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ARTICLE INFO ABSTRACT

Background: Sarcomas are a heterogeneous group of malignant tumours with variable clinical outcomes. Their
presence in multiple body locations represents significant diagnostic and therapeutic challenges. Positron
Utility emission tomography/computed tomography (PET/CT) is an imaging tool that provides semiquantitative

Keywords:
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PD]_ET/ CT. measurements of radiotracer concentration in tissue, such as SUV,,.x (standardised uptake value) and is in-
S::gi?s‘s creasingly used in clinical practice. This systematic review aims to evaluate the utility of PET/CT in sarcoma
Resiag?ng grading and prognostication, evaluation of treatment response, staging and restaging.

Methods: Relevant studies published from January 2003 to August 2017 evaluating the utility of PET/CT in
sarcoma grading and prognostication, staging, evaluation of treatment response and restaging were system-
atically searched for in scientific databases (e.g. PubMed, Medline and Embase) using key terms, including “soft
tissue sarcoma,” “osteosarcoma,” “utility” and “PET/CT”. Additionally, references of identified studies were
reviewed. Study quality was assessed by “Quality Assessment of Diagnostic Accuracy Studies”.

Results: A total of 12 prospective studies (level II to III evidence) were included in the review for tumour grading
and prognostication. There was a strong correlation between SUV and tumour grade where majority of inter-
mediate/ high-grade STS have a significantly higher SUV,,,x. PET/CT has also shown potential in prog-
nostication where decrease in SUV ., correlated with recurrence-free survival in both osteosarcoma and STS.
Furthermore, 8 prospective trials of level II to IV evidence according to Oxford Centre of Evidence-based
Medicine (CEBM) demonstrated the use of PET/CT in early identification of patients who will respond to
treatment where =60% decrease in FDG uptake resulted in sensitivity and specificity of 100% and 71% re-
spectively for assessment of histopathologic response. 11 retrospective trials (level III to IV evidence) reported on
the use of PET/CT in staging and restaging with heterogeneous results.

Conclusion: Overall, higher quality evidence demonstrated PET/CT to be an important contributor towards
sarcoma grading, prognostication and evaluation of treatment response. Larger prospective trials will be helpful
to further establish the clinical value of PET/CT in sarcoma staging and restaging.

1. Introduction

Sarcomas are a histologically heterogeneous group of malignant
tumours with highly variable characteristics and clinical outcomes
(Burningham et al., 2012). They are uncommon tumours of mesench-
ymal origin accounting for 0.7% of adult malignancies (Martin Broto
et al., 2017). Their locations in almost all body locations present unique
challenges for diagnosis and management where 75% of soft tissue
sarcomas (STS) are found in the extremities, with 10% in the thoracic
wall and another 10% in the retroperitoneum (Mastrangelo et al.,
2012). These challenges have presented opportunities for evaluation
and validation of new imaging techniques. In particular, fluorine-18-
fluorodeoxyglucose positron emission tomography combined with
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computed tomography (FDG-PET/CT) has increasingly been used for
diagnosis and treatment evaluation of patients with STS (Ell, 2006;
Mastrangelo et al., 2010). PET/CT imaging generates high-resolution
three-dimensional images and utilises radiotracers specific for biologic
processes (Choi et al., 2016). In particular, fluorine-18 fluorodeox-
yglucose (FDG) is the most commonly used imaging agent in cancer
imaging to report regional tissue metabolism (Zhu et al., 2011). As the
positron radiolabel has such high imaging energies, semiquantitative
measurements of radiotracer concentration in tissue can be made, such
as SUVax (McCarville et al., 2005). Subsequently, FDG-PET can de-
termine the tumour characteristics of high metabolism and an increased
rate of glucose utilisation compared with normal tissues (Schuetze,
2006). The high capacity of glucose utilisation is a possible reflection of
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Fig. 1. Overview of sarcoma progression. The utility of PET/CT imaging is discussed in the various aspects of sarcoma progression, namely 1) tumour grading, 2)
prognostication, 3) staging, 4) monitoring of treatment response and 5) restaging of patients with sarcomas.

the malignant nature of a tumour (Lee et al., 2012). This important
characteristic is the basis for determination of tumour grade, quanti-
tation of changes in response to treatment, and prognostication that are
made with FDG-PET/CT imaging (Mody et al., 2010; Park et al., 2008).
Furthermore, treatment of malignant sarcomas in the last decade has
emphasised the need for pre-operative neoadjuvant chemotherapy for
high-grade tumours (Brenner et al., 2006; Kumar et al., 2006). As such,
PET/CT has potentially wide-ranging utility in sarcomas. However, the
role of this imaging technique is not clearly defined in guidelines or
consensus protocols. There have been up to 8 literature reviews which
discuss the usefulness in PET/CT imaging in sarcoma (loannidis and
Lau, 2003; Muheremu et al., 2017; Rodriguez-Alfonso et al., 2014;
Toner and Hicks, 2008; Gabriel and Rubello, 2016; Kandathil and
Subramaniam, 2019; Norman et al., 2015; Kassem et al., 2017).
Nonetheless, these reviews discuss the utility of PET/CT imaging either
in specific sarcoma subtypes or focus on a single aspect of PET/CT in
the management of sarcoma (Fig. 1).

We aim to provide a comprehensive overview of the utility of FDG-
PET/CT in the assessment of sarcomas in the following areas, namely 1)
tumour grading, 2) prognostication, 3) evaluation of treatment re-
sponse, 4) staging and 5) restaging of patients with sarcomas.

2. Methods
2.1. Literature search

A literature search was performed for relevant studies published
from January 2003 to August 2017 evaluating the utility of PET/CT in
sarcoma grading and prognostication, staging, evaluation of treatment
response and restaging. Articles were systematically searched for in
scientific databases, including PubMed/ Medline, Embase, Scopus and
Cochrane Library using key terms, including “soft tissue sarcoma,”
“osteosarcoma,” “utility” and “PET/CT”. Reference lists of identified
studies and relevant reviews were screened to identify eligible addi-
tional studies. Editorials or letters, conference proceedings, case re-
ports, pre-clinical studies and animal studies were excluded from this
review. Only full-text articles written in English were included in our
systematic review. The title and abstracts were reviewed according to
the established selection criteria and rejected when ineligible. The re-
maining publications were subjected to full-text review to determine
eligibility. For studies whose eligibility for the inclusion criteria failed

to reach consensus between the two authors, a third author was present
to settle the disputes.

2.2. Study quality assessment

Two authors independently assessed the quality of the included
studies using the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) tool. QUADAS is a system composed of 14 items including
the patient spectrum covered, reference standards, test execution, study
withdrawals, indeterminate results as well as verification, review,
clinical review, incorporation, and disease progression biases. A 1-point
score was given for each item and studies with high scores were con-
sidered as good reports. Each study was scored as ‘+’ (positive), ‘-’
(negative) or ‘U’ (unclear). In case of disagreement, a third author made
the final decision. Studies with < 7 ‘+’ were considered to be of low
methodological quality and with a high risk of bias. In case of dis-
crepancies in quality assessment between the two authors, a consensus
was reached through discussion.

Of the 187 articles screened, 34 were selected for the final review.
52 articles were removed due to search duplication. Based upon title
and abstract reading, 78 articles were not relevant to the topic leading
to the full-text screening of 57 articles where 34 articles were included
in our review. A flow chart of the selection of studies for the systematic
review is shown in Fig. 2. Majority of the studies were of relatively high
quality according to the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) tool (Supplementary Table 1).

3. Results

In total, 34 studies met our inclusion criteria and were described in
this review. Higher quality evidence was available for the use of PET/
CT imaging in tumour grading, prognostication and monitoring of tu-
mour response compared to staging and restaging. 12 prospective stu-
dies of level II to III evidence were included for the review of tumour
grading and prognostication. Furthermore, 8 prospective and 2 retro-
spective trials of level II to IV evidence demonstrated the use of PET/CT
in early identification of patients who will respond to treatment. In
contrast, 11 retrospective trials of level III to IV evidence discussed the
use of PET/CT in staging and restaging. The results of the included
studies evaluating the utility of PET/CT imaging in sarcoma have been
summarised in Tables 1-3.
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Fig. 2. Flowchart for selection of studies included in the systematic review.

In regard to the utility of PET/CT in tumour grading of sarcoma,
studies have shown significant correlation between SUV,,,x and tumour
grading and the discriminative ability of tumour SUV to differentiate
low-grade from high-grade sarcomas in suitable subtypes. However,
there may be limited usefulness in differentiating between low-grade
sarcomas and benign tumours. In addition, in STS, =60% decrease in
FDG uptake resulted in sensitivity and specificity of 100% and 71%
respectively for assessment of histopathologic response. Similarly, in
osseous sarcoma, =60% decrease in FDG uptake resulted in sensitivity
and specificity of 75% and 88% respectively for assessment of meta-
bolic responders. For the staging of sarcomas, PET/CT imaging may be
more useful for staging of sarcomas with a higher probability of me-
tastases as it increases the yield of staging by limiting its use to patients
who are either at greater risk of systemic disease or expected to have a
higher proportion of extrathoracic metastases. For the restaging of
sarcomas, although there was superior sensitivity and specificity in
detection of local recurrence compared to conventional imaging, these
studies were largely retrospective in nature and of lower quality evi-
dence.

4. Discussion

Fluorine-18-fluorodeoxyglucose positron emission tomography/
computed tomography (FDG-PET/CT) is an imaging tool that measures
a tumour’s metabolic activity and is increasingly used in clinical prac-
tice (Burningham et al., 2012). Metabolic data acquired by FDG-PET/
CT, including SUV,,,, and total lesion glycolysis (TLG), may facilitate

accurate grading and prognostication in sarcomas where glycolytic
metabolic activity of high-grade tumours is higher than that of low-
grade or benign tumours (Rodriguez-Alfonso et al., 2014). The stan-
dardised uptake value (SUV) measured by FDG-PET/CT is defined as
the ratio of activity per unit volume of a region of interest to the activity
per unit whole body volume and is considered to be a semi-quantitative
parameter, with the maximal standardised uptake value (SUV ) re-
presenting the highest metabolically active region in the tumour (Toner
and Hicks, 2008). Notably, studies have shown a strong correlation
between standardised uptake value (SUV) and tumour grade where a
higher SUV,,,.x has been found to correlate with both tumour grade and
tumour greatest dimension (Benz et al., 2010a; Fendler et al., 2015;
Tateishi et al., 2006). This allows PET/CT to accurately distinguish
between different histologic grades and a correlation coefficient of up
to 0.94 has been demonstrated (Tateishi et al., 2006). In addition, other
studies have used the average lesion SUV (SUVyean) to discriminate
between low- and high-grade sarcomas (Charest et al., 2009; Rakheja
et al., 2012). Given the strong statistical correlation between SUV and
tumour grading, metabolic data from PET/CT may act as a surrogate
marker for tumour grade (Rakheja et al., 2012). This would be clinically
beneficial as consideration of neoadjuvant treatment may be more
warranted in the presence of confirmation of a high-grade tumour.
PET/CT has also shown potential in prognostication where decrease in
SUVax correlated with recurrence-free survival (Table 1). As FDG-
uptake has been shown to be correlated with tumour grade, mitotic rate
and cellularity, additional studies have also evaluated the ability of this
technique to predict patient outcomes (Schwarzbach et al., 2005;
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Herrmann et al., 2012). In the initial assessment of sarcomas, SUV .y in
conjunction with presence and volume of necrosis as identified on FDG-
PET/CT have shown to be strong prognostic factors for survival where
high SUV,.x indicates poor prognosis while a lower value indicates
better prognosis (Herrmann et al., 2012; Fuglo et al., 2012). Specifi-
cally, STS patients with SUV ., < 1.59, 1.59 to 3.6 and at least 3.6 had
5-year recurrence-free survival rates of 66%, 24% and 11%, respec-
tively (Schwarzbach et al., 2005). Furthermore, the presence and vo-
lume of necrosis identified on PET/CT after adjusting for SUV ., were
shown to be strong independent adverse prognostic factors for disease
recurrence and death in sarcoma patients (Fuglo et al., 2012). Likewise,
the use of SUV ., has been shown to be a strong predictor of overall
survival in patients with osseous sarcoma where patients with a
SUVhx=5.8 survived significantly longer than those with a
SUViax > 5.8 with a median survival time of 1265 and 656 days re-
spectively (Hwang et al., 2016). Hence, SUV .« of the primary tumour
has been shown to be a strong prognostic factor for survival. Overall,
the significant correlation between SUV,,,x and tumour grading de-
monstrate the discriminative ability of FDG-SUV to differentiate low-
from high-grade sarcomas, including liposarcoma, leiomyosarcoma,
synovial sarcoma and peripheral nerve sheath tumour. Although FDG-
PET/CT imaging is useful for distinguishing between low- and high-
grade tumours, it may have limited usefulness for differentiating be-
tween low-grade and benign tumours (Rakheja et al., 2012).

The ability of FDG-PET/CT to identify treatment response is im-
portant for treatment planning of sarcoma patients. Despite responding
to neoadjuvant chemotherapy, these tumours may not change sig-
nificantly in size. These tumours may be composed of components that
remain static to chemotherapeutic agents or are slow in response and
size reduction, such as bone, cartilage and myxoid areas (Ha et al.,
2017; Evilevitch et al., 2008; Benz et al., 2008). Being able to assess a
patient’s early response to chemotherapy may potentially guide man-
| | agement decisions (Table 2). While FDG-PET/CT scans are becoming an
established component of cancer follow-up care, several studies have
demonstrated that they could be an effective tool for directing treat-
ment strategies early in patients’ care (Piperkova et al., 2009). A study
identified FDG-uptake as a sensitive predictor of histopathologic tu-
mour response in STS with sensitivity and specificity of 100% and 67%
respectively where a 35% reduction in tumour FDG-uptake at early
follow-up following one cycle of chemotherapy was observed (Benz
et al., 2009). Similarly, in osseous sarcoma, =60% decrease in FDG-
uptake post-neoadjuvant treatment correctly classified 3 of 4 histo-
pathologic responders as metabolic responders (sensitivity, 75%) and 7
of 8 histopathologic non-responders as metabolic non-responders
(specificity, 88%), enabling the early identification of patients who will
respond to treatment (Benz et al., 2010b). Hence, PET/CT imaging may
be useful in detecting differential responses to neoadjuvant che-
motherapeutic therapy, which will facilitate tailoring of post-operative
therapy. Patients whose tumours show a significant drop in metabolic
activity, according to SUV,,.x, following one cycle of chemotherapy
may be encouraged to continue treatment in the face of adverse side
effects. Notably, different methods were used within different studies
for PET/CT-based differentiation of responders and non-responders
influencing results of studies, including varying therapy protocols and
timing of PET/CT imaging, thereby not allowing for comparison of
different study results and drawing final conclusions. Nonetheless,
these studies support additional prospective trials to establish whether
changes in FDG-uptake following the start of treatment can be used to
guide therapeutic decisions in sarcoma patients. Hence, FDG-PET/CT
imaging has significant potential to identify patients with tumour re-
sistance during the course of therapy that might benefit from treatment
intensification or early resection. Additional studies are still required to
further define the indications of PET/CT imaging in examination of
treatment response and monitoring.

The use of PET/CT in staging (Table 3) and restaging (Table 4) is
often reported in retrospective trials with heterogeneous results.

Metabolic/volumetric or metabolic indices after
neoadjuvant chemotherapy were useful in

metabolic activity of the primary tumour and
predicting tumour responses

histopathological response after neoadjuvant

Significant correlation between change in
chemotherapy

88.9
100
71.4

Sensitivity ~Specificity Main Findings
100
100
77.8

Radius/ Ulna (1)
Femur (12)

Humerus (6)
Tibia (3)
Mandible (1)

Pelvis (5)
Humerus (3)

Femur (15)
Pelvis (1)

Tibia (11)
Sacrum (3)

Location
Scapula (5)
Lung (4)
Foot (2)
Skull (2)

Grade

Ewing’s sarcoma (54)
Osteoblastic (19)
Chondroblastic (1)

Histology

Patients
34
20

Modality No. of

PET/CT
PET/CT

histopathological response

SUV=3g/ml
0

Threshold for
MTV

TLG=>77.68

S, et al. (Gupta et al.,
et al. (Im et al., 2012)

Gupta K, Pawaskar A, Basu SUV,,,x<6.84
2011)

Im HJ, Kim TS, Park SY,

Author(s)

NACT: Neoadjuvant chemotherapy; MTV: Metabolic tumour volume; TLG: Total lesion glycolysis.

Table 2 (continued)
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Table 3
Utility of PET/CT in staging of sarcomas.
Author(s) Staging Modality No. of Subtypes Sensitivity Specificity PPV NPV Accuracy Impact on
Patients Management
Charest M, Overall PET/CT 212 STS (160) 93.7 (STS) - - - - -
Hickeson M, Osteosarcoma (52) 94.6 (Osteosarcoma)
Lisbona R,
et al. (Charest
et al., 2009)

Fuglo HM, M-staging PET/CT 89 Synovial sarcoma (9) 0.95 0.96 0.87 0.98 0.95 3 patients with lymph
Jorgensen SM, N-staging Liposarcoma (6) 1.00 0.90 0.27 1.00 0.91 nodes and 18 patients
Loft A, et al. rhabdomyosarcoma (6) with distant metastases
(Fuglo et al., myxofibrosarcoma (5) detected on PET/CT
2012) Angiosarcoma (5) resulted in a change of

Leiomyosarcoma (4) treatment
Myofibrosarcoma (4)
Extraskeletal
osteosarcoma (4),
Extraskeletal Ewing’s
sarcoma (4)

Malignant peripheral
nerve sheath tumour (3)
Epitheloid sarcoma (3)
Others (6)
Osteosarcoma (30)

Piperkova E, Overall CT 93 Leiomyosarcoma (27) 1.00 0.92 0.97 1.00 -
Mikhaeil M, Liposarcoma (16)

Mousavi A PET Osteogenic sarcoma (15) 0.97 1.00 1.00 0.92
(Piperkova PET/CT Rhabdomyosarcoma (9) 1.00 1.00 1.00 1.00
et al., 2009) Fibrosarcoma (5)

Synovial sarcoma (4),

Chondrosarcoma (3)

Haemangiosarcoma (3)

GIST (3)

Ewing sarcoma (2)

Myofibrosarcoma (2)

Schwannoma (2)

Neroectodermal (1)

Metastatic sarcoma from

unknown origin (1)

Tateishi U, Kawai PET 117 STS - - - - 0.70 PET/CT aided in the
A, Chuman H, PET/CT Osteosarcoma - - - - 0.83 accurate staging of three
et al. (Tateishi Combined - - - - 0.87 (4%) patients and helped
et al., 2007) M-staging Conventional 0.65 0.90 0.82 0.78 0.79 change tumour diagnosis

PET 0.90 0.91 0.88 0.93 0.91 from unresectable to
PET/CT 0.92 0.91 0.88 0.94 0.91 resectable in two (2%)
Combined 0.96 0.91 0.88 0.97 0.93 patients

Gerth HU, Overall PET 53 Ewing sarcoma (53) 0.71 0.95 - - 0.88 PET/CT is significantly
Juergens KU, PET/CT 0.87 0.97 - - 0.94 more accurate than PET
Dirksen U, alone for the detection
et al. (Gerth and localization of
et al., 2007) lesions and improves

staging for patients with
Ewing tumour

Roberge D, Overall PET 109 Leiomyosarcoma (17%) 0.52 0.96 0.78 0.89 0.88 5 patients (4.5%) were
Vakilian S, M-staging CT Liposarcoma (17%) 0.82 0.76 - - - upstaged
Alabed YZ, PET Fibrosarcoma (16%) 78.6 92.8 - - -
et al. (Roberge PET/CT Synovial sarcoma (12%) 0.80 0.86 - - -
et al., 2012) MPNST (10%)

Epithelioid (6%)
Undifferentiated (16%)
Other (7%)

(continued on next page)
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Table 3 (continued)
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Author(s) Staging Modality No. of Subtypes Sensitivity Specificity PPV NPV Accuracy Impact on
Patients Management
Lin H, Ozkan E, Overall PET 45 Angiosarcoma (2) 0.91 0.64 0.76 0.85 0.79 PET/CT altered patient
Erkan M, et al. PET/CT Chondrosarcoma (1) 0.98 0.96 0.97 0.98 0.97 management in 27%
(Lin et al., PET/CT Cystosarcoma (1) 1.00 (12/45) of patients due
2008) Desmoid sarcoma (1) to detection of
Ewing sarcoma (3) unexpected metastases
Fibrosarcoma (2) in 11 patients and
Kaposi sarcoma (2) identified a secondary
Leiomyosarcoma (10) primary (thyroid
Liposarcoma (5) carcinoma) in 1 patient
N-staging Conventional Osteosarcoma (11) 0.75 0.94 0.86 0.89 -
PET/CT Pleomorphic sarcoma (1) 1.00 1.00 1.00 1.00
M-staging Conventional Rhabdomyosarcoma (1)  0.66 0.91 0.50 0.95 -
Imaging Spindle cell sarcoma (1)
PET/CT Synovial sarcoma (2) 1.00 0.91 0.60 1.00 -
GIST (1)
Hemangiopericytoma (1)
Tagaru A. Quon I, Overall PET/CT 44 Liposarcoma (1) 1.00 0.93 - - - -
McDougall R,  M-staging CT Chondrosarcoma (3) 0.82 0.76 - - -
et al. (Iagaru PET Rhabdomyosarcoma (5) 0.79 0.93 - - -
et al., 2006) PET/CT Osteosarcoma (6) 0.80 0.86 - - -

Leiomyosarcoma (6)
Malignant fibrous
histiocytoma (6) Ewing
sarcoma (7) Otheres (10)

STS: Soft tissue sarcoma; PPV: Positive predictive value; NPV: Negative predictive value.

Effective treatment stratification in sarcoma patients requires accurate
assessment of the extent of primary tumour and evaluation for the
presence of metastatic disease. The utility of FDG-PET/CT beyond
conventional staging for the initial staging of sarcomas remains to be
established. Several studies have evaluated the impact of incorporating
FDG-PET/CT in the initial staging of various sarcomas subtypes and
have reported it to be useful in identifying metastasis of musculoske-
letal tumours. The overall TNM staging and M staging accuracies of
PET/CT were also significantly higher than that of conventional ima-
ging (Fuglo et al., 2012; Tateishi et al., 2007; Gerth et al., 2007). In a
study of 117 patients who underwent staging for suspected bone or STS,
FDG-PET scan was performed in addition to conventional imaging, such
as bone scintigraphy, chest radiography and total body CT (Benz et al.,
2009). PET/CT scanning demonstrated high sensitivity and specificity
of up to 98% and 97% for detection of distant metastases and the
predictive value of a positive or a negative test reached 97% and 98%,
respectively in both bone and STS (Tateishi et al., 2007; Gerth et al.,
2007). Furthermore, sensitivity and specificity were 100% and 90% for
detection of lymph node metastases respectively (Fuglo et al., 2012).
Consequently, the combined use of PET/CT modified the staging and
altered management in up to 27% of osteosarcoma and STS patients,
including liposarcoma, leiomyosarcoma and epithelioid sarcoma, due
to detection of metastases (Fuglo et al., 2012). Similarly, a separate
study comprising of 89 patients with osteosarcoma and STSS reported
that PET/CT identified 3 patients with lymph nodes and 18 patients
with distant metastases detected which resulted in a change of treat-
ment (Hwang et al., 2016). In contrast, a few studies have shown lim-
ited impact on patient management with the use of routine FDG-PET/
CT imaging for detecting metastatic disease in the initial staging for
STS. A study of STS patients reported that no additional metastatic le-
sions were detected by metabolic imaging compared to CT imaging
(Piperkova et al., 2009). Similarly, a separate study reported that PET/
CT imaging were negative for distant disease in 91 STS cases (Roberge
etal., 2012). Of the 14 positive scans, 6 patients were previously known
to have metastases, 3 were false positives while 5 represented new
findings of metastasis with a positive predictive value (PPV) of 79%
(Roberge et al., 2012). These 5 patients (4.5%) were upstaged by FDG-
PET/CT (Roberge et al., 2012). These studies suggest that routine use of
FDG-PET/CT imaging as part of the initial staging of STS altered

management in a limited number of patients. Overall, the utility of
FDG-PET/CT for the initial staging of sarcoma remains to be clearly
established where further prospective studies are needed to determine
the added role of PET/CT imaging in specific subtypes. Although a high
proportion of sarcoma are FDG-avid, use of routine PET/CT imaging for
detection of metastatic disease as part of initial staging for sarcomas is
not generally recommended as it alters management in few cases. PET/
CT imaging may be recommended in sarcomas with greater risk of bone
or retroperitoneal involvement as well as those with a greater prob-
ability of lymphatic involvement, such as myxoid liposarcoma, leio-
myosarcoma, synovial sarcoma and rhabdomyosarcoma. This would
aid in increasing the yield of staging by limiting its use to patients who
are either at greater risk of systemic disease or expected to have a
higher proportion of extrathoracic metastases.

Recurrent disease may be found in up to 80% of patients within the
first 3 years following treatment, thus careful surveillance is required,
particularly in higher-grade tumours or on the basis of clinical suspicion
(Piperkova et al., 2009). PET/CT imaging has demonstrated in a few
studies to be helpful in assessing possible local recurrence and per-
forming restaging. In particular, PET/CT scans showed higher sensi-
tivity and specificity in detection of local recurrence of 100% and
95.96% respectively in comparison with 97.2% and 63.5% for CT
imaging (Piperkova et al., 2009). A separate study also showed that
PET/CT had greater sensitivity and specificity of 94% and 78% re-
spectively in the detection of recurrent bone or STS compared with CT
alone (Byun et al., 2015). Similarly, additional studies demonstrated a
high accuracy for FDG-PET/CT in detection of tumour recurrence with
sensitivity and specificity of up to 96% and 81% respectively in bone
and STS (Fuglo et al., 2012; Gerth et al., 2007; Eugene et al., 2012). As
such, combined PET/CT imaging showed greater diagnostic accuracy in
comparison with other conventional imaging in identification of re-
current disease. However, various benign processes may demonstrate
increased glycolytic metabolism and FDG accumulation giving rise to
false-positive results, such as infectious diseases, postsurgical and post-
radiotherapy status as well as utilisation of granulocyte colony-stimu-
lating factors (Al-Ibraheem et al., 2013). For example, high levels of
FDG accumulation were reported in post-operative and post-traumatic
inflammation, osteomyelitis as well as active granulomatous disease.
Moreover, a study found evidence of avid FDG accumulation in



Critical Reviews in Oncology / Hematology 143 (2019) 1-13

H.J. Lim, et al.

-anfea aandIpaid aaneSaN AN enfea 2AndIpaid 2AnISod Add

dn-morjoj sunnoi 3urmp 1o (3urdewr uo Jo A[[edrur) pardadsns st
1 UayM ‘ewrodtes Suimy Telafeys Arewrtid ym sjuaned UT 90ULIIMDIAI
Bunoaep 105 Loemode onsouderp Y3y seyensuowdp 10/ IAd DAL

UOTIBOYTPOUI JUSUNEII) UT PIY[NSaT Y2Iym [D/IHAd DAL parerdajur
Aq ApoA1snpxa syusnied g UI Pajddldp SEM IDUILINIAI ISBISI
anown) Suimy yIm

syuaned 1oy Surde)s soroxduwir pue SUOISI] JO UOIIBZI[BDO0] PUB UOTIIIP
91 10J duO[e [Hd UeY) 2JBINIIE dI10W APUedyrusis st [D/IAd

260

880
L0
¥6'0

88°0

€6°0

280
19°0

00'T

(€9) ewodres Suimy

(€) rwodIesoIpUOY) (6) BUIOdIRS UMY
(6) BWODIRS031SO

(1) SON ewodIes

(1) ewodIesoAuwopqeyy

(1) eUIODIES [RIAOUAS

() eWODIES [[92 IBI[D

() ewoifd0onsiy snoiqy JueudifeA

() ewodresodry

(ZT) eUWODIBSOAWOTT

06°0 480 S6°0

260 880
06°0 880
- 46'0

68°0
£9°0
£48°0

(€S) ewodres Juimy

(1) w0

UMOUYUN WOJJ BUIOJIES DNIBISBISIN
(1) [eWLISPOIIV0ISN

(2) ewouuemyds

() PWOdIBSOIqYOAIN

() ewodres Suimy

(€) 1s1D

(g) ewodresorSuewaeH (g)
BUIOJIBSOIPUOYD) ‘({) BUWIODILS [RIAOUAS
(G) ewodresoIqrg

(6) ewOdIRSOAWIOPqRY

(GT) ewodIes d1ua8021sQ

(91) ewodresodry

(£T) eu0d1BSOAWOTT

- S6°0 140

L6'0 26’0 00'T

(€102 “[e 12 eULIRYS) TR 319 ‘DY

€S ID/LAd [[eWAQ  UBWNS ‘D Wequiddueyy ‘d BuLeys

1D/13d
144 Ldad
12/13d

e 1
rerA0 AN zudg YV YINg ‘V WadyeIql-[V
(£00Z “Te 12 [)19D) Te 12

€S 14d [[eIdAO ‘N uRSIIQ ‘N SudIeN( ‘NH YD

(600T “Te 10 eAOIdId)

€6 1D [BIPAQ  V IABSNON ‘N [IREUNIA ‘A eaoy1adig

JuowaSeury uo joeduy

Ademdoy

AdN

Add Apypads  Aanisusg sadfyqng

syuaned

jo'oN Anepoy Surdeis (s)Ioyny

‘sewodIes jo Surdeysar ur 1D/LAd Jo Ann
¥ d1qelL

10



H.J. Lim, et al.

Table 5
Summary of recommendations of PET/CT imaging in sarcoma.

Critical Reviews in Oncology / Hematology 143 (2019) 1-13

Utility of PET/ CT Imaging Recommendations

Limitations

Tumour grading and

prognostication overall survival

® Significant correlation between SUVy,.x and tumour grading as well as

® Limited usefulness in differentiating between low-grade and
benign grade tumours

® Discriminative ability of tumour SUV to differentiate low- from high-

grade sarcomas in suitable subtypes

Evaluation of treatment °
response

histopathologic response

In STS, =60% decrease in FDG uptake resulted in sensitivity and
specificity of 100% and 71% respectively for assessment of

In osseous sarcoma, =60% decrease in FDG uptake resulted in sensitivity

and specificity of 75% and 88% respectively for assessment of metabolic

responders
Staging o
metastases

May be more useful for staging of sarcomas with a higher probability of

Increases the yield of staging by limiting its use to patients who are either

® Largely retrospective studies
® Contrasting results from studies obtained where PET/CT in
the initial staging had limited impact on patient management

at greater risk of systemic disease or expected to have a higher

proportion of extrathoracic metastases

Restaging
compared to conventional imaging

abnormal findings

Superior sensitivity and specificity in detection of local recurrence

High NPV on PET/CT imaging helps to exclude malignant deposits in

® Largely retrospective studies

® Benign processes and tumours may demonstrate increased
glycolytic metabolism and FDG accumulation giving rise to
false-positive results

multiple benign tumours, including giant cell tumour, chondroblastoma
and Langerhans cell histiocytosis (Sharma et al., 2013; Abouzied et al.,
2005). Likewise, fibroxanthomas and cortical desmoid tumours may
appear metabolically active on FDG-PET/CT imaging (Sharma et al.,
2008). Conversely, various factors may contribute to false negative
results, such as sarcoma grading and initial FDG-negative primaries. A
study reported that the majority of these negative false tumours were
interpreted as potentially low-grade sarcoma even when the size was
greater than 5 cm (Tateishi et al., 2011). Hence, the need for correlative
imaging is essential in these circumstances to accurately define lesions.
A summary of recommendations has been included in Table 5, which
highlights the utility of PET/ CT imaging in conjunction with limita-
tions in the various aspects of sarcoma progression.

Moving forward, PET/CT imaging has the potential to yield addi-
tional information that could improve diagnosis and individually tailor
cancer treatment. Several alternative PET radiopharmaceuticals are
currently being investigated in pre-clinical and early clinical trials
which have the potential to reveal biologically relevant tumour aspects,
including growth rate, oxygen use and blood supply of tumours (Goodin
et al., 2006). The use of PET may be extended with the use of other
radiopharmaceuticals that are more specific than FDG for biologically
relevant tumour aspects (Baur-Melnyk et al., 2008). Agents that report
on aspects of tumours that contribute to tumour resistance and biologic
aggressiveness are currently under study in the sarcoma patient popu-
lation. For example, new PET tracers currently being investigated for
use in sarcoma include '®F-fluorothymidine (*®F-FLT) and '®F-mis-
onidazole (*¥F-MISO) (Buck et al., 2008). *®F-FLT is an analogue of the
nucleotide thymidine and used as a marker of DNA synthesis. When
used before and following treatment, 'F-FLT may help determine the
extent to which tumour growth is reduced in response to therapy (Buck
et al., 2008). This is particularly relevant for sarcomas in which use of
newer cytostatic agents leads to a slower rate of tumour growth rather
than tumour reduction. Furthermore, *®F-FLT-PET may allow changes
in cell proliferation to be observed earlier and to a greater extent
than'®FDG-PET (Pichler et al., 2008; Pfannenberg et al., 2007). 18p.
MISO is a marker of tumour hypoxia which is known to confer re-
sistance to both radiotherapy and chemotherapy (Daftary, 2010;
Frangioni, 2008). Hence, these novel radiopharmaceuticals in may play
significant roles in the evaluation of treatment response in sarcoma
patients.

5. Conclusion

In conclusion, PET/CT imaging provides useful complementary

11

information that needs to be interpreted in the overall context of pa-
tients’ clinical evaluation. PET/CT is an important contributor towards
sarcoma grading, prognostication and evaluation of treatment response.
The level of FDG-uptake of the primary tumour has prognostic im-
plications, allowing the classification of tumour risk and selection of
patients who may benefit from closer surveillance and more aggressive
treatment. In selected clinical cases, PET/CT imaging may be re-
commended due to a large impact on clinical care, such as in sarcomas
with greater risk of bone or retroperitoneal involvement or in those
with a greater probability of lymphatic involvement. Nonetheless,
larger prospective trials will be helpful to further establish the clinical
value of PET/CT in sarcoma staging and restaging.
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