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Purpose :

FBPADRFEFNLIZ BT 2PETHNT & 11c—METK OM18F—FDG & D Hiis
B OBOWL, JEES O ES2, B H£AL o EES,
&F TRz, WK RS, BB -, InpE 5L,
THE) OEAL ME JiE
PRKREEFBE, PKERYFA A —D 0 T RENRHEIE,
SR ST e [ S A AT 0

We evaluated the accumulation of 18F-FBPA, 11C-Met and 18F-FDG in

inflammatory lesion to differentiate from tumor.

Methods :

Rats with subcutaneous inflammation induced by turpentine oil (n=9)

and xenograft models of C6 glioma(n=6) were investigated by PET of
18F-FBPA( 60min post injection ), 11C-Met( 20min post ) and 3F-FDG( 60min post ).

Results : SUVmax of inflammatory lesion and turnor were 19 £ 0.2/ 3.2+ 0.4 in
18F-FBPA, 1.4+ 0.1/ 3.4+ 0.4 in 11C-Met, and 4.3 + 1.0/ 7.2+1.9 in 8F—FDG.
Accumulation of 18F-FBPA and !!C-Met in infiammatory lesion was significantly
lower than that of 8F—FDG ( p<0.01 and <0.01 respectively ) .

Conclusion : 18F-FBPA can be used to differentiate between inflammatory lesion

and turnor.
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Abstract :

Purpose The aims of this study were to evaluate the
possibility of using 'C-methionine (*'C-MET) and ''C-4-
thiothymidine (*!C-4DST) whole-body PET/CT for the
imaging of amino acid metabolism and DNA synthesis,
respectively, when searching for bone marrow involvement
in patients with multiple myeloma (MM) and to compare
these findings with those for '®F-FDG PET/CT and aspi-
ration cytology.

Methods A total of 64 patients with MM, solitary plas-
macytoma, monoclonal gammopathy of undetermined

FDG, MET, 4DST PET/CT for myeloma.
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significance, or an unspecified diagnosis were prospec-
tively enrolled. All the patients underwent three whole-
body PET/CT examinations within a period of 1 week.
First, the tracer accumulation was visually evaluated as
positive, equivocal, or negative for 55 focal lytic lesions
visualized using CT in 24 patients. Second, the percentages
of marrow plasma cells as calculated using a bone marrow
aspiration smear and tracer accumulation were evaluated in
the posterior iliac crests of 36 patients.

Results Among the 55 lytic lesions, the ''C-MET and
11C-4DST findings tended to reveal more positive findings
than the '®F-FDG findings. Based on the standard criteria
for the diagnosis of active myeloma using the percentage of
marrow plasma cells, significant differences were found
between the '*F-FDG and ''C-MET findings and between
the '"F-FDG and ''C-4DST findings, but no significant
difference was observed between the 'C-MET and
1C-4DST findings.

Conclusion The addition of '""C-MET and ''C-4DST to
"¥F_.FDG when performing PET/CT enabled clearer evalu-
ations of equivocal lesions. Based on cytological diagnostic
criteria, "'C-MET and ''C-4DST were more sensitive than
®F.FDG for the detection of active lesions. "'C-MET and
"'C-4DST were more useful than '*F-FDG for the detection
of active lesions, especially during the early stage of disease.

Keywords FDG - Methionine - ''C-4'-thiothymidine -
PET/CT - Multiple myeloma

Introduction

Multiple myeloma (MM) is characterized by the neoplastic

proliferation of plasma cells [1], and the majority of mye-
loma cells produce monoclonal immunoglobulins or

@ Springer
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immunoglobulin-related proteins and various proteins
causing complications. MM may present with both osseous
and extraosseous manifestations and accounts for 1 % of all
malignant diseases [2] and about 10 % of hematologic
malignancies [3]. Symptoms develop as a result of anemia,
immunosuppression, renal failure, hypercalcemia, and bone
destruction resulting in frequent pathologic fractures [4].
MM typically evolves from a premalignant condition called
monoclonal gammopathy of undetermined significance
(MGUS), with M (monoclonal)-protein detected in blood or
urine. Typically, end-stage organ damage does not occur in
MGUS or in a more progressed condition called smoldering
MM. MGUS and smoldering MM are usually not treated [5,
6]. The new Durie/Salmon PLUS staging system has inte-
grated new imaging techniques into a new generation of
anatomic and functional myeloma staging [7].

Morphologic imaging techniques, such as X-ray, com-
puted tomography (CT), and magnetic resonance imaging
(MRI), show the extent of tumors but not their activity or
their viability; thus, these techniques have limitations when
assessing the treatment response or early progression.

"E_.FDG PET/CT is a non-invasive, whole-body imag-
ing method that has been widely used to detect malignant
tissues and to monitor treatment response in patients with
solid tumors and lymphoma [8, 9]. In addition, the tech-
nique is useful for examining the function of the red marrow
and for detecting bone marrow involvement in both benign
and malignant disorders. Consequently, '"*F-FDG PET/CT
is well recognized as a powerful diagnostic tool for the
initial staging of patients with MM [10]. In addition, '°F-
FDG PET/CT is also useful for evaluating the response to
therapy [11], such as the restaging of MM [12].

However, '®F-FDG accumulation in the areas of inflam-
mation or infection may obscure accurate evaluations of the
therapeutic effects on tumor tissues [13]; hence, false-neg-
ative results have been reported for '*F-FDG, especially in
patients with early stage MM [11]. The use of new tracers
capable of compensating for the limitations of '*F-FDG
could be very helpful for detecting active myeloma lesions
more accurately than with I8E_FDG alone.

The use of !'C-methionine (”C—MET) and '®F-fluoro-
deoxy-L-thymidine (‘*F-FLT) has been reported for the
evaluation of MM. '®F-FDG, '!C-MET, and '*F-FLT have
different mechanisms of tracer uptake, enabling the visu-
alization of the metabolic status of glucose, amino acid
metabolism, and proliferative activity, respectively, in
bone marrow and extramedullary lesions [14].

"'C-MET is a widely used tracer for the imaging of
brain tumors [15]. An increase in HUC.MET uptake in the
bone marrow reportedly reflects an increase in cellular
proliferation and protein synthesis [16]. MM is character-
ized by the neoplastic proliferation of plasma cells and the
production of monoclonal immunoglobulins. Dankerl et al.

@ Springer

reported that the increase in methionine uptake in plasma
cells is the basis for the imaging of active MM using 'C-
MET PET/CT, and peripheral bone marrow expansion has
been observed in MM patients. Extramedullary MM can
also be detected and localized with a high sensitivity using
'"'C-MET PET/CT [16].

"EFLT is a tracer that monitors the activity of thymi-
dine kinase one and its uptake and hence is related to DNA
synthesis, which is a surrogate marker for cellular prolif-
eration. Therefore, "*F-FLT may help in differentiating old
and inactive lytic lesions from foci of rapidly proliferating
MM cells, which could be potential targets for local radi-
ation treatment [14].

Alternatively, Toyohara et al. developed [methyl-''C] 4'-
thiothymidine (''C-4DST) as a novel tracer for imaging cell
proliferation. 'C-4DST is a promising tracer because after it
has been incorporated into DNA, the occurrence of labeled
nucleotide dephosphorylation (which can be an issue with
BE_FLT) is relatively rare [17]. This irreversible nature of
"1C-4DST is expected to contribute to a more sensitive tumor
uptake than '®F-FLT. Indeed, the tumor uptake of ''C-4DST
was higher than that of *H-FLT and was correlated with the
DNA synthesis level in animal models [18]. Initial clinical
trials of ''C-4DST have demonstrated its safety, radiation
dosimetry, and application for brain tumor imaging [19].

Furthermore, Minamimoto et al. applied ''C-4DST
PET/CT to proliferation imaging in non-small cell lung
cancer and demonstrated a strong correlation between ''C-
4DST uptake by tumor tissues before surgery and the MIB-
1 index of the surgical pathology findings (a standard
marker of proliferation). A linear regression analysis
indicated that the SUVmax for ''C-4DST was not signifi-
cantly correlated with the microvessel density, as deter-
mined using CD31 staining [20]. Thus, ''C-4DST and
blood flow are not correlated, whereas ''C-4DST is cor-
related with cell proliferation. Based on these conclusions,
we hypothesized that ''C-4DST might be capable of
detecting the proliferation status of MM more sensitively
than '®F-FLT. Hence, we selected ''C-4DST as a repre-
sentative marker of in vivo proliferation.

The aim of the present study was to evaluate the
potential of whole-body ''C-4DST and ''C-MET PET/CT
imaging for the detection of bone marrow involvement in
patients with MM and to compare the results with those
obtained using BE_FDG.

Materials and methods

Patients

Between October 2010 and October 2011, a total of 64
patients with MM or MGUS (40 men, 24 women; mean



Ann Nucl Med

age, 58.3 years; range 33-84 years) were prospectively
enrolled in this study (Table 1). All the patients were
diagnosed as having MM or MGUS based on the criteria
defined by the International Myeloma Working Group.
Twenty-one patients were previously untreated, and 43
patients were restaged after treatment. All the patients
underwent three whole-body PET-CT scans with BE_FDG,
"'C-MET, and ''C-4DST within a period of 1 week.

MM is not a solid tumor but a hematological malig-
nancy that appears as a mottled lesion distributed in the
bone marrow. Consequently, biopsies of MM lesions are
difficult to perform, and the tumor range can be difficult to

Table 1 Characteristics of total patients, aspiration patients, and CT
patients

Parameter Patients
Total® CT Aspiration
Subjects () 64 24 36
Before therapy (n) 21 6 12
Restaging () 43 18 24
Age (years, mean = SD) 583 £ 10.7 563 £ 11.2 59.6 &+ 9.47
Range 33-84 36-80 36-80
Sex (male/female) 40/24 16/8 21/15
Type of myeloma
Heavy chain component
IgG 36 15 20
IgA 8 3 5
IgD 1 0 0
IgM 1 0 0
BJP 9 3 6
Non-secretory 1 0 1
MGUS 3 0 1
Solitary plasmacytoma 4 3 1
Light chain component
Kappa 33 15 19
Lambda 19 5 11
Unspecified 3 1 1
Initial stage (Durie/Salmon)
I 12 2 6
I 14 5 8
I 28 13 17
A 45 17 27
B 7 8 5
Unspecified 2 1 1
MGUS 3 0 3
Solitary plasmacytoma 5 1 1
Non-secretory 1 0 1
Unspecified 1 0 0

BJP Bence Jones protein, MGUS monoclonal gammopathy of unde-
termined significance

# Total = CT + aspiration + other

discriminate. Thus, methods for evaluating MM require
special consideration.

To compare lesion visualization, we focused on focal
lytic lesions visible using CT for which the lesion locali-
zation was obvious and the tracer uptake by the lesions in
the three PET studies could be easily and accurately
compared. Twenty-four patients who had focal lytic lesions
visible using CT were enrolled in Study 1. The remaining
patients did not have focal lytic lesions, but instead had
diffuse lesions or normal findings when examined using
CT.

To verify tracer uptake by the lesions, we focused on
lesions for which bone marrow aspiration cytology was
performed. Thirty-six patients underwent bone marrow
aspiration cytology within 1 week of the three PET/CT
scans (Study 2). The remaining patients did not undergo
bone marrow aspiration cytology within 1 week of the
PET/CT scans. Fifteen patients were not enrolled in either
study (Fig. 1).

The present study was approved by the institutional
review board, and written informed consent was obtained
from all the subjects.

PET/CT examination

An in-house cyclotron and automated synthesis system
(F200 Sumitomo Heavy Industries, Tokyo, Japan) pro-
duced the F-FDG. ''C-MET and 'C-4DST were syn-
thesized as reported previously [19, 21]. The PET/CT
images were obtained using two PET/CT systems (29
patients: Biograph 16; Siemens, Miinchen, Germany; and
35 patients: Discovery PET/CT 600; GE Healthcare,
Fairfield, CF), with measurements obtained from the vertex

Total Patients (64 Pts)

Patients enrolled in both (11Pts)

Study1l
Focal lytic [
lesion

(24 Pts)

\ Study?2

";3 (36 Pts)

15 Patients were not enrolled in these study.

Fig. 1 Sixty-four patients underwent three whole-body PET-CT
scans using 18F-FDG, 11C-MET, and 11C-4DST within a period of
1 week. Twenty-four patients with focal lytic lesions visible on CT
images were enrolled in Study 1. The remaining patients did not have
focal lytic lesions. Thirty-six patients underwent bone marrow
aspiration cytology within 1 week of the three PET/CT scans and
were enrolled in Study 2. Eleven patients were enrolled in both
studies
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