EDITORIAL

s it time o incorporate fludeoxyglucose
PET/CT markers info sarcoma prediction

models?

“..PET/CT can provide precise, reproducible information on tumor size and
multifocality, and is strongly correlated with the histopathological features that
make up the Federation of Cancer Centers Sarcoma Group grading system.”
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Sarcomas are relatively rare primary malignan-
cies that originate from the embryonic meso-
derm and are responsible for less than 1% of
adult cancers, but comprise approximately 6%
of childhood malignancies [1]. Despite aggres-
sive therapy, including surgery, adjuvant chemo-
therapy and radiotherapy, sarcoma patients’
prognosis remains guarded and overall survival
has not improved substantially over the past
few decades; 40% of patients with high-grade
lesions will die from metastatic disease [1].

At initial histopathologic diagnosis, sarcoma
grading is a fundamental step in patient evalua-
tion and plays a prominent role in overall stag-
ing. As recognized by WHO, there are two
principle grading systems — the National Cancer
Institute and the French Federation of Cancer
Centers Sarcoma Group (FNCLCC) [2]. The
more widely-used FNCLCC grade is based on
three parameters: tumor differentiation, mitotic
activity and necrosis. Each of these parameters
receives a score: differentiation (1-3), mitotic
activity (1-3) and necrosis (0-2). The sum of
the scores generates a grade: grade 1 is a score of
2-3, grade 2 is 4-5 and grade 3 is 6-8.

Sarcomas are extremely heterogeneous tumors,
which often contain high-grade components,
in addition to lower-grade areas. Frequently,
sarcomas show intraturmoral necrosis, further
complicating histopathological assessment. As
a result of this heterogeneity, difficulty arises in
accurately grading sarcomas as the assessment
becomes dependent on which part of the sarcoma
was biopsied and/or selected for histologic exam-
ination by the pathologist. Significant patholo-
gist interobserver variability exists when deter-
mining the histological sarcoma type, presence
of necrosis and quantifying mitotic activity [3].
Given the importance of accurately determining
tumor grade — and subsequently prognosis and

treatment — there is much need for metabolic
imaging modalities to provide synergistic, repro-
ducible and nonoperator-dependent variables for
this assessment.

BE-fludeoxyglucose (FDG) PET/CT is sensi-
tive and specific in the TNM staging and restag-
ing of sarcomas (4.5]. In addition, the metabolic
information provided by FDG PET/CT corre-
lates positively with the individual FNCLCC
system markers and overall sum. Several stud-
ies have shown that FDG PET/CT correlates
with overall tumor grade; a meta-analysis of
over 440 patients observed that a large majority
of intermediate- and high-grade sarcomas can
be correctly identified using metabolic FDG
PET quantification, using a cutoff of SUV__
of 2.0 or more [6]. Similatly, Eary et al. accu-
rately employed FDG PET/CT in 70 patients
to differentiate between the histologic grades
of the National Cancer Institute grading sys-
tem. Furthermore, in a histopathological review
of 136 soft tissue and osseous sarcomas, it was
shown that SUV_ correlated positively with
degree of tumor necrosis [7]. Several studies have
demonstrated SUV__ correlates with mitotic
count; Folpe et al. compared SUV_ of 89 sar-
comas with mitotic count and found a strong
correlation between the two variables [s].

Given that the metabolic data, specifically
SUV__, from FDG PET correlates so well with
the sarcoma FNCLCC system components,
the authors wonder why PET/CT has not been
more widely incorporated into sarcoma predic-
tion models. Moreover, PET/CT information is
often available well before final histopathological
assessment as it is commonly ordered dur-
ing initial staging. The prognostic value of
FDG PET/CT for malignancies has been well
described in the literature; PET/CT results
correlate with prognosis in lung cancer [9.10],
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esophageal cancer [11], anal cancer [12] and in
sarcomas [13]. These results strongly support the
use of PET/CT in prognostic scoring models.

A standard prognostic tool is indispens-
able in the evaluation of rare tumors, such as
sarcomas and for managing therapy for indi-
vidual patients. Treatment regimens are driven
not only by sarcoma subtype and grade, but
also by prediction models to assess how well a
patient will fare. For example, a patient who is
at high mortality risk due to their sarcoma, is a
prime candidate for more aggressive treatment.
One of the most widely used sarcoma predic-
tion models is the Memorial Sloan-Kettering
Cancer Center Sarcoma Nomogram [101]. The
Sarcoma Nomogram allows for integration of
several prognostic variables to aid the multi-
disciplinary team in a complex decision-making
process.

“..the authors envision a future
multidisciplinary sarcoma tumor board
meeting where a presurgery evaluation of
prognosis is undertaken...”

The Memorial Sloan-Kettering Cancer Cen-
ter Sarcoma Nomogram prognostic model uti-
lizes the following information: sarcoma sub-
type, patient age, tumor size and depth, disease
site, histology, and tumor grade. The model esti-
mates a specific probability of disease-specific
mortality for the 12-year period following sur-
gery. The Memorial Sloan-Kettering Cancer
Center Sarcoma Nomogram was validated in
an analysis with more than 1000 patients, which
confirmed that it provided accurate survival pre-
dictions (14]. Since FDG PET/CT can provide
accurate and rapid information about the tumor
size, depth and site, and shows strong correlation
with the tumor grade, it appears logical that this
information should be included in a prediction
model for sarcomas. Furthermore, FDG PET
provides this data in a timely fashion, with excel-
lent interobserver agreement and does not suffer
from the sampling biases of histopathology in
highly heterogeneous sarcomas.

Newer sarcoma prediction models, such as
the one specifically designed for retroperitoneal
soft tissue sarcomas, incorporate other prog-
nostic features including tumor size, FNCLCC
grade, histologic subtype and multifocality [15].
Again, PET/CT can provide precise, reproduc-
ible information on tumor size and multifocality,
and is strongly correlated with the histopatho-
logical features that make up the FNCLCC
grading system [7.8,16].
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Given that FDG PET/CT correlates with
several of these prediction model variables and
with mortality [13], the authors hope to see a
future large prospective study to design a sar-
coma prediction model that incorporates the
readily available and reproducible anatomic and
metabolic data from FDG PET/CT. PET/CT is
widely available in North America and Europe
in major oncologic centers and is the standard
of care for sarcoma patients where available —
cost and accessibility should not be barriers
to implementation. In fact, the authors envi-
sion a future multidisciplinary sarcoma tumor
board meeting where a presurgery evaluation of
prognosis is undertaken; FDG PET/CT would
provide an estimate of tumor size, site, hetero-
geneity, multifocality and tumor necrosis and
grade, thus allowing a rapid initial evaluation
of sarcoma prognosis — even guiding surgi-
cal technique. Moreover, in cases where there
was pathological interobserver disagreement
or where classification using histopathologic
criteria alone was suboptimal, FDG PET data
could be complementary and possibly guide
additional biopsy to an area that would resolve
the ambiguity.

Future perspective

The future of sarcoma molecular imaging is
bright with the evolution of hybrid PET/MRI,
which has the ability to provide superior ana-
tomical soft tissue resolution as compared
with PET/CT, in addition to the metabolic
data of PET. Also, new PET tracers such as
3’-deoxy-3’-["*F] fluorothymidine, which has
shown a lot of early promise in tumor node
metastasis staging and noninvasive grading,
and [*®F] fluoromisonidazole, which can be
used to asses tumor hypoxia and grade, are
actively being investigated. These advances in
the field, although not ready for routine clinical
use at the time of writing, are exciting pros-
pects that likely represent the future of disease
management.

Conclusion

In conclusion, we believe that it is time to
investigate an FDG PET/CT-based prediction
model in sarcoma patients. This modality is
an extremely detailed, available, reproducible,
noninvasive imaging technique that can clearly
contribute valuable information in determining
prognosis in this rare, heterogeneous and highly
lethal group of tumors. We hope to see a large
trial undertaken within the next few years, to
advance care for these patients.
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