Comparison of measured values on "'C-methionine
and "®F-fluorodeoxyglucose PET obtained with two
different scanners in normal brain and brain tumor
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[Abstract]

OBJECTIVE. The purpose of this study is to investigate if there were differences between the measured values obtained
with 2-dimensional (2D-system) versus 3-dimensional acquisition system (3D-system) in positron emission tomography
(PET) scans of the normal brain and brain tumors. MATERIALS AND METHODS. PET scanning with ''C-methionine (MET-
PET) or "*F-fluorodeoxyglucose (FDG-PET) was performed using two scanners which were equipped with 2D-system
and 3D-system. In 121 patients with various types of brain tumors, Regions of interest were placed in the normal brain
structures and the standard uptake values (SUVs) were measured. In 35 patients with diffuse astrocytoma and 18 patients
with meningioma, the tumor/normal brain ratio (T/N ratio) was calculated using the maximum SUV of the tumors and
the mean SUV of the normal frontal cortex. RESULTS. The mean SUV of the normal brain structure acquired on the
3D-system was significantly lower than those on 2D-system for both MET and FDG-PET. The mean T/N ratio of diffuse
astrocytoma from 3D-system was significantly lower than that from 2D-system with MET-PET, but there was no significant
difference in the T/N ratio with FDG-PET in both brain tumors. CONCLUSION. This study suggest that with tumors in
which the SUV was higher than that of the normal brain, which resulted in a lower T/N ratio obtained with 3D-system
than that with 2D-system. With tumors in which the SUV was equal to or lower than that of the normal brain, which
resulted in a T/N ratio obtained with 3D-system was approximately equal to that with 2D-system.
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used as the critical diagnostic modality '*'7.

PURPOSE

Recently, the number of clinics that use PET

Diagnosis of brain tumor by molecular im-
aging is essential for the evaluation of malig-
nancy, prognosis, and to suggest a strategy for

Y Also, for brain tumors, a num-

treatment
ber of studies that report the use PET scan-
ning have been published. In this decade, our
group has published several studies of brain

tumors and related diseases in which PET was
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scanners has increased. At the present time,
there are five medical equipment production
companies producing PET scanners in the
world. We need more comparative discussions
regarding PET imaging of brain tumors ob-
tained from different types of scanners world-
wide in the literature and at meetings. In such
settings, the data obtained from the different
PET scanners used in the various institutes may
not correspond. This issue should be noted
and the measured values should be investigat-
ed. In our hospital, we had been using an AD-
VANCE NXi (NXi) Imaging System, equipped
with a 2D acquisition system, and then transi-
tioned to an Eminence STARGATE (SG), which
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is equipped with a 3D acquisition system.
There was a large amount of accumulated data
in brain tumors, which could be compared and
differences in the data characteristics obtained
from the two different PET scanners could
be evaluated. To the best of our knowledge,
there are no previous investigations compar-
ing brain tumor imaging from a 2D acquisition
system to that from a 3D acquisition system.
The purpose of this study is to investigate if
there were differences between the measured
values obtained with 2D versus 3D acquisition
systems from PET scanners in the normal brain
and brain tumors.

MATERIALS AND METHODS

PET scanner

Data used in this study were obtained from
two different PET scanners. One was an AD-
VANCE NXi Imaging System equipped with a
2D acquisition system that provided 35 trans-
axial images at 4.25 mm intervals with an in-
place spatial resolution (full width on transaxi-
al images) of 4.8 mm and an aperture width of
the Z-axis direction of 150 mm (General Elec-
tric Yokogawa Medical Systems, Hino, Tokyo,
Japan) (NXi), which had been used from 2006
to 2011. The other scanner was an Eminence
STARGATE equipped with a 3D acquisition
system that provided 99 transaxial images at
2.65 mm intervals with an in-place spatial reso-
lution (full width on transaxial images) of 3.5
mm and an effective visual field of the Z-axis
direction of 260 mm (Shimadzu Corporation,
Kyoto, Japan) (SG), which has been used since
2011. The PET radiotracers, ''C-methionine
(MET) and "“F-fluorodeoxyglucose (FDG) were
used in this study. Table 1 indicates the me-

chanical characteristics of these two scanners.

Patients

4,602 patients with brain tumors received
PET scans in the Chubu Medical Center for
Prolonged Traumatic Brain Dysfunction, Kiza-
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Table 1 Summary of the characteristics of the two
PET scanners

NXi SG
Equipped detector BGO GSO
Detector size (mm) 4.25x35 3.25x99
Aperture width (mm) 150 260
Acquisition system 2D 3D
Special resolution (mm) 4.2 35
Reconstruction OS-EM DRAMA
Iteration 2 1
Subset/Filter Cycle 14 128
Matrix 128x128 128x128

wa Memorial Hospital from July 2006 to March
2013. Among them, 121 randomly selected
patients with various types of localized small
brain tumors were enrolled in this study for
the evaluation of the measured values on PET
in normal brain structures. For the PET scan-
ning, the NXi was used in 66 patients (mean
age: 42.3 +13.6 years, 33 males) and the SG
was used in 55 patients (mean age: 44.2 *
14.5 years, 33 males). In addition, another 35
patients with diffuse astrocytoma (DA) and
19 patients with meningioma (MEN) that had
the tumor type histologically confirmed were
also enrolled in this study. For the PET scan-
ning in patients with DA, the NXi was used in
20 patients (mean age: 47.4 = 16.3 years, 10
males) and the SG in 15 patients (mean age:
44.5£19.9 years, 8 males). For PET scanning
in patients with MEN, the NXi was used in 13
patients (mean age: 68.0 = 10.6 years, 4 males)
and the SG in 6 patients (mean age: 63.5 * 24.2
years, 1 male). Patients with DA or MEN were
included in this study because these tumor
types were representative tumors in which the
radiotracer uptake within the lesions is homo-
geneous from our experience. No patients had
undergone prior surgeries or adjuvant thera-
pies. The study was approved by the institu-
tional review board (27-025), and all subjects
signed a written informed consent [or need for

written informed consent was waived].

Data acquisition on PET
Participants were placed in the PET scanner
so that axial slices were parallel to the cantho-
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meatal line, and the head was fixed to reduce
body movement during the scan. In the NXi, a
germanium-68 gallium rotating pin source was
used to obtain a 3-min transmission scan and
the radiopharmaceutical (MET: 5.0 MBq/kg,
FDG: 5.0 MBg/kg) was injected intravenously
via the cubital vein. With the MET-PET, we
started a 30-minute emission scan 5 minutes
after administration of the radiopharmaceutical
and with the FDG-PET, a 7-minute emission
scan was acquired at approximately 35 min-
utes after administration. Conversely, with the
SG, a cesium-137 rotating pin source was used
to obtain a 4-min transmission scan and the
radiopharmaceutical (MET: 3.5 MBq/kg, FDG:
3.5 MBq/kg) was injected intravenously via the
cubital vein. With the MET-PET, we started a
35-minute emission scan at the time of admin-
istration, and with the FDG-PET, a 10-minute
emission scan was acquired approximately 45
minutes after radiotracer administration.

The static scans were reconstructed with
attenuation correction using data from the
transmission scan. The PET images were co-
registered to an MRI that was performed on
the same day, for better anatomical determina-
tion. Image fusion was performed by an im-
age analysis program in combination with Dr.
View/Linux image analysis software (Asahi Ka-
sei Information System, Tokyo, Japan), using a
method described by Kapouleas, et al. '*.

In the 121 patients with various brain tu-

mors, 10 mm circular regions of interest (ROIs)

Arts and
Sciences

were drawn manually with reference to the
MRI which was superimposed on the PET im-
age in normal brain structures that included the
brainstem, thalamus, grey and white matter,
and cerebellum, and avoided regions which
were shifted or invaded by brain tumors or
edema. ROIs were decided with agreement
of three neurosurgeons and three radiological
technologists who are experts in PET examina-
tion. As a rule, the ROIs in the grey and white
matter were placed bilaterally in the frontal
side of the parietal lobe in which the body of
the lateral ventricles couldn't be seen (Fig.1),
however if the frontal side of the parietal lobe
was shifted or invaded by brain tumor or ede-
ma, the ROIs were placed toward the occipital
side of the parietal lobe. The ROIs in the thala-
mus were placed at the center of the thalamus
bilaterally in the plane in which the basal gan-
glia could be seen (Fig.1). Eight of the ROIs
in the thalamus in NXi and eleven of those
in the thalamus in SG were omitted because
those were shifted or invaded by brain tumors
or edema. The ROIs in the cerebellum were
placed bilaterally in the plane in which the cer-
ebellopontine angle could be seen (Fig.1), and
the ROIs in the brainstem were placed in the
middle pons level, as reported by Uda et al. "
(Fig.1). A summary of all the ROIs are detailed
in Table 2.

The ROIs in the DAs were manually drawn
by tracing the tumor boundaries in an axial
plane of a fusion image of the T2WI/MET-PET

Fig.1

The ROls placed in the normal grey matter (a), white matter (b), thalamus (c),
cerebellum (d), and brain stem (e) on FDG-PET.
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Table 2 Summary of all the ROlIs in the normal
brain structures

The number of ROIs
NXi (n=66) SG (n=55)
Evaluation of normal brain structures
grey matter 132 110
white matter 132 110
thalamus 124 99
cerebellum 132 110
brainstem 66 55

and the T2WI/FDG-PET (Fig.2) and those in
the MENs were also manually drawn by tracing
the boundaries in an axial plane of a fusion im-
age of the contrast-enhanced TIWI/MET-PET
and the contrast-enhanced TIWI/FDG-PET
(Fig.2).

The ROIs in the normal control cortex were
manually drawn by tracing the contra-lateral
frontal cortex in an axial plane of a fusion im-
age of the T2WI/MET-PET and the T2WI/FDG-
PET in which the basal ganglia could be seen
(Fig.2), and in the superior and inferior axial
planes of a fusion image of the T2WI/MET-
PET and the T2WI/FDG-PET in which the basal
ganglia could be seen. We calculated the mean
SUV of the contra-lateral normal frontal cortex
from three ROIs.

r 3‘
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Fig.2

The regional MET and FDG uptake in the
ROIs was expressed as a standard uptake value

(SUV) calculated by the following formula;

SUV = (tissue activity/ml)/(injected radio-
tracer activity/body weight (g))

In the MET and FDG-PET, the maximum SUV
tumor/normal control cortex uptake ratios (T/N
ratios) of the DAs and MENs were calculated
by the following formula;

T/N ratio = the maximum SUV of the tumor /
the average of the mean SUV of the contra-

lateral normal frontal cortex

Statistical Analysis

The mean SUVs of the normal brain struc-
tures, the maximum SUVs of the DAs and the
MENSs, the mean SUVs of the normal control
cortex, and the mean T/N ratio of the DAs and
the MENs obtained from the NXi versus those
from the SG were compared statistically using
an independent t-test in the MET and FDG-
PET, respectively. Differences with a threshold
of p<0.05 were considered statistically signifi-
cant. All data were analyzed using SPSS 2 for
Windows.

o

The ROls placed on the T2WI (A), the MET-PET (B), and the FDG-PET (C) in a case of DA. The ROls
placed on the contrast-enhanced T1WI (E), the MET-PET (F), and the FDG-PET (G) in a case of MEN.
The ROlIs in the normal control cortex placed on MET-PET (D, H).
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patients with brain tumors. The mean of the

RESULTS , ,
mean SUV in every normal brain structure
MET-PET obtained with the NXi was significantly lower

The mean (= SD) of the mean SUVs in the
normal grey matter were 1.34 £0.29 versus
1.69 = 0.45 for the NXi versus the SG, respec-
tively. In the normal white matter the SUVs
were 0.84 * 0.20 versus 1.21 = 0.33, the normal
thalamus, 1.47 £ 0.27 versus 2.00 = 0.52, the
normal cerebellum, 1.59 +0.32 versus 1.90 =
0.49, and in the normal brainstem, the SUVs
were 1.49 £ 0.33 versus 2.13 £ 0.56 for the 121

than that with the SG (p<0.001) (Fig.3).

In the 35 patients with DA, the mean (*
SD) of the maximum SUV of the DAs obtained
with the NXi (2.34 + 0.74) was lower than that
from the SG (2.74 = 0.67), however this result
did not reach statistical significance (p=0.112)
(Fig.4). The mean (+SD) of the mean SUV
of the normal control cortex obtained with
the NXi (1.13 £0.27) was significantly lower
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The mean SUVs of the normal grey matter (GM), white matter (WM), thalamus (Th), cerebellum
(Cb) and brain stem (BS). Left: MET-PET. Right: FDG-PET. Box-and-whisker plots indicate the
distribution (mean and SD). *p <0.001.

ADA) B {normal} . C(T/M ratio) .
o5 2.5 38
= T 3
EAL 1 E g * H2.5 ]
Ea - El.E 5 o
g2 @1 2° +
g Z 1
g 1 205 1 Hos -
g0 ! o] 0
MNXi e MNXi 86 NXi S
D(DA) * E (normal} F (TN ratio)
20 - 20 * 14
g ol 12 -
Qlﬁ . glﬁ 1 E 1
Elﬂ 1 EIQ Eo.s 1 *
g R * mog EO.S 1
+ g + Z04 -
E 4 g4 Hog -
g0 ] 0
MN¥i e} i e} N SG
Fig.4

The maximum SUVs of the DAs (A), the mean SUVs of the normal control cortex (B) and the
mean T/N ratios of DA (C) on the MET-PET. The maximum SUVs of the DAs (D), the mean
SUVs of the normal control cortex (E), and the mean T/N ratios of the DAs (F) with FDG-PET.
*p <0.001.

oA @ 29 (813)



A(MEN) E {normal) C(T/M ratio)

T10 - ] 10 1

E 8 - E 4 E 8

X2 2 R F

g o . E N -

£ - s

a g

0 . 0 0 . .

NXi Cle} Nxi SG NXi 5G

D (MERM] . E (normal) F (T ratio)

e ] 20 - . 2 7

E}m | Elﬁ 7 Bis

. " L 5

g4 + : - * =

g o 4 g0

g° 0 0
N 1} NXi SG N e}

Fig.5

The maximum SUVs of the MENs (A), the mean SUVs of the normal control cortex (B) and
the mean T/N ratios of the MENs (C) with MET-PET. The maximum SUVs of the MENs (D),
the mean SUVs of the normal control cortex (E) and the mean T/N ratios of the MENs (F)

with FDG-PET. *p <0.001.

than that from the SG (1.70 £ 0.32) (p<0.001)
(Fig.4). The mean T/N ratio ( £ SD) of the DAs
obtained with the NXi (2.09 = 0.45) was signifi-
cantly higher than the T/N ratio with the SG
(1.61 £ 0.23) (p<0.001) (Fig.4).

In the 19 patients with MEN, the mean (+
SD) of the maximum SUV of the MENs ob-
tained with the NXi (4.63 = 1.46) was lower
than the mean SUV with the SG (5.58 = 2.80),
however this result did not reach statistical sig-
nificance (p=0.333) (Fig.5). The mean (+SD)
of the mean SUV in the normal control cortex
obtained with the NXi (1.12+0.21) was sig-
nificantly lower than that with the SG (1.59 +
0.06) (p<0.001) (Fig.5). The mean T/N ratio ( *
SD) of the MENs obtained with the NXi (4.21 +
1.36) was higher than the T/N ratio with the SG
(3.50 = 1.75), however this result also did not
reach statistical significance (p=0.333) (Fig.5).

FDG

The mean (£ SD) of the mean SUVs of the
normal grey matter were 8.08 £ 1.73 versus
11.17 = 2.05 for the NXi versus the SG, respec-
tively. In the normal white matter, the SUVs
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were 3.56 + 0.73 versus 5.08 * 0.97, the normal
thalamus, 7.91 = 1.85 versus 11.36 = 2.24, the
normal cerebellum, 6.88 * 1.39 versus 8.71 +
1.62, and in the normal brainstem, the SUVs
were 5.19 £ 1.04 versus 7.71 = 1.87 for the 119
patients with brain tumors. The mean SUV in
every normal brain structure obtained with the
NXi was significantly lower than that with the
SG (p<0.00D) (Fig.3).

In the 35 patients with DA, the mean ( = SD)
of the maximum SUV of the DAs obtained with
the NXi (5.78 £ 1.22) was significantly lower
than that with the SG (8.98 £ 1.83) (p<0.001)
(Fig.4). The mean (+SD) of the mean SUV
of the normal control cortex obtained with
the NXi (6.79 + 1.46) was significantly lower
than that with the SG (11.25 + 1.25) (p<0.001)
(Fig.4). The mean T/N ration (£SD) of the
DAs obtained with the NXi (0.87 +0.15) was
increased compared to the DAs with the SG
(0.78 £0.10), however this result also did not
reach statistical significance (p=0.080) (Fig.4).

In the 19 patients with MEN, the mean (*
SD) of the maximum SUV of the MENs ob-
tained with the NXi (5.65 = 1.32) was signifi-
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cantly lower than the SUVs with the SG (7.72
£ 1.58) (p=0.004) (Fig.5). The mean ( =SD)
of the mean SUV of the normal control cortex
obtained with the NXi (6.66 + 1.40) was signifi-
cantly lower than that with the SG (9.51 = 2.39)
(p=0.004) (Fig.5). The mean T/N ratio (= SD)
of MENs obtained with the NXi (0.87 =0.21)
was higher than the T/N ratio with the SG (0.83
= 0.15), however this result also did not reach
statistical significance (p=0.673) (Fig.5).

DISCUSSION

In this study, in both the MET and FDG-PET,
the mean SUV of every normal brain structure

obtained with the NXi was significantly lower
than those acquired with the SG. Furthermore,
in patients with DA and MEN, the mean SUV
of the normal control cortex with the NXi was
significantly lower than that with the SG in
both the MET and FDG-PET. In agreement with
these results, some related studies were found
in the literature. Kato, et al. reported that the
mean SUV of the normal cortex with MET-PET
was 1.25+0.39 or 1.22 *0.37, and with FDG-
PET was 6.48 £ 1.51 in studies using a PET
scanner with a 2D acquisition system '*'”. In
addition, Miyake, et al. reported that the mean
SUV of the normal cortex with MET-PET was
1.52 £ 0.36 and that with FDG-PET was 8.90 +
8.72 in their study, which used a PET scanner
with a 3D acquisition system . The results
of these studies support our finding that the
mean SUV of normal brain structures with a
2D acquisition system is lower than those ob-
tained with a 3D acquisition system. However,
the limitation of these studies is that they were
performed in different patients. This finding of
lower mean SUVs in normal brain structures
with 2D acquisition is likely due to differences
in the amount of true, scatter and random
coincident radiation between 2D and 3D ac-
quisition systems "**”. With a 2D acquisition
system, the septa, which are situated in front of
the detectors of a PET scanner, can reduce not

Sciences

only true scatter and random coincident radia-
tion in the gantry, but also scattered radiation
outside of the gantry.

A 3D system can detect more true coincident
radiation than a 2D system, however, at the
same time, a 3D system picks up more scat-
tered and random coincident radiation that
increase the image noise as compared to a 2D
system. Although some devices use various
image reconstruction techniques to overcome
these noise issues and to improve image qual-
ity with 3D systems, the noise reduction is still
sub-optimal.

In this study, the maximum SUVs in the DAs
and MENs were consistently higher than the
mean SUV of the contralateral normal frontal
cortex in the MET-PET, however, with FDG-
PET, the maximum SUVs in the DAs and MENs
were consistently lower than those of the
contralateral normal frontal cortex. The maxi-
mum SUVs of the DAs and MENs in FDG-PET
obtained with the NXi were both significantly
lower than those with the SG, although there
were no significant differences between those
with the NXi and SG using MET-PET. These
results suggest that in cases where the SUV is
the same as that of normal brain structures or
less, the SUV obtained with the NXi is lower
than that with the SG regardless of both tumor
type and PET tracer used. However, in cases
where the SUV is greater than the SUV of nor-
mal brain structures, there is no significant dif-
ference between the SUVs with the NXi versus
the SG.

In the study using a 2D acquisition system by
Kato, et al., the T/N ratio of DA with MET-PET
was 2.24 +0.90 and that with FDG-PET was
0.79 =0.08 'Y In the study using a 3D acquisi-
tion system by Singhal, et al., the T/N ratio of
DA with MET-PET was 1.56 = 0.74, and that
with FDG-PET was 0.63 + 0.37 *"'. Using MET-
PET of MEN, Aki, et al. reported that the T/
N ratio of 5.50-6.62 was obtained using a 2D
acquisition system, and in a study using a 3D
acquisition system by Arita, et al., the T/N ratio
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was 2.45 = 0.67 * %,

With regard to the SUV of the normal frontal
cortex used as the denominator of the formula
to calculate the T/N ratio, the SUV obtained
with the 3D acquisition system was signifi-
cantly higher than that with the 2D acquisition
system in both the MET and FDG-PET. On
the other hand, for the SUV of tumors as the
numerator of the same formula, there was no
significant difference between the SUVs from
the MET-PET obtained with the 2D and 3D ac-
quisition systems, because those are markedly
higher than normal brain structures in MET-
PET. However, because the SUVs of tumors in
FDG-PET are lower than those of the normal
brain structures, the SUV obtained with a 3D
acquisition system is significantly higher than
that with a 2D acquisition system as well as the
SUV of normal brain structures. This finding
explains why the T/N ratio obtained with a 3D
acquisition system is significantly lower than
that obtained with 2D acquisition system in
MET-PET, however, with FDG-PET, there is no
significant difference in the T/N ratio obtained
with either a 2D or a 3D acquisition system.

We should note that in tumors in which the
SUV is higher than that of normal brain struc-
tures in PET, the T/N ratio obtained with a
3D acquisition system is lower than that with
a 2D acquisition system. However, in tumors
in which the SUV is equal to or lower than
that of normal brain structures, the T/N ratio
obtained with a 3D acquisition system is ap-
proximately equal to that obtained with a 2D
acquisition system when the measured values
obtained with different PET scanners are com-
paratively evaluated. The results of this study
may contribute to the diagnostic comparison of
the results of PET examination in brain tumors
not only among institutes having different PET
scanners but also between data obtain from
two types (2D or 3D) of PET scanners even in
a single institute.

There a two limitations in this study. First, we
should have enrolled identical patients for both
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PET studies using the 2D and 3D acquisition
systems to perform the comparative study ex-
actly. However, because the time period when
the 2D acquisition system was used in our
hospital was different from the time when the
3D acquisition system was used, studies using
both scanners at the same time on the same
patients could not be undertaken. Second, DA
and MEN were adopted as representative brain
tumors in this study because these tumor types
are known to have homogeneous radiotracer
uptake had within the lesion. It is still uncertain
whether the relationship between the tumor
SUV and the difference in acquisition type (2D
versus 3D) shown in this study will be true in
cases of tumors with heterogeneous radiotrac-

B2 o in tumors in

er uptake like glioblastoma
which FDG has high uptake within the lesions
like malignant lymphoma *. Further investiga-

tions are warranted.

CONCLUSION

The results of this study suggest that in tu-
mors in which the SUV was higher than that of

normal brain structures in PET, the tumor SUVs
obtained with a 3D acquisition system might be
the same as that with a 2D resulting in a T/N
ratio with 3D that might be lower than that
with 2D. However, in tumors in which the SUV
was the equal to or lower than that of normal
brain structures, the tumor SUVs obtained with
3D might be higher than those with 2D result-
ing in a T/N ratio obtained with 3D that was
approximately equal to that with the 2D acqui-
sition system.
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