
icine®

ONAL STUDY
Med
OBSERVATI
Semi-Quantitative Calculations of Primary Tumor Metabolic
Activity Using F-18 FDG PET/CT as a Predictor of Survival in
92 Patients With High-Grade Bone or Soft Tissue Sarcoma
M
Kim Francis Andersen, MD, Hanna

M

Abbreviations: AJCC = American Joint Committee of Cancer,

AUC = area under the curve, BS = bone sarcoma, CI = confidence

interval, CT = computed tomography, F-18 = fluorine-18, FDG =

popularity.
In general, clinica

ing the application of

Editor: Majid Assadi.
Received: April 7, 2015; revised: June 10, 2015; accepted: June 15, 2015.
From the Department of Clinical Physiology, Nuclear Medicine and PET,
Rigshospitalet, Copenhagen University Hospital (KFA, SHR, AL); and
Department of Orthopedic Surgery, Rigshospitalet, Copenhagen University
Hospital, Copenhagen, Denmark (HMF, MMP).
Correspondence: Kim Francis Andersen, Department of Clinical Physiol-

ogy, Nuclear Medicine and PET Rigshospitalet, Copenhagen University
Hospital, Blegdamsvej 9, PET-3982, DK-2100 Copenhagen, Denmark
(e-mail: dr.kimfandersen@hotmail.com).

The authors have no conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution-NonCommercial-NoDerivatives License 4.0, where it is
permissible to download, share and reproduce the work in any medium,
provided it is properly cited. The work cannot be changed in any way or
used commercially.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000001142

Medicine � Volume 94, Number 28, July 2015
vid Rasmussen

Michael Mork Petersen, MD, D

Abstract: To assess the prognostic value of primary tumor metabolic

activity in patients with high-grade bone sarcomas (BS) or soft tissue

sarcomas (STS) using F-18 FDG PET/CT.

A single-site, retrospective study including 92 patients with high-

grade BS or STS. Pretreatment F-18 FDG PET/CT scan was performed.

Clinical data were registered. Accuracy of maximum standardized

uptake value of primary tumor (SUVmax) and tumor-to-background

(T/B) uptake ratio as prognostic variables and identification of cut-off

values to group patients were determined. Kaplan–Meier survival

estimates and log-rank test were used to compare survival distributions.

Prognostic variables were assessed using Cox proportional hazards

regression analysis.

Forty-one of 92 patients died during follow-up (45%). Average

survival was 6.5 years (95% CI 5.8–7.3 years) and probability of 5-year

survival was 52%. Accuracy of SUVmax and T/B uptake ratio as

prognostic variables in all patients and during subgroup analysis of

patients with STS was significant. No significant results for AUCs were

registered in patients with BS. Surgery was independently prognostic for

survival throughout multivariate regression analysis of all patients

(P¼0.001, HR 3.84) and subgroup analysis (BS: P¼0.02, HR

11.62; STS: P¼0.005, HR 4.13). SUVmax was significant as prognostic

variable in all patients (P¼0.02, HR 3.66) and in patients with STS

(P¼0.007, HR 3.75). No significant results were demonstrated for T/B

uptake ratio.

Estimation of primary tumor metabolic activity with pretherapeutic

SUVmax using F-18 FDG PET/CT demonstrates independent properties

beyond histologic grading for prediction of survival in patients with

high-grade STS, but not with high-grade BS.

(Medicine 94(28):e1142)
aria Fuglo, Sine H ,
Sc, and Annika Loft, MD, PhD

fluoro-2-deoxy-D-glucose, FNCLCC = French Federation of

Cancer Centers Sarcoma Group, HR = hazard ratio, MRI =

magnetic resonance imaging, MSTS = Musculoskeletal Tumor

Society, MTV = metabolic tumor volume, PET = positron emission

tomography, PNET = primitive neuroectodermal tumor, ROC =

receiver operating characteristic, STS = soft tissue sarcoma,

SUVmax = maximum standardized uptake value, T/B = tumor-to-

background, TLG = total lesion glycolysis, VOI = volume of

interest.

INTRODUCTION

B one and soft-tissue sarcomas (BS and STS) are a diverse
group of malignant mesenchymal tumors. Sarcomas are

rare, only comprising approximately 1% of all cancers.1 How-
ever, the diversity of these tumors in terms of histology,
aggressiveness, and clinical course1–3 poses challenges in the
diagnostic work-up and treatment, with reported 5-year
mortality rates as high as 50%.4 With this in mind, the import-
ance of proper staging of disease becomes obvious, as it helps
define the prognosis for patients, helps guide their treatment,
and allows meaningful comparisons to be done among groups of
patients. Both the Musculoskeletal Tumor Society (MSTS)5 and
the American Joint Committee of Cancer (AJCC) staging
system6,7 for malignant primary bone and soft-tissue lesions
are widely accepted, providing prognostic information. Both
systems take features of tumor including tumor grade, nodal
status, and metastasis to distant organs into account, but require
postoperative input of histological data. Also, the substantial
diversity in clinical outcome even within the same tumor grade
is another issue to address. Consequently, a reliable method to
make a preoperative prediction of the disease course supple-
mental to histological characteristics is warranted.

Traditional anatomical imaging modalities, such as mag-
netic resonance imaging (MRI) and computed tomography
(CT), have limited properties in terms of assessing tumor
behavior, which being its biological activity or its potential
metastatic course. Consequently, functional imaging with posi-
tron emission tomography (PET) – especially with the fluorine-
18 radiolabeled glucose analog fluoro-2-deoxy-D-glucose (F-18
FDG) – has emerged as an important imaging modality in the
assessment of patients with sarcoma, as it allows noninvasive,
three-dimensional visualization, and quantification of tumor
glucose metabolism in vivo.8,9 There are several methods for
quantifying FDG uptake in tumors on acquired PET data. Being
easy accessible parameters, the application of the maximum
standardized uptake value (SUVmax) normalized to body weight
and tumor-to-background (T/B) uptake ratio has gained
l evidence in sarcoma research – includ-
semiquantitative calculations of tumor
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FDG uptake – suffers from the low incidence of tumors as well
as high intra- and intertumoral heterogeneity in terms of histo-
logical features of cellular proliferation, necrosis, noncellular
accumulations, and physiological characteristics.10 Even
though most studies are retrospective, include few patients
and mixed populations, pretreatment estimation of SUVmax

of the primary tumor in sarcoma patients has been suggested
being a significant prognostic factor for overall and pro-
gression-free survival.11–19 However, the literature on the
subject is sparse and is even sparser regarding the prognostic
value of T/B uptake ratio on F-18 FDG PET in sarcoma patients.
Consequently, despite the recognition of the potential benefits
of F-18 FDG PET in staging, treatment response evaluation, and
oncological outcomes, it has proven difficult to standardize the
implementation of this imaging modality in the diagnostic
work-up and follow-up of patients with sarcoma.20,21 The
present study compares the prognostic value of different
methods of semiquantitative calculations of primary tumor
metabolic activity using F-18 FDG PET/CT in the initial
assessment of a specified group of patients with histologically
verified high-grade bone or soft-tissue sarcoma.

METHODS

Study Population and Design
A single-site, retrospective study from July 1, 2002 to

December 31, 2012 including 92 consecutive patients (47 males;
45 females; median age 49.8 (11.2–86.3) years; Table 1) referred
for further evaluation and/or surgical treatment according to the
following criteria: first, histologically verified high-grade BS
(N¼ 37) or STS (N¼ 55) according to either the French Federa-
tion of Cancer Centers Sarcoma Group (FNCLCC) grading
system22 or the grading recommendations of the College of
American Pathologists,23 second, no previous history of malig-
nancy, third, underwent an onsite preoperative F-18 FDG PET/
CT scan for staging, and fourth, minimum follow-up period of 1
year for survived patients. Medical records, imaging examin-
ations, and histopathology were reviewed. The histological
classification of the included bone sarcomas was as follows:
osteosarcoma N¼ 20, Ewing sarcoma N¼ 6, chondrosarcoma
N¼ 5, others N¼ 6. Regarding the included soft tissue sarcomas
the histological subtypes were distributed as follows: myogenic
sarcoma N¼ 16, synovial sarcoma N¼ 9, malignant peripheral
nerve sheath tumor N¼ 6, liposarcoma N¼ 5, angiosarcoma
N¼ 4, myxofibrosarcoma N¼ 3, undifferentiated pleomorphic
sarcoma N¼ 2, and others N¼ 10. Only patients with Ewing
sarcoma/primitive neuroectodermal tumor (PNET) and osteosar-
coma received preoperative chemotherapy (these patients also
received postoperative chemotherapy). The treatment protocol,
which also included radiotherapy for prevention of local recur-
rence in patients with marginal or intralesional tumor resection,
was not changed during the study period. The study was approved
by the Danish Data Protection Agency (journal number 2011-41-
5734).

F-18 FDG PET/CT: Acquisition and Analysis
Routine F-18 FDG PET/CT was performed with dedicated

PET/CT scanners (GE Discovery LS, GE Healthcare, Waukesha,
WI; Siemens Biograph Sensation 16, Siemens Biograph 40 True-
Point, Siemens Biograph 64 TruePoint, Siemens Biograph mCT-

Andersen et al
S 64, Siemens Medical Solutions, Knoxville, TN) according to
the European Association of Nuclear Medicine procedure guide-
lines for tumor PET imaging,24 which stresses the importance of
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standardization of patient preparation including factors affecting
plasma glucose levels and FDG plasma clearance. Patients fasted
for a minimum of 6 h before FDG injection. Before June 1, 2010 a
dose of 400 MBq (10.8 mCi) F-18 FDG was injected intrave-
nously 60 min before the scan; hereafter, a dose of 4 MBq (0.108
mCi)/kg body weight was used. The PET emission scan was
performed for 2.5– 5 min per bed position depending on the
scanner type and the body mass index of the patients. Patients
were scanned from the base of the skull to the distal side of the
tumor, at least including the proximal femora. Covering the same
area, a contrast-enhanced CTwas performed (500 mL Ioxitalamat
solution 12.6 mg/mL administered orally 30 min before the scan
and intravenous Optiray 300 mg/mL at 1.5–2.5 mL/s with a delay
of 60–80 s). CT data were used for attenuation correction of the
PETemission data. No separate low-dose CT scan for attenuation
correction was performed in order to reduce the risk of movement
artifacts due to a prolonged examination time.25 The acquired
PETand CT data were reconstructed in 3 dimensions. During the
study period our institution switched from a standard iterative
reconstruction (AW-OSEM: 4 iterations and 8 subsets with 4 mm
Gaussian postfilter) of PET images toward using a point spread
function reconstruction (3 iterations and 21 subsets followed by a
2 mm Gaussian postfilter). Images (PET, CT, and fused) were
reviewed applying a dedicated workstation and software (syn-
go.via, Siemens Healthcare, Forchheim, Germany). Interpret-
ations were done by a specialist in nuclear medicine and a
specialist in diagnostic radiology in consensus. A volume of
interest (VOI) was drawn including primary tumor, and SUV
normalized to body weight was calculated as the VOI activity
(MBq/mL)/((injected dose (MBq)/body weight (g)). SUVmax was
the single maximum pixel value in the VOI. For calculation of T/B
uptake ratio, SUVmax was determined in a 1 cm3 VOI located in
tumor-free femoral muscular tissue on the contralateral side of the
primary tumor, and T/B uptake ratio was defined as SUVmax in
primary tumor/SUVmax in background tissue (Figure 1).

Clinical Endpoints
Overall survival was set as clinical endpoint. Survival time

was defined as the period from the date of the preoperative F-18
FDG PET/CT scan to the date of death; for survived patients the
date on which data regarding patient survival were obtained
from the Danish Centralized Civil Register (April 11, 2014).

Statistics
Statistical analyses were performed using IBM SPSS

Statistics 19.0 (SPSS Inc., IBM, Somers, NY) and MedCalc
version 12.7.1.0 (MedCalc Software, Ostend, Belgium) on data
registered in the following groups: all included patients, patients
with BS, and patients with STS. Measurements of the accuracy
of SUVmax and T/B uptake ratio as prognostic variables and
identification of optimal discriminating cut-off values were
performed through receiver operating characteristic (ROC)
curve analysis. Patients were grouped according to the cut-
off values. All deaths were considered an event in the survival
analysis and the patients were censored at the end of their
follow-up. Kaplan–Meier survival estimates and the log-rank
test were used to compare the degree of equality of survival
distributions. Prognostic variables with related hazard ratios
(HR) were assessed applying Cox proportional hazards
regression analysis. The following categorical variables were

Medicine � Volume 94, Number 28, July 2015
included: sex, tumor size, surgery, metastasis at diagnosis,
SUVmax, and T/B uptake ratio. P-values<0.05 were considered
statistically significant.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Clinical Characteristics

All Sarcomas Bone Sarcomas Soft Tissue Sarcomas

N 92 37 55
Sex (male/female) 47 / 45 21 / 16 26 / 29
Age (yrs; median, range) 49.8 (11.2–86.3) 32.7 (11.2–79.0) 55.2 (18.7–86.3)
Follow-up (yrs; median, range) 2.8 (0.04–11.2) 3.3 (0.04–11.2) 2.2 (0.07–8.4)
Tumor site (N (%))

Upper extremity 15 (16) 4 (11) 11 (20)
Lower extremity 53 (58) 19 (51) 34 (62)
Trunk 24 (26) 14 (38) 10 (18)

Tumor size (N (%))
<5 cm 14 (15) 4 (4) 10 (18)
�5 cm 78 (85) 33 (96) 45 (82)

Surgery (N (%))
Negative 14 (15) 6 (16) 8 (15)
Positive 78 (85) 31 (84) 47 (85)

Microscopic margin (N (%))
Negative (incl. marginal) 74 (95) 31 (100) 43 (91)
Positive 4 (5) 0 (0) 4 (9)

Metastasis at diagnosis (N (%))
Negative 66 (72) 26 (70) 40 (73)
Positive 26 (28) 11 (30) 15 (27)

(Neo) adjuvant treatment (N (%))
Chemotherapy, positive 43 (47) 24 (65) 19 (35)
Radiotherapy, positive 28 (30) 6 (16) 22 (40)
Chemo- and/or radiotherapy, positive 63 (69) 29 (78) 34 (62)
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RESULTS
Clinical characteristics are presented in Table 1.

Median follow-up period was 2.8 years (range 0.04–11.2
years). A total of 41 of 92 patients died during follow-up
(45%; 12 BS and 29 STS patients). Average survival for
all included patients was 6.5 years (95% CI 5.8–7.3 years)
and the probability of 5-year survival was 52%. The probability
of 5-year survival and average survival for patients with BS

Died during follow-up (N (%)) 41 (45)
5-year survival (%) 52
was 64% and 7.8 years (95% CI 6.2–9.4 years), while being
44% and 4.5 years (95% CI 3.5–5.5 years) for patients
with STS.

FIGURE 1. 53-year-old male with high-grade soft tissue sarcoma (pleo
located in the adductor musculature on the right femur (arrow). The pa
which showed no metastatic disease. For semiquantitative calculation
interest were drawn on the acquired PET-images, and SUVmax of the pri
tomography; FNCLCC¼ French Federation of Cancer Centers Sarcoma
standardized uptake value.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
ROC Curve Analysis
ROC curve analysis of overall survival with area under the

curve (AUC) data and optimal cut-off values are presented in
Figure 2 and Table 2. The AUC for SUVmax was greater than for
T/B uptake ratio when looking on all patients (0.735 vs. 0.705)
as well as during subgroup analysis of patients with BS (0.630
vs. 0.593) or STS (0.797 vs. 0.787) only. The AUCs were
significant for SUV as well as T/B uptake ratio in the groups

12 (32) 29 (53)
64 44
max

including all patients and patients with STS. No significant
results for the estimated AUC were registered in subgroup
analysis of patients with BS.

morphic liposarcoma; tumor grade III (FNCLCC grading system))
tient underwent a preoperative F-18 FDG PET/CTscan for staging,
s of tumor and background-tissue metabolic activity, volumes-of-
mary tumor and T/B uptake ratio was determined. CT¼computed
Group; PET¼positron emission tomography; SUVmax¼maximum
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Kaplan–Meier Survival Estimates
Kaplan–Meier survival data for ungrouped data and

grouped data according to the estimated optimal cut-off values
are presented in Figure 3 and Table 3. When dividing all
patients into 2 groups below and above cut-off value for
SUVmax (10.8), 12 out of 47 and 29 out of 45 patients died
during follow-up, respectively. Probabilities of 5-year survival
were 71% and 29%, and average survival was 8.6 years (95%
CI 7.3–9.8 years) and 3.1 years (95% CI 2.2–4.0 years) in the
2 groups (P<0.001). When dividing all patients into 2
groups below and above cut-off value for T/B uptake ratio
(7.2), 7 out of 37 and 34 out of 55 patients died during
follow-up. Probabilities of 5-year survival were 78% and
33%, and average survival was 9.2 years (95% CI 7.9–10.5
years) and 4.6 years (95% CI 3.3–6.0 years), respectively
(P<0.001).

When analyzing data from patients with BS, 5 out of 23
and 7 out of 14 patients died during follow-up, when patients
were grouped according to optimal cut-off value for SUVmax

(11.6). Estimated 5-year survival was 74% below cut-off and
49% above, with an average survival of 9.0 years (95% CI 7.2–
10.7 years) and 4.2 years (95% CI 2.5–6.0 years), respectively
(P¼0.04). No significant differences were registered during

FIGURE 2. ROC curve analysis of all included patients (N¼92)
measurements of the accuracy of SUVmax of the primary tumor
ROC¼ receiver operating characteristic; STS¼ soft tissue sarcoma;
subgroup analysis of patients with BS when they were grouped
according to the optimal discriminating cut-off value for T/B
uptake ratio (8.0).

TABLE 2. ROC Curve Analysis

AUC (95% CI) P Youden Index

SUVmax

All 0.735 (0.633–0.822) <0.001
�

0.39
BS 0.630 (0.456–0.782) 0.17 0.30
STS 0.797 (0.667–0.894) <0.001

�
0.47

T/B-ratio
All 0.705 (0.601–0.796) <0.001

�
0.42

BS 0.593 (0.420–0.751) 0.33 0.27
STS 0.787 (0.656–0.886) <0.001

�
0.52

AUC¼ area under the curve; BS¼ bone sarcomas; CI¼ confidence interva
value; T/B¼ tumor-to-background.�

Significant P-values (P<0.05) are marked with.
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In subgroup analysis of patients with STS probabilities of
5-year survival, when data were grouped below (12 out of 35
patients died during follow-up) and above (17 out of 20 patients
died during follow-up) the optimal cut-off values for SUVmax

(17.7) were 63% and 9%, respectively. Significant differences
in average survival were registered, as average survival was 5.9
years (95% CI 4.8–7.1 years) below the cut-off value and 1.5
years (95% CI 1.0–2.1 years) above (P<0.001). Regarding T/
B uptake ratio, probabilities of 5-year survival below and above
the optimal cut-off value (7.2) were 83% and 22%. Three out of
19 and 26 out of 36 patients died during follow-up, respectively.
Average survival was 7.3 years (95% CI 6.2–8.4 years) below
cut-off and 2.7 years (95% CI 1.8–3.6 years) above
(P<0.001).

Prognostic Values of SUVmax and T/B Uptake
Ratio

Data from Cox proportional hazards regression analysis
with variables affecting overall survival in multivariate analyses
are presented in Table 4. Performed surgery was the only
variable which was significant as a prognostic variable for
survival throughout analysis of all included patients
(P¼ 0.001; HR: 3.84) as well as subgroup analysis of patients

subgroups of patients with BS (N¼37) or STS (N¼55), with
d T/B uptake ratio as prognostic variables. BS¼bone sarcoma;
Vmax¼maximum standardized uptake value.
with BS (P¼0.02; HR: 11.62) or STS (P¼0.005; HR: 4.13).
While no significant results were demonstrated for T/B uptake
ratio, SUVmax of the primary tumor above optimal

Cut-Off Value Sensitivity (%) Specificity (%)

10.8 70.7 68.6
11.6 58.3 72.0
17.7 58.6 88.5

7.2 82.9 58.8
8.0 66.7 66.0
7.2 89.7 61.5

l; STS¼ soft tissue sarcomas; SUVmax¼maximum standardized uptake

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Kaplan–Meier survival curves for all included patients (N¼92) and subgroups of patients with BS (N¼37) or STS (N¼55).
Data were grouped according to the optimal discriminating cut-off value for SUV of the primary tumor and T/B uptake ratio

C
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discriminating cut-off value was significant as prognostic vari-
able when analyzing all included patients (P¼0.02; HR: 3.66)
and during subgroup analysis of patients with STS (P¼0.007;
HR: 3.75).

DISCUSSION
Despite the unspecific nature of the F-18 labeled glucose

analog FDG, with obvious limitations in discriminating inflam-
matory from malignant tissue as well as in the correct delineation
of tumor boundaries, PET applying this tracer in an oncological
setting appears to be one of the most powerful biomarkers
introduced for clinical trials as well as for assessments of the
individual patient. The statistical weakness of quantitative F-18
FDG PET imaging markers, including SUVmax and T/B uptake
ratio, is well known and thoroughly described.26 However, the
opportunity of an easy applicable, noninvasive quantification of
tumor metabolic activity is in many circumstances appealing,
giving further opportunities for the guidance of treatment, defi-
nition of prognosis, as well as comparisons between groups – this
also being the case in patients with sarcomas.

Due to the general low incidence of sarcomas, our study
does not diverge from most previous reports in terms of its

determined with ROC curve analysis. BS¼bone sarcoma; RO
SUVmax¼maximum standardized uptake value.
retrospective study design. Neither does it ignore the extensive
variation in tumor origin and localization, tumor size and
burden, as well as intra- and intertumoral properties. However,

TABLE 3. Survival Data (Ungrouped and Grouped Data (Above/

Average Survival (yrs; 95% CI) All Sarcomas (N¼ 92) P/

Ungrouped 6.5 (5.8–7.3)
SUVmax

� optimal cut-off 8.6 (7.3–9.8) <0
> optimal cut-off 3.1 (2.2–4.0) 3

T/B-ratio
� optimal cut-off 9.2 (7.9–10.5) <0
> optimal cut-off 4.6 (3.3–6.0) 4

BS¼ bone sarcomas; CI¼ confidence interval; HR¼ hazard ratio; STS¼
B¼ tumor-to-background.�

Significant P-values (P<0.05) are marked with.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
it tries to make the study population more homogenous in terms
of tumor grading, as one of the inclusion criteria was histo-
logically verified high-grade sarcoma. Consequently, it gives
the opportunity to identify possible prognostic variables beyond
tumor grading, which is considered one of the most important
variables when predicting survival in sarcoma patients. In a
sarcoma setting the study also embraces a relatively large
number of patients both with BS or STS, giving the opportunity
of meaningful subgroup analyses of patients. Despite the use of
several PET/CT scanners and slight on-site changes in the F-18
FDG PET/CT scan protocol in terms of reconstruction algor-
ithm and injected dose of the tracer during an inclusion period of
more than 10 years, we consider our results valid and repro-
ducible.27

Regarding SUVmax of the primary tumor – even though
included patients are not completely comparable – our data
follow the footsteps of most previous studies reporting this F-18
FDG PET imaging marker as a significant independent prog-
nostic variable in terms of overall survival in patients with
STS.14–16,19 However, conflicting results were reported by Choi
et al,12 which failed to identify SUVmax as a prognostic factor
for progression-free survival in 55 patients with STS. Possible

max

¼ receiver operating characteristic; STS¼ soft tissue sarcoma;
explanations for this reported divergence were the aforemen-
tioned heterogeneity of included histological subtypes, vari-
ation in tumor localization, and the inability of SUVmax to

Below Optimal Cut-Off Value))

HR BS (N¼ 37) P/HR STS (N¼ 55) P/HR

7.8 (6.2–9.4) 4.5 (3.5–5.5)

.001
�

9.0 (7.2–10.7) 0.04
�

5.9 (4.8–7.1) <0.001
�

.84 4.2 (2.5–6.0) 3.11 1.5 (1.0–2.1) 4.56

.001
�

8.9 (6.9–10.9) 0.12 7.3 (6.2–8.4) <0.001
�

.85 4.7 (3.1–6.2) – 2.7 (1.8–3.6) 7.66

soft tissue sarcomas; SUVmax¼maximum standardized uptake value; T/
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TABLE 4. Variables Affecting Overall Survival in Multivariate Analyses

Variable Cut-Off Hazard Ratio 95% CI P

All sarcomas (N¼ 92)
Sex Male 2.20 1.13–4.29 0.02

�

Tumor size 5 cm – – 0.16
Surgery Negative 3.84 1.80–8.22 0.001

�

Metastasis at diagnosis Positive – – 0.60
SUVmax Optimal cut-off value 3.66 1.28–10.53 0.02

�

T/B uptake ratio Optimal cut-off value – – 0.65
Bone sarcomas (N¼ 37)

Sex Male – – 0.08
Tumor size 5 cm – – 0.99
Surgery Negative 11.62 1.38–97.48 0.02

�

Metastasis at diagnosis Positive – – 0.73
SUVmax Optimal cut-off value – – 0.59
T/B uptake ratio Optimal cut-off value – – 0.38

Soft tissue sarcomas (N¼ 55)
Sex Male – – 0.23
Tumor size 5 cm – – 0.82
Surgery Negative 4.13 1.54–11.07 0.005

�

Metastasis at diagnosis Positive – – 0.84
SUVmax Optimal cut-off value 3.75 1.45–9.71 0.007

�

T/B uptake ratio Optimal cut-off value – – 0.11

alue
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reflect the characteristics of the entire tumor, that is, the total
volume and total activity of metabolically active tumor cells.
Also, the differences in clinical endpoint should be noted. In our
study, SUVmax remained its significant prognostic value when
looking on all included patients with high-grade sarcoma,
probably due to the strong diagnostic properties of SUVmax

in STS (the majority of included patients), as no significant
results were seen during subgroup survival analysis of patients
with high-grade BS only. The latter supports a study by
Costelloe et al,13 which reported no significant association
between pretherapeutic SUVmax of the primary tumor and
mortality in 31 patients with high-grade osteosarcoma. How-
ever, in the same population, they found SUVmax after che-
motherapy to be a significant prognostic variable for overall
survival. This variable was not included in our study.

SUVmax purely represents the maximum value of a single
voxel in the acquired imaging data, and concerns have been
raised as this variable does not reflect important prognostic
tumor properties, such as tumor heterogeneity as well as tumor
size and burden. Consequently, volume-based F-18 FDG PET
imaging markers in terms of metabolic tumor volume (MTV)
and total lesion glycolysis (TLG) have been introduced in an
attempt to overcome these limitations of SUVmax, with several
studies reporting significant prognostic properties in terms of
prediction of treatment response and survival in a diversity of
solid tumors.28–32 However, in patients with sarcoma reported
data are conflicting. One study reported the superiority of TLG
to SUVmax as a reliable predictor of progression-free survival in
STS.12 However, another study by Hong et al16 concluded that
the aforementioned volume-based F-18 FDG PET imaging
markers may not provide additional prognostic information

CI¼ confidence interval; SUVmax¼maximum standardized uptake v�
Significant P-values (P<0.05) are marked with.
in STS, and importantly, that SUVmax in their study population
was an independent prognostic factor for overall survival. They
explained the results as a possible consequence to tumor

6 | www.md-journal.com
necrosis, which lowers the values of volume-based F-18
FDG PET imaging markers, but does not affect the maximum
value in a single voxel (ie, SUVmax). Eary et al10 demonstrated
the prognostic impact of quantification of tumor F-18 FDG
spatial heterogeneity using an image analysis algorithm, where
they assess the extent to which the spatial distribution of
F-18 FDG uptake within the tumor follows a certain
idealized pattern. This method of assessing sarcomas has until
date not achieved a major impact in the routine diagnostic
work-up and follow-up of patients with sarcomas, and thus
was not included in the data analysis in the present
study. However, there is increased evidence for the prognostic
value of primary tumor asphericity in pretherapeutic FDG
PET for risk stratification in patients with head and neck
cancer.33 By our knowledge, no such data exist for patients
with high-grade sarcomas. Further studies are needed to explore
the prognostic value of this array of different F-18 FDG PET
imaging markers.

The tumor-to-background uptake ratio failed to demon-
strate any significant independent prognostic properties in terms
of survival during multivariate regression analysis, both when
looking on all included patients as well as during subgroup
analysis. The present study is by our knowledge the first to
report survival data examining this variable in patients with
high-grade sarcomas. Schulte et al34,35 proposed T/B uptake
ratio to be a promising tool for the estimation of biologic
activity of skeletal lesions and soft tissue neoplasms, but no
correlation with survival was performed. Several biases affect-
ing the tumor-to-background activity ratio in PET have been
reported,36 such as the effect of tumor size, attenuation, non-
uniformity of tissues, tumor location, and limited spatial resol-

; T/B¼ tumor-to-background.
ution. These could all be factors contributing to the lack of
significant prognostic value of T/B uptake ratio in our
study population.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



CONCLUSION
Semiquantitative estimation of primary tumor metabolic

activity in terms of pretherapeutic SUVmax using F-18 FDG
PET/CT demonstrates independent prognostic properties
beyond histologic grading for prediction of overall survival
in patients with high-grade soft tissue sarcoma, but interestingly
fails to do so in patients with high-grade bone sarcoma. In the
studied setting, we do not recommend the application of tumor-
to-background uptake ratios as a prognostic variable.
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