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Post-treatment planar SPECT images acquired 24 hours after PRRT demonstrate a significant
reduction in the primary tumor burden, with complete resolution of the main lesion observed when
comparing images after the first and fourth treatments.(A) Planar SPECT image 24 hours after
the first treatment showing radiotracer uptake in the pancreatic head tumor, mesenteric root,
and mild heterogeneous uptake in the liver (arrow).(B) Planar SPECT image 24 hours after the
second treatment showing a marked reduction in radiotracer activity in the pancreatic head tumor.
(C) Planar SPECT image 24 hours after the third treatment.(D) Planar SPECT image 24 hours after the fourth
treatment showing significantly reduced radiotracer uptake in the primary lesion.
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Impact of Acquisition Modes on Z axial Signal to Noise Ratio
Distribution in Positron Emission Tomography: Step and Shoot
versus Continuous Bed Motion mode

Fashun Tsai, Tai-Lin Jiang, Lin-Chun Ou, Cheng-Hui Lee

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Abstract
Introduction: With the advancement of computer

technology, 3D image acquisition has become a routine
application of clinical PET/CT. The axial sensitivity profile
of 3D scan shows a sharp peak, and the sensitivity of
the central slice is higher than the sensitivity of the edge
slices on both sides. Due to the different sensitivities of
each slice, the signal to noise ratio (SNR) of each slice at
the same acquisition time is also different, with the highly
sensitive central slice having a higher SNR than the edge
slices. Conventional whole-body PET scan uses Step
and shoot (SS) mode, a 3D image acquisition mode that
requires high inter-FOV overlap to achieve good axial
SNR uniformity. Currently, Continuous bed motion (CBM)
mode is introduced for clinical use. In order to evaluate
the effect of CBM on the axial SNR performance, this
experiment was performed using a homogeneous *Ge
cylindrical source with a single-bed scan and a dual-
bed scan to analyze the difference in the axial SNR
performance.

Materials and Methods: A ®Ge cylindrical source was
placed in the center of a Siemens Biograph Vision 450
PET/CT scanner for single-bed and dual-bed scan.
Conventional whole-body PET/CT scan parameters
were used. Single-bed scan was performed at 1 min/
bed, 3 min/bed, and 5 min/bed, and dual-bed scan was
performed at 1 min/bed, 5 min/bed, and 1 min/bed +
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5 min/bed, respectively. According to the conversion
table, progressive single-bed scan was performed at 1.7
mm/sec, 0.6 mm/sec, and 0.3 mm/sec bed movement
velocity, and CBM mode dual-bed scan was performed
at 1.7 mm/sec, 0.3 mm/sec, and 1.7 mm/sec + 0.3 mm/
sec, respectively. The 2D ROI values of each section
were recorded by circling each group of PET images
with different scan modes, and the signal to noise ratio
was calculated. The slice signal to noise ratio was
defined as ROI,.,, /ROlg.

Results: The distribution of the axial signal to noise
ratio in a single-bed scan showed a central peak
shape, which was consistent with theory. Regardless
of the scan time or the bed movement speed, the SNR
of the central slice was much better than that of the
edge slice. The central slice SNR was about 8.9 times
that of the edge slice for SS mode, and about 3.8 times
that of the edge slice for CBM mode. CBM mode scan
continuously showed better SNR than SS mode in all
corresponding bed velocity and acquisition time groups.
The results of dual-bed scan at different bed velocities
or acquisition times also show that CBM mode also
exhibits smoother SNR profile than SS mode.

Conclusion: This experiment demonstrated that the
CBM mode may provide a more uniform Z axial SNR
distribution than the SS mode.

Keywords: continuous bed motion, CBM, step and
shoot, sensitivity profile, signal to noise ratio, SNR

J Nucl Med Tech 2024;21:1-11
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Introduction
Early PET and PET/CT scanners were typically

provided with septa to switch between 2D and 3D acquisition
modes. Septa in a PET scanner are movable partitions,
typically made of lead, that improve the image quality by
controlling how gamma rays are detected. Acquisition with
septa extended, 2D mode, only gamma rays traveling in a
straight line between opposing detector rings are counted.
In 2D mode, typically the data from crystals directly across
from each other was accepted, defining a transaxial slice.
The septa are typically designed to also accept LORs that
cross one crystal width in the axial direction, and this
defines a “cross-plane” slice[1-3]. This simplifies image
reconstruction but reduces sensitivity septa block gamma
rays that have scattered off internal organs before reaching
the detectors. This reduces noise in the final image and
improves its accuracy. Photons blocked by septa can only
receive incident photon pairs at certain angles, limiting
detecting sensitivity. The 3D acquisition mode without
septa can receive more incident photon pairs, achieve
higher sensitivity, and detect more random events. The 3D
acquisition mode allows detection of more gamma rays,
including those at oblique angles, leading to a more detailed
and sensitive image. The axial sensitivity profile for 3D
acquisition is determined geometrically and is a triangular
function, peaked at the center of the field of view (FOV).
The relative 2D acquisition mode's Z axial sensitivity profile
resembles a trapezoid, with more constant sensitivity in the
central section[1-4].

Higher slice sensitivity allows for more counts under
the same conditions, reducing statistical noise and resulting
in a higher signal to noise ratio (SNR)[5]. This means that in
a single-bed scan, the center slice of the 3D mode will have
a significantly greater SNR than the edge slice. Currently,
the majority of PET scans are performed in oncology and
require numerous scanner FOV data coupled to cover a wide
section of the patient body. These Whole-Body PET studies
are performed by translating the patient through the scanner
and acquiring data at multiple bed positions. These scans are

obtained by acquiring the data in step and shoot mode (SS

J Nucl Med Tech 2024;21:1-11

mode) with some overlap in the axial direction in order to
improve uniformity of axial sensitivity[1, 3, 6]. Considering
the effect of the slice sensitivity profile, 3D acquisition mode
requires larger FOV overlap than 2D mode to achieve Z axial
homogeneity.

The step and shoot mode is characterized by the
patient bed remaining stationary at each bed position for
image acquisition and then moving to the next bed position
after completing the acquisition of one bed position. In
recent years, new PET/CT scanners from manufacturers
have introduced Continuous bed motion (CBM) scan mode
for clinical use[7, 8]. Unlike the step and shoot mode, the
CBM mode allows the patient bed to move throughout
the image acquisition process. The SS mode in the scan
parameter settings determines the acquisition time, expressed
in minutes, for each bed position. On the other hand, the
CBM mode determines the patient bed's movement speed
in millimeters per second (mm/s) for each scan section.
Depending on the clinical requirements, modern PET/CT
scanners can be configured to set varied acquisition durations
for each segment or varying bed movement speeds.

To facilitate the understanding of the two scan modes
and to gain experience with both techniques, this study will
evaluate image quality using a standard radioactive source.
We will investigate the effects of different bed movement
speeds and bed position acquisition times. Additionally,
single-bed and dual-bed scans will be performed with
the default overlap range specified by the manufacturer.
A conversion table provided by the manufacturer will be
used to analyze the signal to noise ratio (SNR) differences

between slices.

MATERIALS AND METHODS
All PET/CT scan data were acquired using a Biograph

Vision 450 PET/CT scanner (Siemens Medical Solutions
USA, Inc.). It contains 38 blocks per ring for six rings along
the axial FOV. Each block is subdivided into 4 x 2 mini-blocks
(four mini-blocks in tangential position for two mini blocks
in the axial position), that each contain an array of 5 x 5 LSO

crystals of 3.2 x 3.2 x 20 mm”. The mini block is coupled to an

Vol. 21 No. 1 December 2024
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array of 16 x 16 mm’ SiPMs. The scanner comprises 60 crystal
element rings 820 mm in diameter with 760 crystal elements
per ring, covering an axial FOV of 200 mm and a transaxial
FOV of 700 mm. A 2.28mCi “Ge sealed source (Model:CS-27,
Siemens Healthcare) with a length of 270 mm and a diameter
of 200 mm was place in the center of scan field as photon
source. The single-bed and dual-bed studies will be conducted
in SS mode and CBM mode respectively. In the single-bed SS
mode study, Imin/bed, 3min/bed, and Smin/bed scans were
carried out; in the dual-bed SS mode study, Imin/bed, Smin/
bed, and 1min/bed+5min/bed scans were carried out. The
manufacturer's conversion table indicated that bed acquisition
times of 1min/bed, 3min/bed, and Smin/bed corresponded to
equivalent patient bed speeds of 1.7 mm/s, 0.6 mm/s, and 0.3
mmy/s, respectively. Therefore, the single-bed CBM study used
1.7 mm/s, 0.6 mm/s, and 0.3 mm/s scans; the dual-bed CBM
study used 1.7 mm/s, 0.3 mm/s, and 1.7 mm/s+0.3 mm/s scans.
Image reconstruction parameters: image matrix of 440 x 440,
OSEM3D with application of TOF and resolution modelling,
4 iterations, 5 subsets, and All-pass filtering. Following image

reconstruction for each scan, a circular region of interest (ROI)

with a diameter of approximately 18 cm was drawn on each
image slice to extract pixel values for subsequent image SNR
analysis. For each acquisition mode, the SNR of axial slices
was calculated as the ratio of the mean value of ROI (ROI,.,.)
to the standard deviation of ROI (ROI,).

RESULTS

For single-bed scan, a total of 66 slices were scanned,
with the first and 66th slices defined as edge slices and
the 33rd and 34th slices defined as central slices. The
comparison of the mean SNR values of the central slice, the
mean SNR values of the edge slices and the ratio of the SNR
of the central section to the edge slices are shown in Table
2. In the CBM mode, the SNR ratio between the central
and edge slices is around 3.8, whereas in the SS mode, it is
around 8.9.

Figures 1 to 3 show the experimental results of single-
bed SS mode and single-bed CBM mode scan. The abscissa
is the relative distance between each slice and the central
slice, and the zero point of the abscissa is the center of the

68
Ge source.

Table 1. Conversion table for the Biograph Vision 450 PET/CT scanner showing the mapping of step and shoot min/bed
acquisition time to patient bed flow velocity for equivalent image quality.

Step and shoot acquisition time (min/bed)

Patient bed flow velocity (mm/sec)

1

o L B~ W N

1.7
09
0.6
04
03
0.2

Table 2. The results of single-bed scan tests, along with central slice SNR ..., edge slice SNR, ..., and center-edge-slice SNR,...

ratios for various scan parameters, are presented in this table.

Single-Bed scan SNR,... .for SNRW? for SNR.nean ratio .
central slices edge slices (central slice/edge slice)
Imin/bed 9.59 1.01 945
Step and shoot 3min/bed 16.11 1.83 8.82
Smin/bed 21.35 2.40 8.90
1.7mm/sec 10.06 2.59 3.88
Continuous bed motion 0.6mm/sec 16.62 4.27 3.89
0.3mm/sec 23.35 6.14 3.80
IZEE RS 2024;21:1-11 2024 F 12 H 21811
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Figure 1. Signal to noise ratio for various emission time scans in single-bed SS mode scans. The Z axial
SNR profile like a peak shape, central slice shows much higher SNR than edge slice.
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Figure 2. The Z axial SNR distribution curve for the single-bed CBM mode scan is rather mild. There is
no evident dramatic top, and the center section is a plateau area.

J Nucl Med Tech 2024;21:1-11
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Figure 3. When comparing the SNR distribution curves of SS mode and CBM mode, the SNR performance
of the edge area in CBM mode is clearly superior to that of SS mode.

Figure 4 and Figure 5 illustrate the test results for
dual-bed scan. Figure 4 depicts the results of dual-bed scan
with identical speed and time, where the acquisition time
or bed velocity is constant for both the first and second bed
positions. The results displayed in Figure 4 indicate that
the CBM mode continues to exhibit higher SNR and SNR
uniformity than SS mode scan across all regions in the Z
axis. The radioactive range of the “Ge source has a length
of 270 mm. Due to this limitation, only experimental data
acquired within a 135 mm range from the source center are
presented and discussed in this work.

In modern PET/CT scanners, multi-bed acquisitions

BRI BASE  2024:21:1-11

allow for the configuration of distinct scan durations for each
bed position, tailoring the examination to specific clinical
needs. Figure 5 presents the results of a dual-bed scan
experiment investigating the impact of varying acquisition
times and bed speeds. Notably, the step and shoot mode
employed a 94 mm overlap between the two bed positions
(#47 mm), with scan distances of 196 mm for the single-bed
scan and 298 mm for the dual-bed scan. In CBM mode, a
predetermined scan range is established for each bed velocity.
In the dual-bed experiment, the point of transition between
the two distinct bed motion rates is located at coordinates O,

corresponding to the Z axial center of the “Ge source.

2024 12 H 2118
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Figure 4. Dual-bed scan with constant bed velocity and acquisition time. The overlap between neighboring bed
positions in SS mode scan makes it easier to create a gently sloping plateau area with consistent SNR
characteristics. But the CBM mode provides a uniform SNR distribution over an even larger plateau area.
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Figure S. Dual-bed scan with varying bed speeds and acquisition durations. The SNR curve in the transition area of two
bed sections with varied scan parameters demonstrates that CBM scan can result in a smoother transition.
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DISCUSSION

The step and shoot whole-body acquisition approach
has been the standard for data collection since the inception
of PET. Continuous bed motion is an additional PET
acquisition technique that was first reported by Dahlbom
et al. in 2000 and evaluated by Brasse et al. in 2002[8, 9].
When doing a scan with CBM technology, technologists
must think differently. The term “bed position” , which
refers to a single field of view, is not used unless the scanner
is set up for traditional acquisition methods. The overall scan
duration in classic SS mode is calculated by multiplying the
number of minutes per bed position by the total number of
bed positions required to cover the desired axial range. The
CBM mode uses just bed speed and axial range to determine
scan time. If more counts are required with an SS mode
image, the technologist increases the number of minutes each
bed position; however, with CBM mode, the inverse occurs,
and bed speed is reduced to increase the number of counts
in the acquisition. The conversion table provided by the

manufacturer for acquisition time and patient bed velocity is

=
[

=
=)

L
»~

L
[N]

o
o0

o
)

Patient bed flow velocity (mm/sec)
[

<
»

o
N

0 1 2 S

4

shown as a conversion curve in Figure 6. It is a non-linear
proportional conversion, which requires operators to take
time to adapt. The findings of our experiment demonstrate
that the manufacturer's acquisition time to bed rate
conversion table may provide equivalent SNR distributions
in the two modes.

The most apparent distinction between SS mode and
CBM mode is the manner in which the bed is positioned
during the acquisition process. In the traditional approach
employed with an SS mode PET scanner, the table remains
stationary for the selected bed position, after which it
abruptly transitions to the subsequent bed position. This is
the origin of the term "step and shoot". Patients undergoing
scan procedures are subjected to a series of physical stimuli,
including multiple accelerations, movements, and sudden
stops, which can result in discomfort. Subsequently, the bed
positions are merged to create a comprehensive image of the
entire body. During whole-body PET acquisitions using CBM
mode, the table remains in continuous motion throughout the

selected axial range. A study of patient preferences between

y=1.7797x 105
RZ=0.9951

5 6 7 8 g

Step and Shoot acquisition time (min/bed)

Figure 6. The conversion curve provided by the manufacturer for acquisition time and patient bed velocity.

It approximates a power function curve.

MEERTEASE  2024;21:1-11
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SS and CBM modes revealed a substantial preference for
CBM mode. This was found to be more relaxing, silent, and
smooth than scan with SS technology[10].
In clinical PET scan practice, the CBM mode gives
the technician a new option to configure the scan range to a
continuous range similar to a CT scan, eliminating the need
for individual PET bed positions. Frequently, a technologist
finds that they require a little bit more coverage for the PET
FOV and that they must include the whole bed position in
the acquisition procedure. Due to the need to extend the CT
range to meet the PET FOV, this additional position lengthens
scan times and exposes users to additional radiation. The
CBM mode enables the scan length to be optimized, which in
turn reduces the radiation dose received by the patient during
the PET/CT scan[11].
In conventional PET/CT image interpretation,

nuclear medicine physicians extend their analysis beyond

the transaxial plane, incorporating sagittal and coronal
reconstructions for a more holistic assessment[3, 6].
However, a significant challenge arises due to the non-
uniform distribution of SNR along the Z-axis. As depicted
in Figure 7, SNR demonstrably exhibits a marked decrease
at the superior and inferior extents of the sagittal and
coronal slices, potentially compromising the evaluation of
lesions residing in these peripheral regions. The data from
this experiment indicate that the SNR performance of the
edge section in CBM mode is more consistent with that
of the central section. This may provide nuclear medicine
physicians with greater confidence in their assessments.
According to research by Osborne et al. and Rausch et al.,
physicians preferred the CBM approach over the SS mode[7,
11]. The quantification and picture quality of end surfaces
were statistically considerably enhanced in both trials using
the CBM approach.

Step and Shoot

5 min/bed

Continuous Bed Motion

Transaxial

0.3 mm/sec

Figure 7. Transaxial, coronal and sagittal views of step and shoot mode and continuous bed motion mode scan.

J Nucl Med Tech 2024;21:1-11
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The SNR of a PET image is positively correlated with
the number of photon counts. Theoretically, to obtain the
original N times SNR value, N-square times the number
of photons or a corresponding increase in acquisition time
is required[1, 5]. If the SNR measurement value under the
SS mode 1 min/bed in single-bed is used as the standard,
the theoretical SNR values of 3 min/bed and 5 min/bed are
shown in Figure 8. Obviously, it can be seen that the curves
of 3 min/bed and 5 min/bed SNR theoretical values and
the actual measured values are highly coincident, which
confirms that the theory is valid. Evaluating the data in Table
2, the SNR,,..., of the edge slice in the single-bed CBM mode
with 1.7mm/sec is 2.59, which is about 2.56 times of the
SNR,.., of 1.01 for the corresponding SS mode with 1 min/
bed. Theoretically, it takes 2.562 times the acquisition time
in single-bed SS mode, which is about 6.55 min/bed, for
the SNR value of the edge slice to be comparable to that of
the CBM mode. In a single-bed scan: SS mode 1 min/bed
consumes 1 min, CBM mode 1.7 mm/sec consumes 1 min

55sec. However, it takes 6.55 min in SS mode for the SNR of

30

25

N
(=]

=
o

Signal-to-Noise Ratio (SNR)
=
(8]

-150  -100 -50 0 50

Relative Location (mm)

the edge slice to approach the SNR of the edge slice in CBM
mode 1.7 mm/sec. This could be advantageous in short-
distance localized scans for clinical application.

The standard uptake value (SUV) is a way of assessing
PET scans that is subject to variance due to technical
variables of the scanner system and patient characteristics[3,
6]. There are two commonly used techniques to SUV:
the mean of all voxels inside the ROI (SUV,,.,) and the
maximum SUV (SUV,,). The SUV,,..., includes data from
many voxels, making it less susceptible to image noise.
However, the measured SUV,.,, will change based on the
voxels included in the mean, making it susceptible to ROI
definition and influenced by differences in ROI sizes among
observers. The SUV,,,, representing the maximum voxel
value within the ROI, is more susceptible to noise than other
SUV values. However, it has no impact on the definition of
the ROI[12-15]. The findings of the experiment indicate that
the CBM mode exhibits a more uniform Z-axis SNR profile
than the SS mode. This results in a more consistent SUV .

quantification.

=== 1]min/bed measured value

=3min/bed measured value

= =3min/bed theoretical value
5min/bed measured value

= =5min/bed theoretical value

100 150

Figure 8. Comparison of SNR theoretical and actual measurement values.
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CONCLUSION
The results of this study indicate that CBM mode can

offer superior image SNR performance and Z-axis SNR
consistency than SS mode in single-bed or dual-bed PET
scan. It is theoretically possible for the CBM mode to have
superior quantitative performance of SUV .. However,
converting the length of patient bed advancement per second
from the traditional acquisition time for each bed position
is a challenging process that requires a shift in thinking for
staff, and it takes some time for them to become proficient in

this method. °

REFERENCES
1. Bailey, D.L., et al., Positron Emission Tomography:

Basic Sciences. 2006: Springer London.

2. Bendriem, B. and D.W. Townsend, The Theory and
Practice of 3D PET. 2013: Springer Netherlands.

3. Lawton, M.T., et al., PET and PET/CT: A Clinical Guide.
2005: Thieme Medical Publishers.

4. Sharma, S.D., et al., Whole-body PET acceptance test in
2D and 3D using NEMA NU 2-2001 protocol. Journal of
Medical Physics, 2007. 32(4): p. 150-155.

5. Dougherty, G., Digital Image Processing for Medical
Applications. 2009: Cambridge University Press.

6. Valk, P.E., et al., Positron Emission Tomography:
Clinical Practice. 2006: Springer London.

7. Rausch, 1., et al., Performance evaluation of the Biograph
mCT Flow PET/CT system according to the NEMA
NUZ2-2012 standard. EINMMI physics, 2015. 2: p. 1-17.

8. Brasse, D, et al. Continuous bed motion acquisition on
a whole body combined PET/CT system. in 2002 IEEE
nuclear science symposium conference record. 2002. IEEE.

9. Dahlbom, M., J. Reed, and J. Young. Implementation
of true continuous 2D/3D whole body PET scanning. in
2000 IEEE Nuclear Science Symposium. Conference
Record (Cat. No. 00CH37149). 2000. IEEE.

10. Schatka, I., et al., A randomized, double-blind, crossover
comparison of novel continuous bed motion versus
traditional bed-position based whole body PET/CT.
2015, Soc Nuclear Med.

J Nucl Med Tech 2024;21:1-11

11. Osborne, D.R., et al., Quantitative and qualitative
comparison of continuous bed motion and traditional
step and shoot PET/CT. American Journal of Nuclear
Medicine and Molecular Imaging, 2015. 5(1): p. 56.

12. Lucignani, G., SUV and segmentation: pressing
challenges in tumour assessment and treatment.
European journal of nuclear medicine and molecular
imaging, 2009. 36: p. 715-720.

13. Benz, M.R., et al., Treatment monitoring by 18F-FDG
PET/CT in patients with sarcomas: interobserver
variability of quantitative parameters in treatment-
induced changes in histopathologically responding and
nonresponding tumors. Journal of Nuclear Medicine,
2008. 49(7): p. 1038-1046.

14. Brendle, C., et al., Is the standard uptake value (SUV)
appropriate for quantitfication in clinical PET imaging?—
Variability induced by different SUV measurements and
varying reconstruction methods. European journal of
radiology, 2015. 84(1): p. 158-162.

15. Adams, M.C., et al., A Systematic Review of the Factors
Affecting Accuracy of SUV Measurements. American
Journal of Roentgenology, 2010. 195(2): p. 310-320.

Vol. 21 No. 1 December 2024



2l B ) St 2112 I F BTV Z Bia (5 AL 77 17
Z axial SNR Distribution in PET : Step and Shoot vs Continuous Bed Motion

25 5 A BLHERL B 2\ e i 1
IETEE Z fhie 5 MERL 7 A1 1S B AG

el LAWK BHAE I

FICRAME REE IE 7RG L

RN

HIS

M EMAT AR Y > 3D FE MBI X L& LR PET/CT 89 F B o 3D # ¥ 69 3 & HU%E $ B (axial sensitivity
profile) 23 K%K o b b @ SR IR A ESR b @ EURE B o A E @ A HURE R 0 A8 B B T8 @
#4913 4 1L (signal to noise ratio, SNR) ¥ R F] » S8 6P kb @93 40§ 4080 d@ - FREFRY L FFHE
A & X378 (step and shoot) * 3D A MBAR X LARA B HORAM TR A REF ZFNMGIHHE - BATREH
) X AF 4 (continuous bed motion, CBM) 51 NB&RAE A o B EREH HAFH AR MGIERILGBE > KERAAY
4 “Ge AR - BB —RBPEREFH > 2 2@z £52 -

MRIEETSE

# “Ge BAEARA 4R B 4 Siemens Biograph Vision 450 PET/CT # #4& P @ iTE — KA L REFH - A FTHRL S
PET/CT # # Mt #47 c 23 AERE 1 20304 SoBEFTEXRB—RFWR: AFRER 1955548 1455
GETTEXLRFN o R IR R ERTRETHRL > 554 1. 7mm/sec * 0.6mm/sec F= 0.3mm/sec 892 & R4
REEITRESHXE—RFN A 1. 7mm/sec » 0.3mm/sec * 1.7mm/sec + 0.3mm/sec HE4TREH 3y X F R BT - &
AR A XA PET %1% » BE 04k & @ a9 2D ROI $4t » 31 HAZ 41 o & RIn @45 48165 ROI,,,, /ROL, °
BREER

BoRBMEIEHRLS A EZRAFTRJENR AER[EFE  c RARAN SR MM IA RS HRE » PRInED G54
Wk E GG o TREAFRH PR OEHRRYEEG RN 8015 BB HAFH P OEHRRY B
i@ fy 3.8 4% o i BARY R IR L EAF R A 0 5] R AF AL B XAF R E R B P B KT ZAF B 0L o TR E R
WEREG TEARARFRHERLETREGH HAFHLET T PBEGEHEILEE o

]

AREBRERRBEGHHAFRATRREBA 96 Z QBRI H o

BT ETEREY - JEXBRER - 2G4 XY GHR -~ e SRR A - B

EEFRTERET 2024:21:1-11

B HW 2024 7 A 12 H

SEAAEE © SeR8IE

P L« BALHT AR SCE R 95 SRETLR A S B IE T L
HEAEE : T005629@ms.skh.org.tw

EEILEASE  2024:21:1-11 2024 12 H 2118






R 95 Bl by

EHE

MG B BT
K
G

BE
1246 A& B A% LA TR — 0 95 R B ROR BT
(BHMW) 9@AE - £ HHE T E © 1999 5 » Dylan
Bartholomeuse % A i 1T Ga-67 2 In-111 8 }h & » #3R
ERAGRRRDE > BHEE G BEARFAMITH
& A B Ga-67 B BAT AR A In-111 RAGFRE
127 > R KA ERELE S Z BT RERH o A4
B R AE £ R AZZF A A TR 300c.c. A 1mCi Ga-67 49
B BRI S BB 652448 B 72 DEFHATRF o
B RE 2020 ~ 2024 SFAy R A 0 MR 33 4 B E R AU
KGR E » FRAD20~T3 R (FHFLE 4297
Ry c EFEEE 134E S FHFFHRERA 2133
B RFEEA 204~ FHFFRERE 7522 )6
EPAIER 72 I REAEHRRBIMAELFEFFE
MRBF R o EFREGIEFTAFB RS MR EE
KWz 8 E RN » &85 (Ascending Colon * A) % H 6
PETABRY -T2 PHRETFLRAFERYG : REN
(Transverse Colon * T) ¥ # #5 (Descending Colon *
D) K#BEHE A 24 ~ 48 B ~ THREB (Sigmoid
Colon * S) $Z & 7 (Rectum ®* R) #& % B M & 24 ~ 72
B o

REHEET : 1B ~ KIEHRE - 45 -67
BB AT 2024:21:13-19

ez HM
SWHAEE

20246 1 26 H

k& sk © (25160) Bkl KA 45 5%
Bt BERE 1 (02)2809-4661 471 2299

T

chengwwnike@yahoo.com.tw

Bl =
(st H AT SR SCIIR 2 — - 5@ R AR S AR
% > H AREFE HELERIRATRTIE ~ BN - FE IR B R
RIFHET > B A EE 500 & A A HERAK#EE - 20 ~ 50
K ERFGR 25% G ERAERE 5 65 sk UL RSB LLEITE &
41k > —HENZEEE 4 (EREERGELE - (1) MRS
(BEME /N ~ B NER a4 o KUt > HERI R 58 1 5%
RANE CEVETE) HIERMEL » A REEIAE 44 o (ELHY —
i B S g A b sE < - (H— it &AL 2 E
TERYIRENIRTC - MHEE KSR E X Ot ~ B s 1M
R AR A AR AT ~ BRI R AR - HREfR At A M)
REFCIG B B » T LIGERRANEE 1 i AR o

B /% B B 6 /2 1962 4 ~ I Cr-51 S i 155 3 i S A
# (2] » B BH EE R BN E 1985 F - it
F5ER M Min-DTPA » Z# @M In-111 J5% (3] o
1999 4 » Dylan Bartholomeuse 5% A 1T Ga-67 il In-111
AyLLE - BB HWRE IRV N (4] - @8 S
BRI AR E - RFS Ga-67 HIHUFBLEEEAR &7 L
In-111 2R T B A H » R A RFER Al B fiE thi2 22 %5 1
R gehsam o M0 b Ga-67 #8 IR 21% » 55 H E
e B R B i % R AL sE HE S » YRR s )
75 78.3 /NRE » JEHDE & ARGk 5 B iR B T -

T3E

ARG R HEESE AL 22 4 LB B 2 Bl )y 1
1547 ® (The Society of Nuclear Medicine and Molecular
Imaging * SNMMI) ¢ BRI % - 5§ £2 & (The European
Association of Nuclear Medicine *EANM) M#EER) (5] ©
T N B2 32 i A AT — K BRIG A REAR B BER » AR A Al
FERZK 8 /N ~ B R ERHIR A LR 300c.c. H 1mCi
Ga-67 W F B K SIS 7 ~ 1E28 6 ~ 24 ~ 48 v 72 /] If
HEATE R o WA E AR TLAER KR - H

13



14

BTN F
Wen-Wen Cheng, et al

ANBE AR FH AT 17T AT R o {8 HE 15 B UG B Y 45 ) - s I ER
S & 50 F 77 52 23 F1#Y Infinia Gamma camera 5 HC A HE
&= — % H W 4E[E 5 (Medium Energy General Purpose °
MEGP) ~ REIf 3% 7€ 1T 93 ~ 184 Jz 300keV (HE % % &
+26% ~ £20% K¢ £20%) ~ FEFHE K/ (matrix size) 3
128x128 » LAFiREHT /7 2V AT AR5 R 10 778 -
s A 7 SR TR RS B AR G T i (curve
fitting) * 555 6 /NRFUCEERY REAG E 1F 100% » HER 3 K
RHE P S AT B AR & A E AR BRI
(half-clearance time) ° K £ Ga-67 iy ¥ 3 42 = B 5
78.3 /INf o FTLAMER T RIRF L HF B A B PR o

il
AWFFE RN T H 2020 4 9 H 2 2024 4 5 ARA
FELT K50 Ehke A R

fEREAFT R

[H]/E 2020 ~ 2024 FHJHA > FEHA 33 LEFE KA
PHgCK R IR BtR & > FAC 2 20 ~ 73 3% (FHFEALE
4297 %) - IEWRVEE 13 L ~ PP ERIEE S 21.33
/NRF > SREERE AR 20 i1 ~ FIPIEERIE RIS 75.22 /)W
Hd 3 (7K 72 /NRH RS S HE DS D L E AR
BRIER - A 1| OB E KRB R A e - a3k
1 o

Horp Z2MEEA 29 47 ~ R 20 ~ 73 3% (F
AR 40.315%) s BWHA 44 SRR 39 ~ 725 (F
YA 6223 5%y o AME 1 (£ 29 A ET . 1
H R E RN IR A SRR > BCE AT 5 SR
A 11 BEEBIER ~ BERIFHENAT 11 ~ 269 /N
A 3 AR B FRGE 72 /NRHE > PR RoK 08
BT BT LIRFEEERS - HEk 14 R R
HHRTEBRIERI AL 332 ~ 6523 /MK (R4 15 BRI
M 1124 /NE) - EIEEN 4 L BHRE > HRER
HH 2 %~ FYPEREHIE 20.6 /N 5 B91 2 A RE
BE R PIERRI IR 38.05 /N\F » A1 2 -

RS ER AP » R0 11 (LB EAE 24 /N
CASENE /B KRs (Bettls ~ 2R RoE ) -
SRR 8 H R R A IE 5 1S PRI REAY 2 (7E 48 /NF 24 2]
0 QIE 2 5 19 HEE BELE 72/ NRHE H R B E R
BROVERGT & - W& 3 - (& 4 B 1 AR E RS AR

J Nucl Med Tech 2024;21:13-19

BT E D RIERRIE RS 46.14 /DR o 8 1EH R AR
{Gerpa] U 2O R 32 AL R RS S BN AR » TR

(Ascending Colon * A) TEZ5 6 /NRF A LUEERS ~ 72 /[N
(T O PEIR R 5 KkG5 (Transverse Colon > T)
Bl 455 (Descending Colon » D) AHIRHFZ IR B RS 24 ~
48 /IR ~ ZARAERS (Sigmoid Colon *S) BHE 5 (Rectum °
R) MRS 24 ~ 72 /N\f » [@] 5 © 13 fLIER YR
{E 24 ~ 48 /N LG R EAS EE £ P BRI RN » HbH
1A EEAE 24 /NI 6 2 HERR (R EIAS 18.55
INRE 3 ZZPERS 16.49 /1R ~ SBPERS 20.60 /NRF) o HLER 2
L EE A RIS PRIF RS 26.89 /)VEF o
fSEm

FRER AR > (5 MARRELT- 38 > 20 Vi ELASGm IR o fin

[G#A T REE 4 - B 6 o B F R ZET P EA
HEE RS Al LIRS IR R A Rt E R D se S - 1€
T S YRE Tt 31 3% 7 {58 Rl A TR i S B T RH PR IR I 7 E - B
FRAAESFIER 0 B #1582 H A B 5E
TRzl R RRIER -

SERR

1 BRI OSSR - R © 25 500 A E -
Ve s M LIFfR o (84 | LR RS 3 Fib 3R 58 8 IH
[online] ° 2023.9.11 Available from: https://www.edh.
tw/article/34650 °

2. Hansky J, Connell A M, Measurement of gastrointestinal
transit using radioactive chromium. 1962, Gut 3:187-188

3. Hardy J G, Perkins A L, Validity of the geometric mean
correction in the quantification of whole bowel transit.
Nucl Med Commun 1985 6:217-224

4. Bartholomeusz Dylan, Barry E. Chatterton, Johan
C. Bellen, Robert Gaffney and Andrew Hunter.
Segmental Colonic Transit After Oral ’Ga-Citrate in
Healthy Subjects and Those with Chronic Idiopathic
Constipation. J Nuci Med 1999 40:277-282

5. Alan H. Maurer (Chair), Michael Camilleri, Kevin
Donohoe et al. The SNMMI and EANM Practice
Guideline for Small-Bowel and Colon Transit 1.0%. J

Nuci Med 2013 54(11):2004-2013

Vol. 21 No. 1 December 2024



A7 B e 2
Colon Transit Study

T’—  2020~2024 F AR B A 8B AS R

1IEH B
N .
<24 7\ 25 ~ 28.8 /]I > 28.8 /)M A E
By 11 2 16 4
8 9 2 14 4
B 2 0 2 0
TH 1 wBERY AR A SRR
T 2020~2024 F KRG IR Bk 2545 2P FRARE
\ 1B B
BIGPERRIGHE
< 24 7|\ 25 ~ 28.8 /)i > 28.8 /]
Bz 18.55 32.47 75.22
L°8 16.49 26.89 112.40
B 20.60 38.05

L

70
60
50
40
30
20

10

E°8

B— i En Y Ein

KBRS EASE  2024;21:13-19 2024 F 12 8 21818



16

BTN F
Wen-Wen Cheng, et al

AAAAAA

AAAAA

uuuuuuu

. 4

s

W

B oEMSE R - A PERE R IEIRRIS 15,5 /1N o DISEAH 24 /[N CUHE A RAOBURIESED) ;
BB R IEIRIE IS 26,87 /1K » 15 72/ NEFEI RS G ] LU HIBR BRI RO VL SEYIR D 77 % -

nnnnnn

AAAAAA

AAAAAAAA

AAAAAAAA

.

)

J

B= AAmEmREEE o AhERE IR 46.14 /MR {8572
P15 HRE S EAE 72 /NI BTE R BB TESEPIRE - SO R PRI -

J Nucl Med Tech 2024;21:13-19

Vol. 21 No. 1

GaTF th 72 /NRFERATY A v EE TR B R

December 2024

SHG
4



¥ MAX COUNT = 878.51counts

X pos = 6.00HRS

Y (1/2)MAX COUNT = 439.25¢ounts
X pos = 46.14HRS

R A U

{t

72

as |
N2

HA BT mD mSR

B AR RS E A R L

ERRSE  2024;21:13-19 2024 F 12 H 21811

AT B 2

Colon Transit Study

70

17



BEN F
Wen-Wen Cheng, et al

2

Tl A
10
9
8
7
6
5
ANEC 4
3
2
1
0 [ ]
20-30j5% 30-40j5% 40-5075% 50-60)5% 60-705% 1 |-
nE+L ML w5

BN ZWEREEZ R EIEERE Bl G S g 4R 5 2 (E AR

J Nucl Med Tech 2024;21:13-19 Vol. 21 No. 1 December 2024

18



A7 B e 2
Colon Transit Study

Colon Transit Study
Wen-Wen Cheng', Kao-Yin Tu’

Department of Nuclear Medicine, MacKay Memorial Hospital
"Tamsui branch

*Taipei headsquares

Abstract
Constipation is one of the common modern diseases today. Distinguishing between primary and secondary (organic)

constipation is essential for appropriate treatment. In 1999, Dylan Bartholomeuse et al. conducted a comparative
study of Ga-67 and In-111, finding that the results of both were very similar. This is good news for Nuclear
Medicine in Taiwan, as Ga-67 is more accessible and cheaper than In-111. Therefore, the evaluation metrics of our
department also refer to the conclusions of this study. Our clinical procedure involves patients ingesting 300 c.c. of
water or orange juice mixed with 1 mCi Ga-67, followed by imaging at 6, 24, 48, and 72 hours. Reviewing patients
from 2020 to 2024, there were a total of 33 patients who underwent colon transit study in our department, ranging
in age from 20 to 73 years (with an average age of 42.97 years). Among them, 13 were normal patients with an
average half-clearance time of 21.33 hours, and 20 were abnormal patients with an average half-clearance time
of 75.22 hours; 3 of these patients could not have their half-clearance time calculated due to insufficient radiation
excretion after 72 hours. Imaging from normal patients showed the activity of the isotope in the colon: the ascending
colon (A) became visible at 6 hours and had almost no radioactive residue after 72 hours; the transverse colon (T)
and descending colon (D) were visible around 24 to 48 hours; and the sigmoid colon (S) and rectum (R) were visible
from 24 to 72 hours.

Keywords: Constipation, Colon Transit Study, Ga-67
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Case Report on Peptide Receptor Radionuclide Therapy (PRRT)
at a Teaching Hospital in a Specific Region

Wan-Jo Chang, Kuan-Yin Ko

Department of Nuclear Medicine of National Taiwan University Cancer Center, Taipei, Taiwan

Abstract
In the field of neuroendocrine tumor (NET) treatment,

peptide receptor radionuclide therapy (PRRT) has
emerged as a novel targeted therapeutic approach that
has garnered widespread attention in recent years.
PRRT leverages the characteristic overexpression of
somatostatin receptors (SSTRs) on the surface of most
NET cells. By combining the radionuclide Lutetium-177
with somatostatin analogs, this therapy enables precise
targeting of tumor cells. This approach not only ensures
effective delivery of radiopharmaceuticals to tumor sites
but also minimizes damage to surrounding normal tissues,
thereby enhancing therapeutic efficacy and reducing side
effects.

The purpose of this study is to report a case from our
hospital, emphasizing the integration of post-therapy
single-photon emission computed tomography/computed
tomography (SPECT/CT) imaging as part of the treatment
evaluation process.

Keywords: Peptide Receptor Radionuclide Therapy
(PRRT), Lutetium-177, Single Photon Emission
Computed Tomography (SPECT/CT)
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Introduction
Neuroendocrine tumors (NETs) are a heterogeneous

group of tumors originating from neuroendocrine cells.
These tumors can occur in various organ systems,
including the gastrointestinal tract, pancreas, and lungs.
The clinical manifestations of NETs are diverse, ranging
from asymptomatic cases to various endocrine symptoms
caused by excessive hormone secretion. In recent years,
advancements in diagnostic techniques have led to an
increasing diagnosis rate of NETSs, underscoring the urgent
need for effective treatment strategies for this tumor type.

In the field of NETs treatment, Peptide Receptor
Radionuclide Therapy (PRRT) leverages the characteristic
overexpression of somatostatin receptors (SSTRs) on the
surface of most NET cells. This approach combines the
radionuclide Lutetium-177 (Lu-177) with somatostatin
analogs to achieve precise targeting of tumor cells. PRRT
not only efficiently delivers radiopharmaceuticals to the
tumor site but also minimizes damage to surrounding normal
tissues, enhancing therapeutic efficacy and reducing side
effects.

Lu-177, a radionuclide that emits both gamma (y) and
beta () rays, offers dual functionality that is particularly
advantageous in clinical settings for both diagnosis and
therapy. Gamma (y) rays enable imaging for treatment
monitoring, while beta (p) rays effectively target and
treat specific tumors. This dual capability allows for post-
treatment imaging to observe tumor uptake and assess
therapeutic efficacy. Therefore, we can collect post-treatment
imaging to observe the tumor uptake status and evaluate the

treatment effectiveness.
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The radiopharmaceutical combining the radionuclide
Lutetium-177 (Lu-177) with a somatostatin analog is known
as 177Lu-DOTATATE. Currently, it is indicated for the
treatment of unresectable or metastatic, progressive, and
well-differentiated (G1 or G2) somatostatin receptor-positive
neuroendocrine tumor patients.

The objective of this study is to report the treatment
course of a neuroendocrine tumor patient at our hospital who
underwent peptide receptor radionuclide therapy (PRRT) with
177Lu-DOTATATE and to evaluate the post-treatment imaging
changes observed using Single Photon Emission Computed
Tomography/Computed Tomography (SPECT/CT).

Case Report

The patient is a 66-year-old female diagnosed in
2021 with a neuroendocrine tumor of the pancreatic head.
The tumor was staged as cT4N1IMO, Stage III, with well-
differentiated histology (Grade 1) and a Ki-67 index of less
than 2%. Imaging studies revealed tumor invasion into the
superior mesenteric artery and vein (SMA/SMV) as well as
multiple metastatic lesions in the liver.

The patient previously underwent neoadjuvant
chemotherapy with Avastin, DTIC, and 5-FU; targeted
therapies with Everolimus and Sutent; and long-acting
somatostatin analog therapy with Sandostatin. However,
these treatments yielded limited efficacy. Subsequently,
the patient was treated with peptide receptor radionuclide
therapy (PRRT). Ga-68 DOTATOC PET scans and FDG PET
scans were performed before and after the PRRT treatment to

evaluate disease progression (Fig. 1).

Posttherapy Scan Acquisition
Whole-body planar and SPECT/CT imaging were

performed 1 d after each cycle in the context of routine
clinical care using a dual-head y-camera NM/CT 870 DR
(GE Healthcare) system with the following acquisition
parameters: 208% = 10% keV photopeak, 170% = 10%
keV scatter window, 128 x 128 matrix, 30 s per projection,
60 projections in total using 2 detectors, medium-

energy general-purpose collimators, and a low-dose CT

J Nucl Med Tech 2024;21:21-26
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for attenuation correction. A Xeleris workstation (GE
Healthcare) was used for reconstruction with the following
reconstruction parameters: ordered-subset expectation
maximization, 10 iterations, 6 subsets, and a Butterworth
filter, with scatter correction and attenuation correction. The
imaging duration was approximately 60 min, consisting of 1
whole-body planar acquisition and two 20-min SPECT/CT

bed positions covering the kidneys and most of the tumor.

Treatment Course and Clinical Response
At our institution, peptide receptor radionuclide therapy

(PRRT) was administered using a slow infusion method
via an injection pump at a rate of 50 ml/hr. Each treatment
session included antiemetic medication and amino acid
infusions to protect renal function. The patient completed
four treatment cycles, with the process and imaging findings
summarized as follows:

* First Treatment: The injected dose was 187.9 mCi. Post-
treatment whole-body and regional SPECT imaging
showed that the radiotracer predominantly localized
to the pancreatic head tumor and the mesenteric root,
with mild heterogeneous uptake observed in the liver.
Additionally, faint uptake in the left parietal bone was
noted, raising suspicion of a possible lesion. At this
stage, significant radiotracer uptake in the primary
tumor confirmed the accuracy of treatment targeting.

e Second Treatment: The injected dose was 187.6 mCi.
Compared with the first post-treatment imaging, the
pancreatic head tumor demonstrated significantly
reduced radiotracer activity. However, the faint
uptake in the left parietal bone persisted, and the liver
maintained mild heterogeneous activity.

e Third Treatment: The injected dose was 187.4 mCi. Imaging
revealed further reduction in pancreatic tumor activity, with
only minimal residual uptake. The left parietal bone lesion
remained stable with no significant changes.

e Fourth Treatment: The injected dose was 183.9 mCi.
Imaging showed stable activity in the pancreatic tumor
with no new lesions or significant progression. The left

parietal bone lesion continued to display faint activity,

Vol. 21 No. 1 December 2024



suggesting a stable lesion. Comparison between

the first and fourth post-treatment images revealed

a marked reduction in uptake in the primary lesion

(Fig. 2). Similarly, SPECT/CT imaging comparisons

between the first and second treatments demonstrated a

significant decrease in lesion uptake (Fig. 3).

Overall, pre- and post-treatment imaging (including
PET and nuclear medicine scans) indicated a substantial
reduction in tumor burden, with effective control of the
primary tumor lesion and stable therapeutic outcomes.

Throughout the four treatment cycles, the patient
exhibited mild bone marrow suppression, with good overall
tolerability. However, prior to the final treatment, the
patient's hemoglobin level dropped significantly to 8.7 g/dl,
necessitating close monitoring for anemia and appropriate
intervention (Table 1).

In summary, PRRT effectively reduced radiotracer
activity in the patient's primary tumor lesion without causing
significant treatment-related adverse events. This therapy
demonstrated promising efficacy for the management of
advanced pancreatic head neuroendocrine tumors, offering a

viable clinical treatment option.

Conclusion
This case involved a patient with a pancreatic head

' -

Case Report of Peptide Receptor Radionuclide Therapy (PRRT)

neuroendocrine tumor (NET) who experienced disease
progression despite multiple lines of prior treatments,
including chemotherapy and targeted therapy. Following
peptide receptor radionuclide therapy (PRRT) with Lu-177
DOTATATE, the primary tumor lesion showed a favorable
therapeutic response. Whole-body imaging demonstrated a
progressive reduction in lesion activity without evidence of
new lesions.

Common side effects of Lu-177 DOTATATE
include bone marrow suppression and mild renal function
impairment. During the treatment course, the patient
exhibited gradual declines in white blood cell count,
hemoglobin, and platelet levels, culminating in mild
anemia by the fourth treatment. However, this did not cause
significant discomfort or interfere with the treatment process,
indicating good overall tolerability.

Lu-177 DOTATATE is an effective treatment option
for pancreatic head neuroendocrine tumors. This case
illustrates its promising efficacy in advanced disease and
supports further application and research in tumors with high
somatostatin receptor (SSTR) expression. By sharing this
case, we hope to provide a reference for the future promotion
and clinical application of PRRT in Taiwan, ultimately
enhancing treatment accessibility and quality of life for

patients with advanced NETs.

C @

Figure 1. A 66-year-old female patient with a pancreatic head neuroendocrine tumor (NET), staged as cT4N1MO, Stage III,
Grade 1, with multiple liver metastases. The patient underwent four cycles of 177Lu-DOTATATE treatment. Post-
treatment imaging revealed a significant reduction in tumor burden, with effective control of the primary tumor
lesion and stable therapeutic outcomes.(A) Pre-treatment 68Ga-DOTATATE PET/CT showing somatostatin receptor
(SSTR)-positive disease (arrow).(B) Pre-treatment FDG PET/CT.(C) Post-treatment 68Ga-DOTATATE PET/CT
showing resolution of lesions.(D) Post-treatment FDG PET/CT.
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Figure 2. Post-treatment planar SPECT images acquired 24 hours after PRRT demonstrate a significant reduction in the
primary tumor burden, with complete resolution of the main lesion observed when comparing images after the first
and fourth treatments.(A) Planar SPECT image 24 hours after the first treatment showing radiotracer uptake in the
pancreatic head tumor, mesenteric root, and mild heterogeneous uptake in the liver (arrow).(B) Planar SPECT image
24 hours after the second treatment showing a marked reduction in radiotracer activity in the pancreatic head tumor.
(C) Planar SPECT image 24 hours after the third treatment.(D) Planar SPECT image 24 hours after the fourth
treatment showing significantly reduced radiotracer uptake in the primary lesion.

Figure 3. Post-treatment planar SPECT images acquired 24 hours after PRRT demonstrate a significant reduction in the
primary tumor burden, with complete resolution of the main lesion observed when comparing images after the first
and fourth treatments.(A) Planar SPECT image 24 hours after the first treatment showing radiotracer uptake in the
pancreatic head tumor, mesenteric root, and mild heterogeneous uptake in the liver (arrow).(B) Planar SPECT image
24 hours after the second treatment showing a marked reduction in radiotracer activity in the pancreatic head tumor.
(C) Planar SPECT image 24 hours after the third treatment.(D) Planar SPECT image 24 hours after the fourth
treatment showing significantly reduced radiotracer uptake in the primary lesion.
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Case Report of Peptide Receptor Radionuclide Therapy (PRRT)

Table 1. Hematological and Biochemical Reports for Each Treatment Session :

Treatment Session WBC Hb PI;T Cre T-Bil Alb AST ALT
(/uL) (g/dL) (x10°/uL) | (mg/dL) (mg/dL) (g/dL) (U/L) (U/L)
First Treatmet 6420 13.2 297 14 0.55 4.6 21 11
Second Treatmet 6930 12.9 371 1.0 0.70 42 27 17
Third Treatmet 4600 12.9 282 1.0 0.75 45 23 15
Fourth Treatment 3710 8.7 200 1.0 0.28 3.6 17 10

Hematological and Biochemical Report Notes
1. WBC : The patient's overall white blood cell count gradually decreased with each treatment session. Before the fourth

treatment, it fell below the normal range, indicating mild bone marrow suppression.

2. Hb : Hemoglobin levels dropped to 8.7 g/dL prior to the fourth treatment, necessitating close monitoring for anemia.

3.PLT : Platelet counts showed minor fluctuations during the treatment period but remained within the normal range.

4. Cre : Creatinine levels remained stable between 1.0 and 1.4 mg/dL, indicating good renal function.

5. T-Bil : Total bilirubin levels stayed within the normal range throughout the treatment.

6. Alb : Albumin levels slightly declined over the course of treatment, reaching 3.6 g/dL before the fourth session.

7.AST,ALT : Liver function, as reflected by AST and ALT levels, remained within the normal range.
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To differentiate hypopharyngeal cancer from cervical esophageal
cancer does matter on '’F-FDG PET/CT scan- Two Case Reports

Chi-Wen Huang'”, Jui-Hung Weng’

'Institute of Medicine, Chung Shan Medical University
*Department of Nuclear Medicine, Chung Shan Medical University Hospital, Taichung, Taiwan

Abstract
To performed "®F-FDG positron emission tomography-computed tomography (PET/CT) scan in two 64-year-old

males for pre-treatment staging and treatment policy. In case 1, esophageal cancer was impressed by gastroscopy
and therefore biopsy was taken. Squamous cell carcinoma was later proven pathologically. The diagnosis was
confirmed by endoscopic examination. In case 2 was confirmed to be hypopharyngeal carcinoma by pathological
section. The tumor ranged from hypopharynx to esophagus, and there was cervical lymph node metastasis, which
was judged to be hypopharyngeal carcinoma by imaging. Hypopharyngeal cancer and cervical esophageal cancer
belong to different disease entities. Not only staging systems but also prognosis and cancer registry differ. The
staging has a greater impact on the choice of subsequent acceptable treatments. Correct differentiation when
interpreting FDG PET/CT scan for such entities is warranted.

Keywords: Hypopharyngeal cancer, esophageal cancer, PET/CT
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Malrotation of the renal axis

Malrotation of the renal axis leading to ureteral accumulation in
positron emission imaging: a case report.

Li-Chun Wu', Yu-An Yen', Chiang-Hsuan Lee'”

IDepartment of nuclear medicine, Chi Mei Medical Center, Yongkang, Tainan, Taiwan
’School of Medicine, Kaohsiung Medical University

Abstract
Malrotation of the Renal Axis is rare, with the normal physiological position of the kidneys being the renal pelvis

facing medially and the calyces facing laterally, whereas malrotation can occur in any direction. There are reports
in literature regarding this condition in CT, ultrasound, MRI, and nuclear medicine DMSA and DTPA, but no related
reports in positron emission imaging have been documented, hence this presentation.

We report a case of a 52-year-old male with nasopharyngeal cancer who underwent a Real Whole-body FDG PET/
CT scan (from head to toe, including hands and feet). During the scan, an incidental finding of segmental FDG
uptake was observed in the anterolateral aspect of the left kidney. On PET/CT, this would typically be interpreted
as intestinal secretion, but when combined with the CT anatomical interpretation, it was identified as malrotation of
the renal axis, with the renal pelvis directed towards the left anterolateral side. This malrotation likely caused the
accumulation of FDG in the ureter. To further confirm this, we conducted delayed imaging and additional delayed
imaging after having the patient drink water and walk for 20 minutes prior to the imaging. This resulted in a decrease
in FDG uptake in that area. After one year of follow-up, the FDG uptake remained similar, and clinically, it was
considered that there were no lesions or metastasis in the ureter, concluding that the accumulation of FDG in the
ureter was due to malrotation of the renal axis.

Keywords: Malrotation of the Renal Axis, PET/CT, FDG
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Role of I-131 Scan and FDG PET/CT Imaging in the Evaluation
of Thyroid Cancer Recurrence and Metastasis

Hsiu-Lan Chu', Hui-Chen Yu’, Chih-Ting Liu’

'Department of Nuclear Medicine, Kaohsiung Medical University Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan
*Department of Medical Imaging, Kaohsiung Medical University Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan
*Department of Nuclear Medicine, China Medical University Hsinchu Hospital, Hsinchu, Taiwan

Abstract

This case report discusses a male patient with thyroid cancer, who was later found to have distant recurrence in
lungs through low-dose CT scan. The patient underwent I-131 therapy for recurrence treatment; however, the 1-131
scan revealed no abnormal metastasis except for radioactive accumulation in the gastrointestinal tract, initially
suspected to be fecal matter. Subsequently, the patient underwent FDG PET/CT imaging, which identified abnormal
uptake in the sacrum. A comparison with the previous 1-131 scan revealed that the location of the abnormal uptake
corresponded to the previously noted gastrointestinal radioactive accumulation. This finding indicated that the
observed activity was not fecal matter but rather a distant recurrence of thyroid cancer in sacrum.

Keywords: Thyroid cancer, |-131 scan, PET/CT
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Thoracic Osteophytes Leading to FDG Uptake on PET:
A Case Report

Li-Chun Wu', Yu-An Yen', Chiang-Hsuan Lee'”

]Department of nuclear medicine, Chi Mei Medical Center, Yongkang, Tainan, Taiwan

*School of Medicine, Kaohsiung Medical University

Abstract
Bone spurs are extremely common in spinal diseases. By the age of 50, approximately 80% of men and 60% of
women will have osteophytes. Bone spurs, also known as osteophytes, are bony growths that develop on the
spine or around joints. They form when joints or bones are damaged due to arthritis, but they do not always cause
problems.

It is known that on computed tomography (CT) images from positron emission tomography/computed tomography
(PET/CT), bone spurs in the thoracic vertebrae can lead to patchy opacities or focal interstitial opacities in the
adjacent lung tissue due to compression, which typically shows mild fluorodeoxyglucose (FDG) uptake, generally
interpreted as benign, caused by inflammation from bone spur irritation of lung tissue. However, we report a case
where CT images showed bone spurs, and in the initial PET scan, there was mild FDG uptake in the lung near the
right thoracic vertebra, with no significant increase in FDG uptake in delayed scans. Over three years of follow-up
with chest X-rays showed no lung lesions, interpreted as benign, hence this report is presented.

Keywords: Thoracic, Osteophyte, PET/CT, FDG
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Implementation of Entrustable Professional Activities (EPAs):
Experiences at nuclear medicine field in Taiwan
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Abstract

In recent years, medical education has gradually shifted towards competency-based medical education (CBME).
To ensure that the competency framework can be implemented in daily medical practice, Taiwan Association of
Medical Radiation Technologists(TARMT) initiated the development of a nationwide consensus-based Entrustable
Professional Activities (EPAs) form in 2020. In the same year, the nuclear medicine field completed EPAs forms
for "Positron Emission Tomography (PET) Imaging" and "Single Photon Emission Computed Tomography
(SPECT) Imaging." In this study, the TARMT planned to add two new EPAs, "Nuclear Medicine Drugs and Quality
Assurance" and "Isotope Therapy." An expert panel was initially tasked with drafting the Observational Aspects for
each Objective Practical Activity (OPA) within the EPAs. A nationwide survey was conducted in March 2023, and
responses were received from 60 nuclear medicine units. On June 10, 2023, the TARMT held a national consensus
meeting, inviting 43 medical education experts in the nuclear medicine field from across the country, including
18 representatives from (prospective) medical centers, 23 from regional hospitals, and 2 from local hospitals.
The meeting began with an introduction to EPAs and consensus-building training by medical education experts,
followed by the establishment of consensus and EPAs development. The Nominal Group Technique (NGT) was
used to discuss and vote on the observational aspects of each task within the EPAs. A total of 42 group votes
were conducted, resulting in 18 items with unchanged names, 9 with modified observational aspect names, 8 with
merged observational aspects, and 7 new proposals withdrawn. Subsequently, the Modified Delphi Method (MDM)
was used to vote on the degree of consensus, with consensus levels of 4.89 and 4.91 achieved, respectively. The
development of the EPAs for "Nuclear Pharmacy and Quality Assurance" and "Radioisotope Therapy" was thus
completed.

Keywords: competency-based medical education (CBME), Entrustable Professional Activities (EPAs), Nominal
Group Technique (NGT), Modified Delphi Method (MDM)
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