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Prognostic value of F-FDG PET-CT-based
functional parameters in patients with soft tissue
sarcoma
A meta-analysis
Linyan Chen, MDa, Xin Wu, MDb, Xuelei Ma, MDa,∗, Linghong Guo, MDa, Chenjing Zhu, MDa, Qingfang Li, MDa

Abstract
Background: Considering the clinical importance of high 5-year mortality, we performed a meta-analysis of maximum
standardized uptake value (SUVmax), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) from 18F-FDG PET-CT for
overall survival (OS) and progression-free survival (PFS) in patients with soft tissue sarcoma.

Methods:The search and selection of eligible articles was conducted on PubMed and EMBASE. We applied hazard ratio (HR) and
odd ratio (OR) to measure the correlation between SUVmax, MTV, and TLG with PFS and OS. The SUVmax was analyzed through
subgroup in terms of histological grade and HR of posttreatment SUVmax was also assessed.

Results:Eleven studies with 582 patients were included. The pooled HRs of pretreatment SUVmax were 2.40 (95% CI: 1.38–4.17)
for OS and 2.20 (95% CI: 1.47–3.30) for PFS. The HRs in terms of OS were 3.20 (95% CI: 1.71–5.98) based on MTV and 5.20 (95%
CI: 2.34–11.56) based on TLG. Meanwhile, the predict results of pretreatment SUVmax on OR remained significant and the HRs of
posttreatment SUVmax were 2.25 (95% CI: 1.33–3.80) for OS and 2.87 (95% CI: 1.81–4.55) for PFS.

Conclusions: The pretreatment SUVmax, MTV, and TLG of 18F-FDG PET-CT showed significant prognostic value for OS and the
PET-CT can be used in identifying high-risk patients about progression and survival. The analysis for posttreatment SUVmax
suggested PET-CT as a promising equipment in monitoring therapy response.

Abbreviations: CI= confidence interval, HR= hazard ratio, MTV=metabolic tumor volume, OR= odd ratio, OS= overall survival,
PFS = progression-free survival, STS = soft tissue sarcoma, SUVmax = maximum standardized uptake value, TLG = total lesion
glycolysis.
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1. Introduction

Soft tissue sarcomas are relatively rare kind of tumors with
variety of presentations which arise from the mesenchyme, which
can be derived from different types of tissue such as smooth
muscle, bone, lymph, adipose tissue, or vascular tissues.[1]

Although comprising only 1% of all cancers,[2] soft tissue
sarcoma is difficult to diagnose and treat because of its
diversity,[3] and with 5-year mortality rate as high as 50%.[4]
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Soft tissue sarcoma can be diagnosed by computed tomography
(CT) and magnetic resonance imaging (MRI).[5] However, CT
and MRI have limited capability in assessment of biological
activity, malignant capacity, or potential metastatic process of
tumors.[6]

As an advanced clinical imaging technique, the fluorine-18-
fluorodeoxyglucose positron emission tomography with com-
puted tomography (18F-FDG PET-CT) has shown high
sensitivity, specificity, and safety to evaluate glucose metabo-
lism of tumors for early diagnosis, staging, and monitoring of
potential malignancies.[7,8] Maximum standardized uptake
value (SUVmax), refers to the radioactivity of imaging agent in
tumor, is the most widely used semiquantitative parameter.[9]

Metabolic tumor volume (MTV), the tumor volume with high
metabolic activity above a predefined SUV threshold
(20–70%),[10] is a semiquantitative parameter that integrates
the metabolism and volume. And total lesion glycolysis (TLG),
the entire amount of tumor’s glycolysis,[9] is also applied to
represent the tumor malignant transformation. In particular,
SUVmax is regarded as a limited parameter that can only
represent the tumor activity and fail to signify the whole tumor
volume.[11,12] However, there also existed studies which
concluded that the volumetric parameter of PET-CT may not
provide significant prognostic information.[13] Nevertheless,
the overall analysis of the association between SUVmax, MTV,
or TLG and prognosis in soft tissue sarcoma has not been
systematically and scientifically assessed.
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Therefore, we performed a meta-analysis in order to attain a
more comprehensive estimate of the prognostic value of
SUVmax, MTV, and TLG in predicting overall survival (OS)
and progression-free survival (PFS) in patients with soft tissue
sarcoma by combining data from relevant studies.
2. Materials and methods

2.1. Search strategy

Articleswere identifiedabout theassessmentofPET-CT inprognosis
of sarcoma by searching PubMed andEMBASE until July 31, 2016.
The used terms include “soft tissue sarcoma”; “PET” or “PET-CT”
or “positron emission tomography”; “prognosis”; “SUVmax” or
“maximum standardized uptake value”; “MTV” or “Metabolic
tumor volume” and “TLG” or “total lesion glycolysis.” We
performed all the analyses based on previously published studies,
thus no ethical approval was required.
2.2. Study inclusion/exclusion criteria

The inclusion criteria can be read as follows: studies which
included patients with soft tissue sarcoma; studies which
investigated the correlation between parameter of PET-CT
(SUVmax, MTV, or TLG) and survival outcome (OS or PFS);
studies which calculated the HRs and their 95% confidence
interval (CI) forOS, PFSor canbe calculatedonkey informationby
using methodology of Tierney et al[14] from original articles.
The exclusion criteria for this meta-analysis includes: studies

which analyzed different kinds of tumors without specific results of
soft tissue sarcoma; studies which lacked prognostic information of
association between parameter of PET-CT (SUVmax, MTV, or
TLG) and survival results; studies were other types of research, such
as letters and case reports; or studies were non-English articles.
2.3. Data extraction

Main information were extracted from included studies accord-
ing to predefined tables, which were divided into pretreatment
and posttreatment table and included the primary information:
survival endpoints, containing OS and PFS and the additional
information: first author, publication year, country, patients’
characteristics (age, disease subtype, and histological grade),
study design, cut-off values of SUVmax, MTV, or/and TLG.
2.4. Quality assessment

We used REMARK criteria[15] which consists of 20 items in sum to
estimate the quality of articles. The reporting recommendations are
comprised of 4 major aspects based on framework of articles:
introduction, materials and methods, results, and discussion, which
also contains several subdirectories in terms of specimen character-
istics, analysis and presentation, and so on. Each characteristics
according to REMARK criteria accounted for 5% of scores of a
study and the quality scores ranged from 0% to 100%.

2.5. Statistical analysis

Hazard ratio (HR) was used to measure the correlation between
SUVmax with PFS and OS, which are shown in Table 2. We
calculated these logHR and standard error (SE) on the basis of
following ways when either of the 2 groups of data were
available: HR and 95%CI directly provided by the studies, the P-
value from log-rank test and the number of patients and events by
2

estimating the Kaplan–Meier survival curves on Engauge
Digitizer 4.1. The calculation was finished through the software
programmed by Tierney et al.[14]

The meta-analysis of SUVmax was also performed in each
subgroup, which was classified by histological grade. Heteroge-
neity was evaluated using Higgins’s definition.[16] The fixed effect
model was selected when there existed no significant heterogene-
ity (P≥0.10, I2�50%) in the results of the literature studies. And
we used a random effect model if heterogeneity was significant
(P<0.10 or I2>50%). An HR>1 without the 95% CI
overlapping 1 indicated that patients with high SUVmax not
beneficial for patients’ survival while an HR<1 implied that the
low SUVmax related with worse survival outcome.
Survival outcomes were also assessed by odd ratio (OR) in terms

of 1-, 3-, and 5-yearOS and PFS,which are shown in Table 2.When
the direct data of original articles were not available, OR could be
calculated by estimating the survival rates on Kaplan–Meier curves
through Engauge Digitizer 4.1. A pooled OR without 95% CI
overlapping 1 is of great statistical significance. We still used
Higgins’s definition for the evaluationof heterogeneity asmentioned
above. All above calculations were performed on ReviewManager
statistical software (RevMan5.2). The publication bias was
estimated by means of Begg test performed on STATA 11.0 and
P>0.05 represents no significant publication bias.[17]
3. Results

The initial search contained 63 studies from PubMed databases
and EMBASE did not provide with additional studies. And after 7
duplicate articles were excluded, another 39 studies were
excluded by screening the titles and abstracts, 17 articles were
remained for full texts reviewed. The studies which analyzed
prognostic values of bone and soft tissue sarcomawithout specific
results of soft tissue sarcoma ware excluded. And 6 of these
articles were excluded because survival outcome lacked or cannot
be calculated and 2 studies only contained the posttreatment
survival results were included to assess the prognostic capacity of
PET-CT for therapeutic response. Finally, a total of 11 studies
with 582 patients were included, which all reported the
prognostic value of SUVmax, MTV, or/and TLG for survival
in soft tissue sarcoma (Fig. 1).
All 11 studies indicated high SUVmax, MTV, or/and TLG

represented a worse prognosis than patients with low numerical
value. In terms of association between PET parameters and OS
and PFS, there are 7 studies[13,18–23] that only provided with
prognostic information about SUVmax and 4 studies[11,12,24,25]

analyzed prognostic value of MTV and TLG. The major
characteristics of 11 publications are summarized in Table 1.
3.1. Prognostic value of pretreatment SUVmax for OS

Seven studies (439 patients) in total were involved and
represented a HR of 2.40 (95% CI: 1.38–4.17, P=0.0001,
I2=79%) (Fig. 2A). Result of Begg test represented no evident
publication bias (z=1.80, P=0.072) (Fig. 5). The more
significant HR and less heterogeneity were presented in a group
of patients (3 studies, 154 patients) among which the percentage
of histological high grade STS>70% (HR=4.44, 95% CI:
2.44–8.08, I2=0%, P=0.91) (Table 2). There existed 2 studies
(140 patients), whose proportion of histological high grade STS
was less than 70% and subgroup analysis based on those studies
revealed the smaller HR and greater I2 (HR=1.49, 95% CI:
0.71–3.14, I2=76%, P=0.04) (Table 2).



Figure 1. Study selection.
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The combinedOR on 1-, 3-, and 5-year OSwere 8.35 (95%CI:
4.05–17.19) (Fig. 4A), 5.29 (95% CI: 3.36–8.31) (Fig. 4B), and
6.93 (95%CI: 2.30–20.94) (Fig. 4C), respectively. Heterogeneity
existed according to 5-yearOS (I2=64%, P=0.04) and there was
no significant heterogeneity in 1- and 3-year OS.

3.2. Prognostic value of pretreatment SUVmax for PFS

In this comparison, 3 studies involving 293 patients were
included in the assessment. PFS was better with low SUVmax
patients in comparison with patients with high SUVmax (HR=
2.20, 95%CI: 1.47–3.30, I2=0%, P=0.79) (Fig. 2B). Significant
publication bias was not existed according to Begg test (z=1.04,
P=0.296).
Table 1

Main characteristics of the included studies with pretreatment or po

Author and
publication year Country

Study
design Patients

Mean
age, y Mal

Pretreatment PET Andersen, 2015
∗

Denmark R 55 55.2 51
Schuetze, SM 2005 USA R 46 47 45
Casey, 2014† USA R 107 10.9 49
Chang, 2015 Korea R 20 35.0 55
Choi, 2013 Korea R 66 52.1 60
Andersen, 2015

∗
Denmark R 55 55.2 51

Hong, 2014 Korea R 55 39 61
Ha, 2016 Korea R 36 50.0 44
Skamene, 2014 Canada R 120 — 50

Posttreatment PET Andreou, 2014 Germany R 35 58 51
Casey, 2014† USA R 107 10.9 49
Nishiyama, 2012 Japan R 42 46 6

HNSTS=head and neck soft tissue sarcoma, HR=hazard ratio, MTV=metabolic tumor volume, OS= o
synovial sarcoma, STS= soft tissue sarcoma, SUVmax=maximum standardized uptake value, TLG= to
∗
The 2 articles were based on the same patients.

† The data derived from the same article.
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The analysis of OR on 1-year and 3-year PFS involved 2 studies
while the 5-year PFS only involved one study, and OR with 95%
CI were 2.52 (1.04–6.10) (Fig. 4D), 2.65 (1.31–5.39) (Fig. 4E),
and 2.56 (1.04–6.33) (Table 2), respectively. All heterogeneity of
results was not significant.
3.3. Prognostic value of pretreatment MTV and TLG for
OS and PFS

Significant prognostic value of MTV for OS was reflected
in the analysis of 3 studies including 111 patients (HR=3.20,
95%CI: 1.71–5.98) (Fig. 2C). And the heterogeneity (I2=10%,
P=0.33) and publication bias (z=1.04, P=0.296) were
insignificant in the assessment. Meanwhile, the combined HR
sttreatment PET.

e% Disease
High

grade% Endpoints
HR

estimation

Cut-off values

SUVmax MTV TLG

.0 STS 100 OS Estimation 10.8 — —

.7 STS — OS Estimation 6.0 — —

.5 RMS — OS, PFS Estimation 9.5 — —

.0 SS 55.0 OS HR 6.1 166.2mL 691.7

.6 STS — PFS Estimation 6.0 40cm3 250

.0 STS 100 OS Estimation — 25.0mL 265.6

.8 STS 70.9 OS HR 7.2 — —

.0 HNSTS 72.0 OS HR 7.0 20.0mL 150.0

.0 STS 65.0 OS, PFS HR 10.3 — —

.4 STS 77.1 PFS Estimation 6.9 — —

.5 RMS — OS, PFS Estimation 1.5 — —

4 STS 71.4 OS, PFS HR 10.2 — —

verall survival, PFS=progression-free survival, R= retrospective, RMS= rhabdomyosarcoma, SS=
tal lesion glycolysis.
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Table 2

Total and subgroup multivariate analyses for HR and OR of pretreatment or posttreatment PET.

Estimation Endpoint Parameter Factor No. of studies HR/OR 95% CI Heterogeneity, (P, I2) P Model

Pretreatment PET HR OS SUVmax Total 7 2.40 1.38–4.17 0.0001, 79% 0.002 R
High grade>70% 3 4.44 2.44–8.08 0.91, 0% 0.00001 F
High grade<70% 2 1.49 0.71–3.14 0.04, 76% 0.029 R

MTV Total 3 3.20 1.71–5.98 0.33, 10% 0.0003 F
TLG Total 3 5.20 2.34–11.56 0.57, 0% 0.0001 F

PFS SUVmax Total 3 2.20 1.47–3.30 0.79, 0% 0.001 F
Pretreatment PET OR OS SUVmax 1-year 4 8.35 4.05–17.19 0.66, 0% 0.00001 F

3-year 5 5.29 3.36–8.31 0.23, 29% 0.00001 F
5-year 4 6.93 2.30–20.94 0.04, 64% 0.0006 R

PFS SUVmax 1-year 2 2.52 1.04–6.10 0.56, 0% 0.04 F
3-year 2 2.65 1.31–5.39 0.90, 0% 0.007 F
5-year 1 2.56 1.04–6.33 — 0.04 —

Posttreatment PET HR OS SUVmax Total 2 2.25 1.13–3.80 0.48, 0% 0.003 F
PFS SUVmax Total 3 2.87 1.81–4.55 0.18, 41% 0.00001 F

CI= confidence interval, F=fixed, HR=hazard ratio, MTV=metabolic tumor volume, OR= odd ratio, OS= overall survival, PET=positron emission tomography, PFS=progression-free survival, R= random,
STS= soft tissue sarcoma, SUVmax=maximum standardized uptake value, TLG= total lesion glycolysis.
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of TLG for OS according to 3 studies (111 patients) in the
analysis was 5.20 (95% CI: 2.34–11.56) (Fig. 2D). The pooled
HR showed the significant survival advantage for lowTLGover
high TLG patients with sarcoma. And there was no obvious
proof of heterogeneity (I2=0%, P=0.57) and publication bias
(z=1.04, P=0.296).
The analysis of prognostic value ofMTV and TLG for PFS only

contained one study[12] (66 patients). And the HRs were 3.22
Figure 2. Forest plots of hazard ratio (HR) for overall survival (OS) and progress
between SUVmax and OS (A), SUVmax and PFS (B), MTV and OS (C), TLG and
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(95% CI: 1.19–8.75) for MTV and 4.81 (95% CI: 1.51–15.28)
for TLG, respectively.
3.4. Prognostic value of posttreatment SUVmax for OS
and PFS

There were 2 studies (149 patients) about posttreatment SUVmax
for OS and three studies (184 patients) about posttreatment
ion-free survival (PFS) of pretreatment PET. Meta-analysis of the association
OS (D).



Figure 3. Forest plots of hazard ratio (HR) for overall survival (A) and progression-free survival (B) of posttreatment SUVmax.
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SUVmax for PFS involved in the comparison, and the pooled
significant HRwere 2.25 (95%CI: 1.33–3.80) (Fig. 3A) and 2.87
(95% CI: 1.81–4.55) (Fig. 3B), respectively. Moreover, the
significant heterogeneity in OS and PFS analysis were not found
(I2=0%, P=0.49; I2=41%, P=0.18).
Figure 4. Forest plots of odd ratio (OR) for overall survival (OS) and progression
between SUVmax and 1-year OS (A), 3-year OS (B), 5-year OS (C), 1-year PFS

5

4. Discussion

Standard uptake value (SUV) was consistently related with
metabolic rate of FDG (MRFDG) in soft tissue sarcoma, which
makes SUV a feasible way of detecting tumor malignancy.[26]
-free survival (PFS) of pretreatment SUVmax. Meta-analysis of the association
(D), and 3-year PFS (E).

http://www.md-journal.com


Figure 5. Funnel plot of potential publication bias for overall survival of
pretreatment SUVmax.
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And SUVmax, most widely reported, was considered as potential
prognostic indicator in patients with sarcoma according to
previous studies.[27] However, only providing information about
the maximum value of a single voxel volume, SUVmax fails to
measure the volume, burden, and heterogeneity of tumors with
the shortcoming of reflecting significant prognostic value.[18] And
volumetric measurements such as MTV and TLG, representing
the whole metabolic volume, may have the capability to
overcome limitations of SUVmax.[28,29] Nevertheless, there
was a relationship between these parameters. TLG is influenced
by SUV and MTV, and SUV as well as tumor volume have an
impact on MTV, moreover, SUV itself can also vary with
influencing factors.[30]

However, there are several contradictions existing in included
studies of this meta-analysis. There existed a study[11] which
reported significant association between pretherapeutic higher
SUVmax, higher MTV, higher TLG and poorer OS in patients
with synovial sarcoma. However, in another study,[13] SUVmax
was regarded as a significant independent prognostic marker for
OS in STS while MTV and TLG failed to provide with significant
prognostic information. On the contrary, 1 article[12] reported
the superiority of TLG being a more accurate predictor than
MTV or SUVmax for PFS in patients with STS.
According to the proposed prognostic factor categories of

Hayes et al,[31] a HR greater than 2 might be regarded as a
strong prognostic factor while a moderate or weak prognostic
factor would be defined as a HR of 1.5 to 2.0 and <1.5,
respectively. Therefore, in this meta-analysis, the SUVmax
represented significant prognostic value for OS and PFS on
soft tissue sarcoma, whose HRs were 2.40 (95% CI: 1.38–4.17)
and 2.20 (95% CI: 1.47–3.30), respectively. Of seven
studies[11,13,18,20,22–24] in which multivariate analysis about
SUVmax for OS was conducted, four[13,18,20,22] showed that
SUVmax was independent prognostic marker. And in two[20,22]

of three studies,[12,20,22] SUVmaxwas considered as independent
prognostic factor for PFS. Meanwhile, the MTV and TLG both
represented significant prognostic value for OS on soft tissue
sarcoma, whose HRs were 3.20 (95% CI: 1.71–5.98) and 5.20
(95% CI: 2.34–11.56). However, due to the small amount of
included articles, whether MTV and TLG were significant
prognostic factors of PFS still needs further study.
The meta-analyses compared odds ratios (OR) on 1-, 3-, and 5-

year of SUVmax for OS and PFS. Results demonstrated the
6

correlation between survival outcome and PET parameters.
According to the combined OR based on 1-, 3-, and 5-year OS
and PFS, high SUVmax was associated with worse short- and
long-term survival outcome and lesser survival benefit in patients
with sarcoma. Combined with the conclusion in previous section,
not only can SUVmax be prognostic marker but also may be used
as predictors of survival or progression for both short and long
term.
Histological grade systems applied in included studies were

consist of the French Federation of Cancer Centers Sarcoma
Group (FNCLCC) grading system,[32] the grade system estab-
lished by Hasegawa et al.[33] By comparison, we found the
survival results of SUVmax for OS and PFS were associated with
higher risk among patients with high grade STS at higher
proportion. These differences may probably be due to the many
different histological types and large variation of malignancy of
soft tissue sarcoma.[34] However, since that the related studies
were too scanty to draw any conclusion, more large-scale studies
are requisite to assess whether PET-CT shows unequal prognostic
accuracy based on varied subgroups with soft tissue sarcoma.
Since PET-CT can be also used for monitoring the response of

treatment in patients with STS, the posttreatment SUVmax can be
regarded as a factor to prognosticate therapy response. Themeta-
analyses of posttreatment SUVmax for OS and PFS were
statistically significant, and the HRs were 2.25 (95% CI:
1.33–3.80, I2=0%, P=0.49) and 2.87 (95% CI: 1.81–4.55,
I2=41%, P=0.18), respectively. Widely used for evaluating
therapy response of solid tumor, RECIST criteria divides tumor
response into CR, PR, SD, and PD by measuring the tumor size
based on the maximum length.[35] In consideration of the
significant relation between SUVmax and survival outcome, PET-
CT may be suggested as a promising tool to monitoring therapy
response and marker of follow-up in patients with STS since the
metabolic activity rather than morphologic information provid-
ed, which could exert an influence on the choice of surgical
strategy and treatment.[36]

Significant heterogeneity was found when SUVmax predicts
OS (I2=79%, P=0.0001) (Fig. 2A). We made efforts to reduce
the heterogeneity, and after the study[11] (HR=1.11, 95% CI:
0.98–1.24) is excluded, the I2 and Chi-square value were reduced
from 79% to 0% and 28.54 to 4.92. There were patients with
synovial sarcoma alone in the study,[11] which may explain the
insignificant differences in OS. In fact, soft tissue sarcoma is a
kind of heterogeneous disease; the tumor can be derived from
many types of tissue varying from place to place.[37] Moreover,
the patient heterogeneity such as different histological types,
grades, and stages, the data selection, acquisition, and calcula-
tion, and clinical treatment such as surgery, neoadjuvant
chemotherapy, and radiotherapy, are all important and inevita-
ble factors account for the heterogeneity between studies.[38]

There were several limitations. First, the meta-analysis was
limited in published articles in English, that language bias may
exist. Furthermore, due to the general low incidence of soft tissue
sarcoma, only a few articles can be used for the analysis, and the
studies available to analyze the prognostic values of SUVmax,
MTV, and TLG were much fewer, which may influence the
reliability of results. Moreover, the study designs of included
articles were all retrospective. Thus considering the heterogeneity
existed in the results, the small quantities of included studies and
the retrospective design, larger and high-quality prospective
studies especially related to volumetric parameters need to be
conducted for evaluation of the prognostic value of PET-CT in
soft tissue sarcoma.
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5. Conclusion

In summary, the present meta-analysis demonstrated that the
pretreatment SUVmax, MTV, and TLG from 18F-FDG PET-CT
are significant prognostic markers for OS. The PET-CT can be
effective tool in identifying high-risk patients with sarcoma
referring to disease progression and patients’ survival. The results
suggested that patients showing high SUVmax, MTV, or TLG
may be related with poor survival. And the analysis for
posttreatment SUVmax suggested PET-CT as a promising
equipment in monitoring therapy response.
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