up, and marginal excision when
symptoms arise [5]. Alternative options advocated for G1
chondrosarcoma include rigorous follow-up until the
lesion progresses, wide excision or curettage, albeit the last
approach may be accompanied by relapse [6]. Besides,
neoadjuvant chemotherapy before surgery can be reserved
for dedifferentiated chondrosarcoma [7] and radiotherapy
(as a palliative treatment) for unresectable lesions [7, 8].
Therefore, the optimal therapeutic strategy of cartilagin-
ous bone neoplasms should be established on the accurate
diagnosis and staging. Although chondrosarcoma normally
presents with increased pain, these symptoms and signs
can be nonspecific and lead to a misdiagnosis of other
musculoskeletal disorders such as osteomyelitis and osteo-
arthritis [2]. Up to date, the classification of this heteroge-
neous entity mainly relies on comprehensive considering
clinical, imaging, and histological information, but a defini-
tive diagnosis and grading are often difficult to achieve due
to the discrepant interpretation among observers [9].
Meanwhile, tissue samples acquired by core needle biopsy
may not be representative of the entire cartilaginous lesion,
leading to underestimating the degree of dedifferentiation
[10]. According to Laitinen et al’s report enrolling 343
patients with osteochondroma, the concordance between
the preoperative biopsy grading and the final post-surgical
histologic diagnosis was observed in only 43% cases [10].
Conventional imaging methods such as X-ray, computed
tomography (CT) scan, magnetic resonance imaging
(MRI), and bone scintigraphy have been used as adjuvants
for evaluating patients with suspected chondrosarcoma but
often result in false negatives or false positives [11, 12].
'8E_fluorodeoxyglucose (**F-FDG) avidity provides useful
information regarding tumor biology and sarcomatous
transformation by depicting glucose metabolism and identi-
fying hypermetabolic foci [13]. Meanwhile, a hybrid of '*F-
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FDG positron emission tomography (PET) and computed
tomography (CT) combines metabolic and anatomic data
and may continue to improve diagnostic efficiency [13]. A
series of studies have investigated the utility of '*F-FDG
PET or PET/CT in the diagnosis and staging of chondro-
sarcoma and revealed contradictory conclusions [14—16]. A
systematic review [17] published in 2017 attempted to
summarize the optimal maximum standardized uptake
value (SUVmax) to differentiate different groups of cartil-
aginous bone sarcoma but the reliability of its result was
compromised due to several flaws. First, only 8 studies
involving 166 chondroid neoplasms were listed. Second, the
investigators did not appraise the diagnostic accuracy of
8E_FDG PET or F-FDG PET/CT for chondrosarcoma.
Third, the variations of '®F-FDG avidity between different
chondroid neoplasms were not compared with a standard
approach of evidence-based medicine. Multiple high-
quality studies [14—16] on this topic were available in
recent years and the current investigation aimed to further
assess the ability of '*F-FDG PET and PET/CT to diagnose
chondrosarcoma and to predict the histological grade by
performing a meta-analysis.

Materials and methods

The methodological approach described later complied
with the Preferred Reporting Items for a Systematic Review
and Meta-analysis of Diagnostic Test Accuracy Studies
(PRISMA-DTA) [18]. Ethical approval or informed consent
was waived given that all data were retrieved from pub-
lished literature. Database searching, eligibility assessment,
data extraction, and methodological quality evaluation
were performed by two investigators (QY Zhang and ]
Dong) independently and repeatedly. Any disagreement
was resolved through discussion and consensus among the
research team.

Search strategy

A systematic literature search was performed in three
electronic databases including Medline/PubMed, Embase,
and Cochrane Library using combinations of following
keywords: (“PET” OR “positron emission tomography”)
AND (“chondroid” OR “cartilaginous” OR “cartilage” OR
“chondrosarcoma”) without language or publication
period limitations. Meanwhile, reference lists of relevant
articles (diagnostic studies, reviews, meta-analyses, and
editorials) were carefully checked to avoid missing
additional eligible studies.

Inclusion and exclusion criteria

Studies eligible for our meta-analysis must confirm the
following criteria: (1) studies assessing the diagnostic or
staging value of *F-FDG PET or PET/CT in cartilagin-
ous neoplasms (benign cartilaginous tumors and/or
chondrosarcoma); (2) final diagnosis was confirmed by
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histopathological examination for chondrosarcoma, and
follow-up or histopathological examination for benign
lesions (3) raw data such as the number of true-positive
(TP), false positive (FP), false negative (FN), and true
negative (TN) cases, or maximum standardized uptake
value (SUVmax) of enrolled participants were provided.
Exclusion criteria for this meta-analysis included (1)
animal studies; (2) studies with less than five partici-
pants, and (3) posters displayed at the congress, abstracts,
letters, and comments due to the lack of essential
information.

If more than one article contained overlapping data,
the most comprehensive or recent one was included.

Data extraction and methodological quality evaluation
Following data were extracted from original articles and
entered into a standardized excel file: first author’s
surname, publication year, study design, number and
characteristics of participants (i.e., age and gender),
tumor histology, reference methods, details of index
tests (i.e., '"*F-FDG PET or PET/CT, injection dose and
methods of analysis), SUVmax, and final diagnosis.
Numbers of TP, FP, TN, and FN were extracted directly
or recalculated through data obtained from original arti-
cles. The risk of bias of included studies was appraised
by using the QUADAS-2 tool [19], which consisted of four
key domains (i.e., patient selection, index test, reference
standard, and flow and timing) involving 14 questions.
These questions were answered with “yes” for a low risk
of bias, “no” for a high risk of bias, and “unclear” if associ-
ated information was not clearly depicted [19].

Statistical analysis

Pooled sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), and diagnostic
odds ratio (DOR) were calculated using the bivariate
meta-analysis framework (a random-effects model). In
addition, summarized receiver operating characteristic
(sSROC) curves were constructed, with a larger area under
the curve (AUC) indicating a better diagnostic accuracy of
tests. Meanwhile, pooled weighted mean difference
(WMD) as well as related 95% confidence intervals (ClIs)
was generated to evaluate continuous data (SUVmax), and
a 95% CIs not covering 0 revealed a difference with statis-
tical significance. Heterogeneity among included studies
was assessed using the I statistics. An I value of 0%
implied no observed heterogeneity, and > 50% suggested
substantial heterogeneity. All data were analyzed using
Stata version 19.0 (StataCorp, College Station, TX).

Results

Study selection and description

By searching electronic databases and reviewing refer-
ence lists of relevant publications, a total of 398 records
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were retrieved, among which 324 apparently ineligible
articles were firstly discarded by screening titles and
abstracts. Subsequently, full texts of the remaining ones
were downloaded and scrutinized against the prede-
fined criteria. Eventually, twelve [12, 14-16, 20-27]
studies were included in the quantitative analysis. The
selection process and reasons for exclusion were de-
scribed in Fig. 1.

Study characteristics

All included studies are published in English and among
them, three [12, 23, 27] were prospective, whereas nine
[14-16, 20-22, 24-26] were retrospective. Sizes of these
studies ranged from 7 to 95 and a total of 375 participants
with suspected chondrosarcoma were involved. Only one
[14] study investigated the diagnostic value of both '®F-
FDG PET and PET/CT for chondrosarcoma. Six [12, 14,
16, 24-26] studies provided sufficient data about the
distribution of SUVmax in different stages of chondrosar-
coma. Main characteristics of the included studies were
summarized in Table 1. As for the risk of bias, only two
[23, 24] studies were judged as low risk in the section of
index tests because the rest did not predefine the cutoff
value of SUVmax for diagnosing chondrosarcoma. Mean-
while, nine [12, 14-16, 20—24] studies were judged as high
risk of bias in flow and timing for the lack of a uniform
reference test for all enrolled participants, which was hard
to achieve and maybe ethically questionable in some situa-
tions. In nine studies [12, 14-16, 20-24], the golden
standard to diagnose cartilaginous tumors was biopsy for
those highly suggestive of malignancy and follow-up for
those with benign manifestation. Results of the risk of bias
assessment were summarized in Fig. 2.

Accuracy of '3F-FDG PET for the diagnosis of chondrosarcoma
Six [14, 23, 24, 26, 27] studies provided data about the
diagnostic accuracy of '®F-FDG PET for chondrosar-
coma. As shown in Fig. 3a and b, the pooled sensitivity
and specificity of '*F-FDG PET for diagnosing chondro-
sarcoma were 0.84 (95% CI, 0.46 to 0.97) and 0.82 (95%
CIL, 0.55 to 0.94), respectively. The pooled PLR, NLR,
and DOR were 4.633 (95% CI, 1.443 to 14.875), 0.191
(95% CI, 0.037 to 0.986) and 24.244 (95% CI, 1.985 to
296.148), respectively, while the AUC was 0.89 (95% CI,
0.86 to 0.92) (Fig. 4a). The P statistics for sensitivity and
specificity values were 86.90% (95% CI, 76.80 to 97.00%)
and 70.32% (95% CI, 42.57 to 98.07%), respectively,
which indicated that substantial heterogeneity existed
among included studies.

Accuracy of '8F-FDG PET/CT for the diagnosis of
chondrosarcoma

Seven [12, 14-16, 20-22] studies provided data about
the diagnostic accuracy of 'F-FDG PET/CT for
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Records excluded

Full-text articles excluded, with
reasons:

-Reviews and meta-analyses (n =
3)

- Studies did reporting
chondrosarcoma (n = 17)
-Irrelevant studies (n=35)
-expert opinions, poster of

abstracts, comments, letters and

editorials (n=8)

- insufficient data (11)

‘8 Records identified through Additional records identified
s database searching through other sources
s (n=392) (n=6)
g
=
) A A
PR Records after duplicates removed
(n=398)
on
(=]
=
8 v
Q
@ Records screened R
(n="74) 7 (n=324)
o Full-text articles
s assessed for eligibility
) (n="74)
2D
: !
- Studies included in
qualitative synthesis
(n=12)
; !
g Studies included in
= quantitative synthesis
(meta-analysis)
n=12)
Fig. 1 Selection process of included studies. Three hundred ninety-eight records were retrieved by database searching and screening of reference
lists. After assessment of titles and abstracts, and then full-reading of remaining records, a total of 12 studies were included in the quantitative analysis

chondrosarcoma. As shown in Fig. 3¢ and d, the pooled
sensitivity and specificity of "*F-FDG PET/CT for diag-
nosing chondrosarcoma were 0.94 (95%CI, 0.86 to 0.97)
and 0.89 (95% CI, 0.82 to 0.93), respectively. The pooled
PLR, NLR, and DOR were 8265 (95% CI, 5.012 to
13.628), 0.073 (95% CI, 0.034 to 0.157), and 112.999
(95% CI, 41.341 to 308.866), respectively, while the AUC
was 0.92 (95% CI, 0.89 to 0.94) (Fig. 4b). The P statistics
for sensitivity and specificity values were 15.79% (95%
CL 0 to 77.52%) and 0% (95% CI, 0 to 100%), respect-
ively, indicating that no substantial heterogeneity existed
among included studies.

Accuracy of '8F-FDG avidity for the staging of
chondrosarcoma

Four [12, 14, 24, 26] studies recorded the ability of 18p.
EDG avidity to make a distinction between benign cartil-
aginous lesions and G1 chondrosarcoma. The combined
results (pooled WMD = -0.89 95% CI, -1.67 to -0.10, p
= 0.027; I statistic = 85.1%, p for heterogeneity < 0.001)
suggested that SUVmax of benign cartilaginous lesions
were slightly lower than that of G1 chondrosarcoma
(Fig. 5a). Four [16, 24—26] studies recorded the ability of
BE_FDG avidity to differentiate between Gl and G2

chondrosarcoma. The SUVmax of G1 chondrosarcoma
was significantly lower than that of G2 chondrosarcoma
(pooled WMD = -1.94 95% CI, -2.76 to -1.12, p < 0.001;
P statistic = 20.5%, p for heterogeneity = 0.287) (Fig. 5b).
Meanwhile, four [16, 24-26] studies recorded the ability
of ®F-FDG avidity to differentiate between G2 and G3
chondrosarcoma. The pooled results revealed that there
was no significant difference of SUVmax between G2 and
G3 chondrosarcoma (pooled WMD = -2.37 95% CI,
-5.79 to 1.05, p = 0.174; I* statistic = 68.3%, p for hetero-
geneity = 0.024) (Fig. 5¢).

Discussion

An optimal therapeutic strategy (observation or active
treatment) for chondrosarcoma relies on not only the
prompt identification but also the correct differentiation
between high/intermediate-grade and low-grade ones.
Besides fine needle aspiration, imaging examination
should be carried out to decide whether invasive proce-
dures are needed and whether the histology and imaging
findings are concordant. In this study, by comprehen-
sively reviewing eligible studies and adapting multiple
statistic methods, it is demonstrated that overall '°F-
FDG PET/CT has a higher accuracy to differentiate
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Fig. 2 Quality assessment of included studies using QUADAS-2 tool criteria. Red in figure indicates high risk, yellow represents unclear risk, and

chondrosarcoma from benign cartilaginous lesions
(pooled DOR = 112.999, 95% CI, 41.341 to 308.866) in
comparison with'*F-FDG PET (pooled DOR = 24.244;
95% CI, 1.985 to 296.148). To our knowledge, this is the
first meta-analysis presenting the relatively accurate
diagnostic efficacy of '®F-FDG PET (sensitivity = 0.84;
specificity = 0.82) and PET/CT (sensitivity = 0.94; speci-
ficity = 0.89) for the diagnosis of chondrosarcoma.
Generally, it was reported that benign chondroid le-
sions such as enchondromas and osteochondromas are
not FDG avid [14-16]. According to the pooled results,
although there was a statistically significant WMD of
SUVmax between G1 chondrosarcoma and benign car-
tilaginous lesions (pooled WMD = -0.89, 95% CI, -1.67
to -0.10), differential diagnosis of these two variants can
be challenging owing to their histologically analogical
nature and partially overlapped SUVmax. The confi-
dence intervals of the pooled sensitivity (95% CI, 0.46-

0.97) and specificity (95% CI, 0.55-0.94) were relatively
wide, which was possibly on account of the small num-
ber of included studies, the little scale of sample size,
and the significant between-study heterogeneity. Meta-
bolic data alone is not substantial enough to provide
robust data for the evaluation of chondrosarcoma.
Meanwhile, only two [23, 24] studies pre-defined the
cutoff value of SUVmax and it may not be possible to
arrive a universally acknowledged SUVmax threshold
(ranging from 1.3 to 3.1 in retrieved articles) that expli-
citly distinguish benign from malignant cartilaginous
tumors [14, 23, 24, 26, 27]. A chondroid neoplasm with
a SUVmax value of 1.5 would be considered as a benign
tumor according to Jesus-Garcia et al.” criteria [12] but
malignancy in Aoki et al’s study [27]. Institution-specific
threshold established through the cooperation of nuclear
medicine specialists, orthopedic surgeons, and patholo-
gists was recommended in the clinical practice.
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The combination of CT with '*F-FDG PET (**F-FDG
PET/CT) facilitates the analysis of the volume and
aggressive characteristics of the cartilaginous tumor and
therefore may increase the diagnostic efficacy [14]. The
size of cartilaginous tumors was closely correlated with
their histologic grade; the majority of intermediate/high-
grade chondrosarcoma (79.3%) was 5cm or more in the
maximum diameter [28]. Meanwhile, if there were signs
of invasion (i.e., cortical bone invasion, periosteal reac-
tion, bone expansion, periostitis, and extraosseous soft
tissue), it is very likely that these cartilaginous lesions
are chondrosarcomas [2]. In addition, CT scans of other
parts of the body, especially the chest, are crucial for con-
ducting a comprehensive staging of patients with chon-
drosarcoma [1, 2]. Promising pooled sensitivity (94%) and
specificity (89%) of 'SF-FDG PET/CT for diagnosing
chondrosarcoma were revealed in the current study;
meanwhile, the relatively narrower 95% confidence inter-
vals (0.86-0.97 and 0.82-0.93, respectively) and smaller
heterogeneity (> = 15.69% and 0%, respectively) in com-
parison with those of '®F-FDG PET indicated that these
results were stable and persuasive. Whenever possible,
'8E_-FDG PET/PET, instead of ®F-FDG PET should be
performed in patients with a suspicion of chondrosar-
coma. However, PET/CT is not without disadvantages.
Besides the additional radiation exposure associated with
computed tomography, PET/CT is a costly and labor-
consuming procedure that is not yet available in all hospi-
tals [12]. Moreover, unlike thin-section dedicated CT, the
CT section integrated with PET behaves poorly in pre-
senting fine details such as depth of scalloping [14]. For
the aim of getting a definitive diagnosis of a cartilaginous
neoplasm, all available information such as patient age,
clinical manifestation, lesion location, and the tumor
growth rate must be taken into consideration [1, 2]. Creat-
ing a score that comprehensively summarizes these data
as well as imaging and nuclear medicine findings will shed
new light on the noninvasive diagnosis of cartilaginous
neoplasms.

The current study was also designed to investigate the
potential role of SUVmax to evaluate chondrosarcoma
grading. The biological behavior of different chondrosar-
coma entities varies greatly and the 2013 WHO classifi-
cation of bone and soft tissue sarcoma clearly separates
locally aggressive chondrosarcoma (atypical cartilaginous
tumor or G1 chondrosarcoma) from definitely malignant
cartilaginous tumors (G2 and G3 chondrosarcoma) [2].
It was postulated that the SUVmax values increased with
the tumor grade [24] and the pooled result indeed dem-
onstrated that "®F-FDG PET could accurately discrimin-
ate low-grade chondrosarcoma from intermediate-grade
one with a pooled WMD of SUVmax being —3.25, albeit
there was an evident overlap in SUVmax values between
G2 and G3 chondrosarcoma. Significant heterogeneity of
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included studies (I* = 68.3% in the analysis of G2 and
G3 chondrosarcoma) could be explained by the influ-
ence of the injected radiotracer dose, the time between
injection and the initiation of detection, patient weight,
body surface area, predictive cutoff value, detection
equipment, and the individual characteristic of enrolled
patients across included studies. Considering the differ-
ences of prognosis between benign cartilaginous lesions
and G1 chondrosarcoma, as well as between G2 and G3
chondrosarcoma [3], SUVmax alone is not sufficient
enough for grading chondrosarcoma and no matter what
SUV-level of the cartilaginous lesions reveal, biopsy
should not be resigned.

However, SUVmax did present crucial information for
the management of chondrosarcoma. First, ‘*F-FDG
PET can be performed in case that a high-grade chon-
drosarcoma is suspected by the initial manifestation or
imaging (CT or MRI) in order to get a better tumor
grading. Second, '®F-FDG PET scanning identifies tumor
aggressiveness and extent visually and quantitatively, and
therefore can direct the biopsy sampling by targeting the
region of greatest SUVmax [29, 30]. This reduces the
risk of false-negative results and re-biopsy as well as
related complications. Third, SUVmax serves as a reference
for image-guided percutaneous biopsy. For a cartilaginous
lesion manifesting minimal likelihood of malignancy but
high SUVmax, caution should be taken regarding the
potential of elevating histologic grade based on pathological
reports after operation. Last but not least, alteration of **F-
EDG avidity is an indication of relapse or sarcomatous
transformation of cartilaginous neoplasms, and could be
utilized in postoperative surveillance.

The relatively high price of "*F-FDG PET and PET/CT
restricts its wide application in the clinical setting [12].
Normally, benign cartilaginous lesions and chondrosar-
coma have certain different X-ray and clinical traits,
which may provide information for the development of
further diagnostic and therapeutic regimen (e.g., the
necessity of biopsy) [2]. Therefore, '*F-FDG PET/CT
should be performed only in cases with a high suspicion
for malignant cartilaginous tumors (at the initial diagno-
sis, or when the possibility of malignant transformation
of benign cartilaginous lesions or relapse of chondrosar-
coma after treatment exists) prior to each biopsy, as a
supplementary tool for assisting diagnosis and grading,
guiding the fine needle aspiration and confirming the
pathological result. MRI with contrast agent has ranked
as a powerful method for the locoregional staging of
malignant chondrosarcomas thanks to its spatial and
contrast resolution, but it could not present metabolic
data of the targeted lesions or be utilized for the whole-
body assessment [31]. The current study has several
limitations. The first is the absence of a standardized ref-
erence test for the diagnosis of chondrosarcoma. Either
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follow-up without an anatomopathological examination
or biopsies may result in false negatives. The duration of
follow-up differed from study to study, exceeding 12
months in most of the included ones but in Shin et al.’s
investigation [22], the minimum follow-up was only 6
months. Another major limitation is that during the
merging of the diagnostic data, subgroup analyses on the
basis of important indicators such as types of chondro-
sarcoma, cutoff value, and study design were not con-
ducted. Only 12 studies were pooled in the quantitative
analysis and most (75%) [14—16, 20—22, 24—26] of them
were retrospective. Third, sample sizes of the included
studies were quite small and hence this meta-analysis
might be subject to variability and inadequacy in data col-
lection. Lastly, yet importantly, evidence of heterogeneity
in data concerning *F-FDG PET existed throughout in-
cluded studies, and therefore we emphasized the pooled
DOR, which was a global measure encompassing value of
sensitivity, specificity, PLR, and NLR, as the main outcome
of interest to compare the diagnostic performance of **F-
FDG PET and PET/CT.

Conclusion

In a word, ®F-FDG PET/CT revealed excellent accuracy
(pooled DOR = 112.999) in the diagnosis of chondrosar-
coma and might assist in therapeutic decision-making.
Although SUVmax alone showed restricted ability to differ-
entiate benign cartilaginous lesions and G1 chondrosar-
coma (pooled WMD = -0.89 95% CI, -1.67 to -0.10), as
well as between G2 and G3 chondrosarcoma (pooled
WMD = -2.37 95% CI, -5.79 to 1.05), it can identify inter-
mediate/high-grade chondrosarcoma from low-grade ones
(pooled WMD = -1.94 95% CI, -2.76 to —1.12). Cartilagin-
ous lesions with high '®F-FDG-avidity should be highly
monitored over the duration of treatment. More large-scale
studies are still required to further warrant current findings.

Abbreviations

CT: Computed tomography; MRI: Magnetic resonance imaging; 18F-

FDG: 18F-fluorodeoxyglucose; PET: Positron emission tomography;

SUVmax: Maximum standardized uptake value; TP: True-positive; FP: False-
positive; FN: False-negative; TN: True-negative; PLR: Positive likelihood ratio;
NLR: Negative likelihood ratio; DOR: Diagnostic odds ratio;

SROC: Summarized receiver operating characteristic; AUC: Area under curve;
WMD: Weighted mean difference; Cl: Confidence interval

Acknowledgements
We thank the authors of the included studies for their help.

Authors’ contributions

DJ contributed to the idea of this study. ZQY and XYM searched literatures
and screened them independently. ZQY, XYM, and LD extracted data from
the twelve final articles and make tables. LD and YZN played an important
role in analyzing the outcomes. LD, YZN, and DJ conducted the data
analyses and make graphs. ZQY and XYM wrote the first draft. LD, YZN, and
DJ revised the manuscript. ZQY, XYM, LD, YZN, and DJ approved the final
version. The authors read and approved the final manuscript.

(2020) 15:229

Page 10 of 11

Funding
This study was supported by the Young Taishan Scholars Program of
Shandong Province (QZ, No. tsqn201909183).

Availability of data and materials
All data analyzed during this study are included in this published article.

Ethics approval and consent to participate
This article does not contain any studies with human participants or animals
performed by any of the authors.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopedics, Shandong Provincial Hospital Affiliated to
Shandong First Medical University, No.324, Road Jing Wu Wei Qj, Jinan
250021, Shandong, China. *Department of Spine Surgery, Affiliated Hospital
of Qingdao University, 16 Jiangsu Road, Qingdao 266000, Shandong
Province, China.

Received: 4 December 2019 Accepted: 16 June 2020
Published online: 22 June 2020

References

1. Afonso PD, Isaac A, Villagran JM. Chondroid tumors as incidental findings
and differential diagnosis between enchondromas and low-grade
chondrosarcomas. Semin Musculoskelet Radiol. 2019;23:3-18 https://doi.org/
10.1055/5-0038-1675550.

2. Christopher DM, Fletcher JA and Krishnan U. WHO classification of tumours
of soft tissue and bone. International agency for research on cancer 4th
edition Lyon. 2013: 110-111.

3. Nota SP, Braun Y, Schwab JH, et al. The identification of prognostic factors
and survival statistics of conventional central chondrosarcoma. Sarcoma.
2015;2015:623746 https.//doi.org/10.1155/2015/623746.

4. Strotman PK, Reif TJ, Kliethermes SA, et al. Dedifferentiated
chondrosarcoma: a survival analysis of 159 cases from the SEER database
(2001-2011). J Surg Oncol. 2017;116(2):252-7 https://doi.org/10.1002/jso.
24650.

5. Suster D, Hung YP, Nielsen GP. Differential diagnosis of cartilaginous lesions
of bone. ARCH Pathol Lab Med. 2020;144:71-82 https://doi.org/10.5858/
arpa.2019-0441-RA.

6. Zoccali C, Baldi J, Attala D, et al. Intralesional vs. extralesional procedures for
low-grade central chondrosarcoma: a systematic review of the literature.
Arch Orthop Trauma Surg. 2018;138(7):929-37 https://doi.org/10.1007/
500402-018-2930-0.

7. Dhinsa BS, DeLisa M, Pollock R, et al. Dedifferentiated chondrosarcoma
demonstrating osteosarcomatous differentiation. Oncol Res Treat. 2018:41:
456-60 https://doi.org/10.1159/000487803.

8. Whelan JS, Davis LE. Osteosarcoma, chondrosarcoma, and chordoma. J Clin
Oncol. 2018;36:188-93 https://doi.org/10.1200/JC0.2017.75.1743.

9. Reliability of histopathologic and radiologic grading of cartilaginous
neoplasms in long bones. J Bone Joint Surg Am. 2007;89(10):2113-2123.
https://doi.org/10.2106/JBJS.F.01530.

10.  Laitinen MK, Stevenson JD, Parry MC, et al. The role of grade in local
recurrence and the disease-specific survival in chondrosarcomas. Bone Joint
J.2018;100-B(5):662-6 https://doi.org/10.1302/0301-620X.100B5.BJJ-2017-
1243R1.

11. Jesus-Garcia R, Osawa A, Filippi RZ, et al. Is PET-CT an accurate method for
the differential diagnosis between chondroma and chondrosarcoma?
Springerplus. 2016;5:236 https://doi.org/10.1186/540064-016-1782-8.

12. Abdellahi M, Karamian E, Najafinezhad A, et al. Diopside-magnetite; a novel
nanocomposite for hyperthermia applications. J Mech Behav Biomed Mater.
2018;77:534-8 https://doi.org/10.1016/jjmbbm.2017.10.015.

13. Lim HJ, Johnny OC, Tan JW, et al. Utility of positron emission tomography/
computed tomography (PET/CT) imaging in the evaluation of sarcomas: a
systematic review. Crit Rev Oncol Hematol. 2019;143:1-13 https//doi.org/10.
1016/j.critrevonc.2019.07.002.


https://doi.org/10.1055/s-0038-1675550
https://doi.org/10.1055/s-0038-1675550
https://doi.org/10.1155/2015/623746
https://doi.org/10.1002/jso.24650
https://doi.org/10.1002/jso.24650
https://doi.org/10.5858/arpa.2019-0441-RA
https://doi.org/10.5858/arpa.2019-0441-RA
https://doi.org/10.1007/s00402-018-2930-0
https://doi.org/10.1007/s00402-018-2930-0
https://doi.org/10.1159/000487803
https://doi.org/10.1200/JCO.2017.75.1743
https://doi.org/10.2106/JBJS.F.01530
https://doi.org/10.1302/0301-620X.100B5.BJJ-2017-1243.R1
https://doi.org/10.1302/0301-620X.100B5.BJJ-2017-1243.R1
https://doi.org/10.1186/s40064-016-1782-8
https://doi.org/10.1016/j.jmbbm.2017.10.015
https://doi.org/10.1016/j.critrevonc.2019.07.002
https://doi.org/10.1016/j.critrevonc.2019.07.002

Zhang et al. Journal of Orthopaedic Surgery and Research

14. Annovazzi A, Anelli V, Zoccali C, et al. (18)F-FDG PET/CT in the evaluation of
cartilaginous bone neoplasms: the added value of tumor grading. Ann Nucl
Med. 2019;33(11):813-21 https;//doi.org/10.1007/512149-019-01392-3.

15. Purandare NC, Puranik A, Shah S, et al. Can 18F-FDG PET/CT diagnose
malignant change in benign chondroid tumors? Nucl Med Commun. 2019;
40(6):645-51 https://doi.org/10.1097/MNM.0000000000001015.

16. Vadi SK, Mittal BR, Gorla A, et al. 18F-FDG PET/CT in Diagnostic and
prognostic evaluation of patients with suspected recurrence of
chondrosarcoma. Clin Nucl Med. 2018:43(2):87-93 https://doi.org/10.1097/
RLU.0000000000001947.

17. Subhawong TK, Winn A, Shemesh SS, et al. F-18 FDG PET differentiation of
benign from malignant chondroid neoplasms: a systematic review of the
literature. Skelet Radiol. 2017;46(9):1233-9 https://doi.org/10.1007/500256-
017-2685-7.

18.  Frank RA, Bossuyt PM, Mclnnes M. Systematic reviews and meta-analyses of
diagnostic test accuracy: the PRISMA-DTA statement. Radiology. 2018;289(2):
313-4 https://doi.org/10.1148/radiol.2018180850.

19.  Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool for
the quality assessment of diagnostic accuracy studies. Ann Intern Med.
2011;155(8):529-36 https://doi.org/10.7326/0003-4819-155-8-201110180-
00009.

20. Costelloe CM, Chuang HH, Chasen BA, et al. Bone windows for
distinguishing malignant from benign primary bone tumors on FDG PET/
CT. J Cancer. 2013;4(7):524-30 https://doi.org/10.7150/jca.6259.

21, Purandare NC, Rangarajan V, Agarwal M, et al. Integrated PET/CT in
evaluating sarcomatous transformation in osteochondromas. Clin Nucl Med.
2009;34(6):350-4 https://doi.org/10.1097/RLU.0b013e3181a34525.

22. Shin DS, Shon OJ, Han DS, et al. The clinical efficacy of (18)F-FDG-PET/CT in
benign and malignant musculoskeletal tumors. Ann Nucl Med. 2008,22(7):
603-9 https://doi.org/10.1007/512149-008-0151-2.

23. Strobel K, Exner UE, Stumpe KD, et al. The additional value of CT images
interpretation in the differential diagnosis of benign vs. malignant primary
bone lesions with 18F-FDG-PET/CT. Eur J Nucl Med Mol Imaging. 2008;
35(11):2000-8 https://doi.org/10.1007/500259-008-0876-0.

24. Feldman F, Van Heertum R, Saxena C, et al. 18FDG-PET applications for
cartilage neoplasms. Skelet Radiol. 2005;34(7):367-74 https.//doi.org/10.
1007/500256-005-0894-y.

25.  Brenner W, Conrad EU, Eary JF. FDG PET imaging for grading and prediction
of outcome in chondrosarcoma patients. Eur J Nucl Med Mol Imaging.
2004;31(2):189-95 https://doi.org/10.1007/500259-003-1353-4.

26. Lee FY, Yu J, Chang SS, et al. Diagnostic value and limitations of fluorine-18
fluorodeoxyglucose positron emission tomography for cartilaginous tumors
of bone. J Bone Joint Surg Am. 2004;86(12):2677-85 https://doi.org/10.2106/
00004623-200412000-00014.

27. Aoki J, Watanabe H, Shinozaki T, et al. FDG-PET in differential diagnosis and
grading of chondrosarcomas. J Comput Assist Tomogr. 1999;23(4):603-8
https.//doi.org/10.1097/00004728-199907000-00022.

28.  Parlier-Cuau C, Bousson V, Ogilvie CM, et al. When should we biopsy a
solitary central cartilaginous tumor of long bones? Literature review and
management proposal. Eur J Radiol. 2011;77(1):6-12 https.//doi.org/10.1016/
j€jrad.2010.06.051.

29. Roitman PD, Farfalli GL, Ayerza MA, et al. Is needle biopsy clinically useful in
preoperative grading of central chondrosarcoma of the pelvis and long
bones? Clin Orthop Relat Res. 2017,475:808-14 https://doi.org/10.1007/
$11999-016-4738-y.

30. Purandare NC, Kulkarni AV, Kulkarni SS, et al. 18F-FDG PET/CT-directed
biopsy: does it offer incremental benefit? Nucl Med Commun. 2013;34(3):
203-10 https://doi.org/10.1097/MNM.0b013e32835c5a57.

31, Masciocchi C, Sparvoli L, Barile A. Diagnostic imaging of malignant cartilage
tumors. Eur J Radiol 1998; 27 Suppl 1: S86-590. https://doi.org/10.1016/
50720-048x(98)00048-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

(2020) 15:229

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s12149-019-01392-3
https://doi.org/10.1097/MNM.0000000000001015
https://doi.org/10.1097/RLU.0000000000001947
https://doi.org/10.1097/RLU.0000000000001947
https://doi.org/10.1007/s00256-017-2685-7
https://doi.org/10.1007/s00256-017-2685-7
https://doi.org/10.1148/radiol.2018180850
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7150/jca.6259
https://doi.org/10.1097/RLU.0b013e3181a34525
https://doi.org/10.1007/s12149-008-0151-2
https://doi.org/10.1007/s00259-008-0876-0
https://doi.org/10.1007/s00256-005-0894-y
https://doi.org/10.1007/s00256-005-0894-y
https://doi.org/10.1007/s00259-003-1353-4
https://doi.org/10.2106/00004623-200412000-00014
https://doi.org/10.2106/00004623-200412000-00014
https://doi.org/10.1097/00004728-199907000-00022
https://doi.org/10.1016/j.ejrad.2010.06.051
https://doi.org/10.1016/j.ejrad.2010.06.051
https://doi.org/10.1007/s11999-016-4738-y
https://doi.org/10.1007/s11999-016-4738-y
https://doi.org/10.1097/MNM.0b013e32835c5a57
https://doi.org/10.1016/s0720-048x
https://doi.org/10.1016/s0720-048x

	Abstract
	Objective
	Material and methods
	Results
	Conclusions
	Level of evidence

	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and methodological quality evaluation
	Statistical analysis

	Results
	Study selection and description
	Study characteristics
	Accuracy of 18F-FDG PET for the diagnosis of chondrosarcoma
	Accuracy of 18F-FDG PET/CT for the diagnosis of chondrosarcoma
	Accuracy of 18F-FDG avidity for the staging of chondrosarcoma

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

