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The purpose of this study was to investigate the detectability of small hot lesions with the 3-
dimensional transmission/emission (3D T/E) acquisition mode in FDG-PET scan. The correlation
of target detectability, target size, target to non-target uptake ratio (T/N ratio) and standardized
uptake value (SUV) were studied. Small hot lesions ranged from 4.4 mm to 36.9 mm in diameter
were located in cylindrical phantom. The images of phantoms with a T/N ratio of 2.0, 4.0, 6.0, 8.0,
9.6, 13.2, 17.5, 23.8 and 30.3 were obtained with 2-dimensional transmission/emission (2D T/E)
scan and 3D T/E scans. Targets in diameter more than 10.6 mm in diameter with an actual T/N ratio
ranged from 6.0 to 30.3 could be identified on the images obtained with all the 2D T/E and 3D
T/E acquisition modes. The detectability efficiency of small hot target in 2D T/E and 3D T/E scans
was as same (77.8%). The T/N ratio of targets from 2D T/E images was 30% to 48.4% different to
that from 3D T/E image, and the SUV of the target from the 2D T/E images was almost the same
as that from 3D T/E images. This study revealed that 3D T/E scanning had similar hot spot
detectability to 2D T/E scanning; 3D T/E and 2D T/E scanning had the same faculty for semi-
quantitative analysis using SUV. These findings may be helpful for the diagnosis and understanding
of 3D T/E FDG-PET in hot lesion detection.
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INTRODUCTION

PET stupies with 2-(fluorine-18)fluoro-2-deoxy-p-glu-
cose (FDQG) is one of the several metabolic imaging
procedures being used to detect various diseases.! Re-
cently, FDG-PET studies have been proven to be of
significant clinical feasibility in oncology, since the ma-
lignant potential of a lesion can be defined by the degree
of 8F-FDG accumulation within the lesion.2?

In detecting hot spot lesions in nuclear oncology, a high
target to non-target (T/N) ratio of a tumor-seeking agent
implies the aggressiveness or the high malignancy of the
lesion,* and a decrease in the T/N ratio indicates a good
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response to treatment.’> Also the standardized uptake
value (SUV) has been widely used as a useful objective
index for differentiating malignant lesions from benign
lesions® and monitoring the effects of therapy on a malig-
nant lesion.” In most FDG-PET studies, ability of PET to
detect tumors was assessed by using 2-dimensional (2D)
data acquisitions and human subjects. The advent of
3-dimensional (3D) data acquisition hardware and
reconstruction software has significantly increased the
detection sensitivity of PET scan compared with the
conventional 2D systems. Although clinical 3D mode
FDG-PET demonstrated feasibility in detecting tumors,??
the limitations of 3D FDG-PET have not been fully
explored: for example, what is the minimum size and
T/N ratio of a tumor detectable with FDG-PET? How
effective is 3D FDG-PET in detecting small lesions
compared with 2D? How quantifiable is 3D FDG-PET in
detecting small tumors compared with 2D? There is little
literature on whether and how the lesion volume affects
the T/N ratio and SUV; and the influence of the partial
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volume effect is not fully discussed in the quantification
of tumor uptake by the 3D imaging techniques, especially
in detecting tumors with FDG-PET. The aim of this study
was to evaluate detectability in the 3D T/E acquisition
mode of an FDG-PET study in detecting small hot lesions
with special reference to lesion size, T/N uptake ratio and
SUV by using a SET-2400W PET scanner.

MATERIALS AND METHODS

Performance of Shimadzu SET-2400W
The SET 2400W (Shimadzu, Kyoto, Japan) is a newly
designed whole-body PET scanner with a large axial field
of view (20 cm). The scanner consists of four rings of 112
BGO detector units (22.8 mm in-plane X 50 mm axial x 30
mm depth). Each detector unit has a 6 (in-plane) x 8 (axial)
matrix of BGO crystals coupled to two dual photomulti-
plier tubes (Hamamatsu R1548). Crystal size is 3.8 mm
(in-plane), 6.25 mm (axial) and 30 mm (depth). These are
arranged in 32 rings with 672 crystals each, giving 63 two-
dimensional image planes. The axial FOV is 20 cm. The
ring diameter is 850 mm and the patient port diameter is
590 mm. Signals from the photomultiplier tubes are
processed to the position of the crystal in which the
gamma photon hits it by using a coincidence time window
of 15 ns. Position non-linearity and energy non-unifor-
mity of the detector unit are corrected in real time. In the
2D mode, axial coincidence path acceptance can be con-
trolled from 1 to 8 to optimize sensitivity and axial
resolution. The system has content septa I mm thick and
55 mm long for the 2D mode. The septa can be automati-
cally retracted for the 3D mode. 63 sinograms are stored
in a large scale acquisition memory (1 GB) in the 2D
mode. In the 3D mode, all possible coincidence pairs of
1,024 sinograms are stored in the same memory. A dead
time correction and physical decay correction of radioiso-
tope can be performed in real time in the memory.!%!1 A
%8Ge-%8Ga external rod source with 185 MBq can be
orbited in a 640 mm radius to measure blank scan and
transmission scan data. The major aspects of the system
construction and performance are listed in Tables 1!? and
2.13

With the developments of imaging technology, the
scans in 2D and 3D modes have been available in SET
2400W, mainly in 2D (Transmission + Emission) and 3D
(Transmission + Emission) modes.

Phantom studies

All the measurements were performed on a hot spot
phantom: a 20 cm diameter and 18.5 cm high cylinder
containing six smaller columns 4.4, 6.3, 10.6, 16.3,22.6
and 36.9 mm in diameter, as it is more representative of
the imaging quality associated with clinical scanning and
easier to investigate the influence of lesion size, T/N ratio
and lesion location on the detectability of PET. The
phantom was placed on the bed and centered within the
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Table 1 System major parameters of SET-2400W

Block detector design
Number of rings 32 rings
Number of slices 63 slices
Number of detector blocks 448

6 (in-plane) x 8 (axial)

Crystal size (mm®) 3.8 x6.25% 30
Number of crystals 21,504
Image plane spacing (mm) 3,125
Detector ring diameter (mm) 850
Patient aperture (mm) 595
Field of view (mm)

Axial 200

Transverse 590

For whole body scan 1,750

Table 2 Performance data in 2D and 3D mode

2D 3D
Spatial resolution 44(r=0cm) 47(r=0cm)
(FWHM: mm) 59(r=20cm) 7.6 (r=20cm)
Total sensitivity 7.98 48.95
(kcps/kBg/ml)
Average scatter fraction (%) 13.1 30.1
NECR 73 283 86.1 5.8

keps  kBg/mi

NERC: Noise-equivalent count rate

Table 3 Results of detectability of small hot lesion on phantom’s
reconstructed PET images in 2D T/E and 3D T/E mode

Target size (Diameter: mm)
T/Nratio 4.4 6.3 10.6 16.3 22.5 36.9
a b a b a

2.0 - -
4.0 - -
6.0
8.0
9.6
13.2
17.5
238
30.3 + +

+: Hot lesion is identified; —: not identified; *: uncertain
a: 2D T/E mode; b: 3D T/E mode
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field of view. By using a phantom containing six columns
filled with a solution of '3F-FDG, nine times separate
acquisitions were performed with the concentration ad-
justed to provide lesion to background concentration
ratios of 20:1,4.0:1,6.0:1,80:1,96:1,13.2:1,
17.5:1,23.8: 1 and 30.3 : 1, to simulate varying clinical
situations for detecting hot lesions in both of 2D and 3D
modes with SET-2400 PET. Since the experiments were
assumed to be in clinical conditions, the concentration of
the background in phantom was calculated and set at 3.7
kBg/m! (ID/g), as in the case of a typical clinical admin-
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Fig. 1

Images of the hot spot phantom in 2D T/E (1) and 3D T/E (2) scanning with an actual T/N ratio

of 30.3. The line drawing of (3) indicates the relative size and position of columns containing FDG

solution.
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Fig. 2 Correlations between target size and T/N ratio of target in 2D T/E and 3D T/E images.

istration of 185 MBq FDG administrated to a person with
a normal weight of 60 kg, and the gravity of the tumor and
background muscle was assumed as 1 g/m/.'*

To conduct the measured attenuation correction for the
2D T/E and 3D T/E, 2D transmission scans with an
external %¥Ge-%%Ga rod source were performed for 10 min
before FDG administration. After administration of FDG,
emission data were acquired in the 2D and 3D modes for
6 and 2 min, respectively. So the transmission scan of all
the 2D T/E and 3D T/E scans in this paper means 2D
transmission scan.

Quantitative analysis

The ordered subsets expectation maximization (OS-EM)
algorithm was used to reconstruct the attenuation-cor-
rected 2D and 3D emission data. The conventional EM
algorithm (a special case of OS-EM with the number of
subsets equal to 1) was used for 2D imaging and the OS-
EM algorithm with a subsets equal to 32, iterations equal
to 1 was used for 3D imaging. The images were recon-
structed in a 128 x 128 matrix. The reconstructed images
used in this study were all corrected with attenuation
images. The functional images of SUV was also pro-
duced. In this study, T/N ratio, SUV and recovery
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coefficient (RC) were defined as:

: mean pixel counts in target
T/N ratio = P g

mean pixel counts in background

SUV = radioactive concentration in target (MBg/m/)

injected dose (MBq)/water weight in phantom (m/)

RC apparent radioactive concentration in target (MBg/m/)

true radioactive concentration in target (MBg/m/)

Region of interest (ROI) analysis was employed to
examine the quantitative bias in 2D T/E and 3D T/E
reconstructed images. A sequences of transverse images
were viewed by two nuclear physicians. A target was
defined as a focus of increased FDG uptake above the
intensity of the surrounding activity. ROIs were drawn on
areas corresponding to the targets. The highest point of
radioactivity was included in these ROIs. Also a 30 mm
diameter ROI was marked on the center of the phantom
for background counts. The visual evaluations of the
detectability of targets in the phantom were identified (+),
not identified (=) and uncertain (£).
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Fig.3 Plot between T/N ratios calculated on the 2D T/E and 3D T/E images and actual T/N ratios (A),
and plot between SUVs calculated on the 2D T/E and 3D T/E images and actual SUV (B), in the case

of target diameter = 36.9 mm.

Statistical Analysis

Evaluation of the relationship between two sets of param-
eters was assumed in linear regression analysis. Statistical
analysis of difference from a p value was performed by
Student’s t-test. A p < 0.05 denoted the presence of a
statistically significant difference.

RESULTS

The images of the phantom acquired in the 2D T/E and 3D
T/E modes are shown in Figure 1. The image quality
obatined in 2D T/E mode was apparently better than that
in the 3D T/E mode, but the 3D image revealed the small
hot lesion well even if the image contrast was not very
good (Fig. 1). The T/N ratio in the 2D T/E image was 30%
to 48.4% higher than that in the 3D T/E image with the
same actual T/N (Fig. 2). The relationships among the
T/N ratio and SUV calculated on the 2D T/E and 3D T/E
PET images were examined. The data for a target 36.9 mm
in diameter are shown (Fig. 3). There were strong positive
correlations between the T/N ratio calculated on the
image and the actual T/N ratio in the 2D T/E and 3D T/E
modes (r = 0.999, 0.991, p < 0.001). There were also
strong positive correlations between the SUV calculated
on the image and the actual SUV in the 2D T/E and 3D
T/E modes (r=10.991, 0.995, p < 0.001), but the T/N ratios
derived from the 3D T/E image were significantly lower
than those derived from the 2D T/E image (Fig. 3).

The RCs of the targets in the reconstructed images with
actual T/N ratios from 2.0 to 30.3 were calculated versus
the target size as shown in Figure 4. There were no
significant differences in RC within actual T/N ratios
ranging from 2.0 to 30.3 in any of the visible targets on the
2D T/E and 3D T/E images. Therefore, one normalized
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Fig.4 RCs as a function of target diameter with actual T/N
ratio ranged from 2.0 to 30.3 on the 2D T/E and 3D T/E images.

RC line independent of the actual T/N ratio for any target
size could result in both 2D T/E, and 3D T/E modes.
The relationships among the SUV of targets calculated
on the 2D T/E and 3D T/E images were also examined
(Fig. 5). There was good agreement for any size target
with actual SUVs ranging from 1.92 to 13.28 in 2D T/E
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Fig. 5 Correlations between target size and SUV of target ranged from 1.9 to 13.3 in 2D T/E and 3D T/E images.

and 3D T/E images.

The visual interpretation of targets with T/N ratios
ranging from 2.0 to 30.3 in 2D T/E and 3D T/E images are
summarized in Table 3. Targets (Diameter 2 10.6 mm)
with an actual T/N ratio ranging from 6.0 to 30.3 could be
identified in both the 2D T/E and 3D T/E images. All the
targets with an actual T/N ratio of more than 17.5 could be
identified on 2D T/E and 3D T/E images. The detectability
of small hot targets in 2D T/E and 3D T/E images was the
same: 77.8%.

DISCUSSION

In this study we investigated the detectability of small hot
targets and the correlation between the T/N ratio, SUV
and target size in 2D T/E and 3D T/E images. The OS-EM
method was used for image reconstruction, since the OS-
EM method is effective for accelerating the reconstruc-
tion of iterative images given by the algorithm of EM
methods, and it provides a good S/N image. We therefore
used the OS-EM method for image reconstruction in 3D.
And in order to compare the 3D image with the 2D image,
which was reconstructed by OS-EM, the reconstruction
algorithm used for 2D and 3D image reconstruction was
thought to be preferable. Our results showed equal detect-
ability of small hot targets in 2D T/E and 3D T/E images,
and quantification of 2D T/E was almost the same as that
of 3D T/E, except for quantification by means of T/N ratio
analysis (Fig. 3).

In ROI analysis, mean counts per pixel were used for
T/N calculation, since it was less sensitive to high-
frequency noise and gave results superior to maximum
pixel values.'?

The results in Figure 2 show how the partial volume
effect (PVE) occurred in the 2D T/E mode, which were
lower than that in the 3D T/E mode with approximately a
50% decrease. This is consistent with the visual interpre-
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tation of the phantom images (Fig. 1). This was because
of the approximately 2.3 times higher scatter fraction in
the 3D mode than that in 2D mode (Table 2). Even so, the
hot targets in the 3D T/E image could be clearly identified,
since sensitivity in the 3D mode was 6.1 times higher than
that in 2D mode. Strong correlations were noted between
T/N ratios calculated on images and actual T/N ratios in
the 2D T/E and 3D T/E images (Fig. 3). Also strong
correlations were noted between SUVs calculated on
images and actual SUVs in the 2D T/E and 3D T/E images
(Fig. 3). These findings suggested that in quantitative
analysis by T/N ratio, the 2D T/E was much more suitable
than the 3D T/E image. Nevertheless, in the quantitative
analysis by SUV, the findings in Figures 3 and 5 suggest
that quantitative capability in the 2D T/E and 3D T/E
images was almost the same, which may be due to the
background activity which was not considered in the SUV
calculations.

Investigation of RC summarized in Figure 4 showed a
tendency for the RC values to be independent of the actual
T/N ratio with a target size from 4.4 to 36.9 mm. This is
also may be due to the fact that the background activity
was not considered in the RC calculations. A normalized
RC line independent of the actual T/N ratio for any target
size could result in 2D T/E and 3D T/E images. The RC in
the 3D T/E mode was slightly higher than that in the 2D
T/E, because of the high sensitivity in the 3D mode. The
resulting RC values provided most of the information
necessary to correct for size effects in the quantitative
analysis of PET images.

The data for phantom experiments presented here indi-
cate that the T/N ratio from 3D T/E images was lower than
that from 2D T/E, and SUV of the target derived from 3D
T/E is the same as that derived from 2D T/E images,
suggesting good quantitating ability of the 3D T/E scan in
SUV analysis and clinical feasibility because of its shorter
scanning time.
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In fact the phantom used in this paper should have a
larger diameter, but no larger phantom with hot spots
inside it was available at our institute. As one another
practicable evaluation method, we used the hot spot
phantom in this experiment. On the other hand, recently
some practical methods have been available for scatter
correction in the PET of 3D mode.'¢ In our paper the data
on the phantom experiment were not obtained with scatter
correction, and superior results might have been obtained
if the scatter had been corrected.

CONCLUSION

We investigated the detectabilities of 2D T/E and 3D T/E
scanning for small hot targets with the reference to target
size, T/N ratios and SUV by using a SET-2400W PET
scanner. We confirmed that 3D T/E scanning has the same
detectability as 2D T/E scanning. 3D T/E scanning will
not be suitable for T/N ratio analysis, compared to 2D
T/E scanning, unless the scatter of 3D T/E scanning is
properly corrected. 2D T/E and 3D T/E scanning are
equally suitable for semi-quantitative analysis with SUV.
These findings may be helpful for the diagnosis and
understanding of 2D T/E and 3D T/E FDG-PET in hot
lesion detection.
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